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Abstract 
In this study, 40 Albino mice were induced with ethyl alcohol to form of gastritis. In the treatment stage, control group 
mice were given tap water, while study group mice were given fresh water of Süreyya I hot spring. Clinical, 
hematological, biochemical, blood gases measurements and histopathological examinations of the gastric tissue were 
performed on the 1st, 7th, 14th and 21th days after the initiation of the treatment. At the end of the study, no 
significant difference was found between the groups in terms of body temperature (p> 0.05), whereas heart and 
respiratory frequencies were significantly higher in the study group animals (p <0.05). Although mean WBC, NOTR, 
MON, EOS and MCV decreased significantly in both groups (p <0.05), it was found that the mean of these parameters 
were more significant in SG at all measurement times (p <0.05). It was determined that TP, ALB and GLU levels 
increased in SG contrast to CG, and statistically significant decreases in AST, ALT, CK, ALP, LDH, UREA, CREA 
and IgG levels after the treatment. Additionally, pH, partial CO2 pressure, base deficit, bicarbonate, Ca and K levels 
decreased after gastritis procedure, whereas lactate, Na and Cl levels increased. Consequently, the clinical, 
hematological, blood biochemical parameters, blood gases and histopathological findings were evaluated as a whole, it 
was concluded that Süreyya I hot spring water was very successful in the treatment of gastritis. 
 

Key words: Afyonkarahisar, balneotherapy, gastritis, mice, treatment, 
 
 
 

Introduction 
Gastritis is a general term used to describe the 
inflammation of the gastric mucosa, and secondary 
developing acute or chronic vomiting syndrome in 
human and some kind of animals (1). Causes include 
malnutrition, drug or toxin intake, systemic diseases, 
endoparasitism, bacterial (Helicobacter pylori) or 
viral infections (2,3). 
Balneotherapy may be an alternative chooice for 
treating gastritis (4). So, there are important studies 
reporting that hot spring waters increase gastric 
blood flow and improve gastritis (4,5). Some 
previous studies have found that continuous use of 
bicarbonate mineral waters in appropriate doses is 
highly effective in the treatment of gastrointestinal 
disorders such as dyspepsia and motility disorders 
(6). In another study (7), the healing effects of spa 
waters are mentioned in gallstone cases that can 
cause gastritis problems, and it has been reported 
that the gastric mucosa, which is frequently shaped 
during the disease, provides very useful results in the 
correction of pathology in chronic gastritis cases. In 
addition, it has been reported that spa waters can be 
used successfully in hyperchloremic and 

hypochloremic cases by showing biphasic effect 
(8,9). 
This study was carried out to reveal the effectiveness 
of Süreyya I hot spring water in Afyonkarahisar, 
which has a rich mineral composition, in the 
treatment of gastritis. 
 
Material and Methods 
The experimental part of this study was carried out in 
Afyon Kocatepe University Experimental Animals 
Application and Research Center, in accordance with the 
Directive of Afyon Kocatepe University Experimental 
Animals Ethics Committee (AKUHADYEK) with the 
report number 58-18, and supported by Afyon Kocatepe 
University Scientific Research Projects Board 
(AKÜBAPK) as Master's Thesis with Project No. 
18.SAĞ.BİL.13. 
Animal Material 
In this study, totally 40 adult Albino rats of same age at 
birth age were used. The animals were kept in Afyon 
Kocatepe University Experimental Animals Application 
and Research Center by dividing a total of 12-12 days, 
day and night. Throughout the study, mice were allowed 
to access ad libitum food. 
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Creating Experimental Gastritis 
Before applying the gastritis procedure, 4 of 40 mice 
were exed for collecting blood samples. Remaining  mice 
(n=36) was given 8 mL/ kg of 50% ethanol by orogastric 
tube, and gastritis was created (Swarnakar et al., 2017). 
After 3 hours after the gastritis procedure was performed 
in all the animals, 4 mice also exed for collecting 
samples, and the remaining 32 mice were divided equally 
and randomly into 2 groups for the 21-day treatment 
period as follows:  
1 Control Group (CG): Totally 16 mice created gastritis 
served as CG, andtap water was given twice a day with 
an orogastric tube at the dose of  1 L/ 33 kg body weight 
(bw). In addition, tap water was added to the drinkers of 
this group animals, and they were provided access to 
water and food as ad libitum. All the mice in this group 
were bathed with fresh tap water at 35 ± 2 ° C for 15 
minutes at the same time once a day for 21 day. 
2. Study Group (SG): Remaning 16 mice created gastritis 
served as SG, and 1 L/ 33 kg bw Süreyya I hot spring 
water was given twice a day with an orogastric tube at the 
dose of  1 L/ 33 kg bw. In addition, Süreyya I hot spring 
water  was added to the drinkers of this group, and they 
were provided access to water and food as ad libitum. All 
the animals in SG were bathed with fresh hot spring 
water at 35 ± 2 ° C for 15 minutes at the same time once 
a day for 21 day. 
Süreyya I Hot Spring Water, used for the purpose of 
treatment in this study, has a total mineral content of 
4046.8 g/L, and is in the thermomineral water group with 
sodium bicarbonate, carbon dioxide, magnesium, 
calcium, fluoride and silicon. 
 
Methods 
Clinical Examinations 
Body temperatures (T), respiratory rates (R) and heart 
frequencies (P) were measured in all animals used in the 
study, and the results were recorded for statistical 
comparisons. 
 
Collecting Blood and Tissue Samples 
During the collection of blood and stomach tissue 
samples, 4 mice were randomly selected and euthanasied 
under ketamine (100 mg/kg)/xylazine (10 mg/kg) 
anesthesia on the 1st, 7th, 14th and 21st days of 
treatment. and stomach tissue samples were taken (10). 
Tissue samples were stored at 10% formol and + 4 °C for 
histopathological examinations and sent to the Etlik 
Veterinary Research and Application Institute Pathology 
Laboratory. 
 
Hematological Examinations 
In hematological examinations; RBC, WBC, HCT, HB, 
MHC, MCHC, LENF, NOTR, EOS, MON and BAS 
values were measured with Chemray Brand blood count 
device using commercial test kits. 
 

Blood Biochemical Examinations 
In blood biochemical examinations; AST, ALT, CK, LP, 
TP, ALB, UREA, GLU and CREA values were measured 
on the Cobas Integra 400 Plus Roche Brand (Roche 
Diagnostics GmbH, Germany) analyzer using test kits. 
IgG levels were measured using Chmewell Elisa Reader 
(ChemWell Chromate 4300 Elisa Reader, Awareness 
Technology, Inc. Martin Hwy. Palm City, USA) using 
commerical Elisa kits (Sunred Biological Technology 
Company Co. Shangai/China). 
Blood Gases Measurements 
Blood samples required for blood gases measurements 
were prepared as 1 ml of blood/500 IU of liquid heparin 
and obtained with the help of special injectors. In the 
samples taken, the measurement of blood gases was 
carried out in less than <3 hours. In these samples; partial 
carbon dioxide pressure (PCO2), pH, total carbon dioxide 
concentration (TCO2), partial oxygen pressure (PO2), 
bicarbonate (HCO3

-), base deficit (BE), potassium (K+), 
sodium (Na+) , chlorine (CI-), calcium (Ca++) values were 
made using a portable blood gas analyzer (Edan İ15 
Blood Gases Instrument-Veterinary) using commercial 
cartridges. 
Histopathology Examinations 
After anesthesia application, 4 mice were exed and 
stomach samples were taken according to method 
described by Suckow et al. (10). Tissue samples were 
sent to the laboratory in a 10% formol, 5 micron thick 
sections were taken from the stomach samples and 
stained with hematoxylin-eosin dye and examined under 
a light microscope. 
Statistical Analyses 
Statistical calculations were made using variance analysis 
(ANOVA), and intra-group differences were detected 
with Duncan test. These analyzes were calculated using 
Windows compatible SPSS 18.1 (Inc., Chicago, II, USA) 
package program, data were determined as mean ± 
standard error and p <0.05 was considered important. 
 
Results 
On the 21st day of the treatment, the mean bw (29.6 
g) of CG mice was found to be statistically 
significantly higher (p <0.05) than the bw mean of 
SG mice (28.5 g). 
Clinical Findings 
Clinical findings of animals are shown in Table 1. 
When Table 1 is examined; While there is no 
significant difference in terms of T  with the 
occurrence of gastritis (p> 0.05), while significant 
differences (p <0.05) were seen in terms of mean P 
and R,  and, the most important increases in 
intergroup and intragroup comparisons were 
determined in SG animals, and the difference is 
statistically significant (p <0.05). 
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Hematological Findings 
The hematological examination findings of the 
animals are shown in Table 2. When Table 2 is 
examined; WBC, NOTR, MON, EOS and MCV 
levels increased statistically significantly (p <0.05) 
after gastritis formation, while RBC, HG, HCT, 
LENF, PLT, MCH and MCHC levels decreased 
significantly (p <0.05).  With the transition to the 
treatment period, on the contrary, an increase in 
mean RBC, HG, HCT, LENF, PLT, MCH and 
MCHC, whereas WBC, NOTR, MON, EOS and 
MCV levels decreased in both groups. However, 
occured changes were more significant in SG 
animals ( p <0.05). 
 
Blood Biochemical Findings 
The averages of the blood biochemical parameters 
measured in the present study are shown in Table 3. 
When this table is examined; It was found that the 
mean of AST, ALT, CK, ALP, LDH, UREA, CREA 
and IgG increased significantly (p <0.05) after 
gastritis formation, while mean TP, ALB and GLU 
decreased significantly (p <0.05). With the initiation 
of treatment, it was found that mean TP, ALB and 
GLU increased in both groups, whereas AST, ALT, 
CK, ALP, LDH, UREA, CREA and IgG averages 
decreased, but these changes were statistically more 
significant in SG animals (p <0.05 ). 
 
Blood Gases Analyses Findings 
The blood gases analyses results we obtained in the 
study are presented in Table 4. When this table is 
examined; it was found that pH, pCO2, BE, HCO3, 
Ca and K levels decreased after gastritis formation, 
while LACT, Na and Cl levels increased. With the 
transition to the treatment period, it was observed 
that pH, pCO2, BE, HCO3, Ca and K levels 
increased, while LAKT, Na and Cl levels decreased 
and reached normal limits. Improvements in these 
parameters were statistically more significant in SG 
animals (p <0.05) compared to CG. 
 
Histopathological Findings 
In histopathological examinations; severe 
inflammation characterized by mononuclear cell 
infiltrations in gastric tissue samples taken after 
gastritis formation was remarkable (Figure 1). On 
the other hand, it was observed that the improvement 
in the tissue samples of the animals treated with hot 
spring water was notable (Figure 2), while 
histopathological findings of gastritis continued in 
the tissue samples comes from CG animals (Figure 
3). 

Discussion 
Although, gastritis is most common problem of 
human and animals, we can not find any literatures 
about balneotherapy in domestic animals with 
gastritis. Hence, our findings discussed with  
findings obtained from laboratory animals and 
human being. 
In our study, it was found that weight loss in SG animals 
was higher than CG mice with treatment. This finding 
was found to be compatible with studies reporting that 
balneotherapy practices caused weight loss (11). On the 
other hand, it was observed that P and R frequencies 
increased significantly in SG animals compared to CG 
following treatment period. These findings were found to 
be compatible with the findings previously declared by 
some researchers (12-14), who reported that 
balneotherapy practices caused the sympathetic nervous 
system to be stimulated and increased blood pressure, 
heart and respiratory frequency. 
In our study, it was determined that WBC, LENF and 
EOS levels decreased in SG animals which were given 
Süreyya I hot spring water. These findings are similar to 
the findings reported by some researchers (11,15) who 
claimed that hot water suppresses T lymphocytes and 
suppresses cytokine production by suppressing the 
immune system. However, some researchers (16) 
declared that low temperature stimulates the somatotrope 
hormone and causes leukocyte increase. 
One of the most important complications of alcohol 
intake is chronic inflammation (17,18). Alcohol destroys 
the barrier cases in the intestine and contributes to the 
access of the bacterial lipopolysaccharides to the liver 
through the portal vein (19). Neutrophilic infiltration is 
also frequent phenomenon as a result of long-term 
alcohol consumption (20). In this study, the high 
detection of NOTR levels after ethanol administration is 
in parallel with these studies. In our study, lower WBC 
and NOTR counts were determined in SG animals 
following treatment period. It is thought that Sureyya I 
hot spring water is rich in magnesium might also have an 
effect on this condition. So, it has been reported that the 
deficiency of magnesium also causes an increase in 
inflamation due to leukocyte and macrophage activation 
and overproduction of free radicals (21). 
In this study, the levels for AST, ALT, GGT, ALP, LDH, 
GLU, UREA, CREA, IgG investigated were found to be 
high after the formation of gastritis, while TP and ALB 
were low. With the onset of treatment, it was observed 
that an improvement in terms of the mentioned 
parameters was observed in the progressive time periods 
in SG mice treated with hot spring water compared to CG 
mice. Our these findings consistent with the findings 
reported by some researchers (21,22) who reported that 
treatment with mineral water prevents the formation of 
metabolic syndrome in rats with metabolic syndrome, 
and decreases in the levels of AST, ALT, ALP, UREA, 
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CREA, and causes increases in TP and ALB 
concentrations. 
In the current study, after gastritis formation by giving 
ethanol, it was determined that there were significant 
differences in lipid profile in the animals, and compared 
to before the study, levels for TG, LDL, and TCHOL 
increased, while HDL cholesterol averages decreased 
following gastritis formation. On the other hand, with the 
transition to the treatment period, it was found that 
significant improvements in lipid profile in SG mice 
when compared to CG animals, and the best results were 
obtained in the last week of the study. These  data we 
obtained were in line with finding  reported by some 
researchers (22,23) who claimed that the use of thermal 
waters had significant regulatory effects on serum lipids. 
Murakami et al. (6), continuous use of bicarbonate 
mineral water in appropriate doses had been found to be 
very effective in the treatment of gastrointestinal 
disorders such as dyspepsia and motility disorders. As a 
matter of fact, bicarbonate waters have been shown to 
have important healing effects in chronic gastric cases 
and increase antioxidant capacity by improving lipid 
peroxidation-antioxidant defense system and regulation 
of lipid metabolism (24). 
There are many studies reporting that balneotherapy 
can have important effects in reducing blood glucose 
levels (25). It has been reported that the mechanism 
of action of balneotherapy on the subject in this 
regard may be related to the ability to regulate the 
distribution of nutrients absorbed from the intestines 
with high blood glucose (26). Similar findings were 
obtained in this study, and GLU levels were 
determined lower ranges than those of CG animals. 
In the literature scans we have done, we have not 
found any study on the change of blood gases after 
gastritis and balneotherapy after gastritis. For this 
reason, the data we obtained in this study is the first 
written data and the first study obtained in this field. 
Intense alcohol consumption is associated with 
metabolic acidosis (27), it is observed that blood pH, 
PCO2, HCO3 levels decrease and LACT levels 
increase (28). In our current study, although similar 
findings were detected in animals that were given 
alcohol, after the treatment with Süreyya I hot spring 
water in SG animals, a reverse situation was formed 
in these parameters and towards the last weeks of the 
treatment, it was determined that the high 
parameters of lactic acidosis-related metabolic 
acidosis table improved. It has been identified. 
Similar findings have been reported in another study 
(8,29) who reported that treatment with spa waters 
significantly reduced LACT concentrations, and  
treatment with hot spring water can be used 

successfully in hyperchloraemic and hypochloremic 
cases.  
In metabolic acidose, high levels of Na and Cl levels 
and low levels of Ca and K have been reported (27). 
In our current study, it was observed that Na and Cl 
levels decreased after treatment in SG animals, 
while Ca and K levels increased. These findings 
show that Süreyya I spa spring water is highly 
effective in the improvement of metabolic acidose 
findings. 
In our current study, it was observed that 
microvesicular style, sometimes both in macro and 
microvesicular mix, and severe inflammation was 
characterized by mononuclear cell infiltrations 
accompanied by parenchymal degeneration and 
sometimes necrosis foci in tissue samples (Figure 1). 
These findings were consistent with studies (2,30) 
reporting that alcohol use had similar 
histopathological effects on stomach tissue. In 
histopathological examinations of tissue samples 
taken in the last week of treatment; SG animals 
treated with hot spring water showed a clear 
histopathological improvement (Figure 2), while 
gastritis was continuing in CG mice (Figure 3). 
 
Conclusions 
As a result; findings obtained from this study were 
evaluated as a whole; it was concluded that 
treatment with Süreyya I hot spring water was very 
successful in in treatment of mice with gastritis. 
Hence,  it can be used alone or in combination with 
classical medical treatment in the treatment of 
gastritis. 
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Figure 1. 10x40 HXE Staining. Stomach. Severe inflammatory picture characterized by mononuclear 

cell infiltrations. 
 

 
Figure 2. 10x20 HXE Staining. Stomach. Restoration of the 
tissue integrity and its normal state (Day 21. Study group). 

 

 
Figure 3. 10x40 HXE Staining. Stomach. tissue integrity not 
achieved, inflammation characterized by mononuclear cell 

infiltration (Day 21. Control group). 
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        Table 1. Statistical comparison of body temperature, pulse and respiratory in the animals 

 

a-e : Different letters in the same column are statistically significant (p <0.05). BS: Before study, AGF: After gastritis 
formation, AT: After treatment, CG: Control group, SG: Study group 
 
      Table 2.  Hematological findings. 

Measurement 
Time/Parameters  

WBC 
(103/mm3) 

RBC 
(106/mm3) 

HB 
(g/dl) 

HCT 
( %) 

PLT 
(103/mm3) 

MCV 
(fl) 

 
Groups X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=40) - 8.48 ± 2.13f 7.86 ± 2.03a 14.02 ± 2.18a 44.16 ± 3.14a 292.80 ± 56.22a 56.29± 0.48g 

AFG (n=36) - 16.30 ± 4.18a 4.42 ± 1.18d 7.68 ± 2.16e 34.28 ± 4.40f 175.18 ± 48.45e 78.48± 6.23a 

AT  
1st Day 

CG (n=16) 16.24 ± 4.20a 4.56 ± 1.12d 7.74 ± 2.14de 33.76 ± 3.24g 181.27 ± 43.14e 74.56±5.45b 

SG (n=16) 15.50 ± 4.20b 4.94 ± 1.43d 8.08 ± 2.05d 35.56 ± 3.34e 194.15 ± 44.13de 72.13± 4.22 
AT  
7th Day 

CG (n=12) 15.80 ± 3.56b 4.78 ± 1.23d 7.98 ± 1.46d 34.45 ± 2.12f 187.22 ± 35.24e 74.16± 3.04c 

SG (n=12) 14.28 ± 3.42c 5.68 ± 1.45c 9.87 ± 1.05c 38.27± 2.35c 218.28 ± 34.44c 66.39± 3.14e 

AT  
14th Day 

CG (n=8) 15.56 ± 2.28b 4.96 ± 0.67d 8.23 ± 0.66d 36.48 ± 1.57d 197.13 ± 25.43de 73.37± 1.40d 

SG (n=8) 11.34± 2.18e 6.46± 0.54b 11.45 ± 0.57b 41.49 ± 1.48b 252.23 ± 23.16b 64.46±1.08f 

AT  
21th Day 

CG (n=4) 13.48± 0.62d 5.69 ±0.38c 9.65 ± 0.38c 38.28 ±0.56d 202.18 ± 12.24d 67.48± 0.68d 

SG (n=4) 8.44 ± 0.56f 8.03 ± 0.32a 13.88 ± 0.34a 44.16 ± 0.47a 286.32 ± 13.42a 55.02±0.44g 

 
 
 
a-g: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AGF: After gastritis 

formation, AT: After treatment, CG: Control group, SG: Study group 
 
  
 
 
 

 
Measurement Time/Parameters 

T 
(○C) 

P 
(frequence/min) 

R 
(frequence/min) 

X±SD X±SD X±SD 
 Groups    
BS (n=40) - 37.10±0.10 334.12±38.43d 117.13±25.30d 

AFG (n=36) - 37.20±0.10 310.26±44.15e 106.13±44.10e 

AT  
1st Day 

CG (n=16) 37.20±0.20 311.18±38.37e 108.20±32.40e 

SG (n=16) 37.10±0.10 349.16±37.18cd 137.12±30.20c 

AT  
7th Day 

CG (n=12) 37.30±0.20 325.24±32.20d 114.16±20.18d 

SG (n=12) 37.20±0.10 368.32±32.17c 148.30±22.14b 

AT  
14th Day 

CG (n=8) 37.10±0.10 328.56±23.44d 115.28±16.00d 

SG (n=8) 37.20±0.20 465.28±21.40b 162.27±15.20a 

AT  
21th Day 

CG (n=4) 37.10±0.10 327.15±9.12c 117.45±6.12d 

SG (n=4) 37.20±0.10 497.46±8.50a 166.18±7.20a 

Measurement 
Time/Parameters 

MCH  
(pg) 

MCHC  
(g/dl) 

LENF 
% 

NOTR 
% 

EOS 
% 

MON 
% 

BAS 
% 

 Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD 
BS (n=40) - 17.78± 2.14a 31.76± 2.43a 63.17 ± 7.18a 32.80 ± 2.30f 2.40 ±0.50cd 3.43 ± 1.20f ÖD 
AFG (n=36) - 17.76± 3.14a 22.45± 2.03e 44.38 ± 6.16g 46.60 ±3.20a 3.30 ± 0.50a 7.20 ± 1.40a ÖD 
AT  
1st Day 

CG (n=16) 16.98± 3.12b 22.83± 2.16e 44.76 ± 4.26g 47.30 ± 3.20a 3.26 ± 0.40a 6.18 ± 1.12b ÖD 
SG (n=16) 16.36± 2.03c 22.76± 2.21e 51.27 ± 4.18f 42.30 ± 3.10b 3.12 ± 0.30a 5.20 ± 1.34c ÖD 

AT  
7th Day 

CG (n=12) 16.72±1.24c 23.22± 1.45d 48.56 ± 3.47e 44.30 ± 2.10ab 3.02 ± 0.40ab 5.70 ± 1.18bc ÖD 
SG (n=12) 17.36± 1.44ab 25.88± 1.36c 54.23 ± 3.25d 40.40 ± 2.20c 2.60 ± 0.30bc 4.60 ± 1.08d ÖD 

AT  
14th Day 

CG (n=8) 17.76± 0.68a 25.64± 0.56c 52.34 ± 2.24e 41.40 ± 1.40bc 2.80 ± 0.40b 5.18± 0.50c ÖD 
SG (n=8) 17.75± 0.57a 27.63± 0.54b 58.20 ± 1.45b 37.02 ± 1.10e 2.20 ± 0.20c 4.08 ± 0.40e ÖD 

AT  
21th Day 

CG (n=4) 16.86± 0.34bc 25.31± 0.38c 56.27 ± 0.45c 38.50 ± 0.50d 2.60 ± 0.30bc 4.70 ± 0.50d ÖD 
SG (n=4) 17.23± 0.25a 31.54± 0.35a 62.05± 0.38a 33.01 ± 0.40f 2.00 ± 0.10d 3.40 ± 0.40f ÖD 

Measurement 
Time/Parameters 

MCH  
(pg) 

MCHC  
(g/dl) 

LENF 
% 

NOTR 
% 

EOS 
% 

MON 
% 

BAS 
% 
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          Table 3. Blood Biochemical Findings. 
 

Measurement 
Time/Parameters 

AST 
(IU/L) 

ALT 
(IU/L) 

CK 
(IU/L) 

ALP 
(IU/L) 

LDH 
(IU/L)  

Groups X±SD X±SD X±SD X±SD X±SD 
BS (n=40) - 97.79±13.18g 56.54±5.44ı 204.53±37.16e 79.33±8.45e 265.36±44.14d 

AFG (n=36) - 260.18±34.48ab 176.32±34.12a 312.23±54.12a 154.28±32.21a 332.34±56.43a 

AT  
1st Day 

CG (n=16) 272.14±44.32a 175.28±33.42a 310.48±49.13a 153.27±29.45a 333.39±62.24a 

SG (n=16) 251.12±37.25b 165.08±31.14ab 292.24±43.21ab 150.13±26.37a 329.13±54.43a 

AT  
7th Day 

CG (n=12) 252.43±32.12b 162.37±28.23ab 287.28±32.14b 148.22±18.31a 327.28±37.16a 

SG (n=12) 196.21±24.22e 142.23±26.12e 251.48±32.23c 117.32±16.62 302.21±28.23b 

AT  
14th Day 

CG (n=8) 213.05±17.44c 155.17±17.34d 268.22±13.04bc 133.34±12.32b 302.13±23.44b 

SG (n=8) 163.45±12.13f 103.15±12.23g 217.23±10.33 96.88±8.14d 284.22±12.14c 

AT  
21th Day 

CG (n=4) 204.42±9.32d 127.44±9.32f 241.54±7.16d 122.13±9.45c 287.21±9.10c 

SG (n=4) 101.06±7.24g 68.12±7.34h 202.23±6.42e 75.35±6.13e 264.05±7.23d 

 
Measurement 
Time/Parameters 

TP 
(g/dl) 

ALB 
(g/dl) 

GLU 
(g/dl) 

CREA 
(mg/dl) 

UREA 
(mg/dl) 

IgG 
(mg/ml)  

Groups X±SD X±SD X±SD X±SD X±SD X±SD 
BS (n=40) - 57.28±5.43a 34.25±1.34a 156.67±12.43a 0.60±0.03de 8.83±2.15d 3.19±1.36e 

AFG (n=36) - 34.05±4.23f 21.00±2.32f 118.97±9.13ef 1.43±0.53a 12.23±3.13a 6.36±2.28a 

AT  
1st Day 

CG (n=16) 34.25±5.13f 21.38±2.23ef 117.23±7.12f 1.30±1.13ab 12.38±3.32a 6.42±2.23a 

SG (n=16) 35.44±5.14ef 21.49±2.18ef 119.21±6.07e 1.12±1.03b 12.02±3.16a 6.02±2.14ab 

AT  
7th Day 

CG (n=12) 36.24±3.11e 22.25±1.54e 119.03±4.27e 1.14±0.56b 11.14±1.21b 5.65±1.67b 

SG (n=12) 41.14±2.23cd 27.28±1.38c 136.48±3.34d 0.81±0.45c 9.03±0.43c 4.05±0.54c 

AT  
14th Day 

CG (n=8) 40.45±2.34d 25.13±1.15d 139.05±2.54cd 1.10±0.32b 10.27±0.64bc 4.86±0.63bc 

SG (n=8) 48.35±1.25b 32.43±1.06b 151.21±1.24b 0.66±0.24d 8.43±0.32d 3.18±0.47e 

AT  
21th Day 

CG (n=4) 43.03±0.28c 27.22±0.55c 144.08±0.36c 0.83±0.21c 9.32±0.30bc 4.12±0.38d 

SG (n=4) 57.02±0.26a 35.03±0.38a 157.04±0.29a 0.52±0.13e 8.13±0.21d 3.10±0.17e 

a-ı: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AGF: After gastritis 
formation, AT: After treatment, CG: Control group, SG: Study group Table 4. Blood Gases Findings 
  

Measurement 
Time/Parameters 

pH pCO2 
(mmHg) 

HCO3- 
(mmol/L) 

BE 
(mEq/L) 

TCO2 
(mmol/L) 

LACT 
(mmol/L) 

K+ 
(mmol/L) 

Na+ 
(mmol/L) 

Cl- 
(mmol/L) 

Ca++ 
(mmol/L) 

 Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD X±SD X±SD X±SD 
BS (n=40) - 

7.34±0.03ab 43.34±0.28a 22.06±0.47c -2.50 ±0.03c 23.28±0.34c 4.48±0.65cd 8.54±1.23a 156.45±5.17e 116.38±3.46ef 11.02±2.14a 

AFG 
(n=36) 

- 
7.23±0.04c 35.43±0.56de 14.40±0.31e -11.80±.0.02h 15.48±1.23f 5.47±0.68a 6.48.±0.64c 238.16±13.41a 201.35±4.43a 7.15±2.15d 

AT  
1st Day 

CG 
(n=16) 

7.23±0.04c 35.38±0.53de 14.38±0.34f -11.72±0.03h 15.43±1.34f 5.53±0.47a 6.41±0.58c 237.27±14.05a 203.42±5.20a 7.22±2.34d 

SG 
(n=16) 

7.26±0.03c 34.76±0.48e 15.10±0.22ef -10.61±.0.02g 16.15±1.13ef 5.23±0.44ab 6.81.±0.47bc 223.15±13.02b 191.65±4.31b 7.56±2.32d 

AT  
7th Day 

CG 
(n=12) 

7.25±0.02c 36.03±0.38d 15.30±0.20ef -10.6±0.02g 16.40±1.24ef 5.21±0.33ab 6.53±0.54d 232.18±8.45ab 189.24±4.14b 7.98±1.54b 

SG 
(n=12) 

7.34±0.02ab 37.28±0.27c 19.41±0.27cd -5.51±.0.02d 20.53±0.68d 4.92±0.31c 7.48.±0.45b 196.21±7.34d 142.23±3.07d 9.18±0.44b 

AT  
14th Day 

CG 
(n=8) 7.28±0.02d 37.18±0.43cd 16.91±0.30e -8.7±0.02f 18.02±0.43e 5.04±0.23b 6.89±0.37bc 211.12±4.08c 168.02±2.41c 8.58±0.54cd 

SG 
(n=8) 

7.39±0.01a 42.02±0.18b 24.60±0.23b 0.00±.0.00b 25.83±0.27b 4.42±0.24cd 8.48.±0.33a 161.28±2.45e 121.06±0.63e 11.21±0.37a 

AT  
21th Day 

CG 
(n=4) 7.31±0.01b 38.54±0.32c 18.82±0.20d -6.49±0.01e 19.94±0.23de 4.83±0.17bc 7.43±0.25b 196.25±1.34d 140.12±0.54d 9.00±0.24b 

SG 
(n=4) 

7.41±0.01a 44.03±0.12a 27.03±0.10a 2.51±.0.02a 28.32±0.19a 4.23±0.15d 8.83±0.21a 153.04±0.32e 108.11±0.42f 11.38±0.16a 

   
a-h: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AGF: After gastritis 
formation, AT: After treatment, CG: Control group, SG: Study group 
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Abstract 
Myocardial infarction is an important public health problem in human and animals. In this study, myocardial 
infarction was induced by intraperitoneally injected isoproterenol hydrochloride in saline solution at a dose of 85 
mg/kg body weight for 2 days. After myocardial infarction formation, three animals were exed to collect blood and 
histopathological specimens. The remaining 32 rats were divided into control and study groups for treatment. In the 
treatment stage; the control group animals were treated with tap water, while the study group animals were received 
Süreyya I hot spring mineral water. Clinical, hematological, blood biochemical and histopathological examinations 
was performed in all the animals before study, after myocardial infarction, and on 1st, 7th, 14th and 21st days after 
treatment. In terms of T, P and R, there were significant differences (p <0.05) with respect to time periods between 
control and study groups (p <0.05). WBC, NOTR, MON MCH, HCT ve MCV levels decreased, while RBC, HG, 
HCT, LENF, MCH and MCHC levels increased following treatmen in both groups. These changes were significant in 
study group comaper to control. It was also seen that ALT, AST, CK and CRP levels of blood biochemical parameters 
were significantly increased (p <0.05) after myocardial infarction formation. By begining treatment, TP, ALB and 
GLU levels increased, whereas ALT, AST, CK and CRP levels decreased, especially on the 21st day of the study in 
the SG. It was concluded that in the correct temperature and time to use Süreyya I hot spring water as drinking and 
bathing was  very successful in the treatment of myocardial infarction, either  itself or along with other medical 
treatments. 
 

Key words: Afyonkarahisar, balneotherapy, myocardial infraction, rat, 
 
 
 

Introduction 
Myocardial infarction (MI) is an important public 
health problem in human and animals (1,2), and a 
leading cause of mortality in both developed and 
developing countries (3). According to the World 
Health Organization report, heart disease and stroke 
will become one of the leading causes of death and 
disability worldwide by 2020 (4). 
Despite important progress in this area, new 
treatments are still needed to treat myocardial 
ischemia because current treatment has only a 
limited effect on survival and annual cost (3). 
Balneotherapy or hot spring treatment is a treatment 
method that uses natural therapeutic factors with 
well-researched and recognized healing properties 
based on chemical, mechanical and thermal effects 
on the organism (1,5). Belikova and Indyka (6) 
report that patients with MI achieved very successful 
results from their treatments with balneotherapic 
methods. Similar findings have been reported by 
researchers (7), who evaluated the effects of 

balneotherapy in patients who developed 
cardiovascular disease, chronic heart failure and 
myocardial infarction, and that balneotherapy 
contributed to the improvement of diseases by 
reducing heart oxidative stress. Gapon and Ignatov 
(8) reported that bicarbonate waters prevent 
complications in heart diseases by decreasing 
arterial heart pressure. Barashkova et al. (9) 
observed in their study on 75 patients with 
myocardial infarction history that carbon dioxide 
baths had significant healing effects on MI damage. 
It has been reported that significant electrical 
activity improvements have been detected in the 
treatment of heart disorders frequently encountered 
in diabetes with balneotherapy methods (10). 
This study was carried out to determine the 
therapeutic efficacy of Süreyya I hot spring water, 
which has a high bicarbonate and carbon dioxide 
ratio, in rats with MI. 
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Materials and Methods 
The experimental part of this study was carried out 
in Afyon Kocatepe University Experimental 
Animals Application and Research Center according 
to the Directive of Afyon Kocatepe University 
Experimental Animals Ethics Committee 
(AKUHADYEK) and it was referred with the report 
number 123-18 of the board and was supported by 
Şuayp Demirel as a Research Project. 
  
Animal Material 
In this study, a total of 35 Albino rats at the age of 8 
week were used. MI was created by injecting 
isoproterenol hydrochloride (in saline) 
intraperitoneally (i.p.) at dose of 85 mg/ kg body 
weight/ 2 days (11). After myocardial infarction, 3 
rats separeted and exited for the collection of blood 
and histopathological samples. The remaining 32 
rats were divided into 2 groups as follows: 
1. Control Group (CG): Totally 16 rats in this group 
were given tap water (1 liter/33 kg body wight) for 
21 days per os route. In addition, rats in this group 
were bathed for 10-15 minutes in a bathtubs with tap 
water set at 32 ± 3 °C,  2 times a day with an interval 
of 12 hours. In order to collect blood and 
histopathological samples, per 4 animals were exited 
on day of 1, 7, 14 and 21 following treatment period. 
2. Study Group (SG): Totally 16 rats in this group 
were given fresh Süreyya I hot spring water (1 
liter/33 kg body wight) for 21 days per os route. In 
addition, rats in this group were bathed in the same 
water for 10-15 minutes in a bathtubs at 32 ± 3 °C,  
2 times a day with an interval of 12 hours. In order 
to collect blood and histopathological samples, per 4 
animals were exited on day of 1, 7, 14 and 21 
following treatment period. In this group, 4 animals 
were also exited on day of 1, 7, 14 and 21 following 
treatment period in order to collect blood and 
histopathological samples. 
Caution: In order to prevent direct inhalation of CO2, 
which is likely to accumulate on the surface of the 
hot spring water during these baths, a special 
mechanism similar to Elizabeth Collar was applied 
to the animals (Figure 1).  
 
Obtaining Blood and Tissue Samples: 
Three animals after the formation of MI, and 4 
animals from each group on days 1, 7, 14 and 21 
following treatment were euthanized under the 
anesthesia of ketamine/xylazine  (100 mg/kg and 10 
mg/kg respectively) and blood and tissue samples 
were taken (12). Tissue samples were stored at +4 

°C and sent to Etlik Veterinary Research and 
Application Institute Pathology Laboratory for 
histopathological research in 10% formol solution. 
Properties of Süreyya I Spa Spring Water Used 
in Treatment 
Süreyya I hot spring water has a total  4046.8 g in 
per liter and rich  in carbon dioxide, sodium 
bicarbonate, calcium, magnesiım, fluoride and 
silicon. 
 
Metod 
Clinical Examinations 
 Body temperatures (T), respiration (R) and heart 
frequencies (P) were measured in all animals and 
data were recorded for statistical comparisons. 
Hematological Examinations 
In blood samples taken for hematological 
examination; erythrocyte (RBC), total leukocyte 
(WBC), hematocrit (HCT), hemoglobin (HB), mean 
corpusculer volume (MCV), mean corpusculer 
hemoglobin (MHC), mean corpusculer hemoglobin 
concentration (MCHC), lymphocyte (LENF), 
neutrophil ( Hematological examinations such as 
NOTR), eosinophil (EOS), monocyte (MON) and 
basophil (BAS) were measured using Chemray 
Brand blood count device using commercial test 
kits. 
Blood Biochemical Examinations 
C-reactive protein (CRP) measurements in blood 
biochemical examinations using ELISA readers 
(ChemWell Chromate 4300 Elisa Reader, 
Awareness Technology, Inc. Martin Hwy. Palm 
City, USA) using Elisa kits (Sunred Biological 
Technology Company Co., Shangai/China), 
Measurements of alanine aminotransferase (ALT), 
Aspartate aminotransferase (AST), Creatine kinase 
(CK), Total Protein (TP), Albumin (ALB) and 
Glucose (GLU) levels on the Cobas Integra 400 Plus 
Roche Brand (Roche Diagnostics GmbH, Germany) 
analyzer it is made. 
Histopathological Examinations 
After MI was created and on days 1, 7, 14 and 21 
following the initiation of treatment, heart tissue 
samples were taken from ketamine (100mg / kg) / 
xylazine (10mg / kg) anesthesia from randomly 
selected animals from the control and study groups 
(12). The samples taken were sent to the laboratory 
in 10% formol for histopathological mauens, 5 
micron thick sections were taken in the laboratory, 
the sections were stained with hematoxylin-eosin 
and examined histopathologically in the light 
microscope. 
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Statistical Analysis 
Statistical calculations of the groups were made 
according to the variance analysis (ANOVA) 
method. Duncan test was used to reveal the 
importance of intra-group differences in the study 
group. Statistical analyzes were made using 
Windows compatible SPSS 18.0 (Inc., Chicago, II, 
USA) package program. Data were given as mean ± 
standard error and p <0.05 was considered as 
important. 
Results 
Body weights (bw) of the animals were weighed one 
by one with the help of electronic weighing 
machine, and it was measured as 309.1 g 
(min.283.3- max.319.2). After myocarditis 
formation, the animals were weighed one by one and 
bw averages of 282.1 g (min.243.2-max.305.3) were 
determined. It was observed that there was a 
significant (p <0.05) decrease in terms of their 
averages. In the weighing on the last day of the 
treatment, bw average of 282.4 g is in CG animals, 
and there was a statistically significant difference (p 
<0.05) determined bw mean as 280.1 g in the SG. 
Clinical Findings 
The clinical findings recorded for the control and 
study groups are shown in Table 1. When Table 1 is 
examined; While there is no significant difference 
between the groups in terms of T averages with the 
formation of myocarditis (p> 0.05), significant 
differences (p <0.05) in terms of P and R averages 
were formed, and the most important increases 
occurred on the last day of the study. 
Hematological Findings 
Hematological examination findings of CG and SG 
animals are shown in Table 2. When this table is 
examined; It was observed that WBC, NOTR, 
MON, PLT, HCT, MCH and MCV levels increased 
significantly (p <0.05) after myocarditis, whereas 
RBC, HG, LENF and MCHC levels decreased 
significantly (p<0.05). In comparisons between 
groups and in terms of time period, WBC, NOTR, 
MON, PLT, HCT, MCH and MCV averaged 
significantly decreased in both groups (p <0.05). 
<0.05). 
Blood Biochemical Examination Findings 
The results of blood biochemical analysis measured 
within the scope of this study are shown in Table 3. 
When Table 3 is examined; Among the blood 
biochemical parameters measured, ALT, AST, CK, 
CRP, TG, TCHOL and LDL levels increased 
significantly (p <0.05) before the study in the 
measurements following myocarditis formation, 

whereas TP, ALB, GLU and HDL levels were 
significantly ( p <0.05) decreased. After treatment, it 
was found that TP, ALB, GLU and HDL levels 
increased while ALT, AST, CK, CRP, TG, TCHOL 
and LDL levels decreased. It has been observed that 
these changes are statistically more important (p 
<0.05) in SG animals than in those of CG animals. 
 Histopathological Findings 
Histopathologically, severe myocarditis has been 
observed in the heart tissue samples taken from 
animals created by experimental MI (Figures 2 and 
3). After treatment, partial reduction in mononuclear 
cell count was initially observed in SG animals 
(Figure 4.5), then recovery began (Figure 6) and an 
improved heart muscle structure was formed on the 
21st day (Figure 7). In the histopathological 
examination of heart tissue obtained on the 21st day 
of CG animals treated with tap water, it was 
observed that the case of myocarditis continues 
(Figure 8). 
Discussion Although, MI is an important disese of 
human and animals, we can not find any literatures 
about balneotherapy in animals with MI as well as 
directly studies in human beings. Therefore, as far as 
we know the present study will be at first in this 
area. In our study, bw mean of CG animals were 
found higher than those of SG. This finding has been 
found to be compatible with studies reporting that 
treatment with hot spring waters leads to weight loss 
by increasing fat burning and reducing intestinal fat 
intake (13). 
In our study, although there was no statistically 
significant difference in body temperature betwen 
the groups, it was observed that respiratory and 
pulsation rates were significantly increased (p 
<0.05). Indeed, there is no statistically significant 
difference in body temperature, Dogaru et al. (2018) 
also complies with the information that the reported 
balneotherapy causes an increase in skin temperature 
without causing an increase in body temperature. 
Similarly, Boarescu et al. (14) reported that the heart 
rate increased and the respiratory intervals decreased 
in the rats when administered isoproterenol. With 
the transition to the treatment period, we found 
respiratory and cardiac frequencies increased 
significantly (p <0.05) in SG. Some researchers  (15) 
claimed that balneotherapy increases cardiac output, 
causes vasodilation in peripheral vessels, causes an 
increase in the frequency of the heart and, 
accordingly, respiration. and stimulate the 
sympathetic nervous system of warm baths, blood 
pressure. Our findings  were also  in agreement with 
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findings reported by researchers (16,17) who 
reported that balneotherapy caused increases in heart 
and respiratory frequency. 
In our study, it was observed that the levels for 
WBC, NOTR, PLT, MON, which were detected at a 
high level after the formation of MI, decreased in 
SG animals following tharpy with Süreyya I hot 
spring water as drinking and having a daily bath. As 
a matter of fact, it has been reported that hot spring 
waters have an immunosuppressive effect and T 
lymphocytes in the blood decrease significantly in 
hyperthermal baths, and hyperthermal water 
provokes ACTH hormone level and cortisol 
production (13, 18).  In another in vitro study (19), 
spa waters have been reported to reduce T-
lymphocyte proliferation and blast transformation in 
both healthy individuals and those with chronic 
inflammatory disease. Although the mechanism 
responsible for these relationships is not fully 
known, it has been claimed to be mediated by 
proinflammatory cytokines (20,21). 
In addition, it has been reported that Mg deficiency 
has a pro-inflammatory effect, causing clinical 
inflammation syndrome, resulting in leukocyte and 
macrophage activation and overproduction of free 
radicals (22). Sureyya I hot spring water, which we 
use for the purpose of treatment in the current study, 
is also a water rich in magnesium. 
In a comparative study with tap water, more 
significant reduction of C-reactive pritein (CRP), 
TCHOL and TG levels was detected in patients 
treated with hot spring water (23). In our study, a 
decreasing in lipid profile and CRP levels in the SG 
rats following drinking and having bath supported 
these researchers' findings. Moreover, a 3-week spa 
therapy program in obese patients has been found to 
cause a significant decrease in body weight, body 
mass index, serum levels of TG, TCHOL and LDL 
(24). Smilarly, TG, LDL, TCHOL levels decreased 
and HDL cholesterol levels increased in SG rats 
which received hot spring water in this study. In 
addition, it has been reported that Mg, which is 
abundant in the Sureyya I hot spring source, reduce 
the fat rate accumulation due to blocking cholesterol 
intake from bowel (25). However, in a study with 
drinking water supplemented with Mg and Ca (26), 
no fat-melting effect was obtained and a decrease in 
TG levels was not observed. This shows that Mg and 
Ca are not able to affect fat alone, but other elements 
contribute to this (27). HCO3 comes first among 
these elements and it has been reported that water 
with rich HCO3 has a reducing effect on total and 

LDL cholesterol (28,29). Sureyya I spa spring water 
used for the purpose of treatment in our study is 
included in the class of hot spring water with 
bicarbonate and it is a water with a high HCO3 
concentration. As a matter of fact, the lowest 
TCHOL, LDL and TG levels were obtained in the 
animals in the SG. 
In our study, it was found that AST, ALT and CK 
levels measured were high in measurements 
following MI formation, whereas TP, ALB and GLU 
levels were low. With the onset of the treatment 
period, unlike CG animals, a continuous positive 
improvement in these parameters was observed in 
the SG animals until the last week of the study. 
Plasma AST and ALT are accepted as important 
markers in the detection of liver damage (30). It has 
been shown that therapy with mineral water in 
experimental metabolic syndrome rats by giving 
fructose leads to a decrease in AST and ALT levels 
and a positive increase in TP and ALB levels (22). 
There are studies reporting that hot spa therapy can 
be used effectively to reduce blood GLU levels 
(24,31,32). These positive effects of the hot spring 
have been reported to be related to regulating the 
distribution of absorbed nutrients followed by high 
blood sugar, possibly leading to impaired glucose 
tolerance (33). In the current study, the lowest GLU 
levels were detected in SG animalsand our results in 
parallel with the results of the above studies. 
Hydrotherapy with water including CO2 has been 
reported to cause a decrease in body temperature and 
an increase in cutaneous blood flow throughout the 
body or partial bath (34). With the absorption of 
mineral substances through the skin, nerve endings 
are stimulated and peripheral vasodilation is 
induced, resulting in an increase in cutaneous blood 
flow and improved microcirculation (5,15). As a 
result, peripheral vasodilation also helps to improve 
heart metabolism by causing increased 
parasympathetic and decreased sympathetic activity 
(34). In our current study, we observed severe 
degeneration, myocarditis, and local necrosis 
focuses in the heart tissue histopathology of animals 
that were created by giving isoproterenol, whereas 
the cases of myocarditis were almost completely 
recovered in SG rats treated with Süreyya I hot 
spring water. On the contrary, in CG animals, it was 
observed that this pathology still was continuing up 
to last day of the study. These findings were also 
compatible with studies reporting that the treatment 
with spa water is very effective in the treatment of 
myocarditis (35,36). 
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Conclusion 
As a result; the clinical, hematological, blood 
biochemical parameters and histopathological 
examination findings obtained from thi study 
showed that treatment with Süreyya I hot spring 
water was very successful results in MI cases. 
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Table 1. Statistical comparison of body temperature, pulse and respiratory in the animals 

a-f: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AMIF: 
After myocardial infarctus formation, AT: After treatment, CG: Control group, SG: Study group 

 
Table 2.  Hematological findings of the animals  

Measurement 
Time/Parameters 

WBC  
(103/mm3) 

RBC  
(106/mm3) 

HB  
(g/dl) 

HCT 
( %) 

MCV 
(fl) 

MCH  
(pg) 

MCHC  
(g/dl)  

Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD 
BS  (n=35) - 13.57 ±5.18c 8.55 ± 3.24ab 13.42± 2.38a 42.42 ± 3.34b 49.23± 3.36c 15.60±2.43a 31.46± 3.45a 
AMIF (n=35) -  15.42 ± 4.34a 7.61 ± 3.25b 13.78 ± 3.16b 44.83 ± 4.08b 58.31± 3.45a 17.74± 3.43a 30.69± 4.21b 

AT  
1st Day 

CG (n=16) 15.14 ± 5.46a 7.75 ± 2.13b 13.69 ± 3.34b 45.14 ± 3.42ab 57.55± 3.36b 17.28± 3.27a 30.21± 3.35b 
SG (n=16) 15.28 ± 5.27a 8.10 ± 1.56ab 14.12 ± 2.37a 44.67 ± 3.12b 55.10± 2.54c 17.48± 3.34a 31.57± 3.31a 

AT  
7th Day 

CG (n=12) 14.99 ± 4.33a 8.06 ± 1.34ab 13.84 ± 2.41b 45.41 ± 2.43a 56.72± 2.52a 17.13± 2.45a 30.53± 2.43b 
SG (n=12) 13.85 ± 3.47c 8.15 ± 1.27ab 14.22 ± 2.32a 45.15 ± 2.61ab 55.49± 2.41c 17.39± 2.13a 31.28± 1.67ab 

AT  
14th Day 

CG (n=8) 14.48 ± 3.44ab 7.95 ± 1.22b 14.07 ± 1.53a 44.85± 1.63b 54.61± 1.65c 17.56± 2.13a 31.25± 1.56a 
SG (n=8) 13.09±2.18c 8.33± 1.19a 14.24 ± 1.45a 45.22 ± 1.56ab 54.92± 1.25c 17.22± 1.47a 31.42± 1.37a 

AT  
21th Day 

CG (n=4) 14.00 ± 1.57b 8.07 ± 1.08ab 13.90 ± 1.52b 45.54± 1.48a 56.52± 1.44ab 17.18± 1.38a 30.32± 1.26b 
SG (n=4) 12.88 ± 1.36c 8.45 ± 1.04a 14.12 ± 1.38a 45.85 ± 1.62a 54.73± 1.39c 16.71± 1.35b 30.63± 1.31b 

   
    Continuing Table 2 

 
Measurement Time/Parameters 

 
PLT 

(10 9 /L) 

LENF 
% 

NOTR 
% 

EOS 
% 

MON 
% 

 
BAS 
% 

 Groups X±SD X±SD X±SD X±SD X±SD X±SD 

BS  (n=35) - 29.34±8.11f 70.38 ± 5.50a 27.20 ± 4.30f 2.48 ± 0.54 1.74 ± 0.56d ÖD 
AMIF (n=35) - 42.26±13.27a 35.85 ± 6.30e 58.50 ± 5.40a 2.28 ± 1.50 4.89 ± 0.67a ÖD 

AT  
1st Day 

CG (n=16) 42.13±14.23a 34.12 ± 5.20e 58.74 ± 5.10a 2.40 ± 1.38 4.88 ± 0.46a ÖD 
SG (n=16) 41.09±12.03a 35.12 ± 5.14e 57.44 ± 5.32a 2.25 ± 1.44 3.86 ± 0.32b ÖD 

AT  
7th Day 

CG (n=12) 39.17±11.31b 41.40 ±4.20d 53.32 ± 3.40b 2.24 ± 1.38 3.85 ± 0.24b ÖD 
SG (n=12) 36.27±9.06cd 46.10 ± 4.20c 50.20 ± 3.20d 2.10 ± 1.32 2.87 ± 0.33c ÖD 

AT  
14th Day 

CG (n=8) 37.47±7.03c 42.20 ± 3.30d 52.45 ± 3.10cd 2.22 ± 1.36 3.84± 0.34b ÖD 
SG (n=8) 33.21±6.08e 50.16 ± 3.30b 47.42 ± 2.22e 2.56 ± 1.30 1.81 ± 0.40 ÖD 

AT  
21th Day 

CG (n=4) 35.31±5.07d 42.28 ± 1.44d 51.34 ± 1.48cd 2.28 ± 1.30 2.85 ± 0.29c ÖD 
SG (n=4) 30.09±4.22f 49.90 ± 1.35b 45.35 ± 1.38e 2.37 ± 1.26 1.65 ± 0.30d ÖD 

 
a-f: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AMIF: After myocardial 
infarctus formation, AT: After treatment, CG: Control group, SG: Study group 

 
 
 

 
Measurement Time/Parameters 

T 
(○C) 

P 
(frequence/min) 

R 
(frequence/min) 

X±SD X±SD X±SD 
 Groups    

BS  (n=35) - 37.30±0.30 314.50±68.40e 105.20±30.10f 

AMIF (n=35) -  37.40±0.40 344.20±80.50c 155.20±78.10a 

AT  
1st Day 

CG (n=16) 37.30±0.10 360.30±75.20a 154.20±68.30a 

SG (n=16) 37.30±0.20 355.10±64.10ab 153.50±65.20a 

AT  
7th Day 

CG (n=12) 37.20±0.10 350.20±50.40b 144.30±43.20b 

SG (n=12) 37.10±0.20 342.35±44.16c 130.40±24.20d 

AT  
14th Day 

CG (n=8) 37.20±0.10 340.20±34.10c 136.18±16.20c 

SG (n=8) 37.10±0.10 324.10±25.40bc 117.42±14.30e 

AT  
21th Day 

CG (n=4) 37.20±0.20 332.20±14.30d 131.30±4.30d 

SG (n=4) 37.10±0.10 315.20±13.30e 107.20±4.20f 
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Table 3. Blood biochemical findings of the animals 
 

Measurement 
Time/Parameters 

ALT 
(IU/L) 

AST 
(IU/L) 

CK 
(IU/L) 

CRP 
(mcg/ml) 

TP 
(g/dl) 

ALB 
(g/dl) 

GLU 
(g/dl)  

Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD 
BS  (n=35) - 73.54±18.45e 157.38±56.34e 443.23±78.42g 418.77±114.34e 66.38±34.15a 37.25±8.41a 117.31±45.16a 
AMIF (n=35) -  121.11±53.23a 199.24±65.46a 766.34±312.45a 967.09±334.15a 54.11±28.23e 24.02±7.18e 103.27±55.47c 

AT  
1st Day 

CG (n=16) 122.34±43.54a 197.12±58.67a 765.28±245.31a 965.24±279.12a 54.37±23.14e 24.34±6.42e 104.02±43.21c 

SG (n=16) 121.32±44.14a 198.34±56.14a 763.11±237.08a 966.11±283.08a 54.43±22.15e 24.35±6.41e 105.56±39.14c 

AT  
7th Day 

CG (n=12) 108.20±31.14b 183.21±36.34b 745.14±145.22b 951.03±167.16a 55.28±11.42c 24.86±4.09e 106.15±23.12c 

SG (n=12) 98.34±26.10c 167.41±35.18c 679.37±136.13d 871.18±121.04b 57.14±9.21de 28.14±5.01c 112.28±17.43ab 

AT  
14th Day 

CG (n=8) 102.21±17.45bc 172.09±23.11bc 728.06±113.24cd 865.21±142.05b 56.08±6.24e 25.47±3.39e 109.24±15.16b 

SG (n=8) 82.16±7.23d 161.45±21.16d 551.12±98.07e 643.09±88.11d 60.11±5.12c 32.25±2.14b 116.18±12.43a 

AT  
21th Day 

CG (n=4) 100.05±6.16c 170.14±14.12bc 714.06±83.23d 812.35±77.03c 58.04±4.06d 27.16±2.13c 111.26±9.04d 

SG (n=4) 79.14±5.08e 157.08±9.32e 471.16±756.13f 436.05±63.16e 64.03±3.42b 36.18±1.59a 118.27±7.21a 

 
 a-g: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AMIF: After 

myocardial infarctus formation, AT: After treatment, CG: Control group, SG: Study group 
 

 
   Continuing Tablo 3 (Lipid profile) 

Measurement 
Time/Parameters 

TCHOL 
(mg/dL) 

HDL 
(mg/dl) 

LDL 
(mg/dl) TG 

(mg/dl) 
 

Groups X±SD X±SD X±SD X±SD 
BS  (n=35) - 92.64±11.14h 46.08 ± 10.25a 66.23± 21.32f 95.44 ± 21.09e 

AMIF (n=35) -  164.03±45.21a 21.12 ± 16.43f 139.35± 32.13a 246.21 ± 45.18a 

AT  
1st Day 

CG (n=16) 162.44±38.23a 22.01 ± 13.12f 138.03± 29.11a 252.13 ± 52.33a 

SG (n=16) 142.26±34.14d 22.02 ± 12.25f 137.23± 27.21ab 248.06 ± 48.31a 

AT  
7th Day 

CG (n=12) 157.26±32.34b 23.14 ± 8.31f 136.47± 22.09b 249.15 ± 33.43a 

SG (n=12) 128.37±21.11f 31.34 ± 7.35d 121.08± 16.12c 201.28 ± 31.07c 

AT  
14th Day 

CG (n=8) 148.17±17.12c 25.17 ± 7.09e 135.34± 12.21b 242.13 ± 28.23ab 

SG (n=8) 119.43±12.05d 38.06 ± 6.21c 97.35± 9.16d 178.49 ± 26.14c 

AT  
21th Day 

CG (n=4) 139.08±10.15e 26.19 ± 6.34e 131.44± 7.18c 233.17 ± 18.13b 

SG (n=4) 96.43±7.12g 43.13 ± 5.18b 76.28± 6.36e 138.07 ± 16.06d 

 
 a-h: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AMIF: After 
myocardial infarctus formation, AT: After treatment, CG: Control group, SG: Study group 

 



 

  252  
 

 
 
 
 

 
 
 
Abstract 
Psoriasis and eczema are most common diseses of human and seen some animals. In this research project, a total of 49 
Albino rats, 25 of which were psoriasis and 24 of eczema, were used. The back of all the animals were shaved 3 cm x 
2 cm in size, and were deepilated using a 50% barium sulfate solution and deepillation tape. Then, 5% imiquimod was 
applied to the area for 5-6 days in the rats in psoriasis group, whereas 2%, 4-dinitrochlorobenzene was performed 2 
times per day for one week in eczema group animals along with 150 μg of mite extract (Dermatophagoides farinae). 
After diseases formation in both groups, animals were divided into control and study groups, and then treatment period 
was started. In the rats with psoriasis and eczema, clinical, hematological, blood biochemical and histopathological 
findings were determined. In the light of the data obtained; it was concluded that a 21-day spa treatment in rats with 
psoriasis and eczema was very successful and could be considered as an option in the treatment of these diseases or it 
would increase the success of the treatment when combinated with classical medical treatments. 
 

Key words: Afyonkarahisar, balneotherapy, eczema, psoriasis, rat, 
 
 

Introduction 
Psoriasis is a skin disease mainly developed 
in humans, although it is also seen in monkeys and 
dogs (Rodriquez-Martinez et al., 2017). The disease 
is the most common autoimmune disease in humans, 
characterized by continuous squamation and the 
combination of variable erythema and increased 
cutaneous plaques, which can be seen at any age, 
life-long, negatively affecting the quality of life by 
affecting physical and psycho-social health (2,3). It 
is a disease that can occur at any age, with a rate of 
1.5-3% in the society. Although the age groups in 
which the incidence is peaked are 16-22 and 57-60, 
the first findings begin before the age of 15 in 30% 
of the cases (2,4). Today, psoriasis, which has a 2-
3% incidence worldwide, is considered to be limited 
only to the skin in the past, today it is considered as 
a chronic systemic inflammatory disease 
accompanied by many comorbidities (5,6). 
Similarly, eczema is also a common, chronic, non-
infectious skin condition. The main symptom of this 
inflammatory disease is a very itchy rashcan be seen 
in human and the animals (7). In human beings, the 
disease is mostly seen in children (8). About 15% of 
children have eczema, but this only occurs in 2-4% 
of adults (9). Eczema pathogenesis is quite complex 
due to metabolic abnormalities, endocrine 
dyscrasias, diseases of the digestive system, viruses 

and bacteria in the external environment, 
temperature and humidity and foreign body allergen 
and stress (10,11). 
Hot waters with rich mineral content have also been 
used successfully in the treatment of skin diseases 
such as eczema for thousands of years (12-14). 
Chemical components of thermal water known to 
have beneficial effects on the skin include minerals 
such as sulfur, magnesium and selenium (15,16). 
Thermal stimulation causes vasodilation, increases 
blood circulation and decreases blood pressure (16). 
Bathing with hot spring waters has a moisturizing 
effect on the stratum corneum and enhancing 
keratinocyte activity (17,18). In addition, minerals 
directly related to skin structure such as magnesium, 
sulfur, selenium, calcium and zinc are abundant in 
spa mud (19). In addition, the psychological effects 
of balneotherapy should not be overlooked (20). 
Unfortunately, we have not been able to find a direct 
study on the healing effects of balneotherapy on 
psoriasis and eczema in human and animal species. 
This study was carried out with scientific data to 
determine the effectiveness of Süreyya I hot spring 
spring water and mud in psoriasis and eczema 
treatment, which is within the borders of 
Afyonkarahisar Province, and is very rich in content. 
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Materials and Methods 
The experimental part of this study was carried out 
in Afyon Kocatepe University Experimental 
Animals Application and Research Center and was 
carried out with the reference number of 
AKUHADYEK 124-18 within the framework of the 
ethical rules determined by Afyon Kocatepe 
University Experimental Animals Ethics Committee 
(AKUHADYEK) and also supported by Şuayp 
Demirel within the scope of the Research Project. 
Animal Material 
In this research project, a total of 49 Albino rats 
were used to form 25 psoriasis and 24 eczema 
groups. The animals were kept in placitic cages in 
Afyon Kocatepe University Experimental Animals 
Application and Research Center in a stable 
environment with equal humidity and temperature 
conditions, 12 hours night and 12 hours day. During 
the study, animals were provided to receive ad 
libitum mouse food. 
a) Psoriasis Group: 
After shaving a 3 cm x 2 cm area in the back region 
of all rats, the area was deepened using 50 % barium 
sulfate solution and deepilation tape (Epiten® Veet), 
then to the deepile region for 5–6 days, daily 62.5 
mg. Psoriasis was created (Figure 1) by applying %5 
imiquimod (IMQ) (Aldara krem®Meda) (21). 
Following psoriasis formation, 2 rats exed for blood 
and histopathological examinations. Remaning 23 
rats were divided into control (CG, n=11) and study 
group (SG, n=12). 
In SG, all the rats were bathing for 10-15 minutes in 
bathtubs with fresh Süreyya I hot spring water set at 
35 ± 2 °C, for 2 times for 21 day. Before bathing 
(Figure 4) in Süreyya I hot spring water thermal mud 
obtained from Süreyya I Spa source was applied to 
back area of animals where psoriasis was formed for 
30 minutes 2 times a week (Figure 3).  In CG, only 
bath applications were made under the same 
conditions with tap water. These applications were 
repeated for 21 days at the specified times. 
b) Eczema Group: 
A total of 24 rats were used in the eczema group. 
Following eczema formation, 2 rats exed for blood 
and histopathological examinations. Remaning 22 
rats were divided into control (CG, n=11) and study 
group (SG, n=11). 
After shaving an area of 3 cm x 2 cm in the back 
region in all rats, the area was deepened using 50% 
barium sulfate solution and deepilation band 
(Epithen, Veet), 2.4% dinitrochlorobenzene (DNCB) 
on the first day to the deepile region Sigma Aldrich, 

St Louis, MO, USA) was repeated 6 times, once a 
week. 3 days after this application, 150 μg of mite 
extract (Dermatophagoides farinae) was dissolved 
in PBS containing 0.5% tween 20 and eczema was 
created (Figure 2) (22). 
Following the eczema formation, thermal mud 
obtained from Süreyya I hot spring source was 
applied to the area where eczema was created in 11 
SG animals, twice a week, and before bathing. The 
baths were made for 10-15 minutes in the bath tubs 
with hot spring water set at 35 ± 2 ° C, 2 times at the 
same time, every 12 hours. These applications were 
repeated for 21 days at the specified times. 
Preparation of Hot Spring Mud: 
For this purpose, mineral accumulation in the place 
where Süreyya I hot spring water is flowing 
collected and sterilized in a oven set at 300 °C for 
1.5 hours. Then, it mixed with mineral water comes 
from Süreyya I hot spring source, and mud was 
obtained. 
Collecting Blood and Tissue Samples: 
Randomly selected few animals from each groups 
were euthanized under ketamine (100 mg/kg)/ 
xylazine (10 mg/kg) anesthesia (23) on days of 1st, 
7th, 14th and 21st after treatment period. Blood 
samples taken from intracadiac route, and tissue 
samples were stored at 10% formol and + 4 °C,  and 
sent to the Etlik Veterinary Research and 
Application Institute Pathology Laboratory for 
histopathological eamnnation. 
Süreyya I Well Spring Water used in the treatment 
of study group animals was in the class of 
thermomineral water with sodium bicarbonate, 
carbon dioxide, calcium, magnesium, fluoride and 
silicon, and its total mineralization was 4046.8 g / L.
  
Methods 
Clinical Examinations 
In all the animals,  body temperatures (T), heart (P) 
and respiratory frequencies (R) were  measured. 
 
Hematological Examinations 
In blood samples with EDTA; erythrocyte (RBC), 
total leukocyte (WBC), hematocrit (HCT), 
hemoglobin (HB), mean corpusculer volume 
(MCV), mean corpusculer hemoglobin (MHC), 
mean corpusculer hemoglobin concentration 
(MCHC), lymphocyte (LENF), neutrophil ( 
Hematological examinations such as NOTR), 
eosinophil (EOS), monocyte (MON) and basophil 
(BAS) were measured using Chemray Brand blood 
count device using commercial test kits. 
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Blood Biochemical Examinations 
In blood biochemical examinations; Immune 
globulin E (IgE) and C-reactive protein (CRP) 
measurements in ELISA reader device (ChemWell 
Chromate 4300 Elisa Reader, Awareness 
Technology, Inc. Martin Hwy. Palm City, USA) 
Elisa kits (Sunred Biological Technology Company 
Co., Shangai/Using China), measurements of 
Alanine aminotransferase (ALT), Aspartate 
aminotransferase (AST), Gamma-glutamyl 
transferase (GGT), Total Protein (TP), Albumin 
(ALB) and Glucose (GLU) levels are Cobas Integra 
400 Plus Roche Brand (Roche Diagnostics GmbH, 
Germany) on the analyzer. 
Histopathology Examinations 
For histopathological examinations, 5 micron thick 
sections were taken and stained with hematoxylin 
eosin, then examined histopathologically in the light 
microscope. 
Statistical Analysis 
Statistical calculations of the groups were made 
according to the variance analysis (ANOVA) 
method. Duncan test was used to reveal the 
importance of intra-group differences in the study 
group. Statistical analyzes were made using 
Windows compatible SPSS 18.1 (Inc., Chicago, II, 
USA) package program. The data were given as 
mean ± standard error and p <0.05 was considered 
significant. 
Results 
In the current study, following the formation of 
psoriasis, the animals were weighed one by one and 
the mean of body weight (bw) was found to be 283.7 
g, and it was observed that there was a decrease in 
terms of bw average after psoriasis formation and 
the difference was statistically significant (p <0.05). 
In weighing performed on the 21st day after 
treatment, it was determined that mean bw of CG 
rats (284.6 g) was higher than that of SG rats (280.2 
g) (p <0.05). 
Similarly, after the eczema formation, it was 
observed that there was a decrease in bw mean 
(285.6 g) and the difference was statistically 
significant (p <0.05). In the weighing performed on 
the last day of treatment, it was determined that 
mean bw of CG (287.8 g) was higher (p <0.05) than 
the that of SG rats (283.3 g). 
Clinical Findings 
The clinical findings are shown in Table 1 and Table 
2. When these tables are examined; no statistically 
significant differences were found in terms of T (p> 
0.05), whereas, significant differences (p <0.05) 

were formed in terms of P and R after the psoriasis 
and eczema procedure were applied, and the most 
significant (p <0.05) changes occurred in SG 
animals. 
Hematological Findings 
The hematological examination findings of psoriasis 
and eczema rats are presented in Table 3 and Table 
4. When these tables are examined; WBC, NOTR, 
MON, EOS and MCV levels increased statistically 
significantly (p <0.05) after psoriasis and eczema 
formation, whereas RBC, HG, HCT, LENF, MCH 
and MCHC levels significantly (p <0.05) decreased. 
With the start of the treatment period, WBC, NOTR, 
MON, EOS and MCV levels decreased in both 
disease groups, while significant (p <0.05) increases 
were observed in RBC, HG, HCT, LENF, MCH and 
MCHC levels. However, it was observed that the 
most statistically significant changes occurred in SG 
animals in both groups,  and on the last day of the 
study. 
Blood Biochemical Findings 
Blood biochemical findings  are shown in Table 5 
and Table 6. When these tables are examined; ALT, 
AST, GGT, CRP and IgE levels increased 
significantly (p <0.05) in the period following 
psoriasis and eczema formation, whereas TP, ALB 
and GLU levels decreased significantly (p <0.05). 
After treatment, TP, ALB and GLU levels increased 
in both disease groups (p <0.05), whereas ALT, 
AST, GGT, CRP and IgE levels decreased (p <0.05), 
and the most important changes in terms of 
increasing and decreasing parameters were 
determined in SG animals on 21st day of the study 
in both groups. 
Histopathological Exam Results 
In the tissue sections taken from the animals with 
psoriasis, severe destruction in the epithelium and 
propriosa mucosa exposure were observed, whereas 
in the tissue samples taken after eczema formation, 
severe inflammation in the propriotic mucosa and 
degeneration in the epithelium were detected 
(Figures 5,8). In the last day of treatment, it was 
seen that histopathological findings of psoriasis and 
eczema were significantly improved in SG groups 
which treated with hot spring water  (Figure 6.9), 
whereas severe epithelial destructions still continued 
in CG of  psoriasis and eczema which treated with 
tap water (Figure 7.10). 
Discussion  
Although, psoriasis and eczema are most common 
disese of human and more less in animals, we can 
not find any literatures about balneotherapy in 
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domestic animals with psoriasis or eczema as well as 
directly studies in human beings. Therefore, as far as 
we know the present study will be at first in this 
area. 
There are many studies reporting that 
balneotherapeutic applications increase fat burning 
by increasing the metabolic rate and thus lead to 
weight loss (24,25). Fioravanti et al. (26) reported 
this rate in body weight loss as 7% after spa 
treatment. In our study, similar findings were 
obtained, and determined a statistically significant (p 
<0.05) bw loss in SG animals compared to CG 
animals  in psoriasis and eczema groups. 
In our study, it was observed that mean P and R 
were higher in SG animals when compared with CG 
group in both groups, although significant changes 
were not formed in terms of T measured after bath in 
animals with psoriasis and eczema (p> 0.05). These 
findings was found to be consistent with findings 
previously obtained by researchers (27,28), who 
claimed that balneotherapy increased cardiac output, 
causes vasodilation in peripheral vessels, and caused 
an increase in the frequency of the heart and, 
accordingly, respiration. Our findings was also 
found to be consistent with findings reported by the 
other researchers (29,30), who notified that 
balneotherapy caused increases in blood pressure, 
heart and respiratory frequency. 
Psoriasis and eczema is an immune-mediated 
chronic inflammatory skin disease that is 
characterized by hyperproliferative keratinocytes, T 
cells immune deficiency, infiltration of macrophages 
and neutrophils and eosinophilia (31). Similar to 
other inflammatory diseases, white cell cells 
frequently increase in psoriasis patients (32). In 
addition, it has been reported that the neutrophils 
increase and neutrophil activation products increase 
in the blood of psoriasis patients (33). Similarly, it 
has been reported that the body provides 
homeostasis, the number of WBCs increase, and 
only collateral damage occurs in normal tissues 
during this process against inflammation developing 
in chronic cases such as eczema (34). In our study, 
after the formation of psoriasis and eczema, WBC, 
NOTR, MON, EOS and MCV levels increased 
statistically significantly (p <0.05), whereas RBC, 
HG, HCT, LENF, MCH and MCHC levels were 
significantly (p <0.05 ) decreased. However, when 
the treatment period was initiated, WBC, NOTR, 
MON, EOS and MCV levels decreased in CG and 
SG rats in both groups, while RBC, HG, HCT, 
LENF, MCH and MCHC levels increased. However, 

it was observed that the changes shaped after 
treatment occurred in SG rats in both disease groups 
and on the last day of the study. 
In addition, the average platelet volume was found 
to be correlated with disease severity in psoriasis 
patients (35). Ünal M et al. (36) reported that 
leukocyte, neutrophil and PLT values increased in 
psoriasis patients and showed a positive correlation 
with C-reactive protein (CRP). As a matter of fact, it 
was found in our study that similarly high WBC, 
NOTR, PLT and CRP levels were accompanied by 
increased CRP levels. Similarly, in our current 
study, the high IgE levels that we detected after 
eczema formation were accompanied by an 
eosinophilia, increased IgE response observed in 
patients with eczema. Similar findings previously 
reported by some researchers (37). Obtaining the 
lowest IgE levels in SG animals on the 21st day of 
treatment can be interpreted as the most important 
improvement was in this group. 
In addition, Mg deficiency has been reported to 
cause clinical inflammation syndrome, resulting in 
leukocyte and macrophage activation and 
overproduction of free radicals, showing a pro-
inflammatory effect (38). Sureyya I hot spring water 
that we use in our current study is a water rich in 
magnesium. The detection of lower inflammation 
processes in SG rats which treated by this water 
supports these researchers. 
In our study, ALT, AST, GGT, CRP and IgE levels 
increased significantly (p <0.05) from the blood 
biochemical parameters in the period following the 
disease formation in the groups with psoriasis and 
eczema, whereas TP, ALB and GLU levels were 
significantly (p <0.05). decreased. With the 
transition to the treatment period, a reverse course 
was observed in both disease groups, so, the levels 
for TP, ALB and GLU increased, whereas ALT, 
AST, GGT, CRP and IgE levels decreased. It was 
observed that the most important changes detected in 
SG rats in both disease groups on the 21st day of the 
study. It well known that ALT and AST are liver 
enzymes, and their increase after the formation of 
psoriasis and eczema show that these diseases affect 
the liver (39). Rich mineral water applications have 
been reported to contribute to a decrease in liver 
damage indices with high AST and ALT levels (40). 
In addition, hot spring mineral  water therapy have 
been reported to decrease lipid peroxidation and 
related hepatic malondialdehyde (MDA) content in 
the liver and decrease hepatic damage, increase 
antioxidant capacity against oxidative stress through 
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boron and Mg, and cause a significant reduction in 
glucose (GLU) levels (24). In our current study, 
ALT, AST, ALP enzyme levels, which were found 
to be higher, and GLU concentrations lower when 
compared to pre-study measurements, which were 
found to be high, by the transition to the treatment 
period, a reverse situation is shaped in both disease 
groups. Indeed, minerals such as bicarbonate and 
magnesium have been reported to affect glucose 
metabolism and reduce the increased dietary acid 
load associated with the development of insulin 
resistance (41). 
In our study, unlike CG in psoriasis and eczema 
groups, histopathological findings of psoriasis and 
eczema almost completely recovered after 
performed treatment in SG which treated by Süreyya 
I hot spring water.  However, animals treated with 
tap water still had severe inflammation, epithelium 
destruction continued. These data we obtained were 
compatible with a study (14) that balneotherapy was 
very successful in the treatment of skin diseases. 
 
Conclussion 
Consequently, the clinical, hematological, blood 
biochemical parameters and histopathological 
examination findings obtained from this study 
showed that Sureyya I hot spring water was very 
successful in the treatment of psoriasis and eczema. 
It can be evaluated it-self or along with classical 
medical therapy. 
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Table 1. Statistical comparison of body temperature, pulse and respiratory in the animals with 
psoriasis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 a-e : Different letters in the same column are statistically significant (p <0.05). BS: 
Before study, APF: After psoriasis formation, AT: After treatment, CG: Control group, 
SG: Study group 

 
 

Table 2. Statistical comparison of body temperature, pulse and respiratory in the animals with 
eczema 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a-d : Different letters in the same column are statistically significant (p <0.05). BS: 
Before study, AEF: After eczemaformation, AT: After treatment, CG: Control group, 
SG: Study group 
 
 
 
 
 

 

 
Measurement Time/Parameters 

T 
(○C) 

P 
(frequence/min) 

R 
(frequence/min) 

X±SD X±SD X±SD 
 Groups    

BS (n=25) - 37.20±0.20 316.44±38.12e 107.11±28.41e 

APF (n=23) - 37.30±0.30 356.24±57.62a 138.24±32.14a 

AT  
1st Day 

CG (n=11) 37.30±0.20 355.18±53.21a 139.27±34.32a 

SG (n=12) 37.20±0.10 355.09±52.12a 138.26±35.22a 

AT  
7th Day 

CG (n=9) 37.30±0.10 328.24±37.43d 125.34±26.43d 

SG (n=10) 37.20±0.10 345.28±35.28b 132.12±18.33b 

AT  
14th Day 

CG (n=7) 37.20±0.10 320.56±22.14e 117.23±11.22d 

SG (n=8) 37.20±0.00 337.11±16.43bc 126.33±10.21c 

AT  
21th Day 

CG (n=4) 37.10±0.10 316.33±9.43e 111.23±7.43e 

SG (n=4) 37.30±0.10 328.24±8.23d 118.18±6.44d 

 
Measurement 

Time/Parameters 

T 
(○C) 

P 
(frequence/min) 

R 
(frequence/min) 

X±SD X±SD X±SD 

 Groups    
BS (n=24) - 37.10±0.10 313.28±44.22d 105.42±31.14d 

AEF 
(n=22) 

- 37.20±0.20 347.16±48.14a 126.32±36.24a 

AT  
1st Day 

CG (n=11) 37.20±0.20 346.24±44.15a 127.21±35.47a 

SG (n=11) 37.30±0.20 345.18±43.23a 128.13±33.23a 

AT  
7th Day 

CG (n=10) 37.20±0.10 323.12±28.32c 121.21±18.33b 

SG (n=10) 37.30±0.20 335.16±24.11b 120.44±16.15b 

AT  
14th Day 

CG (n=7) 37.20±0.20 321.24±23.08c 114.43±12.14bc 

SG (n=7) 37.30±0.10 334.20±14.12b 119.28±11.42b 

AT  
21th Day 

CG (n=4) 37.10±0.10 322.28±10.24c 111.17±9.45c 

SG (n=4) 37.30±0.10 333.16±9.08b 119.23±8.34b 
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Table 3. Hematological examination findings of animals with psoriasis. 
Measurement 

Time/Parameters  
WBC  

(103/mm3) 
RBC  

(106/mm3) 
HB  

(g/dl) 
HCT 
( %) 

MCV 
(fl) 

MCH  
(pg) 

MCHC  
(g/dl) 

 
Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=25) - 13.51 ±3.43c 8.51 ± 2.13ab 13.37 ± 3.11a 42.38 ± 3.26b 49.19± 3.21c 15.57±3.19a 31.43± 3.27a 
APF (n=23) - 11.39 ± 3.20ab 7.59 ± 2.18b 13.75 ± 3.43b 44.81 ± 3.29b 58.24± 3.46a 17.71± 3.32a 30.66± 3.36b 

AT  
1st Day 

CG (n=11) 12.11 ± 3.18a 7.72 ± 1.57b 13.65 ± 3.18b 45.12 ± 3.16ab 57.51± 3.21b 17.25± 3.18a 30.17± 2.44b 
SG (n=12) 11.41 ± 3.14ab 8.07 ± 1.47ab 14.08 ± 2.45a 44.63 ± 3.08b 55.04± 2.48c 17.46± 2.23a 31.53± 2.45a 

AT  
7th Day 

CG (n=9) 12.14 ± 2.16a 8.03 ± 1.46ab 13.81 ± 2.23b 45.39 ± 2.34a 56.68± 2.46a 17.10± 2.31a 30.50± 1.55b 
SG (n=10) 11.21 ± 2.32ab 8.13 ± 1.42ab 14.19 ± 2.16a 45.13 ± 2.57ab 55.50± 2.34c 17.38± 1.56a 31.27± 1.53ab 

AT  
14th Day 

CG (n=7) 11.87 ± 1.63ab 7.93 ± 1.42b 14.05 ± 1.45a 44.83 ± 1.56b 54.58± 1.43c 17.53± 1.19a 31.23± 1.43a 
SG (n=8) 9.56±1.57b 8.31± 1.27a 14.21 ± 1.38a 45.19 ± 1.47ab 54.88± 1.19c 17.19± 1.51a 31.39± 1.28a 

AT  
21th Day 

CG (n=4) 11.13 ± 1.46ab 8.06 ± 1.24ab 13.87 ± 1.46b 45.51± 1.33a 56.50± 1.36ab 17.15± 1.42a 30.31± 1.31b 
SG (n=4) 8.71 ± 1.43c 8.43 ± 1.21a 14.10 ± 1.28a 45.83 ± 1.57a 54.69± 1.18c 16.68± 1.41b 30.62± 1.24b 

 
  
  Continuing Tablo 3 

 
Measurement 

Time/Parameters  

LENF 
% 

NOTR 
% 

EOS 
% 

MON 
% 

 
BAS 
% 

 Groups X±SD X±SD X±SD X±SD X±SD 

BS (n=25) - 70.25 ± 6.48d 27.08 ± 5.22ab 3.34 ± 1.46d 3.54 ± 1.48b ÖD 
APF (n=23) - 61.91 ± 7.28a 38.43 ± 6.46c 6.34 ± 1.37a 4.09 ± 2.24a ÖD 

AT  
1st Day 

CG (n=11) 56.09 ± 6.23c 38.76 ± 6.12c 6.41 ± 1.36a 4.08 ± 2.16a ÖD 
SG (n=12) 56.10 ± 5.18c 36.38 ± 5.21d 5.23 ± 1.34b 3.84 ± 2.12ab ÖD 

AT  
7th Day 

CG (n=9) 51.36 ±4.44d 43.27 ± 3.18b 5.29 ± 1.32b 4.07 ± 1.56ab ÖD 
SG (n=10) 45.11 ± 4.27f 47.16 ± 3.33a 4.07 ± 1.37c 3.63 ± 1.46b ÖD 

AT  
14th Day 

CG (n=7) 53.19 ± 3.44de 45.43 ± 3.24ab 4.19 ± 1.34c 4.03± 1.38ab ÖD 
SG (n=8) 50.15 ± 3.28d 45.39 ± 2.18ab 2.79 ± 1.22d 3.01 ± 1.41c ÖD 

AT  
21th Day 

CG (n=4) 51.31 ± 1.66d 43.32 ± 1.54b 4.06 ± 1.32c 3.94 ± 1.25ab ÖD 
SG (n=4) 48.91 ± 1.57e 46.37 ± 1.48a 2.45 ± 1.28d 2.79 ± 1.18d ÖD 

 
a-f: Different letters in the same column are statistically significant (p <0.05). BS: Before study, 
APF: After psoriasis formation, AT: After treatment, CG: Control group, SG: Study group 

 
  Table 4.  Hematological examination findings of animals with eczema. 

 
Measurement 

Time/Parameters  
WBC  

(103/mm3) 
RBC  

(106/mm3) 
HB  

(g/dl) 
HCT 
( %) 

MCV 
(fl) 

MCH  
(pg) 

MCHC  
(g/dl) 

 
Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=24) - 13.58 ±4.32c 8.54 ± 4.22ab 13.44 ± 4.37a 42.45 ± 4.37b 49.21± 3.32c 15.60±3.27a 31.47± 3.17a 
AEF (n=22) - 11.42 ± 4.13ab 7.61 ± 4.34b 13.81 ± 5.65b 44.93 ± 5.63b 58.26± 4.23a 17.75± 4.48a 30.68±4.24b 

AT  
1st Day 

CG (n=11) 12.14 ± 3.21a 7.79 ± 3.45b 13.70 ± 4.45b 45.17 ± 4.35ab 57.58± 3.31b 17.28± 4.23a 30.20± 3.13b 
SG (n=11) 11.43 ± 3.36ab 8.11 ± 2.52ab 14.13 ± 3.52a 44.70 ± 4.44b 55.07± 3.41c 17.47± 3.31a 31.56± 3.41a 

AT  
7th Day 

CG (n=10) 12.21 ± 3.24a 8.08 ± 2.43ab 13.93 ± 3.39b 45.42 ± 3.18a 56.70± 3.36a 17.12± 3.43a 30.53± 2.34b 
SG (n=10) 11.25 ± 3.17ab 8.17 ± 2.31ab 14.22 ± 3.27a 45.16 ± 3.09ab 55.53± 2.19c 17.41± 2.38a 31.29± 246 

AT  
14th Day 

CG (n=7) 11.92 ± 2.33ab 7.98 ± 1.63b 14.11 ± 2.38a 44.87 ± 2.36b 54.61± 2.07c 17.55± 2.24a 31.26± 2.25a 
SG (n=7) 9.62±1.48b 8.36± 1.57a 14.25 ± 2.34a 45.22 ± 2.34ab 54.92± 2.09c 17.21± 2.37a 31.41± 2.31a 

AT  
21th Day 

CG (n=4) 11.16 ± 1.41ab 8.10 ± 1.38ab 13.91 ± 1.53b 45.56± 1.48a 56.53± 1.52ab 17.16± 1.38a 30.33± 1.59b 
SG (n=4) 8.78 ± 1.39c 8.49 ± 1.24a 14.13 ± 1.48a 45.85 ± 1.54a 54.72± 1.43c 16.71± 1.35b 30.66± 1.48b 
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  Continuing Table 4 
Measurement 

Time/Parameters  
LENF 

% 
NOTR 

% 
EOS 
% 

MON 
% 

BAS 
% 

 Groups X±SD X±SD X±SD X±SD X±SD 
BS (n=24) - 70.37 ± 5.45d 27.12 ± 4.66ab 3.35 ± 1.56d 3.55 ± 0.66b ÖD 
AEF (n=22) - 61.83 ± 5.44a 38.45 ± 5.39c 6.35 ± 2.48a 4.05 ± 2.48a ÖD 

AT  
1st Day 

CG (n=11) 56.11 ± 5.43c 38.81 ± 4.23c 6.43 ± 2.54a 4.05 ± 2.27a ÖD 
SG (n=11) 56.12 ± 4.24c 36.44 ± 4.09d 5.25 ± 2.41b 3.81 ± 1.36ab ÖD 

AT  
7th Day 

CG (n=10) 51.33 ±3.37d 43.31 ± 3.37b 5.31 ± 2.38b 4.04 ± 1.48ab ÖD 
SG (n=10) 45.09 ± 3.27f 47.18 ± 3.39a 4.08 ± 1.54c 3.61 ± 1.29b ÖD 

AT  
14th Day 

CG (n=7) 53.18 ± 2.17de 45.44 ± 2.39ab 4.20 ± 1.49c 4.02± 1.04ab ÖD 
SG (n=7) 50.3 ± 2.13d 45.41 ± 2.36ab 2.80 ± 1.41d 3.00 ± 1.12c ÖD 

AT  
21th Day 

CG (n=4) 51.29 ± 1.44d 43.33 ± 1.57b 4.08 ± 1.37c 3.91 ± 0.47ab ÖD 
SG (n=4) 48.87 ± 1.39e 46.39 ± 1.53a 2.46 ± 1.34d 2.76 ± 1.10d ÖD 

 
a-f: Different letters in the same column are statistically significant (p <0.05). BS: Before study, 
AEF: After eczemaformation, AT: After treatment, CG: Control group, SG: Study group 

 
Table 5. Blood biochemical findings of animals with psoriasis. 

 
Measurement 
Time/Parameters 

ALT 
(IU/L) 

AST 
(IU/L) 

GGT 
(IU/L) 

CRP 
(mcg/ml) 

TP 
(g/dl) 

ALB 
(g/dl) 

GLU 
(g/dl) 

IgE 
(ng/ml)  

Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD X±SD 
BS (n=25) - 75.47±23.28e 154.21±45.20e 13.27±4.42b 407.46±83.44e 65.72±25.57a 39.19±9.16a 119.27±34.22a 0.43 ±0.08g 
APF (n=23) - 113.72±44.13a 183.12±48.24a 15.58±5.43a 948.25±212.25a 51.09±12.41d 23.12±5.42g 101.12±12.53d 4.86 ±1.45a 

AT  
1st Day 

CG (n=11) 112.21±37.32a 182.27±46.31a 14.96±4.24ab 942.15±283.41a 52.26±11.13d 23.65±4.13e 96.13±12.34e 5.03±1.17a 
SG (n=12) 111.08±33.11a 179.25±46.18a 14.26±4.21b 938.13±278.25a 52.14±11.28d 23.69±4.57e 96.43±9.37e 5.06 ±1.23a 

AT  
7th Day 

CG (n=9) 104.23±25.44b 174.15±33.45b 14.30±3.42b 939.17±154.33a 53.17±8.36c 24.32±3.13e 94.23±7.35e 4.85 ±1.12b 
SG (n=10) 96.18±23.25c 165.34±31.42c 13.78±2.18c 905.14±148.13a 55.08±7.14c 25.28±3.48de 113.12±5.36b 3.56±1.21d 

AT  
14th Day 

CG (n=7) 101.18±13.22bc 169.17±19.32bc 13.01±1.23d 701.05±113.15b 55.17±5.18c 25.32±2.2de 106.18±4.45c 4.03±1.19c 
SG (n=8) 81.19±9.16d 160.34±18.23d 13.32±1.34b 521.16±76.32d 57.16±4.09bc 29.48±1.36c 119.42±3.13a 2.09±0.67e 

AT  
21th Day 

CG (n=4) 96.09±6.54c 161.23±6.44d 13.89±0.57b 613.22±66.34c 56.28±3.41bc 27.04±118d 112.44±3.14b 3.83±0.78cd 
SG (n=4) 76.27±4.23e 153.22±5.48e 12.84±0.48c 412.43±59.73e 61.18±2.16b 35.44±1.27b 121.33±3.15a 0.78±0.34f 

 
a-g: Different letters in the same column are statistically significant (p <0.05). BS: Before study, APF: After psoriasis 
formation, AT: After treatment, CG: Control group, SG: Study group 

 
Table 6. Blood biochemical findings of animals with eczema. 

 
Measurement 
Time/Parameters 

ALT 
(IU/L) 

AST 
(IU/L) 

GGT 
(IU/L) 

CRP 
(mcg/ml) 

TP 
(g/dl) 

ALB 
(g/dl) 

GLU 
(g/dl) 

IgE 
(ng/ml) 

 
Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=24) - 75.56±24.31e 153.34±47.18e 13.23±3.57b 405.24±112.21e 65.09±1934 39.37±8.24a 122.32±28.14ab 0.45 ±0.10g 
AEF (n=22) - 113.87±43.24a 182.34±44.12a 15.31±4.32a 932.14±323.04a 51.34±13.26d 23.56±7.23g 103.24±32.16f 4.78 ±2.08a 

AT  
1st Day 

CG (n=11) 112.28±36.48a 183.13±37.38a 14.78±3.11b 932.23±287.17a 52.48±12.24d 23.57±5.42e 104.18±24.21a 5.01±2.07a 
SG (n=11) 112.11±32.16a 178.08±35.22a 14.33±3.48b 930.26±269.11a 52.36±12.64d 23.63±5.37e 105.23±18.46f 5.03 ±2.11a 

AT  
7th Day 

CG (n=10) 105.37±23.22b 175.24±32.36b 14.27±3.35b 859.34±211.22a 53.42±9.22c 24.65±4.27e 108.09±9.32e 4.82 ±1.34b 
SG (n=10) 97.15±25.32c 164.23±28.14c 13.56±2.43b 804.28±202.23a 55.13±8.27c 25.38±3.57de 111.27±7.18d 3.63±1.45d 

AT  
14th Day 

CG (n=7) 102.27±15.09bc 167.23±21.54bc 13.14±1.34b 705.14±156.41b 55.08±6.09c 25.28±2.44de 111.36±6.31d 4.17±1.09c 
SG (n=7) 82.43±10.12d 161.14±17.43d 13.28±1.54b 534.37±101.18d 57.56±5.21bc 31.59±2.31c 120.13±4.42b 2.43±0.75e 

AT  
21th Day 

CG (n=4) 97.16±8.24c 160.18±9.32d 13.04±0.66bc 626.13±88.41c 56.03±4.02bc 27.13±1.57d 116.25±2.32c 3.78±0.57cd 
SG (n=4) 77.29±7.36e 154.09±7.16e 12.82±0.59d 403.29±61.48e 63.41±3.46b 37.51±1.48b 124.08±2.56a 0.86±0.49f 

 
a-g: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AEF: After 
eczemaformation, AT: After treatment, CG: Control group, SG: Study group 
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Abstract 
Asthma is a chronic inflammatory disease of the airways observed exclusively in humans and sometimes animals. In 
this study, 40 Albino rats of the same age were used. After 6 weeks of ovalbumin-induced asthma in all animals, 40 
rats were randomly divided into two groups as control and study groups for a 21-day treatment period. At the 
treatment stage, the control group animals were treated with normal tap water, while the study group animals were 
treated with hot spring water. Clinical, hematological, blood biochemical and histopathological examinations were 
performed before starting the study, after asthma formation, and on days of 1st, 7th, 14th and 21st after treatment. 
Total leukocyte, neutrophil, monocyte, AST, ALT, GGT, total cholesterol, triglyceride levels were significantly 
decreased (p <0.05) in the study group animals which treated with hot spring water. These normalization changes were 
confirmed by histopathological findings. Consequently, it was concluded that hot spring water of Afyonkarahisar 
Region provide a very successful treatment in asthma, and it should be considered as a supportive option for the 
treatment of asthma. 
 

Key words: Asthma, balneotherapy, biochemistry, hematology, histopathology, 
 
 

Introduction 
Asthma is a chronic inflammatory disease of the 
airways in which a large number of inflammatory 
cells play a role and the disease is a complex 
syndrome observed exclusively in humans (1).  In 
animals, asthma-like conditions are observed in cats 
with eosinophilic bronchitis and in equines with 
heaves (2). Many animal species have been used to 
study the mechanisms involved in asthma 
(Drosophila, rat, guinea pig, cat, dog, swine, cattle, 
sheep, horse and primates), but the most common 
model is the murine allergic airway inflammation 
(3). 
Asthma charcterized by symptoms such as 
narrowing of the respiratory tract and recurrent 
wheezing, shortness of breath and cough (4). While 
the symptoms of asthma can be reversible 
spontaneously or with appropriate treatment  (5), 
there may also be some partially irreversible changes 
in the airways caused by inflammation, called 
remodeling (6). 
First step in treatment is that the individual is away 
from the allergens to which is sensitive, whereas the 
second step of the treatment involves the use of 
therapeutic agents. Therapy with hot spring mineral 
waters in inhalation style has been reported to 

contribute significantly to clinical recovery of 
asthma as well as many respiratory diseases (7-10). 
The purpose of this study was to present the efficacy 
of the treatment with scientific data in asthmatic 
mice which treated with the rich content of Süreyya 
I hot spring water where located in Afyonkarahisar 
Province. 
Materials and Methods 
The experimental part of this study was conducted in 
Afyon Kocatepe University Experimental Animals 
Application and Research Center, in accordance 
with the Directive of Afyon Kocatepe University 
Experimental Animals Ethical Committee 
(AKUHADYEK) and was referred to with the report 
numbered 57-18, and Afyon Kocatepe University 
Scientific Research Projects Board (AKÜBAPK) 
was supported by the Research Project numbered 
18.SAĞ.BİL.15. 
Animal Material 
In this study, a total of 40 Albino mice of the same 
daily age were used. The animals were were kept in 
a stable environment with equal humidity and 
temperature conditions, 12 hours night and 12 hours 
day, in this center. During the study, animals were 
provided to receive ad libitum mouse food. 
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Method 
Experimental Asthma Formation Procedure 
Before applying the asthma procedure, 4 out of 40 
mice were exed for collecting blood samples. Then, 
20 μg ovalbumin (OVA) (Sigma-Aldrich, St. Louis, 
MO, USA) + 1 mg aluminum hydroxide (Alum-
Thermo Scientific, Surrey, UK) solved in 500μl 
saline solution, and were made sensitive to asthma 
by applying intraperitoneally (ip) on days 0 and 10. 
After the this step, the mice were inhaled from a 1% 
OVA solution with a spraying property of <4μ in 
diameter for 6 weeks, 3 days a week for 30 minutes 
(11-13). After completing the asthma procedure, 36 
mice were divided into 2 groups for the 21-day 
treatment period as follows: 
1. Control Group (KG): Totally, 16 mice served as 
CG. The tap water was inhaled for 21 days in the 
morning and evening, twice a day for 20 minutes, by 
taking it into the devices specially prepared for the 
mice in CG. In addition, normal tap water was 
placed in the waterers of these mice and provided to 
reach the refreshed water and food ad libitum. 
2. Study Group (SG): The remaining 16 mice 
assigned as SG. Fresh Süreyya I hot spring water 
was inhaled for 21 days in the morning and evening, 
twice a day for 20 minutes, by taking it into the 
devices specially prepared for the mice in SG. In 
addition, hot spring water was placed in the waterers 
of these mice and provided to reach the refreshed 
water and food ad libitum (Figure 1). 
After the formation of asthma, treatment started.  
Four animals from each group were euthanized 
under ketamine (100 mg/kg)/xylazine (10 mg/kg) 
anesthesia and blood nd lung samples were taken for 
histopathological evaluations (14,15). Tissue 
samples were stored at 10% formol and + 4 °C, and 
sent to the Etlik Veterinary Research and 
Application Institute Pathology Laboratory for 
histopathological examinations. 
Süreyya I Hot Spring Water used for the purpose of 
treatment in this study; It has a total mineral content 
of 4046.8 g /L and is in the thermomineral water 
group with sodium bicarbonate, carbon dioxide, 
calcium, magnesium, fluoride and silicon. 
Clinical Examinations 
Body temperatures (T), respiration (R) and heart 
frequencies (P) of the animals were measured in all 
the animals, and the data were recorded for 
statistical comparisons. 
Hematological Examinations 
Histopathological tissue samples were coincided 
with the time of collection and in blood samples 

taken from EDTA blood tubes directly from the 
hearts of the animals under anesthesia; erythrocyte 
(RBC), total leukocyte (WBC), hematocrit (HCT), 
hemoglobin (HB), mean corpusculer volume 
(MCV), mean corpusculer hemoglobin (MHC), 
mean corpusculer hemoglobin concentration 
(MCHC), lymphocyte (LENF), neutrophil 
(Hematological examinations such as NOTR), 
eosinophil (EOS), monocyte (MON) and basophil 
(BASE) were measured using Chemray Brand blood 
count device using commercial test kits. 
Blood Biochemical Examinations 
Serum aspartate aminotransferase (AST), serum 
lactate dehydrogenase (LDH), gamma-lutamil 
transefrase (GGT), alkaline phosphatase (ALP), total 
protein (TP), albumin (ALB), blood urea nitrogen 
(BUN), glucose (GLU) and total cholesterol 
(TCHOL) level measurements were made on the 
Cobas Integra 400 Plus Roche Brand (Roche 
Diagnostics GmbH, Germany) analyzer. Immun 
globulin E (IgE) level measurements were measured 
using Chmewell Elisa Reader (ChemWell Chromate 
4300 Elisa Reader, Awareness Technology, Inc. 
Martin Hwy. Palm City, USA) Elisa kits (Sunred 
Biological Technology Company Co. 
Shangai/China). 
Histopathology Examinations 
From the lung samples which were sent to the 
laboratory in 10% formol for histopathological 
examination, 5 micron thick sections were taken in 
the laboratory, the sections were stained with 
hematoxylin-eosin and examined histopathologically 
in the light microscope. 
Statistical Analysis 
Statistical calculations of the groups were made 
according to the variance analysis (ANOVA) 
method. Duncan test was used to reveal the 
importance of intra-group differences in the study 
group. Statistical analyzes were made using 
Windows compatible SPSS 18.1 (Inc., Chicago, II, 
USA) package program. Data were given as mean ± 
standard error and p <0.05 was considered as 
important. 
Results 
Before starting the study, the mean body weight 
(bw) of the animals was measured as 29.7 g 
(min.25.6- max.31.8), while the animals bw after 
asthma formation was determined as 29.1 g 
(min.25.8- max.32.1) (p> 0.05). In measuremnts 
made on the 21st day after treatment; CG mice bw 
average was 29.5 g, while that of SG animal was 
measured as 28.2 g. It was observed that there was a 
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statistically significant difference between the 
groups in terms of their bw mean (p <0.05).  
Clinical Findings 
The clinical findings of the control and study groups 
are shown in Table 1 below. When Table 1 is 
examined; it was seen there was no significant 
difference in terms of T averages (p> 0.05), whereas  
in terms of T, P and R, CG and SG shown 
significant differences (p <0.05), and the most 
important changes occurred in SG animals on day of 
21st of the study  (p <0.05). 
Hematological Findings 
Hematological findings are shown in Table 2. When 
this table is examined; WBC, NOTR, MON, EOS, 
BAS, HG, MCH and MCHC levels increased 
statistically significantly (p<0.05) after asthma 
formation, whereas RBC, HCT, LENF, PLT and 
MCV levels were significantly low (p<0.05). When 
the averages of both groups were compared in terms 
of the measurements made in all time periods; levels 
for WBC, NOTR, MON, EOS, BAS, HG, MCH and 
MCHC were decreased, while levels for RBC, HCT, 
LENF and PLT were increased following treatment 
period. However, most significant (p <0.05) changes 
were observed in SG on the 21st day. 
Blood Biochemical Findings 
The results of blood biochemical analyses are shown 
in Table 3. When Table 3 is examined; AST, LDH, 
GGT, ALP, BUN, CREA, TCHOL and IgE levels 
were increased (p<0.05) and ALB levels were 
significantly decreased (p <0.05) when compared to 
the pre-study measurements.. On the contrary, 
following treatment period, ALB levels statistically 
significant (p <0.05) increased, whereas AST, LDH, 
GGT, ALP, BUN, CREA, TCHOL and IgE levels 
decreased in both group. However, most significant 
changes in terms of these parameters were found in 
SG animals on the 21st day of the study. 
Histopathological Findings 
Acute catarrhal pneumonia, alveoli and bronchus 
were detected and the formation of asthma was 
confirmed by mononuclear cell infiltration. 
However, it has been observed that in animals with 
asthma, alveolar structures are lost and acute 
catarrhal pneumonia characterized by mononuclear 
cell infiltration (Figure 1). With the onset of the 
treatment period, unlike CG, it was found that the 
histopathological improvements gradually developed 
in SG mice (Figure 2). Pneumonia table 
characterized by mononuclear cell infiltrations still 
continued in CG group in the end of the study 
(Figure 3). 

 
Figure 1. Application of water vapor 

 
Figure 2. 10x20 HXE Painting. Lungs. Mononuclear cell 
infiltration in acute catarrhal pneumonia, alveoli and 
bronchi. Disease formation (White arrow). After asthma 
formaton. 

 
Figure 3. 10x20 HXE Painting. Lungs. Interalveolar 
septa are normal. (White arrow). Study group 21 th Day 

 
Figure 4. 10x20 HXE Painting. Lungs. Healing was not 
observed. Interalveolar septa disappeared. Table of 
pneumonia characterized by mononuclear cell 
infiltrations. Control group 21 th Day  
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Discussion  
Although Asthma observed exclusively in humans 
and sometimes animals, we can not reach any 
literatures which directly related to balneothrapy in 
asthma. Therefore, as far as we know, this study will 
be at first in this area. 
It was determined that the mean bw of CG animals 
was higher than the mean of SG mice, and this 
difference was statistically significant (p <0.05). 
This finding shows that treatment with spa waters 
has a metabolic accelerating effect, by increasing fat 
burning and decreasing intestinal fat intake (16). It 
was found to be compatible with studies reporting 
that it caused loss (17,18). It was observed that there 
was no statistically significant difference (p> 0.05) 
between the groups in terms of body temperatures in 
animals with asthma, whereas respiratory and heart 
frequencies increased statistically significantly (p 
<0.05) when compared to pre-study. These findings 
found compatible with the findings previously 
reported by some researchers (19,20) who know that 
balneotherapy increases cardiac output, causes 
vasodilation in peripheral vessels, and causes an 
increase in the frequency of heart and accordingly, 
and the sympathetic nerve of hot baths. our findings 
were also found to be compatible with findings 
reported by the researchers (21,22) who reported 
that they stimulated the system and caused increases 
in blood pressure, heart and respiratory frequency. 
In our study, the RBC and HB averages were higher 
in SG than CG. Similarly, some researchers (23,24) 
reported that asthma significantly decreased arterial 
oxygen tension  and the study reporting that hot 
spring waters had a positive effect on the red blood 
cell index. 
In our current study, the high levels of NOTR and 
WBC that we detected after the occurrence of 
asthma were consistent with the increased neutrophil 
and leukocyte content study observed in the airways 
and sputum of asthma patients during smoking and 
acute exacerbations (25). Following the asthma 
formation, there was a statistically significant (p 
<0.05) increase in WBC, LENF and EOS levels 
when compared to pre-study.  On the other hands, 
SG animals which drinking, bathing and inhalating 
Süreyya I hot spring water statistically significant (p 
<0.05) have low levels of them. Some researchers 
(17,26) have shown that hyperthermal waters 
(<40°C) have an immunosuppressive effect and T 
lymphocytes in the blood significantly decrease in 
hyperthermal baths, provoking the ACTH hormone 

level and cortisol production in hyperthermal waters, 
and causes lymphocytopenia and eosinopenia.  
Plasma ALB shows positive correlation with lung 
function (24). It has been reported that decreased 
total protein, globulin and ALB levels are observed 
in the serum of asthma patients (27). ALB is known 
as the most important extracellular antioxidant that 
regulates glutathione levels in the epithelial cells of 
the lungs (28). The antioxidant defense mechanism 
is associated with the pathogenesis of asthma 
because oxidant marker levels increase in asthma 
patients, whereas some antioxidants levels, including 
uric acid, ALB and bilirubin, decrease (29). 
However, in this study, higher creatinine, urea and 
BUN levels were observed in asthma patients when 
compared to the pre-study. This situation was 
compatible with the study (30) which reporting that 
kidney damage might occur in asthma patients.  
It has been reported that there is no statistically 
significant change in alkaline phosphatase (ALP) 
levels in patients with asthma, although a 
statistically significant decrease in serum AST and 
ALT levels (p <0.05) is observed (24). In our current 
study, it was also found that significant increases in 
these enzyme levels sfollowing asthma formation. 
These findings we found were also consistent with 
the findings of researchers (31), who reported that 
these enzymes could rise to very high levels as a 
result of impaired pulmonary ventilation functions in 
asthmatic patients. 
Although it is not yet understood how cholesterol 
plays a role in the inflammation and pathogenesis of 
asthma, it is generally accepted that dyslipidemia is 
one of the factors contributing to the pathogenesis of 
asthma (1). As a matter of fact, the prevalence of 
asthma was reported to be higher in children with 
high cholesterol and triglyceride levels in their 
serum (32). In our study, it was found that TG, LDL, 
TCHOL levels were significantly increased, but 
HDL cholesterol levels decreased following asthma 
formation. In contrast, with the start of the treatment 
period; compared with CG, it was found that SG 
treated with hot spring water and steam had a 
reverse course in this lipid profile and best results 
were obtained in the last week in SG. These results 
obtained from our study were also in full agreement 
with the findings of the researchers (33,34), who 
reported that the use of mineral waters with acute or 
chronic natural effects on the serum lipid profile. 
In addition, it has been reported that Mg and Ca, 
which are abundant in the Sureyya I hot spring 
water, can reduce the fat rate of individuals with 
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lipid accumulation (35). However, it shows that Mg 
and Ca are not only effective in lowering fats, but 
other elements contribute to this (36). HCO3 comes 
first among these elements and it has been reported 
that water with rich HCO3 has a reducing effect on 
total and LDL cholesterol 33,37). Sureyya I hot 
spring water, which we use for the purpose of 
treatment in our study, is also a rich bicarbonate hot 
spring water and is a water with a very high HCO3 
concentration. 
Like dyslipidemias, glucose intolerance is an 
important risk factor for asthma (38). Spa treatments 
have been reported to regulate cases leading to 
impaired glucose tolerance with high blood sugar 
(39). In the current study, the decrease of high GLU 
levels in the animals with asthma after treatment in 
SG animals proves this effect of spa treatment. 
In our study, it was found that the levels of IgE we 
measured showed statistically significant (p <0.05) 
increases after asthma formation. Similar findings 
have been reported in many studies on asthma (24). 
In our study; the reduction of IgE levels in SG 
animals at the end of the treatment was an important 
finding in terms of the success of the treatment.  
Histopathological tissue examinations on the last 
day of the study shown that unlike CG, 
histopathological improvementsdeveloped in SG 
mice. Since we couldn't find any literature to discuss 
about it, our finding will be the fisrt study about 
healing effects of balneotherapy in histopathological 
examinations. 
Conclusion  
Consequently; the clinical, hematological, blood 
biochemical parameters and histopathological 
examination findings obtained from the study in 
mice with asthma were evaluated as a whole; it had 
been revealed that treatment with Süreyya I hot 
spring water was very successful in asthma. 
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Table 1. Statistical comparison of body temperature, pulse and respiratory in the animals 

 

a-h : Different letters in the same column are statistically significant (p <0.05). BS: Before study, AAF: 
After asthma formation, AT: After treatment, CG: Control group, SG: Study group 

 
Table 2.  Hematological findings of the animals  

Measurement 
Time/Parameters 

WBC 
(103/mm3) 

RBC 
(106/mm3) 

HB 
(g/dl) 

HCT 
( %) 

PLT 
(103/mm3) 

MCV 
(fl) 

 
Groups X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=40) - 8.42 ± 2.10e 8.06 ± 2.23bc 12.98 ± 2.44b 44.04± 2.13a 292.23 ± 43.14a 54.62± 214 

AAF (n=36) - 15.34 ± 3.18a 6.27 ± 3.18d 15.28 ± 3.12a 33.03 ± 3.12ef 1141.32 ± 41.16e 53.18± 3.26a 

AT  
1st Day 

CG (n=16) 15.46 ± 3.20a 6.68 ± 2.18d 13.76 ± 2.18b 33.46 ± 3.24f 162.27 ± 38.13e 50.11± 3.17b 

SG (n=16) 15.04 ± 3.10a 6.96 ± 2.32d 13.65 ± 2.07b 34.08 ± 3.43ef 176.27 ± 37.23de 48.96± 3.18 
AT  

7th Day 
CG (n=12) 14.38 ± 2.26b 7.04 ± 1.48c 8.98 ± 2.34d 35.37 ± 2.18e 178.43 ± 33.14e 50.18± 2.32c 

SG (n=12) 13.28 ± 2.20c 8.86 ± 1.32ab 10.94 ± 2.26c 39.28 ± 2.17c 203.21 ± 31.17c 44.46± 2.17e 
AT  

14th Day 
CG (n=8) 13.05 ± 2.34c 7.78 ± 1.14c 9.84± 1.54cd 37.21 ± 1.24e 204.13 ± 25.03de 47.91± 2.14d 

SG (n=8) 11.39± 1.23d 9.03± 1.13a 10.86 ± 1.34c 41.13 ± 1.16b 256.22 ± 23.13b 45.61± 2.08f 

AT  
21th Day 

CG (n=4) 11.06 ± 1.12d 8.44 ±0.46b 10.78 ± 0.32c 38.23 ± 0.44d 225.18 ± 18.16d 45.49± 1.34d 

SG (n=4) 8.05 ± 1.14e 9.48 ± 0.34a 13.01 ± 0.27b 45.16 ± 0.23a 295.12 ± 15.32a 47.79±1.22g 

 
               Continue Table 2 

 
Measurement 

Time/Parameters  
MCH  
(pg) 

MCHC  
(g/dl) 

LENF 
% 

NOTR 
% 

EOS 
% 

MON 
% 

 
BAS 
% 

 Groups X±SD X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=40) - 16.17± 4.21c 29.58± 3.47b 62.18 ± 4.40a 33.20 ± 3.10d 2.20 ± 1.10f 3.30 ± 0.40c 0.00 
AAF (n=36) - 22.28± 5.24a 45.56± 3.58a 44.44 ± 6.23g 42.14± 5.04a 7.48 ± 3.20a 5.40 ±2.20a 2.30±0.20a 

AT  
1st Day 

CG (n=16) 20.54± 4.08b 45.03± 3.18a 44.68 ± 6.10g 42.64 ± 5.03a 7.84 ± 3.00a 5.34 ± 1.18a 2.30±0.30a 
SG (n=16) 20.22± 4.13b 28.43± 3.09b 44.63 ± 5.34g 42.18 ± 4.43a 7.18 ± 3.14a 5.03 ± 1.17a 2.20±0.20a 

AT  
7th Day 

CG (n=12) 12.75± 2.36d 25.39± 2.43d 46.36 ± 3.24f 41.20 ± 3.10a 6.23 ± 2.16b 5.12 ± 1.05a 2.30±0.10a 
SG (n=12) 12.35± 2.44d 27.68± 2.37bc 52.32 ± 3.12d 41.18 ± 3.00a 3.20 ± 1.30d 4.22 ± 1.08b 1.50±0.10b 

AT  
14th Day 

CG (n=8) 12.59± 1.56d 26.57± 1.38c 50.13 ± 2.22e 40.16 ± 2.20b 4.44 ± 1.04c 4.43± 0.40b 2.00±0.10ab 
SG (n=8) 12.12± 1.41d 26.38± 1.29c 57.23 ± 2.14b 35.16 ± 2.10cd 2.23 ± 1.00d 2.04 ± 0.38c 1.00±0.10c 

AT  
21th Day 

CG (n=4) 12.86± 0.64d 28.25± 0.68b 54.08 ± 1.43c 37.20 ± 1.20c 5.03 ± 0.44cd 3.12 ± 0.20b 1.10±0.20c 
SG (n=4) 13.86± 0.58d 28.93± 0.57b 61.25 ± 1.38a 34.18± 1.10d 1.03 ± 0.16e 2.73 ± 0.10d 0.30±0.20d 

 
a-g: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AAF: After asthma 
formation, AT: After treatment,  CG: Control group, SG: Study group 

 
 

 
Measurement Time/Parameters 

T 
(○C) 

P 
(frequence/min) 

R 
(frequence/min) 

X±SD X±SD X±SD 
 Groups    

BS (n=40) - 37.00±0.10 314.20±46.10f 118.34±36.40e 

AAF (n=36) - 37.30±0.10 356.12±56.20e 153.14±38.20b 

AT  
1st Day 

CG (n=16) 37.30±0.10 351.18±53.00e 133.12±36.40cd 

SG (n=16) 37.20±0.10 367.42±55.20d 143.16±35.27bc 

AT  
7th Day 

CG (n=12) 37.30±0.10 374.13±34.00cd 138.42±32.28c 

SG (n=12) 37.20±0.00 465.14±36.40b 149.32±27.18b 

AT  
14th Day 

CG (n=8) 37.30±0.10 389.35±32.14c 147.24±22.20b 

SG (n=8) 37.20±0.00 478.26±24.12b 163.18±23.14a 

AT  
21th Day 

CG (n=4) 37.20±0.10 393.18±20.34c 151.28±19.10b 

SG (n=4) 37.10±0.10 491.18±19.22a 166.35±17.23a 
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Table 3. Blood biochemical findings of the animals 
 

Measurement 
Time/Parameters 

AST 
(IU/L) 

ALP 
(IU/L) 

GGT 
(IU/L) 

LDH 
(IU/L) 

TP 
(g/dl) 

ALB 
(g/dl) 

 
Groups X±SD X±SD X±SD X±SD X±SD X±SD 

BS (n=40) - 96.17±12.43e 78.86±9.40d 3.57±1.04d 278.44±36.18e 56.29±6.32b 34.09±3.38a 

AAF (n=36) - 217.56±44.18a 186.48±38.34a 6.47±3.25a 383.44±54.42a 58.44±7.48a 21.34±2.18e 
AT  

1st Day 
CG (n=16) 212.14±32.48a 184.43±40.12a 6.44±2.18a 385.13±47.46a 57.26±5.23ab 21.24±2.16e 
SG (n=16) 203.13±28.34a 181.28±38.17a 6.13±2.14a 374.27±45.41a 56.73±6.18b 21.67±2.23e 

AT  
7th Day 

CG (n=12) 197.36±24.21b 158.24±26.35b 6.01±1.54a 353.28±32.14b 58.01±3.24a 22.45±1.18e 
SG (n=12) 153.04±18.46d 114.45±21.23 5.48±1.47b 324.16±31.13c 57.21±3.45ab 25.37±1.26d 

AT  
14th Day 

CG (n=8) 178.43±15.34c 123.56±12.24c 5.48±0.56b 333.18±18.17c 56.64±3.33b 24.31±1.14d 
SG (n=8) 119.42±9.34f 86.88±7.23d 4.18±0.38c 299.16±15.23d 57.21±3.27ab 32.14±1.12b 

AT  
21th Day 

CG (n=4) 153.64±6.12d 117.45±5.32c 4.14±0.25c 303.08±7.24d 57.34±1.28ab 27.13±0.54c 
SG (n=4) 88.48±4.09e 77.65±4.13d 3.43±0.18d 274.13±6.22e 56.69±1.37b 35.01±0.46a 

 
Continue Table 3 

 
Measurement 

Time/Parameters 

GLU 
(g/dl) 

TCHOL 
(mg/dL) 

CREA 
(mg/dl) 

BUN 
(mg/dl) 

IgE 
ng/ml 

 
Groups X±SD X±SD X±SD X±SD X±SD 

BS (n=40) - 1.59± 0.31b 90.24±8.07f 0.61±0.16c 25.43±3.54 20.24±2.45 

AAF (n=36) - 2.78±0.42a 126.27±23.32a 0.86±0.18a 48.54±6.14 60.38±7.451 
AT  

1st Day 
CG (n=16) 1.83±038b 124.18±21.22a 0.85±0.17a 48.05±5.66 59.48±6.17 
SG (n=16) 1.88±0.34b 123.14±22.04a 0.63±0.19bc 43.41±4.34 58.19±5.32 

AT  
7th Day 

CG (n=12) 0.93±0.23d 116.23±13.12c 0.78±0.13ab 39.02±2.25 44.13±3.21 
SG (n=12) 1.26±0.25c 105.67±12.48d 0.67±0.11 30.43±1.26 35.18±2.39 

AT  
14th Day 

CG (n=8) 1.04±0.13c 108.27±9.18d 0.72±0.09b 32.25±1.12 37.18±2.31 
SG (n=8) 1.54±0.10b 95.68±8.13ef 0.59±0.08c 27.13±1.11 27.20±1.32 

AT  
21th Day 

CG (n=4) 1.17±0.06cd 101.43±6.32e 0.65±0.05bc 29.28±0.43 34.16±0.68 
SG (n=4) 1.62±0.04b 89.23±3.18f 0.57±0.03c 24.18±0.38 21.03±0.57 

 
a-f: Different letters in the same column are statistically significant (p <0.05). BS: Before study, AAF: After  
asthma formation, AT: After treatment,  CG: Control group, SG: Study group 
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Abstract 
Introduction. Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality 
throughout the world. At present, the pharmacological therapy is not enough for a patient with COPD in regard to 
heath status and exercise tolerance. It requires additional therapies aimed to improve the quality of life, delay the lung 
function decline, increase exercise capacity, and reduce the respiratory symptoms and the number of exacerbations. 
Pulmonary rehabilitation program (PRP) has been shown to improve respiratory muscle, to optimize functional, 
psychosocial, behavioral and nutritional status. The aim of the present study was to asses the impact of PRP on COPD 
patients, focusing on the clinical benefits of PRP, which may further provide to the patients a good support for change. 
Material and method. Sixty-seven patients with clinically stable COPD were enrolled in this prospective study, 
consisting in a 6-weeks of PRP. There were recorded demographic data, smoking and medical history, and abnormal 
findings at the physical examination. All patients completed CAT (COPD Assessment Test) questionnaire and 
dyspnea on Borg scale, they performed spirometry, and six minutes walking test (6MWT), before and after the 
completion of the rehabilitation program. Results and Discussions. After the 6-week period of PRP, a large 
proportion of patients presented higher values of spirometric parameters, although the change was no statistically 
significant. The impact of COPD on the patient’s health was significantly improved, 58.2% of patients registered < 10 
points of CAT questionnaire after PRP (p<0.05). 75% of patients reported a 0-5 points of dyspnea on Borg scale 
comparing with 29% before the PRP (p=0.0147), and 56% a 0-5 points of fatigue while only 25% of patients had the 
same score before the rehabilitation programme (p=0,022). Only 8 patients (11.94% vs 31.34%, p<0.05) reported a 
SaO2 lower than 90% after the PRP.  The 6MWD was longer than 250m at the end of the 6-weeks of PRP for 38 
patients (56.7% vs 22.38%, p<0.05). Conclusions. The present study showed that a PRP added to pharmacological 
treatment had a beneficial role of increasing the patient’ health status and exercise tolerance for COPD patients. 
 

Key words: COPD, pulmonary rehabilitation, quality of life (QoL), 
 
 

Introduction 
Chronic obstructive pulmonary disease (COPD) is 
one of the leading causes of morbidity and mortality 
throughout the world, representing a major public 
health problem (1-3). Tobacco smoking remains the 
main cause of COPD worldwide (4-7), but there are 
many other risk factors, such as biomass fuel, 
ambient particulate matter pollution or occupational 
exposure which may become more important in the 
future, especially in low- and middle-income 
countries (8,9). Despite advances in pharmacological 
therapy, a significant proportion of patients continue 
to be symptomatic and suffer from repeated 
exacerbations and hospitalizations (10). In addition, 
COPD patients often associate concomitant chronic 
diseases that have an additive contribution to 
pregressive dyspnea and diminished tolerance to 
effort (11-14). Physical inactivity is a well-knowed 

factor strongly related to an impaired health status, 
hospital admission and mortality in COPD patients 
(10,15). Thus, there is an obvious clinical indication 
for supplementary, comprehensive interventions 
such as pulmonary rehabilitation (PR), according to 
individual’s characteristics and comorbidities. 
Pulmonary rehabilitation is an effective non-
pharmacological treatment strategy used to improve 
patient symptoms, exercise tolerance and quality of 
life (10). PR has also been shown to optimize 
functional, psychosocial, behavioral and nutritional 
status, increase participation, and reduce health care 
costs (16).  The aim of the present study was to asses 
the impact of PR on COPD patients, focusing on the 
clinical benefits of PR, which may further provide to 
the patients a good support for change.  
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Materials and methods 
The study was conducted at the Pulmonology 
Department of the Clinical Pneumophtisiology 
Hospital of Constanta, with the previous approval of 
the the ethical board. All patients signed the inform 
conset form before participating in the study. Sixty-
seven patients with clinically stable COPD were 
enrolled in this prospective study, consisting in a 6-
weeks of pulmmonary rehabilitation program (PRP). 
All subjects were diagnosed with COPD and 
received pharmacological therapy according to 
GOLD criteria and to national recommendation of 
diagnosis and treatment of the COPD patients 
(17,18). The inclusion criteria were: age of 40–75 
years, diagnosis of chronic symptomatic disease, no 
acute exacerbations within the 3 month, and 
eligibility to participate in exercise training. The 
exclusion criteria were: recent history of stroke or 
heart attack, neuromuscular disorders, orthopedic 
impairment, psychiatric illness or dementia, or 
uncontrolled chronic diseases under usual 
recommended therapy.  
There were recorded demographic data, smoking 
and medical history, and abnormal findings at the 
physical examination. All patients completed CAT 
(COPD Assessment Test) questionnaire and dyspnea 
on Borg scale, they performed spirometry 
(Vitalograph ALPHA), and six minutes walking test 
(6MWT).  CAT is a very simple, short and specific 
questionnaire that  precisely assess the impact of 
COPD on the patient’s health. It consists of 8 
questions (each on a scale of 0 to 5, with an overall 
score range of 0–40) which cover various domains 
of respiratory health status (cough; sputum 
production; tightness in the chest; shortness of 
breath when walking upstairs; housework; ease of 
living at home; quality of sleep; energy) (19).  
The 6MWT measures the distance that a patient can 
walk rapidly on a flat surface in a period of 6 
minutes (6MWD). It evaluates the integrated 
responses of all the systems involved during 
walking, and for this reason, the 6MWD reflect the 
functional performance level for daily physical 
activities (20).  
The PRP consisted in five sessions per week: a 30-
min education and exercises session, a 30-min of 
aerobic exercise session and a 20-min endurance 
exercise training (treadmill walking and/or 
stationary cycling on an ergo-metric bicycle, 
performed at 80% of patient’s maximal heart rate). 
At the 30-min aerobic exercise there was a 5-min 
warm-up period, followed by a 15-min of aerobic 

activity and a 10-min cool-down period. The aerobic 
activity included arm abduction into elevation and 
reverse, diagonal arm raises, arm abduction, forward 
flexion, and reverse, along with straight leg rises.  
The PRP also included breathing exercises, 
stetching, along with education, smoking cessation 
intervention,  nutritional intervention, and 
psychosocial support. The educational component 
comprised 12 sessions (twice a week) of discussions 
regarding the disease and the therapy, and practical 
demonstrations from a range of health care 
professionals (doctors, nurses and kinetotherapist). 
Patients were reassessed using the same 
investigations after 6 weeks, at the end of the PRP. 
All data were reported as means ± standard 
deviation (SD) and a value of p < 0.05 was accepted 
as a statistical significant change. Statistical analysis 
was performed using a statistical software program 
(GraphPad Prism 7). 
Results 
Sixty seven COPD patients of mean age 68.7 years, 
55 (82.08%) male, majority (85%) with a smoking 
history of more than 20 pack/years, and more than a 
half with severe and very severe obstruction (FEV1< 
50%), were enrolled in to the six weeks of PRP. The 
baseline characteristics of the patients included in 
the study are listed in table 1.  
Table 1. Baseline characteristics of the studied group 
Characteristics n= % 
Male/female gender 55 / 12 82.08 / 17.91 
Age (median, range) 68.7 (44 - 82) 
40 - 49 2 2.98 
50 - 59 10 14.92 
60 - 69 32 47.76 
≥ 70 23 34.32 
Residence area (urban / rural) 45 / 22 67.15 / 32.77 
Smoking (pack/years)  
< 20 10 14.92 
20 - 40 24 35.82 
40 - 60 29 43.28 
> 60 4 5.97 
BMI (kg/m2)  
Underweight (<18.5) 10 14.92 
Normal weight (18.5 - 25) 24 35.82 
Overweight (25 - 30) 25 37.31 
Obese (>30) 8 11.94 
COPD GOLD stage   
I 9 13.43 
II 20 29.85 
III 22 32.83 
IV 16 23.88 
COPD phenotype  
Chronic 
bronchitis/bronchiectasis 

40 59.7 

Emphysema 15 22.38 
Asthma COPD overlap 12 17.91 
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After the 6-week period of PRP, a large proportion 
of patients presented higher values of spirometric 
parameters, although the change was no statistically 
significant, as shown in table 2. The impact of 
COPD on the patient’s health, measured by CAT 
questionnaire, was significantly improved, 58.2% of 
patients registered less than 10 points after PRP 
(p<0.05). Dyspnea and fatigue were also 
considerably ameliorated at the end of the 
rehabilitation programme, 75% of patients reported a 
0-5 points of dyspnea on Borg scale comparing with 
29% before the PRP (p=0.0147), and 56% a 0-5 
points of fatigue while only 25% of patients had the 
same score before the rehabilitation programme 
(p=0,022). Only 8 patients (11.94% vs 31.34%, 
p<0.05) reported a SaO2 lower than 90% after the 
PRP.  The 6MWD was longer than 250m at the end 
of the 6-weeks of PRP for 38 patients (56.7% vs 
22.38%, p<0.05). 
Table 2. Spirometric parameters and exercise 
assessments before and following PRP  
Parameters Pre - PRP  Post- PRP  p value 
FEV1 (%) n= % n= % p=0.0765 
>80 9 13.43 11 16.41 
50-80 20 29.85 25 37.31 
30-50 22 32.83 24 35.82 
<30 16 23.88 7 10.44 
FEV1/FVC (%) p=0.0681 
> 60 20 29.85 33 49.25 
45-60 32 47.46 29 43.28 
<45 15 22.38 5 7.46 
CAT  p=0.0132 
≤10 19 28.35 39 58.20 
10-20 38 56.71 25 37.31 
≥20 10 14.92 3 4.47 
Dyspnea (Borg scale) p=0.0147 
0-2 5 7.46 15 22.38 
3-5 15 22.38 35 52.23 
6-8 37 55.22 15 22.38 
≥9 10 14.9 2 2.98 
Fatigue (Borg scale) p=0.022 
0-2 7 10.44 19 28.35 
3-5 18 26.86 37 55.22 
6-8 33 49.25 8 11.94 
≥9 9 13.43 3 4.47 
SaO2 (%) p=0.0477 
> 98 1 1.49 2 2.98 
95-98 10 14.92 12 17.91 
92-95 15 22.38 35 52.23 
92-90 20 29.85 10 14.92 
< 90 21 31.34 8 11.94 
6MWD (m) p=0.0182 
≤ 150 16 23.88 8 11.94 
150 – 250 27 40.29 21 31.34 
250 – 350 19 28.35 27 40.29 
≥ 350 6 8.95 11 16.41 

Discussion 
The current study showed that a pulmonary 
rehabilitation program has significant clinical 
benefits for COPD patients, in regard to exercise 
tolerance and health status. Offering a 
comprehensive, patient-tailored, personalized 
intervention targeting multiple complex needs with 
the objective of improving physiological, social and 
psychological outcomes and to increase long-term 
adherence to health-enhancing behaviors must be the 
foundation of every PRP (10,21).  
The 6 weeks physical exercise program which was 
specially designed in order to increase the strength 
and endurance of the lower limb muscles by using a 
treadmill and/or an ergo-metric bicycle improved the 
exercise capacity and health status in patients with 
different COPD - GOLD stages and phenotypes. 
This beneficial results were also reported by other 
studies, with different duration of the PRP. Three to 
ten weeks of exercise-based PR has been shown to 
significantly impove not only the mainly symptoms 
(dyspnea and fatigue), but also the exercise capacity 
and quality of life in COPD patients, without a 
significant improvement in the degree of airflow 
obstruction (22-24).  
Even if the CAT score is not precisely and uniquely 
linked to spirometric parameters and, therefore, it 
does not represent an alternative and reliable 
measurement to lung function, it emphasize 
important areas of the respiratory health-status in 
COPD patients, thus providing an valuable, simple, 
and objective tool for the long-term clinical and 
therapeutic assesing of COPD patients (19). This 
fact was also confirmed by the present study, which 
revealed a strong link among the CAT score and the 
respiratory symptoms reported by the patients, 
before and after the rehabilitation programme. 
Following the 6 weeks of PRP, three times less 
patients (3 of 67 patients, representing 4.47%) had a 
CAT score ≥20, while more than a half of them (39 
of 67, 58.2%) scored less than 10 points of CAT 
questionnaire. Similar results were reported by the 
study of Dodd et al, in which were enrolled 261 
patients with COPD participating in seven PR 
programmes. They reported a mean change in CAT 
score after PR of 2.9 (5.6) points, improving by 3.8 
(6.1) points in those scoring „much better”, and by 
1.3 (4.5) in those who felt „a little better” (p=0.002) 
(20). Onother study of 40 COPD patients showed a 
mean change in CAT score of 13 (p < 0.001), after 
the completion of  PR programm. The change in 
CAT was significantly correlated with changes in 
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Medical Research Council (MRC), St George’s 
Respiratory Questionnaire (SRGQ) and London 
Chest Activity Daily Living (LCADL) scores, and 
Endurance Shuttle Walking Test (ESWT) (26). 
One of the most important parameter used for 
monitoring COPD patients is represented by SaO2. It 
has been shown that daily activities, such as 
walking, washing and eating, are associated with 
transient oxygen desaturation in patients with 
moderate-to-severe COPD, even without marked 
resting hypoxaemia (27). The current study revealed 
a significant improvement in SaO after completing 
the PRP. Only 8 patients (11.95%) had a SaO2 <90% 
at the end of the PRP, comparing to 21 patients 
(31.34%, p<0.05) at the beginning of the study.  
Similar results were reported by another study, in 
which the mean of SaO2 before rehabilitation was 
93.8%, and after PRP it was 97.16%, with standard 
deviation of 0.645 and 0.374 respectively (28). 
Patients with COPD usually complain of walking 
(gait) as representing one of the most difficult 
activity in daily life (29). Often, COPD patients 
walk less in daily life and cover shorter walk 
distances during the 6-min walk test (6MWT) 
comparing to healthy subjects (30). The present 
study has explored walking assessment in patients 
with COPD before and following the 6 weeks period 
of pulmonary rehabilitation programme, in order to 
assess their functional status. Thus, our results 
showed that more than a half of patients (56.7%) 
reported an increase in the distance covered in the 
6MWT at the end of the rehabilitation program; this 
changes may have been due to improvements in 
ventilatory capacity and also in respiratory patterns. 
One retrospective study of 245 patients with stable 
COPD who performed two 6MWT (one at 
enrollment and another after the completion of PRP) 
reported that 6MWD increased on the second test 
(all p<0.001). At least 80% of patients walked 
further (37 m, 95% CI: 33-41 m) on their second 
6MWT (31).  
The present study added supplemental information 
to the knowledge in regard to the benefits of the PRP 
on exercise capacity and the health status of COPD 
patients. It supports previous published data that a 
pulmonary rehabilitation program can provide 
significant clinical benefits to patients with COPD. 
This study was not designed to determine whether 
pulmonary rehabilitation programme reduces 
exacerbation rate and/or hospital admissions in 
COPD patients. Further studies should be performed 
in order to clear up these questions. 

 
Conclusions 
This study demonstrated that a 6-week pulmonary 
rehabilitation program achieved a clinically 
significant increase in patient’ health status, and in 
exercise tolerance, even that the increase reported in 
spirometric parameters was not statistically 
significant. 
Thus, adding a program of rehabilitation to the 
pharmacological therapy may represent another 
valuable tool in management of COPD patients.  
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Abstract 
Chronic kidney disease affects patients of all ages and, as it progresses, it greatly affects their lives, especially with the 
complications it causes. One major complication is renal osteodystrophy (ROD) which starts to develop from the early 
stages of the disease, but becomes most apparent in patients in need of renal replacement therapy. Diagnosing ROD in 
the early stages remains a challenge, which brings up the need to find novel biomarkers. Studies are focusing on the 
role of fibroblast growth factor 23 and Klotho in the bone and mineral homeostasis, but the results are conflicting. 
ROD remains a major complication in CKD patients, therefore we need to gain a better understanding from the 
pathophysiological point of view, in order to be able to adjust the medical therapy. 
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Introduction 
Chronic kidney disease (CKD) represents a major 
health problem with a great impact on the patients’ 
quality of life (1). Emerging complications are early, 
common and numerous, making CKD an important 
cause of global morbidity and mortality (2). One of 
the main concerns regarding CKD is the 
development of renal osteodystrophy (ROD) which 
consists of a large spectrum of bone abnormalities. 
ROD is considered to be part of the mineral and 
bone disorders that occur in CKD (CKD-MBD) (3). 
ROD starts to develop in the early stages of CKD, 
but becomes most apparent in patients with end-
stage renal disease (ESRD) in need of renal 
replacement therapy (RRT). The bone disorders that 
are most common in CKD are categorized according 
to the rate of bone turnover into high turnover 
(osteitis fibrosa cystica) and low turnover diseases 
(osteomalacia, adynamic bone disease) (Table 1). 
Mixed forms may also be encountered in these 
patients (4). The trend in the last decades shows an 
increasing prevalence of low turnover disorders (5). 
This is an important observation since the treatment 
of those chronically ill patients needs to address 
these bone abnormalities. The parathyroid hormone 
(PTH) is considered to be one of the main culprits 
for ROD development (6), therefore the plasma 
levels of PTH together measurement of phosphorus, 

calcium and alkaline phosphatase represent the main 
tools used in clinical practice to diagnose and to treat 
ROD (7, 8). Bone biopsy is required in order to 
obtain a definitive diagnosis (3,9), but since it 
represents an invasive procedure it is not frequently 
used in the clinical setting. Bone biopsy and bone 
histomorphometry remain the gold standard methods 
for diagnosing ROD. The need for discovering other 
reliable biomarkers that can be utilized to 
dynamically evaluate a chronically ill patient led to 
more research in this field, with promising results. 
 
Table 1. Main types of bone disorders in patients 
with CKD 
 Bone 

disorder  
Main cause Characteristics   

High 
turnover  

Osteitis 
fibrosa 
cystica 

Mild/sever 
hyperparathyroidism 

Increased activity of 
osteoclast and 
osteoblast  
Peri-trabecular fibrosis 

Low 
turnover 

Osteomalacia 
(10) 

Chronic severe 
metabolic acidosis 
Aluminum 
deposition 

Decreased number of 
osteoblasts and 
osteoclasts 
Defective 
mineralization of 
osteoid 

Adynamic 
bone disease 
(11), (12) 

Mostly in peritoneal 
dialysis patients 
Associated diabetes 

Abnormal low turnover 
Osteoporosis 
Osteopenia 
Increased osteoid 
formation 
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Fibroblast growth factor 23 and Klotho in human 
physiology 
PTH is the main hormone that regulates the plasma 
levels of phosphorus and calcium. Its secretion is 
enhanced in response to hyperphosphatemia, 
hypocalcemia and low serum levels of 1,25-
dihydroxyvitamin D (1,25(OH)2D). PTH secretion 
is suppressed by high levels of calcitriol, calcium 
and Fibroblast growth factor 23 (FGF23). In CKD 
patients, the oscillatory secretion of PTH tends to be 
blunted (13). When GFR starts to decline, the renal 
elimination of phosphorus also declines, leading to 
compensatory increased secretion of PTH. In the 
beginning, serum levels oh phosphorus are 
maintained within the normal range, but when the 
glomerular filtration rate (GFR) becomes 25-40% of 
the normal value, phosphorus starts to accumulate 
and hyperphosphatemia becomes continuing. This 
further leads to low levels of free calcium in the 
serum, which also stimulates PTH secretion. 
Hyperphosphatemia similarly decreases the renal 
calcitriol production, causing decreased intestinal 
absorption of calcium and secondary hypocalcemia, 
which in turn stimulates the secretion of PTH. 
Hyperphosphatemia leads to resistance of the 
parathyroid glands to the actions of calcitriol, which 
also stimulates the secretion of PTH, but also leads 
to resistance of the bone to the actions of PTH. 
Hyperphosphatemia is also responsible for directly 
and independently stimulating the PTH secretion. 
Consequently, the parathyroid glands become 
hyperplasic (Figure 1) (14,15,16,17,18,19,20,21).  
 

  
Fig. 1. Pathophysiology mechanisms of secondary 
hyperparathyroidism in CKD 

FGF23 represents a hormone with proteic structure 
that presents phosphaturic properties and is mainly 
secreted by osteoblasts and osteocytes. Its secretion 
is stimulated by increased plasma levels of 
phosphate, calcium, 1,25(OH)2D and PTH (22). It 
inhibits the sodium-phosphate cotransporter and the 
activity of 1-α-hydroxylase which leads to a 
reduction in the reabsorption of phosphate in the 
proximal tubule and, respectively, to diminished 
1,25(OH)2D production. PTH and FGF23 are in a 
loop with constant negative feedback: FGF23 
inhibits the production of PTH, while PTH increases 
the synthesis of FGF23 (23,24). Therefore, FGF23 
presents three major effects: it decreases PTH levels, 
it decreases 1,2(OH)2D levels and it inhibits 
phosphate reabsorption (Figure 2).  
 

 
Fig. 2. The effects of Fibroblast growth factor 23 
 
Klotho represents a protein that can be found both in 
a soluble state, as a secreted protein (α-Klotho), and 
as a transmembrane protein which presents a wide 
extracellular domain that can act as an endocrine 
factor when it is shed by secretases from the cell 
surface (25). Transmembrane Klotho is involved in 
antiaging and it also acts as a coreceptor for FGF23, 
with most of its expression being located in the renal 
and parathyroid tissues (26), while α-Klotho is 
involved in antiaging, antioxidation, control of PTH 
and vitamin D, and many othersError! Bookmark not 

defined.. When it comes to the calcium-phosphate 
metabolism, Klotho has its own role: it increases 
renal calcium reabsorption, and it increases PTH 
synthesis when hypocalcemia is present (27,28). 
So far, studies have shown that in patients with CKD 
there is decreased Klotho expression in the kidneys, 
as early as the first stage. With the progression of 
CKD, the concentration of Klotho decreases 
constantly, which causes FGF23 resistance, with 
consequent accumulation of FGF23 (29,30).  
 
FGF23, Klotho and bone mineralization 
Animal studies have shown that both Klotho 
knockout mice and FGF23 knockout mice develop 
ectopic calcifications and decreased bone density, at 
the same time with hypercalcemia, 
hyperphosphatemia and high serum levels of 
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1,25(OH)2D (31,32). These results founded the idea 
of interplay between these two entities.  
Klotho plays an essential role in the biologic activity 
of FGF23 as it is required for FGF23-mediated 
receptor activation, in vivo  (33). The Klotho-FGF-
Receptor complex is best expressed in the kidney, 
especially in the distal tubules (34,35).   
Studies have shown that the overexpression of 
FGF23 in vitro is able to suppress the differentiation 
of osteoblasts as well as the mineralization of the 
bone matrix, in an independent manner from its 
effects on the metabolism of phosphate (36). In 
contrast, another study found a link between raised 
serum levels of FGF23 and a better bone 
mineralization, in CKD patients of pediatric age who 
undergo peritoneal dialysis (37). Other studies have 
shown that in CKD patients there is a deregulation 
of FGF23 metabolism, concluding that its plasma 
levels increase with the decrease of GFR, before the 
serum phosphate and PTH levels are even altered 
(38,39), even in the very early stages of CKD, like 
stage 2 or 3 (40,41). As CKD develops, the serum 
levels of FGF23 are correlated in a positive manner 
with phosphate and in a negative manner with 
1,25(OH)2D and PTH (42,43).   
One prospective study showed that serum levels of 
FGF23 were directly correlated to an increased risk 
of fractures, but another study that focused more on 
cardiovascular health showed that raised levels of 
FGF23 were not associated with increased risk of 
fractures, but instead were associated with greater 
bone density (44,45). The results were conflicting 
even when Klotho was assessed, as it has also been 
associated with bone density in both a negative and a 
positive way (46,47).  
 
Conclusions 
Renal osteodystrophy definitely benefits from the 
novel therapeutic strategies that are available for 
CKD patients, as seen with the decrease in high 
turnover ROD prevalence, due to a better control of 
the secondary hyperparathyroidism. Nevertheless, 
ROD remains an entity that affects these patients 
from the early stages of the disease. The gold 
standard diagnosis techniques remain bone biopsy 
and bone histomorphometry, but it is still mainly 
diagnosed using the serum levels of PTH, calcium, 
phosphorus and vitamin D. This is not convenient at 
all times since the serum levels might fluctuate in 
the early stages, and the chronic state of 
hyperphosphatemia is not reached until the GFR 
levels drops under 40% of the normal values.  Both 

prospective cohort and experimental studies are 
focusing on finding new serum biomarkers that 
could improve the biological monitoring of these 
patients, in order to obtain a diagnosis of bone 
disorder while still in the early stage of CKD. 
FGF23 and Klotho have been the subject of many 
experimental studies, but with controversial results 
regarding their role in the bone physiology. Klotho 
and FGF23 are closely interconnected, with Klotho 
acting as a coreceptor for FGF23. More studies are 
needed in order to conclude exactly what role 
FGF23 and Klotho play in the bone mineralization.   
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Abstract 
Introduction: Photodynamic therapy (PDT) is a therapy involving light and a photosensitising chemical substance, 
used in conjunction with molecular oxygen in order to elicit cell death (photo-toxicity) and thus ability to kill 
microbial cells, including bacteria, fungi and viruses. Photodynamic therapy is an alternative method of biofilm 
disruption and it is considered a new way of microorganism inactivation. It is also an additional procedure to reduce 
the infection rate in patients, caused by the increasing antimicrobials resistance of bacteria. The aim of this literature 
review was to evaluate the specific effects and the antibacterial effectiveness of photodynamic therapy using different 
types of photosensitizers (Erythrosine, Rose Bengal, Toluidine blue, Methylene blue, Ozone, Riboflavin, Curcumin, 
Chlorhexidine, SAPYR) and a visible light of a specific wavelength for each photosensitizer and to reveal the 
applications of PDT in periodontics, endodontics, prosthodontics and dental caries. Methods: A research of literature 
was performed in an attempt to find all the articles published on this topic in the last 10 years. The articles was 
searched by using a certain combination of different keywords (photodynamic therapy ) and (diode laser ) and  (teeth) 
in PubMed database. Results: A total number of 83 articles were found. After applying inclusion and exclusion 
criteria, 35 articles were taken into consideration for our study and among them 4 were a manuscript, 3 was a review 
of literature, 1 was an in vivo evaluation and 27 were in vitro studies. Conclusion:  Considering that none of the 
disinfection methods can completely remove the biofilm,  PDT is a therapeutic tool complementary to conventional 
disinfection, with great applicability in dentistry. PDT showed significantly efficacy in reduction of biofilms. 
Exposure to light in the presence of a photosensitizing chemical substance helps in the reduction of microbes and the 
protocols could be recommended for clinical usage, but only together with ‘classic ‘ disinfection. 
 

Key words: Photodynamic, PDT, biofilm, photosensitizer, oral, antimicrobial therapy, light, 
 
 

Introduction 
Microbial infections are a serious issue in public 
health and it was shown that biofilm-growing 
microorganisms are the main etiological factor in the 
development of oral disease. Thus there is a pressing 
need for development of new unconventional 
methods to remove the resistant bacteria and to 
prevent and control the increasing numbers of 
antibiotic and antimicrobial-resistant pathogens (1). 
The application of PDT in the field of dentistry is 
still viewed as an unconventional method of 
treatment, a biologically therapeutic modality and an 
adjunct method of the traditional therapies, with one 
of its benefits being the fact that it can be repeated 
several times without severe side effects. Studies 
show it does not lead to cumulative toxicity (2). 
Moreover, it can be used also with 
immunocompromised people, mainly due to the low 
risks involved. 
The application of the photodynamic therapy in 
dentistry is worth attention, as the method is 

noninvasive, painless, and the results of the 
published studies seem promising. PDT also 
represents a novel therapeutic approach in the 
management of oral biofilms. It has been seen that 
various combination of photosensitizers and light 
with different wavelength are effective against a 
broad spectrum of microorganism. 
Methods 
2.1. Search strategy. For our research we used the 
PubMed database and we selected and evaluated all 
the articles that resulted from a systematic search. 
The search aimed at finding articles published in the 
last 10 years, from 2011 until 2020 and by using a 
certain combination of words: (photodynamic 
therapy) and (diode laser) and (teeth). 
Selection criteria.  We used several inclusion 
criteria : a) articles  written in English; b) studies of 
PDT antibacterial effects on biofilms and planktonic 
cells; c) studies in which PDT was used as a 
complementary therapy; d) studies in which PDT 
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was used in combination with photosensitizers. We 
used also exclusion criteria: a). articles that did not 
report data; b). studies performed on animals. 
2.3. Data extraction. All the authors involved in this 
study performed a screening of the titles found using 
the search strategy, with no difference in their 
findings. The articles relevant to the topic of the 
present study were selected using the inclusion and 
exclusion criteria and the full text version of these 
articles was obtained. At the same time, various 
aspects related to the utility of PDT in dentistry (the 
applicability of this method, the photosensitizers 
used and the microorganisms on which this 
combines therapy is effective) were evaluated.  
Results 
A total number of 83 articles were found. After 
applying both the inclusion and exclusion criteria, a 
total of 48 articles were excluded because 1 study 
was performed on animals and 47 were not relevant 
for our topic. The other 35 articles were analyzed 
and after reading, all 35 were taken into 
consideration for the present study. Several trials 
have shown that the use of photo activated therapy is 
a highly effective adjunct process used in the 
treatment of decays. The major effects of PDT were 
summarized in Table 1.  
Discussion 
The aim of this review was to create an update 
regarding the use of PDT in different fields of 
dentistry. We also indented to identify and analyze 
the efficacy of different types of photosensitizers 
and their possible adverse effects on dental tissues.  
All the authors evaluated the selected articles and 
organized their findings by answering to some 
relevant, based on topic questions. 
 
Which is PDT’s mechanism of action? 
Etymologically, photodynamic therapy refers to the 
study of activating effects of light on living 
organisms. Based on this principle, PDT can be used 
to inactivate cell functions by interacting with a 
photosensitizer, irradiated with light of appropriate 
wavelengths. By achieving a certain level of 
irradiation, the molecular energy then transfers lead 
to the production of cytotoxic products (free 
radicals, singlet oxygen), which in turn are capable 
of modifying metabolic activities to an irreversible 
extent or of damaging essential components of the 
cell (3,4). The mechanism of action was summarized 
in Figure 1.  
 
 

Which is the mechanism of action of photosensitizers? 
A photosensitizer is a photo-activated chemical 
substance that can be activated upon exposure to the 
appropriate wavelength and light source. 
SAPYR is a new generation photosensitizer which 
contains a positive charge for an appropriate 
adherence to cell walls of pathogens. Against 
biofilms, this photosensitizer has a dual mechanism 
of action: it inactivates pathogens in a polymicrobial 
biofilm with high efficacy and it is capable of 
disrupting the biofilm structure even without 
illumination. SAPYR has a good efficacy of bacteria 
killing, also against monospecies and polyspecies 
biofilm, therefore photodynamic bacterial 
inactivation using this type of photosensitizer offers 
an efficient approach to destroying all kind of oral 
key pathogens such as Staphylococcus aureus (5).  
Methylene blue (MB) is proved to have an 
increased photodynamic action against 
Aggregatibacter actinomycetemcomitans organized 
on biofilm if it is used combined with red laser. 
Mainly due to its hydrophilic capacity and low 
molecular weight it can positively increase its 
effectiveness in reducing Gram-negative bacteria. 
MB acts by forming either hydroxyl radicals (type I) 
or singlet oxygen (type II), which are both cytotoxic 
products. The process of bacteria inactivation by 
MB involves a combination of type I and type II 
processes, and its efficiency is still under relative 
circumstances (6). 
Curcumin is a yellow pigment, and also the 
predominant ingredient of turmeric powder, and it 
also can be used as a photosensitizer. To be effective 
it requires a very short light exposure. It has a wide 
spectrum of anti-bacterial action and reduced 
affinity for binding to mammalian cells. Its 
mechanism of action mostly focuses on anti-plaque 
effects that can also inhibit bacterial reproduction 
(7). 
Rose Bengal is an anionic xanthene capable of high 
absorption bands in the green wavelength range 
(480-550 nm). Its singlet oxygen quantum yields are 
between 0.6-0.8, therefore mainly acting according 
to type II mechanism (3). 
Erythrosine is a red dye, having a similar acting 
mechanism with Rose Bengal.  
Riboflavin is a highly biocompatible photosensitizer 
whose action can be triggered using LED lamps in 
the dental office. The antimicrobial effect of 
photoactivated disinfection using riboflavin is yet to 
be widely studied and observations of its mechanism 
of action up to this point concluded in minor 
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reduction of CFU counts. Even though riboflavin’s 
use in PDT resulted in a complete eradication of P. 
gingivalis and P. intermedia, it can not be yet 
recommended in disinfection process of periodontal 
and endodontic infections (8).  
Toluidine Blue is another photosensitizer which 
proved to be more effective than Riboflavin. It has 
proven to have a mildly moderate yet still more 
significant effect on A. actinomicetemcomitans and 
P. gingivalis. It is catalogued as a cationic 
photosensitizer and displayed an improved 
interaction with the Gram-negative cell membrane, 
which resulted in a strong antimicrobial effect (8). 
This photosensitizer is more efficient when used in 
PDT, in comparison with  Radachlorin on S.mutans’ 
s viability (9). Common photosensitizers such as 
Methylene blue, Malachite green and Toluidine blue 
had shown in time their antimicrobial effects but 
their main disadvantage was teeth staining when 
applied on dental tissue (10).   
For that reason, herbal extracts have been getting 
attention lately.  Curcuma longa, Hamamelis 
virginiana, Citrus lemon and Hypericum perforatum  
can be used as photosensitizers in PDT, having an 
antimicrobial effect on planktonic and biofilm-
organized bacteria. More than that, they present 
advantages like reducing the risk of teeth staining 
and have low toxicity (11).  
Which are the applications of PDT in dentistry? 
In the field of dentistry, the using of photodynamic 
therapy has been  an adjunct antimicrobial strategy 
to conventional techniques for the treatment of many 
diseases in the dental context (1,12). 
Taking into account the relevance of preventing 
periodontal disease and the reduced number of 
alternatives of treatment procedures which can fully 
control this disease, researchers started focusing on 
finding alternate methods for periodontal therapy. 
The main cause of periodontal disease is directly 
related to bacterial accumulation on the teeth 
surface, around the gingival margin. Agregatibacter 
actinomicetemcomitans plays an important part in 
the induction and progression of periodontal disease, 
which cannot be overlooked. Thus a large number of 
studies concentrated on finding a positive effect of 
PDT on this bacterium. The results of these studies 
highlighted the effectiveness of using a 
photosensitizer (e.g.: Curcumin, Chlorhexidine) in 
preventing the growth of A. actinomicetemcomitans, 
a result which was even more effective when used 
simultaneously with PDT (7).  

Periodontal therapy’s main focus is to significantly 
reduce or eliminate oral bacteria and periodontal 
pathogens, to stop disease progression and stabilize 
periodontal attachment levels. These goals can 
alternatively be achieved by using an 
unconventional method of therapy such as PDT, in 
addition to the traditional procedures such as 
scaling, root planning and antibiotic administration. 
Photodynamic therapy has an antimicrobial effect on 
P. gingivalis, a pathogen implied in periodontal 
disease, that’s the reason why this approach is 
considered promising as a new way of bacterial 
elimination in periodontal therapy (13). Most of the 
studies results were consistent and proved that the 
use of photodynamic therapy results in decrease of 
bacterial content of biofilm, and also the structural 
disruption of biofilm matrix can make the pathogens 
more sensitive to eradication. More than that, adding 
hydrogen peroxide to photosensitizers during PDT-
plus results in a high degree of antimicrobial 
photodynamic activity against planktonic 
periodontal pathogens and on bacteria organized in 
biofilms (14). 
In root canal treatment, one of the most important 
stages is the complete elimination of bacteria from 
the root canal system. Endodontic pathogens have 
proved capable of developing a strong resistance in 
order to survive in adverse conditions, a situation 
which rendered the ‘sterilization’ of the root canal 
system to be almost impossible. The more 
conventional chemo-mechanical approach and the 
antimicrobial intracanalar medicaments frequently 
used for disinfection of the root canals often fail to 
obtain the desired effect of removing bacterial 
biofilms completely because of various 
microbiological and anatomical factors. And in this 
context, photo activation therapy is an antimicrobial 
strategy which proved more effective in microbial 
elimination thus emerging as an alternative approach 
to eradicate endodontic pathogens (2,15,16). The 
effect of PDT on E. faecalis, which is a major part of 
secondary endodontic infections, using reduced 
graphene-oxide-curcumin as a photosensitizer may 
be a promising therapeutic option for treating 
persistent endodontic infections (17). 
Recently, a number of in vitro and in vivo- studies 
were conducted on human extracted teeth and their 
results showed that the root canals treated by photo 
activated disinfection exhibited high percentage of 
reduction of bacteria (15,16,18), and can be used 
safely, not being harmful for the bone and periapical 
tissues (19). It’s important to highlight the fact that 
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all studies results concurred. In vitro studies 
conducted using PDT have concluded that this 
approach has excellent bactericidal potential against 
E. faecalis, a bacterium with high occurrence in 
cases with refractory endodontic infections (20,21). 
It was demonstrated PDT’s effect on mixed biofilms 
of  E. faecalis, S. aureus and C. albicans (22), 
resulting in reduction of biofilm thickness of 
C.albicans and E.faecalis (23). Some studies 
revealed that application of PDT showed 
antibacterial effect similar to NaOCL when these 
therapies were used in endodontic infection caused 
by Enterococcus faecalis (24,25). One study 
reported that photodynamic therapy reduced 
bacterial viability, but not after 10 min irradiation, 
not being able to significantly eliminate E. faecalis 
contamination (26), the efficacy remaining 
questionable (27).  
Photo-Activated Disinfection, as an innovative 
treatment method that utilizes two non-toxic 
components can also be used against cariogenic 
bacteria. The spreading zone of demineralization in 
a tooth decay is preceded by a layer of partially 
demineralized dentin infected with bacteria. PDT 
has shown good results in the process of disinfecting 
and to re-mineralize the partially infected area (2).  
Photo-Activated Disinfection can also be used in 
treatment of all type of carious lesions before 
sealing. In decays, some disinfected demineralized 
tissue can be left before PDT is used. Several recent 
studies managed to prove that photo-sensitized 
cariogenic bacteria can be eradicated by directly 
applied visible light. The technique involves 
applying a photosensitizer on the operative surfaces 
and using a source of visible illumination which 
cause cytotoxic bacterial reactions that result in 
selective destruction of the targeted pathogens 
(2,28). Also in deep carious lesions, where S. mutans 
concentration is usually very high, PDT managed to 
reduce the metabolism of the bacteria and also the 
biofilm (29,30), being effective on many bacterial 
species like L.casei, Fusobacterium nucleatum, 
Atopobium rimae, except for S.sobrinus  (31). 
Comparing photo-activated disinfection with the 
conventional methods used before, it was shown 
PDT’s effectiveness over the cavity disinfectants or 
antibacterial materials (18,32). One study indicated 
that PDT with 0.01%  Methylene blue was not able 
to reduce bacteria from deep carious lesions and 
cannot be considered a viable clinical approach (33). 
Photo-Activated Disinfection has proved a positive 
effect in reducing cell viability of pathogens and it 

can be considered an important additional method of 
therapy to traditional techniques in treating several 
diseases in dental context. 
PDT is currently being used in many medical areas, 
in dentistry is used in the fields of endodontics, 
periodontology, prosthodontics and carious lesions. 
For the treatment of all these diseases, PDT could 
prove out to be a promising therapeutic approach 
(8).  
PDT as a dental treatment technique uses various 
light sources such as lasers (argon, diode or 
neodymium doped: yttrium, aluminum and garnet), 
and also less expensive and more cost effective LED 
lamps, in addition to a wide range of 
photosensitizers whose different effectiveness was 
demonstrated in may studies (4). 
Photodynamic therapy also has other advantages 
such as immediate effects, improved access to 
complex areas as furcation, pits over the root, 
selectivity, it reduces the possibility of bacteremia in 
immuno-compromised systemic patients, decreases 
patient discomfort, reduced dentin sensitivity after 
root planning, reduced pain and edema after surgery, 
it is time saving and cost effective. Also, it has low 
toxicity levels and causes minimal damage to host 
tissue, for example human fibroblasts (34). 
The mechanism of action of PDT involves a photo 
activated sensitizer that can interact with the 
biological substrate and resulting in the production 
of highly reactive oxygen species, such as singlet 
oxygen and free radicals, which can kill bacteria by 
damaging essential cellular molecules. 
In prosthodontics, PDA is used in many ways, from 
the disinfection of prepared tooth before final 
cementation to interventions on the bone or gingival 
tissue (35). In periodontology, there is also an 
increasing interest in alternative approaches and 
PDT is proactively becoming an adjunct method to 
the conventional therapy. There are many clinical 
trials that showed substantially better clinical short 
term healing outcomes with adjunctive PDT.  In 
endodontics, the use of photo activated therapy may 
be an important step for a better disinfection of 
infected root canals than the traditional methods can 
achieve and in shortening the number of visits at the 
dental office. Recent studies and case reports 
reported a significant reduction of bacterial load in 
the root canals after photodynamic therapy. Bacteria 
play a very important role in the initiation and 
progression of dental cavities.  
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Conclusion 
Photo activated therapy brings a new perspective on 
the methods of therapy in the dental field and it can 
be considered a new complementary way of 
treatment. Considering the information highlighted 
previously, PDT has potential application to fight off 
many oral infections, it has low local toxicity, it can 
speed up dental treatment, several photosensitizers 
are disposable for each type of laser wavelenght and 
the treatment will not be harmful for the patient. 
Thus, this is clear that PDT is a promising method to 
combat the bacteria causing oral diseases. 
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Figure 1. Photodynamic therapy mechanism : the microorganisms absorb the photosensitizer and after 
exposure to light at a specific wavelength it starts the excitation of PS, which generates oxygen singlet and 
free radicals which lead to the death of bacteria. 

 

Table 1  Antimicrobial effect of photodynamic therapy studies. 

Authors Study Conclusion 

Garcez et al  Tested the effects of a 66o nm diode laser and 
methylene blue on gram-positive and gram-
negative bacterial biofilms. 

PDT successfully reduced P. aeruginosa and 
E. faecalis cells in biofilms, disrupting the 
structure of the biofilm. 

Cieplik et al  Investigated the photodynamic biofilm 
inactivation properties of SAPYR, against 
monospecies and polyspecies biofilms. 

SAPYR can interrupt biofilm structure and 
also has a high killing efficacy against 
bacteria. 

Nielsen et al  Investigated the effect of PDT using riboflavin 
and a led lamp and comparing it to PDT using 
toluidine blue and a red light. 

Limited microbial kills were found when 
using riboflavin/blue light PDT. PDT with 
toluidine blue/red light showed great efficacy 
on all investigated species. 

Asnaashari et 
al  

Investigated the effects of PDT using a diode 
laser (810 nm) and a diode lamp (630 nm) on 
E. faecalis biofilm in anterior extracted human 
teeth. 

PDT with 810 nm diode laser could 
evidently reduce the amount of bacteria from 
root canals. Effect of diode lamp of 630 nm 
against E faecalis was evident. 

Pereira et al  Investigated the effects of photodynamic 
inactivation against S. mutans and S. sanguinis 
using erytrosine (ER) and Rose Bengal (RB). 

In vitro biofilms formed by S. mutans and S. 
sanguinis were sensitive to PDT using blue 
led associated with photosensitizers ER or 
RB. 

Hirais et al  Evaluated the effectiveness of PDT using a 
diode lamp and toluidine blue against the 
microorganisms from the root canal systems. 

Root canals treated by PDT showed high 
percentage of bacteria reduction after 30 
second from treatment and after 7 days 
(96.36, 99.48) respectively. 

Photosensitizer (PS) 
Excitation of  

photosensitizer 

L 
I 
G 
H 
T 

Fluorescence 

Fosforescence 
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Alvarenga et 
al  

Evaluated the antibacterial effects of PDT 
against Aggregatibacter 
actinomycetemcomitans using methylene blue 
as a photosensitizer. 

Laser irradiation (660 nm and 100 mW) 
showed a reduction of A. 
actinomycetemcomitans by up to 99.85% on 
the group exposed to PDT  for 5  min of 
irradiation. 

Shima et al  Evaluated the influence of PDT  using a diode 
laser (635 nm) and clorophyllin – phycocyanin 
mixture as photosensitizer on bacteria within a 
preformed biofilm caries model on enamel 
slabs of Streptoccocus mutans. 

At a maximum concentration of CHL-PC 
(5000 microlitres/ml) and 3 min. DL 
irradiation time reduced the cariogenic 
biofilm of S. mutans by 36.93% and 
reducing its metabolic activity. 

Abdollah et 
al 

Compared and tested antibacterial efficacy of 
chemomecanical debridement (CCMD) alone, 
CCMD+ light activated disinfection (LAD 810 
nm 0.3 W) and CCMD + DL (810 nm 2W) 
and indocyanine green against Enterococcus 
faecalis biofilm. 

All methods resulted in partial elimination of 
Enterococcus faecalis from the root canal 
biofilm but CCMD + LAD showed a higher 
efficacy from the three metods. 

Ivan et al Tested the antibacterial effect of 445/660/970 
nm diode laser on a mixed biofilm of S. 
Aureus, C. Albicans and E. faecalis inside root 
canals of extracted human teeth. 

A significant reduction in the microbial 
population was observed in all treatments. 

C.albicans appears to be more sensitive to 
laser irradiation than other bacteria. 

Natalia et al Investigated the effect of PDT on 
Streptococcus mutans and Lactobacillus 
acidophilus when grown simultaneously in 
dentine carious lesions. Different 
concentrations of curcumin photosensitizer 
where used (0.75, 1.5, 3.0, 4.0, 5.0 g/L) and 
activated through LED source with 450 nm 
wavelength at two intensities (19 and 47.5 
mw/cm2) 

Notable bacterial reduction was observed at 
both intensities of the the LED light with 5.0 
g/L curcumin concentration and 5 minutes 
irradiation time. 
In order to have a succesful procedure it is 
required a higher concentration of curcumin 
as photosensitizer. 

Fatma et al Compared the antibacterial effect of PDT 
using diode laser with indocyanine green 
(ICG) on Streptococcus mutans biofilm with 
CHX, NaOCL, gaseous ozone, YAG laser and 
diode laser. 

Similar and significant bacterial reduction 
was observed in all groups, but lower in the 
ICG group. 
Still PDT using diode laser with ICG may be 
suggested on cavity disinfection as an 
alternative to conventional methods. 

Azizi et al Compared the antimicrobial effect of PDT 
with Indocyanine green (IG 0.2 %) and 
Methylene Blue (MB 2%) on on extracted 
teeth contamined with Streptococcus mutans. 

PDT with a combination of Methylene blue 
and Indocyanine green have the ability to 
completely eradicate Streptococcus mutans 
bacterial colonies. 

Beltes et al Evaluated  the effect of PDT  in root canals 
infected with Enterococcus faecalis using 
Indocyanine green as photosensitizer and a 
near infrared diode (NIR) 

All methods had bactericidal effect to 
Enterococcus faecalis (60 -99.9 % reduction) 
from the root canals with ICG-mediated PDT 
activated by NIR diode (810 nm) with 60 
seconds irradiation time. 
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Camacho et 
al 

Evaluated the antibacterial effect of PDT (660 
nm) , and methylene blue as sensitizer and 
also compared with 2% CHX, propolis, ozone 
and triantibiotic in root canal systems. 

Enterococcus faecalis inside root canals can 
be reduced by up to 98.13% if treated with 
PDT for 60 seconds, because of the 
penetration capacity in dentinal tubules of 
laser therapy. 

Chuic et al Tested the effect of PDT using a high-power 
blue LED (425-470 nm) and red-dye agent in 
periodontal therapy on Porphyromonas 
gingivalis. 

Blue light irradiation in combination with 
Rose Bengal photosensitizer demonstrated a 
significat antimicrobial/growth-inhibiting 
effect on P. gingivalis and shows promise as 
a treatment method in elimination of bacteria 
in periodontal disease. 

Da Frota et al  Evaluated the effect of PDT in root canal 
therapy contaminated with E. faecalis using 
blue LED (450 nm) and curcumin as sensitizer 

PDT combined with curcumin sensitizer (5 
min irradiation time) reduced bacterial 
viability but it did not significantly eliminate 
contamination with E. faecalis. 

Vahabi et al Tested the effect of PDT using diode laser 
(633 nm) in  combination with toluidine blue 
O (TBO) on the viability of S. mutans in vitro. 

The results demonstrated that PDT with 
diode laser (644 nm and 3 J/cm2 energy 
density) in combination with toluidine blue 0 
(TBO) is effective in reducing the viability 
of S. mutans on pure cultures. 

Rios et al Evaluated the effect PDT in disinfecting root 
canals using toluidine blue and low energy 
LED on extracted human teeth contaminated 
with Enterococcus faecalis. 

PDT using toluidine blue and LED after 30 
seconds irradiation time showed a 97.1% 
reduction of E. faecalis viability  and has the 
potential to be used in endodontic therapy as 
adjuvant antimicrobial method. 

Neves et al Investigated the clinical effect of PDT in 
decontamination of deep dentin in teeth 
submitted to partial elimination of carious 
tissue using methylene blue dye (0.01%) 
irradiated by a diode laser at 660 nm. 

Limited bactericidal effects were found when 
using PDT in deep dentin when using 
methylene blue 0.01% and diode laser on 
Lactobacillus spp. and S. mutans. 

Steiner et al  Compared antimicrobial effects in primary 
carious dentin of PDT using diode laser (660 
nm) with methylene blue and LED (630 nm) 
with toluidine blue in a randomized in vivo 
study with 6 and 12 months follow-up periods. 

Both PDT methods have shown to be 
effective in reducing the number of bacteria 
and can be considered modern and  minimal 
approaches for the treatmet of deep primary 
caries. 

Yildirim et al Evaluated the efficiency of PDT at different 
durations of irradiation (1, 2, 4 min) on E. 
faecalis inoculated teeth. It was used 
methylene blue activaded by a 660 nm diode 
laser. 

Between 99.8% and 99.9% reduction of 
viability was obtained proving that PDT with 
660 nm diode and methylene blue is 
effective against E. faecalis. 
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Abstract 
Introduction: Spinal epidural abscess is a rare clinical entity with considerable morbidity. Even with prompt 
diagnosis and treatment, many patients are left with persistent residual neurological deficits.  
Case report: The purpose of this article is to report a rare case of primary pyogenic spinal epidural abscess. The 
patient admitted to our clinic because of lumbar pain of increasing severity and fever. Case management consisted of 
surgical and medical treatment with antibiotics. Postoperatively, with proper rehabilitation program, he markedly 
improved. 
Conclusions: Despite a correct management, spinal epidural abscess is associated with a high degree of morbidity and 
mortality. Proper treatment, rehabilitation programs and long-term follow-up is critical for a better outcome. 
 

Key words: spinal epidural abscess, spinal infection, rehabilitation, 
 
 

Introduction
Spinal infection (SI) is defined as an infectious 
disease affecting the vertebral body, the 
intervertebral disc, and/or adjacent paraspinal tissue. 
Spinal epidural abscess (SEA) is a life-threatening 
infection localized adjacent to the dura mater and 
accounts for 0.2 to 2 cases per 10,000 hospital 
admissions (1).  
Historically, there is evidence of spinal infection in 
human skeletons dating back to the Iron Age (2). 
The early 1900s marked the beginning of invasive 
spinal surgery. In 1911, Russell Hibbs, a pioneer in 
spinal fusion surgery, performed a surgical 
intervention for patient with spinal tuberculosis, in 
an attempt to prevent disease progression (3).  
Tuberculosis used to represent the most frequent 
cause of spinal infection, but in recent decades, the 
majority of spinal infections are pyogenic in origin 
(4). Staphylococcus aureus is involved in the 
etiology of half of patients with epidural abscess. 
Other pathogens like enterobacteriaceae, 
Pseudomonas aeruginosa, streptococcal and brucella 
species can be also a cause of the disease. 
Mycobacterium tuberculosis affects especially 
immunocompromised hosts. The organisms are 
usually introduced by hematogenous seeding, but 
direct extension from vertebral osteomyelitis or 
discitis, or post-spinal surgical procedure is also 
possible. 
The classic triad of a spinal epidural abscess is back 
pain, fever, and neurologic deficits, but this 

presentation is in less than 10% of the patients. 
Epidural abscesses affects mainly the lumbar spine 
(60 %), followed by thoracic (30 %) and cervical (10 
%) and usually involves 3 to 5 spinal cord segments. 
If the disease progresses with abscess expansion 
within the confined spinal canal, patients will 
develop neurologic deficits due to spinal cord or 
cauda equina compression: sensory changes, motor 
weakness and bowel or bladder dysfunction.  
Several clinical routine markers are used for 
diagnosis and evaluation of treatment response. 
Diagnosis of spinal epidural abscess is by 
gadolinium enhanced-magnetic resonance imaging 
(MRI). Additional laboratory tests are necessary to 
evaluate an inflammatory syndrome and to exclude 
other differential diagnostics. MRI is mandatory for 
a patient with risk factors (intravenous drug use, 
diabetes mellitus, alcohol abuse, HIV infection, 
recent surgery/procedure), fever, recent infection or 
dental procedure and unexplained back pain (5). 
Due to the risk of neurologic compromise from 
purulent expansion, timely treatment of suspected 
SEA is key. The treatment focuses on the 
elimination of suppurate mass and eradication of the 
organism (6) 
There are few studies about the rehabilitation of 
patients with spinal infections. Most studies on 
spinal epidural abscess are focusing on acute 
management, treatment and less on the rehabilitation 
of the patients with myelopathy. A complete 
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rehabilitation programme during and after 
hospitalization provide an optimal management and 
can prevent further disability. Studies present a high 
mortality rate and less than 50% of surviving 
patients show full recovery. The goal of the 
rehabilitation programme it is to ensure an 
independent life for the patient by providing early 
mobilization, correct posture, improvement in 
neurologic deficits related to spinal epidural abscess 
(7).  
During rehabilitation process, a proper diet is 
necessary to sustain the appropriate physiological 
mechanisms. All macronutrient components should 
be provided with a special attention on protein 
intake because of the increased metabolic 
requirements (8).  
 
Case presentation 
We present a case of a 46-year-old male from a rural 
area, with right laterality, having no contact with 
pets and no history of any chronic medical illnesses. 
The patient presented himself to our department with 
complaints of persistent low back pain of moderate 
intensity (6 out of 10 on the numeric pain rating 
scale), radiating asymmetrically on the posterior side 
of lower limbs with a higher intensity at the level of 
left inferior limb. The patient noticed an increasing 
amount of pain when walking and during the 
evenings, while slightly reducing the intensity with 
minor antialgic drug administration. Additionally, 
the patient reported the presence of a spontaneously 
drained pilonidal cyst in the sacrococcygeal area, 
approximately two weeks prior to the onset of 
symptoms. There was no history of trauma, altered 
sensorium or loss of consciousness. He also claimed 
no history for tobacco, alcohol or drugs 
consumption.  
The symptoms suddenly appeared approximately 
two weeks prior to the hospital admission, having 
fever (39-degree Celsius) associated with chills and 
dysuria. Due to these symptoms, the patient 
presented himself at the emergency care unit where 
the biological tests revealed a mild inflammatory 
syndrome along with leukocyturia and a negative flu 
test. There were no abnormalities in the chest 
radiography results. An interdisciplinary medical 
consult has been made by the infectious disease 
specialist, which concluded with a recommendation 
for admission to the hospital due to the unknown 
etiology of the febrile syndrome. However, the 
patient refused the admission and therefore, he was 

prescribed oral administration of antibiotherapy with 
Cefixime 400 mg daily, for ten days. 
Despite of the treatment, the patient’s back pain 
intensified and after 48 hours, he presented himself 
for the second time to the emergency care unit 
having 37.6-degree Celsius temperature. Biological 
tests revealed the persistence of the inflammatory 
syndrome and the absence of leukocyturia. The 
abdominal ultrasound did not reveal the source of 
infection while the lumbar spine radiography 
showed a 4 mm L5 anterolisthesis. The neurological 
examination did not emphasize any abnormalities at 
that moment. However, the recommendations 
consisted of lumbosacral spine MRI and anti-
inflammatory drug use. 
The patient presented himself to the neurology 
department with the results of previously 
recommended lumbosacral MRI. The MRI scans 
show an epidural abscess extending from L1 through 
L5 both ventrally and posteriorly, hyperintense on 
T2 sequences and with intermediate signal on T1 
sequences (Figure 1a, Figure 1b). The clinical 
examination revealed a grade II obesity with 36.36 
kg/cm2 body mass index (BMI), lumbar paraspinal 
muscle contraction, the disappearance of lumbar 
lordosis, antalgic gait pattern, positive Neri’s sign, 
diminished right and abolished left Achilles reflex. 
The rest of the exam was unremarkable. At the time 
of admission, the patient was in his sixth day of 
antibiotic treatment. The patient had no signs of 
pilonidal cyst at that time.  
 

  
Figure 1a: Sagital T2-MRI of the lumbosacral spine 
Figure 1b: Sagital T1-MRI of the lumbosacral spine 
 



 

  290  
 

Complete blood work was done. Notable laboratory 
values included mild inflammatory syndrome 
(erythrocyte sedimentation rate=64 mm/h and the C- 
reactive protein=8.2 mg/ dL), and slightly increased 
creatine kinase and serum transaminases values.  
In order to identify the infectious source and to 
exclude any risk factors for immunodeficiency, we 
had a multidisciplinary approach. Thus, we excluded 
HIV infection, syphilis, diabetes, kidney, liver and 
autoimmune diseases. The cardiologic evaluation, 
including echocardiography, did not reveal any 
pathological changes. The abdominal ultrasound 
showed hepatic steatosis. 
At the infectious disease specialist’s instructions, we 
ceased the antibiotic treatment after ten days and 
performed two blood culture sets that were negative. 
In addition, we performed urinary culture tests and 
the results came in as negative even after ceasing the 
antibiotic treatment. A throat culture excluded 
streptococcal pharyngitis.  
For a better anatomical description, a gadolinium- 
enhanced lumbosacral MRI was performed. The 
images confirmed the diagnosis, revealing the 
presence of a region witg high T2 signal and low T1 
signal surrounded by a rim of enhancement, which 
strongly suggest the presence of an abscess (Figure 
2a, Figure 2b).  

                     
Figure 2a: Sagital T2-MRI of the lumbosacral spine 
Figure 2b: Sagital T1-MRI of the lumbosacral spine with 
contrast-enhancement 
 

During hospitalization, the patient suffered from 
increased back pain with an intensity that reached 9 
out of 10 on numeric pain rating scale, only partially 
diminished after antialgic drug administration such 
as opioids (Tramadol 100mg). In addition, he 
developed rapid clinical deterioration with 
paresthesia and weakness along the distribution of 
the left sciatic nerve, indicating sciatic nerve palsy. 
He underwent emergent surgery with decompression 
of the dural sac by L5 laminectomy, abscess 
evacuation, L5-S1 discectomy and posterior L5-S1 
synthesis. Cultures were obtained but there was no 
etiologic agent found. However, empiric post-
surgical antibiotherapy was initiated with 
Vancomycin 1g x 2/day for six weeks, Ciprofloxacin 
400 mg x  2/day and Metronidazole 250 mg x 3/day 
for two weeks.  
The patient’s postoperative course was uneventful, 
with clinical and biological progressive 
improvement. Lumbosacral MRI showed a 
significant decrease in size of the lesion with no 
other post-surgery complications (Figure 3a and 
Figure 3b). Alongside antibiotherapy, pain 
management and thromboprophylaxy, he completed 
the rehabilitation program. Isometric, passive, 
active-assisted, active exercises were progressively 
performed to improve the functional capacity of 
muscles. A lumbar corset was used during 
mobilization to provide additional low back support 
and preventing muscles from rapidly fatiguing 
during recovery. The patient relied on a walker for 
the first 7 days after surgery, then he walked with a 
cane. Mobilization was repeated up to 3 to 4 times 
on a daily basis associated with balance and 
strengthening exercises. Assistive equipment was 
withdrawn after the successful independent 
mobilization of the patient.  
Eventually, 6 weeks post-surgery, the patient could 
walk independently but still having slight difficulty 
descending the stairs, with no need for pain 
medication and the inflammatory markers were in 
the normal ranges. The modified Barthel score for 
activities of daily living and mobility improved 
significantly (from 45 points to 95 points). 
He was discharged with a basic home exercise 
program, having no need for any medication, 
supervision or assistance, being able to perform 
independently his daily routine. 
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Figure 3a: Sagital T1-MRI of the lumbosacral spine with 
contrast enhancement 
Figure 3b: Sagital T1-MRI of the lumbosacral spine 
 
Discution 
The incidence of spinal epidural abscess has been 
increasing in the past several decades. The rising 
incidence is likely multifactorial. The human 
immunodeficiency virus epidemic, invasive medical 
procedures and rising intravenous drug abuse are 
probable contributory factors. Other risk factors are 
diabetes, alcoholism, renal/liver/cardiac disease. 
Back pain and fever are cardinal symptoms. Back 
pain is the most common complaint and can be 
elicited by percussion over the spinous 
processes overlaying spinal epidural abscess or 
through straight leg raise (5). 
Prompt diagnosis confirmed by gadolinium-
enhanced magnetic resonance imaging (MRI) with 
appropriate treatment is very important in SEA. 
Despite advances in imaging, SEA remains difficult 
to diagnose because of its nonspecific presentation. 
In the emergency department, around 75% of SEA 
cases are misdiagnosed with resulting diagnostic 
delay and complications (9). 
There are several markers routinely used in clinical 
practice that are very important for diagnosis and 
further evaluation of treatment response. Laboratory 
evaluation should include inflammatory markers, 
complete blood count, urinary and blood cultures. 
Erythrocyte sedimentation rate (ESR) is often 
elevated in these patients and is a sensitive marker of 
infection (85% to 94% sensitivity) but with low 
specificity. ESR is also used, as a marker of 

therapeutic response and prognosis, but normal 
values does not rule out the diagnosis of spinal 
epidural abscess (10). With a higher specificity in 
diagnosis is the C-reactive protein (CRP). This 
inflammatory marker is considered to be the best 
monitor of treatment response because after 
adequate treatment it returns to normal faster than 
ESR. Procalcitonin (PCT) can be elevated in patients 
with epidural abscess due to a pro-inflammatory 
stimulus, especially of bacterial origin, but its 
sensitivity is lower than CRP.  The white blood cells 
(WB) count has the lowest sensitivity and specificity 
and is the least useful of all inflammatory markers 
(11). 
Once a spinal infection is suspected, it is 
recommended to obtain blood and urine cultures 
before starting an empiric antibiotic therapy. Up to 
59% of positive blood cultures identify the causative 
microorganism in patients with monomicrobial 
pyogenic spinal infections. Lumbar puncture is 
relatively contraindicated. Cerebrospinal fluid 
evaluation may show pleocytosis and elevated 
proteins (12).  
Gadolinium-enhanced MRI is considered the gold 
standard for detecting an epidural abscess because 
can provide good anatomical information about 
surrounding soft tissues and epidural space. The 
sensitivity and specificity is approximately 90%. 
Diffusion-weighted sequences are useful for 
diagnosis. There are no pathognomonic findings on 
MRI, therefore a variety of additional, nonspecific 
tests are mandatory. Other imaging techniques like 
plain radiograph and CT does not provide direct 
visualization of the collection, however they can be 
useful in visualizing the bone structure (13).  
After establishing the diagnosis, the treatment will 
be decided individually. For the past century, 
systemic antibiotic therapy associated with surgical 
decompression was considered the treatment of 
choice, but in the literature, there are numerous 
reported cases of successful non-operative treatment. 
Empirical antibiotic treatment should cover both 
Gram-positives and Gram-negatives, and then the 
definitive therapy will be based on culture results 
(14). 
In addition to conflicting reports in the literature, it 
is difficult to determine the efficacy of non-surgical 
management. Furthermore, it is difficult to evaluate 
the best treatment option because of the paucity of 
studies investigating the risk of failure of non-
operative management (15).  
 

https://en.wikipedia.org/wiki/Bacterium
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The largest American series of bacterial spinal 
epidural abscess was published in Medicine 
(Baltimore) in 1992, providing a review of clinical 
features and management. The study shows the 
outcome is definitely predicted by preoperative 
status (16). There is a consensus that early surgical 
decompression will prevent the progression of 
neurologic impairment and combined with systemic 
antibiotics is still considered the gold standard (11). 
Few studies explore rehabilitation techniques for 
patients with spinal epidural abscess and paralysis, 
particularly predictors of recovery and eventual 
outcomes. Basic rehabilitation approaches during 
early stages will provide significant contributions to 
the improvement of patient sensory and motor skills, 
balance and proprioception. Continuing the 
rehabilitation period after hospitalization, including 
different techniques performed in the home 
environment, increase the independence of patients 
in daily living activities and minimize the assistance 
of other people. A detailed physical examination, 
including complete neurological evaluation, 
cardiopulmonary and psychological status is 
necessary before initializing an optimal 
rehabilitation program. Associated diseases, age and 
the anatomical level of the lesion is important to 
estimate the possible outcome (7). Prolonged 
immobilization, seen especially in patients with SEA 
and neurologic deficits and those who went under 
surgical treatment, leads often to complications and 
delayed recovery. In those cases, it is necessary to 
implement early preventive measures and the 
rehabilitation programs should be conducted 
carefully (17). Generally, the studies show a better 
outcome for patients surgically decompressed within 
48 hours of presentation (18). 
Before addressing rehabilitation procedures, pain 
management, antibiotic treatment and surgery, when 
is necessary, are a priority. A correct amount of 
resting time is beneficial both for pain management 
and for maintenance of stability. A successful 
rehabilitation program should assist patients to 
return their daily living activities by providing early 
mobilization with pain reduction, strengthening of 
weak muscles or prevention of muscle weakening, 
stabilization, correct posture and trunk mobilization 
(19). 
A good nutrition is essential during the rehabilitation 
process. All macronutrient components should be 
provided, especially a proper intake of proteins since 
metabolic requirements are increased during both 
disease and the rehabilitation period. An inadequate 

amount of protein will lead to negative nitrogen 
balance and then to wasting or destruction of tissue 
that will make the recovery process much more 
difficult.  In addition, monitoring daily caloric intake 
is an important factor, especially in patients with 
paraplegia or tetraplegia. The perfect balance 
between caloric intake and consumption will 
decrease the risk of obesity, dyslipidemia, insulin 
resistance, postprandial hyperlipidemia and 
inflammation (20).  
Pylonidal cyst is a common inflammation disease 
located usually in the sacrococcygeal area and 
affects mostly working males between the age of 15 
and 30. It has a benign evolution, rarely causing 
complications and exceptionally leads to spinal 
infections. We consider that in the given clinical 
context the spinal epidural abscess was secondary to 
the pilonidal cyst, due to contiguous spread. We 
found only two reported cases of epidural abscesses 
linked to pilonidal disease. 
 
Conclusion 
Spinal epidural abscess is a life threatening disease 
with high mortality rate. Proper management and 
treatment leads to early rehabilitation and better 
outcome.  
Pilonidal cyst is an exceptionally rare cause for 
epidural abscess, especially in immunocompetent 
patients.  
The rehabilitation program requires a 
multidisciplinary approach. We should not neglect 
the long-term follow up of the patients with 
infection-related spinal cord diseases. More studies 
are required reporting longer-term outcomes, 
bringing us closer to a conclusive guideline.  
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Abstract 
If not treated adequately, the knee injuries in adolescents can cause long-term functional impairments. The aim of our 
study was to quantify the functioning capacity in children who suffered soft tissues and/or bone lesions of the knee 
treated by arthroscopy. We reviewed the medical charts of 5 adolescent patients diagnosed with sport knees injuries, 
admitted in our clinic in the last two years. Arthroscopy was made three weeks after the injury. Afterwards, they were 
addressed to the Rehabilitation Department and followed the physical exercise programme. The patients were assessed 
at the beginning of rehabilitation and after 3 months: knee ROM (flexion and extension deficit) and International Knee 
Documentation Committee (IKDC) subjective evaluation. At the final assessment all patients presented significantly 
improvements in knee range of motion and functional capacity. Arthroscopic surgery, followed by a tailored 
rehabilitation programme, is important in the management of adolescents with knee injuries.  
 
 

Key words: knee injury, arthroscopy, rehabilitation, 
 
 

Introduction 
The knee joint is frequently affected in the young 
athletes. In comparison to adult patients, children 
have relative weak points at their physes and 
apophyses. This fact causes different forces applied 
on ligaments and bones during injury. When 
assessed on imaging the following pathologic 
changes are frequently met: patellar and patellar 
tendon injury, physeal fractures, osteochondral 
abnormality, ligament tears, and meniscal lesions 
[1]. 
The meniscal resection is performed more often than 
the repair [2]. However, as the meniscus has an 
important role in maintaining knee function and 
preventing arthritis, meniscal preservation surgery 
must be considered, especially in paediatric patients 
[3]. 
If not treated adequately, the knee injuries in 
adolescents can cause long-term functional 
impairments. The aim of our study was to quantify 
the functioning capacity in children who suffered 
soft tissues and/or bone lesions of the knee, treated 
by arthroscopy.  
 
Methods 
We reviewed the medical charts of 5 adolescent 
patients diagnosed with sport knee injuries, admitted 
in our clinic in the last two years. All our patients 
have been addressed to arthroscopy. Two patients 

had meniscal tears, one patient had intra-articular 
supracondylar distal femoral fracture; in two patients 
no lesion was notice.  They were males with a mean 
age of 16.6 years. One was practising competitive 
sport (football); the other 4 were practising 
recreational sport (football, skiing) and were 
overweight or obese.  
Arthroscopy was performed a medium of three 
weeks after the injury. The meniscus tears were 
treated conservatively, and the fragments of 
meniscus or the cartilage after chondral fractures 
were removed. Afterwards, the patients were 
addressed to the Rehabilitation Department and 
followed the physical exercise programme.  
The rehabilitation consisted in 10 daily sessions 
performed in the outpatient Rehabilitation 
Department. The patients followed electrotherapy 
procedures (transcutaneous electrical nerve 
stimulation and medium frequency electrotherapy) 
in order to reduce the pain and to decrease the 
swelling [4]. The exercise programme (Fig 1) was 
composed by passive knee range of motion, wall 
slides and passive heel slides, isometrics of the 
quadriceps and hamstring, heel raises, partial squats, 
low-resistance stationary cycling and gait training. 
The patients continued the 10 sessions with a 
programme consisting in supervised exercises (3 
times per week for 10 weeks), namely closed-chain 
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exercises, mini-squats, balance activities, balance 
board, stair-stepping and treadmill.  
The patients were assessed at the beginning of 
rehabilitation and after 3 months: knee range of 
motion (flexion range of motion and extension 
deficit) and International Knee Documentation 

Committee (IKDC) subjective evaluation [5,6]. 
IKDC has been proved to be a reliable patient-
reported measure in patients with knee disorders 
[7,8]. Patient-reported measures are very useful in 
clinical practice, providing information about pain, 
function, quality of life and activity level [7,9–11]. 

 

   
 

   
 

   
 

       
 

Figure 1. Rehabilitation exercises
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Results 
At the final assessment all patients presented 
significantly improvements in knee range of motion 
and functional capacity (Table 1). The best results 
were in adolescents with meniscal lesions (patients 
no 1 and 2). The patient with supracondylar distal 
femoral fracture (patient no 3) required a longer 
rehabilitation period. In comparison to the other 
patients he presented deficits of knee range of 
motion and functioning after 3 months.  
 
Table 1. Functional and range of motion assessment 
 
 Initial assessment 3-month assessment 

IKDC 
Score 

Extension 
deficit 

Flexion 
ROM 

IKDC 
Score 

Extension 
deficit 

Flexion 
ROM 

Patient 
no 1 

19.5 10° 90° 74.7 0 140° 

Patient 
no 2 

21.8 10° 70° 67.8 0 140° 

Patient 
no 3 

16.1 15° 70° 57.4 5° 125° 

IKDC: International Knee Documentation 
Committee; ROM: range of motion 
  
Discussion 
Shieh et al. [12] demonstrated that factors such as 
male gender and obesity are associated with a 
greater complexity of the knee meniscus tear in 
paediatric patients. With the increasing youth 
participation in sports activities, a greater number of 
meniscal lesions have been seen in children and 
adolescents [12]. Almost 80-90% of meniscal 
lesions are due to sports activities, being associated 
with anterior cruciate ligament tears, condral lesions 
or tibial fractures [13]. 
In a retrospective study, Shieh et al. [12] analysed a 
sample of 293 patients aged between 10 and 19 
years with arthroscopic interventions for meniscal 
tears and associated lesions (41% were children with 
a mean age of 13.5 years and 59% adolescents with 
a mean age of 16.4 years). The rate of associated 
ligament injuries was of 28% in children compared 
with 51% in adolescents. Complex tears were 
observed in 28% cases, followed by vertical (16%), 
discoid (14%), bucket-handle (14%), radial (10%), 
horizontal (8%), oblique (5%) or fray tears (3%), 
and root detachment (2%). Complex tears were seen 
most frequently in boys (32% versus 20% in girls) 
and in subjects with increased body mass index 
(27.4 versus 25.1 kg/m2 in those with noncomplex 
tears), for both males and females. Surgical repair 
was performed in 46% of all cases (56% in those 
treated within 3 months from injury versus 42% in 

those treated after 6 months). There was no 
difference in the repair rate between the two age 
groups (49% in children versus 46% in adolescents). 
Authors suggested that an earlier treatment of the 
meniscal lesions could increase the probability of 
repair in younger patients.  
Wessel et al. [14] in a 10-year retrospective study 
found 1273 patients aged below 16 years (61.3% 
males) that presented themselves in the emergency 
compartments for traumatic knee injuries. The most 
frequent lesions were soft-tissue lesions (82%), 
followed by hemarthrosis (18%). The authors 
divided the patients in three groups based on their 
age – patients under 10 years (n=528, with 
metaphyseal fractures and patellar dislocations; 
hemarthrosis only in 5.7% cases), patients aged 11-
12 years (n=207, with patellar dislocations and 
fracture and hemarthrosis in 17.9% cases), and 
patients aged 13-16 years (n=538, diagnosed with 
intra-articular fractures, patellar fractures and 
dislocations, ligamentous and meniscal tears, with 
hemarthrosis in 30.3% cases). The ligamentous 
lesions were observed in 16 cases and the meniscal 
lesions in 2 cases. Arthroscopy was found to be 
justified only in those older than 13 years. 
Our study, although including a small number of 
patients, had male adolescents practicing 
performance sport or recreational sport activities. 
Compared with adult patients, in children and 
adolescence over 90% of patients can return to sport 
after knee injuries, even when the anterior cruciate 
ligament needs reconstruction [15,16].  
In 2019, Bauer et al. [17] reviewed the high-school 
athletes with knee injuries who underwent 
arthroscopic knee injuries. The authors noticed a 
lower rate for sport return after one year at the 
preinjury level for those undergoing anterior cruciate 
ligament reconstruction (n=225) in comparison to 
those with knee arthroscopy (n=74). The rates of 
return to play were lower in senior high school 
athletes compared to those within grades 9 and 11, 
for both anterior cruciate ligament reconstruction 
and knee arthroscopy. 
There are a lot of individuals that cannot return to 
play after knee injuries with anterior cruciate 
ligament reconstruction, due to recurrent injuries or 
osteoarthritis. Sepulveda et al. [16] showed that 81% 
individuals with anterior cruciate ligament 
reconstruction return to sport, 65% return to the 
preinjury level and 55% return to a competitive 
level. They identified a risk of 5.8% of homolateral 
retears and a rate of 11.8% of contralateral tear. 
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Between 20% and 50% of patients will develop knee 
osteoarthritis in the next 10-20 years. The surgery 
timing, individualized protocols of play return and 
injury prevention programmes are very important 
factors for reducing complications and for obtaining 
improved percentages of the return to play. 
Testing for the return to play after anterior cruciate 
ligament reconstruction represents an essential part 
of the rehabilitation programme. Sousa et al. [18] 
reported that patients with excellent results on 
isokinetic strength and functional testing at 6 months 
after anterior cruciate ligament reconstruction were 
at higher risk of contralateral anterior cruciate 
ligament injuries. In conclusion, the optimal return 
to play evaluation is very important for preventing 
further injuries. 
In the current study, the adolescent who practiced 
football (patient no 1) had the best functional results 
and return to competitive sport 3 months after 
surgery. 
Due to the skeletal and joint particularities in 
children, the pattern of the knee injuries is slightly 
different in comparison to adults. Therefore, the 
indication for surgical treatment and rehabilitation 
has some particularities [19]. 
Rehabilitation therapy is a crucial component in the 
management of anterior cruciate ligament injuries, 
with or without reconstruction. Rehabilitation 
programme should be individualized based on the 
type of injury and age, on the physiological and 
psychological maturity, as well as on balance and 
functional testing [20–22]. The level of expectation 
regarding the amount of time and information for 
performing physical therapy can also represent a 
factor in the assessment of the rehabilitation efficacy 
[23].  
There is evidence that early reconstruction after 
anterior cruciate ligament rupture is necessary; for 
other types of knee lesions, like meniscus tears or 
chondral fractures, there is yet no consensus 
regarding the benefits of the early surgical treatment 
[15,16,19,24]. In our series, the arthroscopies were 
made for demonstrated or suspicion of free 
intraarticular fragments after the initial injuries. 
After the extraction of these free intraarticular 
fragments, when demonstrated, and with appropriate 
medical and rehabilitation treatment the patients’ 
evolution was favourable. Therefore, we believe that 
a more conservative approach is in the benefit of this 
category of patients.  
Functional capacity represents an important 
parameter to be assessed in adolescents who are 

involved in sports activities. It can be diminished 
due to either musculoskeletal injuries or pulmonary 
involvement [25].  
Conclusions 
Arthroscopic surgery, followed by a tailored 
rehabilitation programme, is important in the 
management of adolescents with knee injuries. This 
has in view not only the return to sport competition, 
but also the maintenance of a proper knee 
functioning for future professional and recreational 
activities.  
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Abstract 
Introduction.People of all ages have always enjoyed the forest, due to the peaceful environment, mild climate, 
extremely beautiful landscapes, fresh air, pleasant flower and plant scents. Over the past years, a new medical science 
termed forest medicine has developed, as an interdisciplinary science belonging to the fields of alternative medicine, 
environmental medicine and preventive medicine, which comprises the effects of forest environments on human 
health. However, beyond its use for pleasure, there is increasing evidence suggesting that the forest can offer very 
many benefits for health, including in cardiovascular diseases.  Objectives.To bring to attention a less known and 
studied therapeutic issue, i.e. the effects of forest bathing on the human body, especially in cardiovascular diseases. 
Material and method.  Given the heterogeneous nature of the evidence in the literature, these findings should be put 
together in order to allow an adequate interpretation. Thus, we reviewed the observational clinical studies (on 
prospective cohorts, case-control studies, retrospective cohorts), the randomized controlled trials (RCT) and non-
randomized controlled trials in PubMed, over the past 20 years, until June 2020, focusing on the effects of the forest in 
cardiovascular diseases. The search terms included forest, forest bathing, cardiovascular effects, blood pressure, 
diabetes mellitus, coronary artery disease, stress, psychological effects.  Results and discussions.The results of the 
studies show that the benefits of the forest on the cardiovascular system are obvious regardless of age, sex, 
socioeconomic environment or previous exposure to a natural environment. Also, walking in the forest environment 
can promote cardiovascular relaxation by facilitating the parasympathetic nervous system and by suppressing the 
sympathetic nervous system. In addition, forest therapy can be effective in reducing negative psychological symptoms. 
The current literature supports the benefits of exposure to nature and green environments for human health, through 
the effects on: the immune system (increase of natural killer cells/cancer prevention); the cardiovascular system 
(hypertension/coronary artery disease); the respiratory system (allergies and respiratory diseases); depression and 
anxiety (mood disorders and stress); mental relaxation. Conclusions.The studies conducted show the cardiovascular 
benefits associated with continuous immersion in nature, but further research regarding this aspect is definitely 
required.  
 
 

Key words: forest, forest bathing, cardiovascular effects, blood pressure, forest walking, 
 
 

Introduction 
People of all ages have always enjoyed the forest, 
due to the peaceful environment, mild climate, 
extremely beautiful landscapes, fresh air, pleasant 
flower and plant scents. In Japan, starting with 2004, 
a lot of studies have been conducted to investigate 
the effects of forest environments on human health. 
Over the past years, a new medical science termed 
forest medicine has developed, as an 
interdisciplinary science belonging to the fields of 
alternative medicine, environmental medicine and 
preventive medicine, which comprises the effects of 
forest environments on human health (1).  
In Germany, for the first time in Europe, healing 
forests have been developed and cultivated in the 
Mecklenburg-Vorpommern area. Also, in 

Heringsdorf on the Baltic Sea coast, Germany has 
already created a first spa resort with forest bathing 
indications. Studies conducted in transcontinental 
Japan and China have evidenced a multitude of 
physiological and psychological benefits associated 
with the practice of Shinrin-Yoku (SY), known as 
forest bathing. SY is a traditional Japanese practice 
of immersion in nature through all five senses. In the 
1980’s, SY emerged in Japan as an essential 
component of preventive and curative medicine (1). 
The popularization of forest bathing in Japan 
through easy access to the forest environment and 
governmental recommendations resulted in a 
reduction of acute psychological disorders due to the 
time spent in green spaces (1). 
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Objectives.To bring to attention a less known and 
studied therapeutic issue, i.e. the effects of forest 
bathing on the human body, especially in 
cardiovascular diseases. 
Material and method. 
However, beyond its use for pleasure, there is 
increasing evidence suggesting that the forest can 
offer very many benefits for health. Over the past 
decade, a considerable number of findings from 
various countries regarding the potential benefits of 
the forest on health, as well as the possible 
biological mechanisms underlying these effects have 
been reported. Given the heterogeneous nature of the 
evidence in the literature, these findings should be 
put together in order to allow an adequate 
interpretation. Thus, we reviewed the observational 
clinical studies (on prospective cohorts, case-control 
studies, retrospective cohorts), the randomized 
controlled trials (RCT) and non-randomized 
controlled trials  
Search strategy. For our research, we used the 
PubMed database. We selected and evaluated all the 
articles resulting from a systematic search. The 
search was aimed at finding articles published over 
the past 20 years, from 2000 to 2020, using a certain 
key word combination. The search terms included 
forest, forest bathing, cardiovascular effects, blood 
pressure, diabetes mellitus, coronary artery disease, 
stress, psychological effects. 
Selection criteria. We used several inclusion criteria: 
a) articles written in English; b) studies of the effects 
of forest bathing on cardiovascular diseases; c) 
studies in which the forest was used as a 
complementary therapy. We also used exclusion 
criteria: a) articles reporting no data; b) studies 
conducted on animals; c) effects of the forest on 
stress and psychological effects. 
Data extraction. A screening of the titles found using 
the search strategy, without any difference in their 
findings, was performed. The articles relevant for 
the subject of the present study were selected using 
the inclusion and exclusion criteria. A total number 
of 21 articles were found. After the application of 
both inclusion and exclusion criteria, 8 articles were 
excluded because they were not relevant for our 
subject, presenting only effects on stress and 
psychological effects. The other 13 articles were 
analyzed and after being read, they were all taken 
into consideration for the current study. Some 
studies showed the use of forest bathing in certain 
cardiovascular diseases. 
 

Results and discussions 
Forest bathing can be considered a form of nature 
therapy. According to the model of Song, Ikei and 
Miyazaki (2), the concept of nature therapy clearly 
defines “a set of practices aimed at achieving 
“preventive medical effects” through exposure to 
natural stimuli that confer a state of physiological 
relaxation and improve the weakened immune 
functions to prevent diseases”. The conceptual 
model of nature therapy starts with a “state of stress” 
and then highlights the “restorative effects” of nature 
(forests, flowers, etc.) in which an improvement of 
“physiological relaxation” and “recovery of immune 
function” (with individual differences) is 
hypothesized. These responses to nature are 
subsequently incorporated in the model of evidence-
based medicine (EBM), leading to the “preventive 
medical effect” (2). 
Studies over the past 10 years regarding the effects 
of the forest on the cardiovascular system and the 
autonomic nervous system (ANS) started with basic 
cardiac monitoring, then involved the correlation of 
the monitored cardiac parameters with the 
parasympathetic  nervous system (PNS), the 
sympathetic nervous system (SNS), and 
subsequently, more extensive studies on the effects 
of SY on specific pathological conditions: arterial 
hypertension (HTN), coronary artery disease (CAD), 
and chronic obstructive pulmonary disease (COPD) 
(1). 
  The aim of a study (3) was to examine the 
physiological effects of forests on autonomic 
nervous activity. Twelve male students (21.8 ± 0.8 
years) were included in the study; six subjects were 
sent to a forest area and the other six, to an urban 
area. The heart rate variability (HRV), blood 
pressure and pulse rate were measured as 
physiological indices. The results showed that the 
pulse rate and diastolic blood pressure were 
significantly lower in subjects in the forest area 
compared to those in the urban area, the forest 
allowing effective relaxation of the humans (3). 
According to another study (4), 625 Japanese men 
from 57 forest locations and 57 urban locations in 
Japan had an 80% increase in the parasympathetic 
indicators of HRV in the case of forest locations, 
demonstrating in this way that the forest was more 
effective in reducing stress indicators than the urban 
environment. Blood pressure and PR also decreased 
in the forest environment compared to the urban 
environment (4). 
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It is considered that the evolution of information 
technology causes great stress to modern people, and 
controlling this stress can become an important 
problem. The aim of a study was to examine the 
psychological and physiological benefits of the 
interaction with indoor plants. The study subjects 
were 24 young male adults aged 24.9 ± 2.1 years. 
The first group (12 subjects) performed indoor plant 
gardening tasks, while the second group (12 
subjects) performed a computer task. Psychological 
evaluation was carried out using the semantic 
differential method (SDM), and physiological 
evaluation was based on heart rate variability and 
blood pressure. The results of the study suggested 
that active interaction with indoor plants can reduce 
physiological and psychological stress compared to 
mental work. This occurs by suppression of the 
sympathetic nervous system activity and diastolic 
blood pressure, and promotion of comfortable, calm 
and natural feelings (5). 
The study of Tsunetsugu et al. (6), conducted in 12 
male students aged between 21 and 23 years (mean 
+/- SD: 22.0 +/- 1.0 years), investigated the 
physiological effects of “Shinrin-yoku” by assessing 
blood pressure, pulse, heart rate variability (HRV), 
salivary cortisol concentration and salivary 
immunoglobulin A. Subjective feelings of being 
“comfortable”, “calm” and “refreshed” were also 
evaluated by a questionnaire. The results showed 
that in the forest area compared to the urban area, 
blood pressure and pulse rate were significantly 
lower, and salivary cortisol concentration was 
significantly decreased. These physiological 
responses suggest that sympathetic nervous system 
activity was suppressed and that parasympathetic 
nervous system activity was improved in the forest 
area, and also, that “Shinrin-yoku” reduced the stress 
level. Based on subjective evaluation, the 
“comfortable”, “calm” and “refreshing” feelings 
were significantly greater in the forest area (6). Also, 
a study on 17 women aged over 40 years conducted 
by Ochiai et al. (7) found a global reduction of heart 
rate (HR) after a one-day forest therapy program. 
These studies demonstrate cardiovascular benefits 
for both sexes. Kardan et al. (8) performed a 
correlation analysis of the data acquired by the 
Canadian Ontario Health Study. The high-resolution 
satellite images showed that residents in areas with a 
higher tree density suffer from fewer 
cardiometabolic diseases than residents in areas with 
fewer trees (8). The benefits of SY on the 
cardiovascular system are obvious regardless of age, 

sex, socioeconomic environment or previous 
exposure to a natural environment (1).  
  A significant number of studies have evidenced the 
effects of SY and nature therapy (NY) on specific 
pathological conditions, including HTN, CAD, 
COPD and type 2 diabetes mellitus (DMII). The 
study carried out by Mao et al. (9) aimed to provide 
scientific evidence supporting the efficacy of forest 
bathing as a natural therapy for arterial hypertension. 
Thus, 24 elderly patients diagnosed with essential 
hypertension were randomized to two groups of 12 
patients. A group was sent to a forest to experience a 
7 day/7 night trip, and the other group was sent to a 
city in the Hangzhou area for control. Blood 
pressure indicators, pathological factors related to 
cardiovascular diseases, including endothelin-1, 
homocysteine, renin, angiotensinogen, angiotensin 
II, angiotensin II type 1 receptor, angiotensin II type 
2 receptor, as well as the inflammatory cytokines 
interleukin-6 and tumor necrosis α were measured. 
The results of the study showed that subjects 
exposed to the forest environment had a significant 
reduction of blood pressure compared to the urban 
group; the bioindicator values of the subjects 
exposed to the forest environment were also lower 
than those of the subjects in the urban control group 
and their baseline levels (9).  
  In order to test the hypothesis that walking in a 
park has a greater positive effect on the 
hemodynamic parameters of patients with coronary 
artery disease (CAD) than walking in an urban 
environment, a study on 20 stable patients with CAD 
was conducted. These were randomized to two 
groups: 30 minutes of walking for 7 consecutive 
days in a city park or on a busy street. The Wilcoxon 
signed test was used to study the short-term changes 
(30 min) and cumulative changes (after 7 
consecutive days of exposure) in hemodynamic 
parameters at rest in different environments. It was 
concluded that walking in a park had a greater 
positive effect on the cardiac function of patients 
with CAD than walking in an urban environment, 
which suggests that cardiac rehabilitation by 
walking in green areas following coronary events 
should be encouraged (10).  
Another study (11) determined the effects of forest 
bathing on elderly patients with chronic obstructive 
pulmonary disease (COPD), through a reduction of 
inflammation and stress hormones. The patients 
were randomized to two groups. One group was sent 
to the forest and the other one was sent to a control 
urban area.  
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Flow cytometry and stress hormones were evaluated. 
In the forest group, a significant decrease in perforin 
and granzyme B expression was found, accompanied 
by a reduction of proinflammatory cytokines and 
stress hormones. 
In a longitudinal study including 48 adults diagnosed 
with DMII, it was found that blood glucose values 
decreased after multiple SY sessions, indicating a 
significant correlation between SY and the reduction 
of blood glucose levels (1, 12). In another study, 48 
participants, 16 men and 32 women, with a mean 
age of 66.8 years, diagnosed with DMII, walked 3 to 
6 km nine times a week over a period of 6 years.  
There were no statistically significant differences in 
the glucose levels or the HbA1c levels of the 
subjects between the shorter and longer walks. 
However, the mean blood glucose levels in both 
groups before and after the forest walks decreased 
by 79 ± 10 mg/dL and 76 ± 7 mg/dL respectively 
(1,13). 
Despite the increasing attention paid to forest 
therapy as an alternative therapy, there is very little 
evidence of its therapeutic effects. Consequently, a 
study focused on clarifying the health benefits of 
forest walking regarding cardiovascular reactivity. 
Forty-eight young adult men participated in the 
study for two days. Heart rate variability (HRV) was 
measured to investigate physiological reactivity to 
walking as an indicator of autonomic nervous 
activity. Based on the frequency analysis of the RR 
interval, high frequency (HF) data were used as an 
indicator of parasympathetic nervous activity, and 
the low frequency/high frequency (LF/HF) ratio was 
used as an indicator of sympathetic nervous activity. 
Heart rate was also investigated using R-R interval 
data. HRV and cardiac rhythm were continuously 
recorded during walking. Statistical analysis showed 
the fact that forest walking significantly increased ln 
(HF) values and significantly decreased ln (LF/HF) 
values compared to urban walking. Heart rate during 
forest walking was significantly lower than in the 
control group. The conclusion of the study was that 
forest walking can promote cardiovascular 
relaxation by facilitating the parasympathetic 
nervous system and suppressing the sympathetic 
nervous system. In addition, forest therapy can be 
effective in reducing negative psychological 
symptoms (1). 
The current literature supports the benefits of 
exposure to nature and green environments for 
human health, through the effects on: the immune 
system (increase of natural killer cells/cancer 

prevention); the cardiovascular system 
(hypertension/coronary artery disease); the 
respiratory system (allergies and respiratory 
diseases); depression and anxiety (mood disorders 
and stress); mental relaxation. Nature therapy as a 
health promotion method and a universal health 
model is involved in reducing the “state of stress” 
and “technostress” of our days (1). Western 
researchers are invited to conduct empirical studies 
regarding the therapeutic benefits associated with 
forest bathing and health care service 
providers/students are encouraged to take into 
consideration its practice to reduce stress and 
potential disconnection (1). 
   In Romanian spa resorts, climate therapy is 
indicated in the form of: heliotherapy by exposure of 
the body to solar radiation (infrared and ultraviolet 
radiation) for prophylactic and/or therapeutic 
purposes; aerotherapy by partial or total outdoor 
exposure without solar radiation (in the shade or 
during hours/days without sun); walking, which is a 
form of movement therapy, associated with 
aerotherapy. For walking, standardized routes are 
established regarding the length, the level difference, 
the slopes included, the walking pace, depending on 
the disease. The walking routes are marked, placed 
in forest areas with attractive landscape elements 
(14,15,16). The natural therapeutic factors consisting 
of carbonated mineral water baths, mofettes, climate 
therapy, through forest walking along with medical 
physical culture, indicated in the rehabilitation of 
post-stroke patients, had a beneficial effect on 
clinical and functional symptoms, improving the 
quality of walking and balance, functionality in a 
patient who suffered a stroke five years before and 
was followed up for three years, during participation 
in an annual medical rehabilitation program. The 
rehabilitation treatment including walking improves 
quality of life in post-stroke survivors (16,17), as 
well as in patients with chronic obliterative 
arteriopathy (18). 
 
Conclusions 
The studies conducted show the benefits associated 
with continuous immersion in nature on some 
cardiovascular diseases, but this aspect definitely 
requires further research. Global studies are needed 
in order to provide new evidence of the relationship 
between the forest – forest bathing – and clinical 
therapeutic effects. 
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Abstract 
Pubalgic syndrome is a growing disease with an incidence of 10% -13% of all injuries suffered during a competitive year in 2011. 
Once installed, it has negative repercussions on the spatial-temporal parameters, eliminating them from the competitive activity 
and implicitly having a negative effect on the socio-economic situation of the athlete, but also on the capital of the club where he 
operates. The study was conducted on a batch of football players affected by the pubalgic syndrome (pubis osteitis). All study 
participants were evaluated both initially and finally. Between the two evaluations, they benefited from a kinetic treatment 
protocol. At the end of the initial evaluation, the data obtained were compared and processed using statistical programs. Both in 
comparison of the results and their processing with the help of the statistical programs showed that the treatment protocol had 
positive effects on the symptomatology generated by the pubalgic syndrome, but also to the socio-economic situation of the 
athlete. 
Key words: pubalgic syndrome, football game, recovery protocol, spatial-temporal parameters, 
 
Introduction 
The soccer game has undergone major changes over 
the past decade, both economically and in terms of 
player performance. Increased performance was 
induced by club owners, coaches, trainers etc. using 
different techniques and approaches (1, 2, 3, 4). The 
methods used, along with club owner requirements, 
have increased the number of training for athletes. 
The increased number of training has also decreased 
the time for recovery. A decrease in recovery time 
leads to an increased stress on the myo-arthro-
kinetic chain, which promotes the development of 
pathologies. The most complex and difficult 
pathology seen in football players is pubalgic 
syndrome (pubis osteitis) (5). Pubalgic syndrome is 
a noninfectious inflammation that affects the 
anatomical structures with the insertion point at the 
level of the pubic branch (6, 7, 8). Pubalgic 
syndrome accounted for 10-13% of the total number 
of illnesses recorded in football players in 2011 (8). 
Once the pubalgia has been installed, it has a 
negative effect on perceiving and fitting the patient's 
spatial-temporal parameters, exponentially affecting 
sports performance. In order to assess athletes' 
behavior in terms of both performance gains and 
rehabilitation following injury or surgery, 
parameters spatial-temporal (9, 10, 11, 12, 13). 

Affecting the spatial-temporal parameters also 
automatically leads to a decrease in football co-
ordination capacity (14). Leporace G. mentions that 
the return of athletes to the competitive activity must 
be made when the clinical test parameters reach 
values very close to normal (9). Starting from the 
hypothesis that if we use one treatment based on 
kinetic means on pubalgic syndrome at soccer 
players, for a period of 6 weeks, there is an 
improvement of spatial-temporal parameters. We 
aimed at highlighting the effects of using kinetic 
means in the treatment of pubalgic syndrome. As 
objectives, we pursued a theoretical research to 
know the concepts in this direction and to organize 
an experimental research by which we check the 
hypotheses and highlight the fulfillment of the goal. 
Materials and methods 
The research was conducted at SC Pro Life Clinics 
SRL, Iaşi, between April 15 2018 - march 25 2019. 
To carry out the research we chose a group of 6 
patients, football players with pubalgic syndrome 
(pubis osteitis). They were selected on the basis of 
the following criteria: diagnosed by the 
rheumatologist with pubalgic syndrome (pubis 
osteitis), male, aged 20-30 years, weight 60-95 kg, 
height 175-195 cm, the size of the planting vault 
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ranging from 22.5 to 28.5 cm with a minimum of 5 
years of sports performance (football game). 
The selected subjects (in this case patients) were 
evaluated both initially and ultimately with the BTS 
G-Sensor and BTS G-Studio software. With the help 
of the device and the software it was possible to 
perform an analysis of the spatial-temporal 
parameters such as the pivot phase support phase 
(steps 2 and 3 of the walk), the simple step distance 
(for the left foot and the right foot), the step length 
simple (for left and right leg), cadence of the steps 
and speed of movement of the individual. 
Between the two evaluations (initial and final), the 
patients benefited from a kinetotherapeutic treatment 
consisting of: massage techniques: smoothing, 
friction and vibration, pelvic muscle elasticizing 
techniques, static and dynamic stretching of the 
adduction muscles, proprioceptive neuromuscular 
facilitation techniques: opposing relaxation (agonist) 
(14). The protocol of therapeutic intervention was 
applied for a period of 6 weeks (30 days). Each 
treatment session lasted between 50 and 70 minutes. 
The dosing of each treatment session was based on: 
muscle mass of each patient, tissue liability to 
therapies performed by the therapist, pain 
experienced by the patient, general condition of the 
patient, etc. (16). 
All the results obtained at the initial and final 
evaluation were staggered, statistically processed 
using the IMB SPSS Statistical Version 25 statistical 
program, analyzed and compared. The analysis was 
also made by comparison with the reference value 
provided by the software program.  
Statistical processing was performed using the t test 
for two independent samples. The t test for 2 
independent samples requires 3 essential conditions: 
comparison of the two groups; the two groups are 
independent (there is no connection between the data 
input order for the subjects in a group and the input 
of the data from the other group); the variable 
(dependent) to be compared to be expressed 
numerically (measured by the scale interval or 
scale). SPSS always calculates the significance 
threshold for a bilateral hypothesis. From the 

perspective of the size of the effect, it is important to 
know the type of hypothesis formulated to assign the 
magnitude of the effect size 
Statistical processing focused on the null hypothesis 
(Ho). The result provided by this is a p number that 
is interpreted as follows: p> 0.05 is not rejected Ho, 
the difference is insignificant at the significance 
threshold of 95%, p <0.05 rejects Ho with the 
significance threshold of 95 % (at least two averages 
differ significantly), p <0.01 rejects Ho with the 
significance threshold of 99% (at least two averages 
differs significantly) and p <0.001 rejects Ho with 
the significance threshold of 95% (at least two 
mediums differ significantly). 
The research methods were: the bibliographic study, 
the method of pedagogical observation, the method 
of measurement and evaluation, the case study 
method, the statistical-mathematical method and the 
graphical method. It would be good to present the 
calculated statistical indicators and their 
significance. 
Results 
Table 1 shows the values obtained in the initial and 
final evaluation by the football players, but also the 
reference value indicated by the BTS G-Studio 
Software. It can be seen how the values obtained in 
the initial evaluation change positively, migrating to 
the reference value offered by the BTS G-Studio 
program. The statistical processing of the described 
statistical parameters indicates the recovery mode 
following the kinetotherapeutic treatment and the 
evolution of these parameters be along the indicated 
and followed schedule. 
Thus, in figure 1 is represented phase of pendulum - 
initial evaluation, both in the left and right legs. 
There is an asymmetry in the right foot, statistically 
highlighted by the Skewness coefficient indicating a 
value of 1.479 for the right foot and 0.903 
respectively. The Skewness coefficient asymmetry is 
positive for both the right foot and the left leg, but a 
plateau value for values greater than 38%. The 
coefficient Kurtosis differs, having a value of -1.374 
for the left foot indicating a platykurtic distribution 
and a positive value for the right foot of 2.559, 
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indicating a leptokurtic distribution. This shows how 
the left foot value range is more dispersed than the 
value beach around the right foot mean. Previous 
statistical interpretation demonstrates the patient's 
tendency to move the weight of the segment onto the 
healthy lower limb, thus protecting the affected 
inferior limb. 

 
Figure 1.  Phase of pendulum – left foot/ right foot – initial. 

For a final evaluation of the comparative pendulum 
phase after kintotherapeutic treatment, we observe a 
value of the Skewness coefficient for the left foot of 
-1.294 and the right foot of -0.573 respectively, with 
a negative asymmetry and with a higher incidence 
for a higher frequency of 38% specific to prolonged 
effort. The coefficient Kurtosis also changed, 
showing a value of 0.259 for the left foot and a value 
of -0.756 for the right foot. This indicates that a 
leptokurtic distribution, left foot and a platykurtic 
distribution for the right foot. This suggests that 
switching to an increased sporting effort can cause 
major changes to the pacing phase by increasing the 
spatial-temporal parameters such as the rhythm of 
the steps, the speed of movement, the distance of the 
step. 
Table 2 shows in the initial assessment a higher 
pressure on the left foot where the value was -2.1, 
and following therapeutic intervention, the pressure 
at this level has a normalization trend indicating a 
value of -1.45 for the left foot, which is translates 
into a standard deviation of the step length of 2.213 
compared to 0.403 of what rating. This demonstrates 
how the patient was trying to protect his affected 
inferior limb, stepping further with his inferior 
healthy limb.  

 
Figure 2.  Phase of pendulum – left foot/ right foot – final. 

Comparing the results in table 2, graphically 
represented in figure 1 and figure 2, as well as the 
values indicated by them, we can see how the 
difference in the Skewness coefficient is 2.197 for 
the left foot and 2.052 for the right foot in the final 
evaluation following the treatment protocol. This 
emphasizes that observing and running the treatment 
protocol altered the value of the Skewness 
coefficient from a positive asymmetry, in a negative 
asymmetry, indicating the location of the values to 
the left of the mean, which is the result of the 
decrease in the duration of the penetration step.  
The T-value comparison test shows a value of -0.949 
in the initial phase and -3.597 in the final phase, 
respectively. The test evaluation is statistically 
significant and certifies the patient's tendency is to 
protect the affected foot as well as move the weight 
of the body to the healthy leg. The proposed 
kinetoterapeutical treatment improves on the 
patient's tendency to protect the affected leg by 
moving the body weight to the healthy leg that is 
also pointed out by the Sig value. (2-tailed) of 0.016 
interdependence of the variables obtained in the final 
phase of evaluation of the batch of patients. 
The same statistical calculations were performed for 
step distance (m) both for the parameters obtained in 
the initial assessment and the final evaluation. In 
figure 3 is the data obtained by the patients initially 
for both left and right legs. From Figure 3 we can 
deduce the Skewness coefficient for the left foot 
with a value of -0.403, and for the right foot a value 
of -0.462 indicating a negative asymmetry. The 
coefficient Kurtosis is shown in figure 3 with a 
statistical value of -1.701 on the left foot and a value 
of -2.076 for the right foot. 
This indicates a platykurtic distribution for both the 
left foot and right foot, presenting a left foot value 
plate around the 10th frequency. 

 
Figure 3. Step distance – left/ right – initial. 
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In figure 4 we provide data on the final step distance 
evaluation and we can see how the Skewness 
coefficient for the left foot indicates a value of 1.722 
and for the right foot 1.655, indicating a positive 
asymmetry for both legs. The coefficient Kurtosis 
also changed, showing a value of 3.278 for the left 
foot and a value of 2.968 for the right foot. This 
indicates that the leptokurtic distribution is present 
for both the right foot and the left foot, with a much 
higher left foot frequency in the 1.20-1.40 m range, 
which demonstrates the more frequent use tendency 
of healthy leg. 
It should be noted that both the statistical processing 
of the pendulum phase and the step distance (initial 
and final) Std Skewness Error was maintained at 
0.845 and Std Kurtosis Error at 1.741. 

 
Figure 4. Step distance – left/ right – final. 

Comparing the two figures, figure 3 and figure 4, as 
well as the values indicated by them, we can see 
how the difference in the Skewness coefficient is 
2.125 for the left foot and 2.117 for the right foot 
following the treatment protocol. This shows how 
the treatment protocol changed the Skewness 
coefficient if the values are at the right of the 
average increasing the step distance. This, together 
with the decrease of the time of pendulum, led to the 
increase of the spatial-temporal parameters and their 
bringing into normal values. 
The T-test comparing the average values of the step 
length indicates a value of -0.542 in the initial phase 
and -0.466 respectively in the final phase. The 
application of the test is statistically significant and 
certifies that the step length is closely correlated 
with the pivotal phase and the improvement of the 
spatial-temporal parameters is directly proportional 
to the pivotal phase, as evidenced by the minor 
changes in the average values of the step length in 
the two stages: initial and final. 
 
 

Conclusion 
Pubalgic syndrome has negative effects on the 
spatial-temporal parameters affecting the patient 
both physically, mentally and economically. These 
negative effects are reflected in the overload of the 
mio-arthro-kinetic chain by loading the lower 
inferior limb, thus protecting the affected limb. 
The treatment protocol presented and performed in 
the present paper had positive effects, bringing a 
positive contribution to the spatial-temporal 
parameters, bringing it near or to the reference 
value. In this direction we can say that the 
hypothesis that if we use at athletes affected with the 
pubalgic syndrome, a treatment based on kinetic 
means, a period of 6 weeks, an improvement of the 
spatial-temporal parameters, has been confirmed. 
The effects of the proposed treatment have led to a 
balanced loading of body weight on both inferior 
limbs, thus reducing the over-stress of the myo-
arthro-kinetic chain of the healthy limb confirming 
the scope of the above-mentioned research. 
Statistical programs helped us to interpret the results 
and present them in the form of charts to help the 
reader understand the study.  
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Table 1. Spatio-temporal parameters obtained at the initial and final evaluation. 

P Support phase (%) 
Phase of pendulum 

(walking) % Step distance (m) Step length (%) 
Stage of steps 

(steps / min) 
Speed 
(ms) 

 L.i.e L.f.e R.i.e R.f.e L.i.e L.f.e R.i.e R.f.e L.i.e L.f.e R.i.e R.f.e L.i.e L.f.e R.i.e R.f.e i.e f.e i.e f.e 
1 63,3 64,5 60,2 62,8 36,7 35,5 39,8 37,2 1,24 1,35 1,27 1,36 55,7 53,8 44,3 46,2 92,9 101,8 0,95 1,14 
2 58,1 61,6 64,9 59,9 41,9 38,4 35,1 40,1 1,3 1,29 1,29 1,29 47,5 47,6 52,5 52,4 90,9 103,7 0,97 1,11 
3 61,9 61,9 63 60 38,1 38,1 37 40 1,1 1,27 1,1 1,28 47,5 50,2 52,5 49,8 94,1 114,3 0,86 1,21 
4 56,6 61,9 58,3 61,8 43,4 38,1 51,7 38,2 1,27 1,22 1,26 1,2 51,2 48,5 48,8 51,5 115,6 109,7 1,19 1,11 
5 63,7 61,8 57,4 61,3 36,3 38,2 42,6 38,7 1,06 1,19 1,07 1,22 51,7 49,9 48,3 50,1 98 103,9 0,84 1,05 
6 63,2 63,4 60,7 60,4 36,5 36,6 39,3 39,4 1,18 1,6 1,18 1,59 46,1 47 53,9 53 98,5 104,9 0,96 1,41 

R 57-61 38.5–43.6 1.16-1.30 49.3–50.7 111 -126.6 
1.12-
1.34 

Legend: P. – pacients, L.i.e – left initial evaluation, L.f.e – left final evaluation, R.i.e – right initial 
evaluation, R.f.e – right final evaluation, i.e – initial evaluation, f.e – final evaluation, R. – normal values. 

 
Tablel 2. Testul T – Phase of pendulum – initial / final. 

 
T - test  

Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference t df 
Sig. (2-
tailed) 

Lower Upper 

Initial 

Phase of pendulum 
left(walking) % - 

Phase of pendulum 
right(walking) % 

-2,1 5,422 2,213 -7,790 3,590 -.949 5 .386 

Final 

Phase of pendulum 
left(walking) % - 

Phase of pendulum 
right(walking) % 

-1,45 0,987 0,403 -2,486 -0,413 -3.597 5 .016 

 
Table 3. Testul T – Step distance – initial/ final. 

 
 

T - test  

Mean 
Std. 

Deviation 
Std. Error 

Mean 

95% Confidence 
Interval of the 

Difference t df 
Sig. (2-
tailed) 

Lower Upper 

Initial 

Step distance 
left (m) - Step 
distance right 

(m) 

-0,003 0,0150 0,006 -0,019 0,012 -.542 5 .611 

Final 

Step distance 
left (m) - Step 
distance right 

(m) 

-0,003 0,0175 0,007 -0,021 0,015 -.466 5 .661 
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Abstract 
The presence of Sulphur in human body is estimated to be around .25 percent from total body weight. The modern therapy 
includes among others the usage of Sulphur us spring waters as crenotherapy or external use like - therapeutic and preventive 
treatment for a large category of diseases. High levels of hydrogen sulphide are extremely toxic and as result the model of 
absorption of Sulphur could be useful as predictor in a daily treatment during a cure with sulphurous mineral water.  
This quantity of chemical elements from a specific diet rich in these elements absorbed in human organism is one of the most 
important characteristics of a benefic cure in medical diseases. The most studied mechanisms of absorption were studied for Zinc, 
Magnesium, Iron and Calcium. The most common way to develop a mathematical model is to use the pharmacokinetic equations 
based on Michaelis-Menten approach (first order model) and to develop it thereafter for quantitative relations. In some cases, only 
experimental data can exists and the pharmacokinetic model is not completely elucidated or a simplified model doesn’t exist yet. 
A model based on genetic programming is proposed in order to discover a mathematical relationship between dietary sulphate 
(mmol/day) and total sulphate in ileostomy fluid (mmol/day) using experimental data published in literature.  
The set of terminals that are used in genetic programing – GP (using Polish notation) is reduced to basic operation (sum, 
difference, multiplication and division) along with the most plausible operations that could have physical meaning: rooted square, 
exponential and power. The formulas discovered by GP using experimental proved a good fit of data with discovered 
mathematical formula, e.g. the rooted mean square error below 1.5% and R2 ≈ 94.36%.  
Mathematical formulas discovered by genetic programming can be used as an alternative to pharmacokinetic model in order to 
predict sulphate and sulphite absorption and excretion. The usage of this method is especially efficient when the mechanism of 
absorption in not elucidated enough to provide a compartmental model given by a set of equations. A correlation with 
pharmacokinetic equations in the case that these exist will help the improvement of terminals and alphabet used by genetic 
programming in order to have a model closer to one that have a physical meaning.  

 
Key words: Sulphur absorption, sulphurous mineral water, mathematical model, genetic programming, 
 
Introduction
Several minerals that are necessary for existence of 
life are present in diet in various amounts (the 7 
elements are: Ca, P, Mg, Na, K, Cl, and S). Several 
other elements, micro minerals (or trace minerals) 
are required in much smaller amounts (milligrams to 
micrograms each day) for existence of life (1). The 
most abundant mineral element in the human body is 
calcium, phosphorus and sulfur, in this order. The 
most studied mechanisms of absorption along with 
mathematic models were studied for Zinc, 
Magnesium, Iron and Calcium. Human intestinal 
absorption and skin absorption mathematical models 
that are proposed in literature are verified by 
experimental data and its represent an approximation 
of chemical or physical phenomenon (2). High 
levels of hydrogen sulphide are extremely toxic and 
as result a model of absorption of sulphur could be 
useful for prediction in a daily treatment for a cure 
with sulphurous mineral water. The sulphur is 

available in our usually diets, derived almost only 
from proteins but also from 2 of the 20 amino acids 
that present sulphur in their composition (3). 
Sulphurous mineral waters are traditionally used for 
respiratory, skin, and musculoskeletal disorders, but 
more recently, the beneficial effects proved to be on 
the other disorders (arterial hypertension pulmonary, 
atherosclerosis, ischemia-reperfusion injury, peptic 
ulcer, heart failure, and acute/ chronic inflammatory 
diseases (4,5,6,7). The sulphur (in the form of 
hydrogen sulphide) is the main responsible for 
effects of mineral waters, sulphurous mud, or plods 
that are made using sulphurous mineral water (4, 8). 
Experiments with baths with mineral water proved 
that the useful minerals from water can be absorbed 
by the skin. In an experiment using human skin at 
98.6°F, the authors of (9) found that sulfates pass 
fast the skin barrier, meanwhile magnesium did not. 
Even the propagation of transdermal magnesium is 
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scientifically unsupported (10); the transdermal 
percutaneous models for other mineral can be used 
in order to evaluate the accumulation of mineral and 
to develop a treatment schema based on time slicing. 
 
Materials and methods 
The method used in this paper is (10). The equation 
of evolution of the apical iron uptake as function of 
time and initial parameters from (10) is computed 
using Genetic Programming (GP) (11). GP is a 
branch of evolutionary algorithms (EA), which have 
a number of applications to optimization problems 
that mimics Darwin's evolutionary theory. The basic 
operations in GP are similar to GA (Genetic 
Algorithms): selection (in most of situation the elitist 
selection), crossover and mutation. Different from 
GA, in GP all the operations are made using 
chromosomes in that are functions (representation of 
mathematical formulas as trees in reverse Polish 
notation), figure 1. 
 
 

 
 

Figure 1. A simple formula in GP. 
The crossover and mutation operate in the manner as 
genetic algorithms (GA) but using the sub trees, 
figure 2 and 3. The main steps in GP are: generation 
of population, evaluation of each individual, 
selection, crossover, mutation, and generation of a 
new population. A first population of individuals is 
created using a random generator (usually uniform 
distribution). The common values are between 50-
500 individual. The algorithm used fixed population 
in GP, but in GA, there are algorithms for variable 
size of population during generations. 

 
Figure 2. The crossover (single point cut) in GP. 

 
Figure 3. Mutation operator in GP. 

Each individual from population is evaluated 
according to fitness function. The fitness function 
can be defined according to different criteria, and 
one of the most common measure is the RMS 
(Rooted Mean Square Error) among the 
experimental data and the values given by model 
represent by obtained function using GP. Using the 
fitness function, the selection operator selects the 
pairs of individuals (according to selection 
mechanism: roulette, tournament, stochastic 
sampling, etc.) in order to apply the crossover 
operator to create new individuals. The less 
performing individuals are discarded and the best 
individuals are grouped in a new generation. 
Mutations are performed in order to prevent the 
premature convergence and elitism disadvantages. 
The population is evaluated again and the loop 
continues until stop conditions are fulfilled. The stop 
condition can be a predefined number of iterations 
or a number of steps (usually 50-100 generation) 
that cannot produce an improvement of fitness for 
the best individual from population. 
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Results 
 The experimental data from paper (12) are used 
in construct an analytical model using GP.  
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Figure  4. Mean urinary excretion of sulphate and net 

intestinal sulphate absorption in dietary sulfate experiment 
(from (11)). 

In figure 4 is presented Mean urinary excretion of 
sulphate and net intestinal sulphate absorption 
(dietary - total ileal sulphate) v dietary sulphate in 
the ileostomies. Mean urinary excretion of sulphate 
is correlated with intestinal absorption according to 
(11,12). The scope is to find out a mathematical 
relation (function) y = f(x), as in figure 5. 

 
Figure 5. The mathematical relation that must be found using 

GP. 
The Parameters Values/criterion, used in GP 
algorithm is: 
• population size 200 
• number of generations 60  
• recombination probability 0.9 
• mutation probability 0.1  
• elitism selection : keep the best  
• function set cos(), sin(), +, −, *, /, ab, sqrt, exp() 
• terminals set, random value between 1 and +10 
• initial population Ramped-Half-and-Half 
• tree depth limit 16 
• selection method Tournament  
• fitness function Root Mean Square Error 
(RMSE). 
In the further experiments, a more generalization 
error, given by the Jackknife Mean Squared Error 
(MSEJK), at the end of the process will be used. In 
order to find out the function f(x), the GPTIPS 2.0 
toolbox for Matlab was used (13, 14,15,16). Best 
fitness achieved, RMSE=0.05723, a very good result 
(figure 6 and figure 7). 
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Figure 6. The fitness evolution during generations until stop 

conditions for urinary excretion 
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Figure 7. The fitting experimental date vs model and the RMS 

plot for all the points from experimental data from (10), 
urinary excretion. 

A special mention must be done for stop condition 
(16, 17). There are few available options but the 
most used are: the reach of a predefined number of 
iterations, the reach of maxim error criterion, and the 
maximum depth of the tree (in GP case). The criteria 
fit R2 is given in figure 8. The generated tree used 
for formula extraction is given in figure 9.  
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Figure 8. The R2 criteria for training case and testing case for 

data (urinary excretion according to (11)) 
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Figure 9. Tree discovered by GP used in construction of 

equation thhat are used along with constants thta join the two 
trees in multigene approach (1) 

The formula extracted from tree (Polish notation) for 
y = f(x) is:  

y= f(t)=0.574.⋅sin(t2)+1.622⋅ecos(t)+ 
5.9907⋅t1/2+14.09. 

(1) 

In a similar manner, the formula for sulphate 
excretion is given by (RMSE = 0.0030371): 

y=g(t)=(t-7.876)⋅(2⋅x+sin(t))⋅0.01735- 
1.874⋅sin(t-7.72)+2.535. 

(2) 

The RMSE and R2 for net absorption is given in 
figure 10. There are another interesting application 
(3), urinary excretion of sulfates and creatinine 
during consumption of a standard diet, over a period 
of 48 hours.  

y=sin(sin(t)-t+0.0198)⋅0.0346- 
cos(4.792⋅t2)⋅0.1144-0.1144⋅t1/2+ 
 ((t-6.5527⋅cos(t1/2))1/2+0.8953. 

(3) 

The graphic from (3) is presented in figure 11. The 
formula found it after 25 restarted initial populations 
is (best fitness RMSE = 0.062431) is given in 
equation (3). 
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Figure 10. RMSE and R2 for net absorption 
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Figure 11. RMSE and R2 for experimental data from (3) 

It is known that the convergence solution of 
evolutionary algorithms including GP can depend on 
initial populations. In order to overcome this 
shortcoming, this usually solution is to restart many 
times the algorithm with random populations. In this 
paper, for all the applications, a maximum number 
of 25 restarts proved to be enough for a satisfactory 
solution. 
Conclusion 
The relations obtained by GP in most of the cases 
are not connected with equations of the real world. 
The mathematical formulas that approximate a curve 
can expressed in many different analytical forms that 
have all good results in approximation.  
The accuracy of the model depends of the number of 
samples collected from experimental data (for 
statistical significance, the number of samples must 
be greater than 31, a known results from statistical 
theory). In particularly case, the formulas given by 
GP can be used for prediction of sulphate absorption 
and it can be useful in evaluation of the cure with 
mineral sulphurous water. In the further 
applications, a dive in models using GP will be used 
that is, the selection of function will be made using a 
statistical analysis of credibility related to physical 
phenomena. 
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Abstract 
In case of oncological disease there is a deterioration of patients’ quality of life as such of its characteristics as physiological, 
psychological, emotional and social decrease. These problems are especially worsened by additional threats of social life. Today, 
such a challenge to the health of all mankind, and especially cancer patients, is the global pandemic caused by the spread of 
coronavirus disease COVID-19. Fear of death and loss of loved ones, isolation, economic shock and uncertainty about the future – 
all this certainly affects the quality of life, especially for patients after mastectomy, because they were already in emotional and 
physiological stress.  The problem of determining the patients’ quality of life after mastectomy and correcting the nature of the 
personal reaction to the disease in the coronavirus pandemic is an integral part of the physical rehabilitation programme. 
The objective of the study: to assess the quality of life and effectiveness of physical rehabilitation programmes of women after 
mastectomy in the conditions of pandemic COVID-19. 
Research methods. The study involved 36 women aged from 42-69, who underwent radical mastectomy and were receiving 
adjuvant treatment at the Kherson Regional Oncological Center. To restore their health, the patients passed an author's programme 
of physical therapy for people after radical mastectomy. The methodology of building the author's programme was based on 
continuity, phasing and its implementation both in the mammology department and at home. The quality of life parameters and the 
volume indicators of mobility of the joints of the upper extremity were evaluated by the operated part before the application of 
physical therapy methods (early hospital period), after physical therapy (late hospital period) and after discharge from a hospital, 
but women continued to perform rehabilitation measures independently and were at home during the COVID-19 pandemic (post-
hospital period + quarantine). To assess the quality of life, we used the questionnaire "MOS SF-36", which was used at each stage 
of rehabilitation. 
Research results. Based on the conducted goniometry of women after radical mastectomy, it can be concluded that the amplitude 
of movements in the shoulder joint differs significantly at all periods of physical therapy (early hospital period, late hospital period 
and post-hospital period + quarantine) from the standard indicators. Extension of the shoulder among most women after the 
application of an individual rehabilitation programme has fully recovered, forced quarantine and lack of general physical activity 
did not affect this indicator. Independent performance of therapeutic gymnastics (in the post-hospital period + quarantine) did not 
significantly improve this indicator and did not lead to complete recovery of movement. The analysis of the obtained results 
showed that among women, who underwent mastectomy under the influence of physical exercises, already in the late hospital 
period of rehabilitation, there was not only an improvement in joint mobility, but there was an improvement in quality of life. At 
the same time, women in the post-hospital period of physical rehabilitation, which coincided with the quarantine period, there was 
a slight decrease in quality of life. Namely: there was a decrease in physical activity (PF) by 4.5%, which indicated a decrease in 
daily physical activity; it was found that the role of physical problems in the limitation of vital functions (RF) decreased by 2.7% 
(this indicator reflected the impact of physical condition on daily role activities). Low RF values indicate that daily activities are 
significantly limited by the patient's physical condition; women noted an increase in pain indicator (BP) by 9.6% and its effect on 
the ability to engage in daily activities, which led to limited activity of patients; deterioration of mental health (MH) – by 3.8%, 
which was characterized by low mood, depression, anxiety and a decrease in the overall rate of positive emotions. Low scores 
indicated the presence of depressive, anxious experience and mental distress; decrease of the indicator of role functioning, which 
is due to emotional state (RE), during forced quarantine by 13.6%, interpreted as a restriction in the performance of daily work, 
which is due to the deterioration of emotional state; vital activity parameters (VT) decreased during quarantine by 11.7%. The 
obtained indicators testified to higher fatigue of patients, decrease of their vital activity and decrease of their vivacity. 
Conclusions.  Quarantine conditions and self-isolation, which appeared during the spread of coronavirus disease, are an additional 
source of concern for patients after mastectomy and have identified a decline in their quality of life and the effectiveness of 
physical therapy in general. Although before the quarantine measures, the indicators of quality of life and mobility of the shoulder 
joints on the operated side were significantly increased under the influence of the physical therapy programme for this category of 
patients.т Assessment of the quality of life of patients after mastectomy is an integral characteristic of physical, mental, social and 
spiritual condition, which allows determining the effectiveness of physical rehabilitation measures. Therefore, the assessment of 
the life quality of women after mastectomy, which is made by the patients themselves, is a secure and reliable indicator of their 
general condition under normal conditions and during the pandemic period of coronavirus disease. The obtained data on the 
quality of life allow for constant monitoring of the patients’ general condition after undergoing surgery on the mammary, as well 
as timely, if necessary, to adjust the physical therapy programme.  
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Introduction
According to the WHO, breast cancer ranks the first 
place in the list of malignant tumours of women and 
the second one – in the list of the most common 
diseases [6, 18]. Every year in Ukraine more than 
14.5 thousand of new cases of breast cancer are 
registered, including 25% of women of reproductive 
age and more than 5.5 thousand of women die 
annually, more than 20% of them are of reproductive 
age [4].  
The gold standard of such patients’ treatment was 
and still is surgery, radiation therapy and 
chemotherapy as independent methods and in 
various combinations. During surgical operation 
(mastectomy) in addition to removing the mammary 
gland also large and small pectoral muscles, axillary 
and subclavian lymph glands with cellular tissue are 
removed. This, in turn, leads to physical defects, 
such as: lymphostasis of the upper extremity (46.2% 
- 68.7%), contracture of the shoulder joint (23%), 
spinal deformities due to weight asymmetry (8% - 
10%), which is disfigured by the scar on the anterior 
chest wall, retraction of the subclavian area. All 
these changes belong to post-mastectomy 
complications that occur after radical mastectomy in 
87.5% of cases [2, 3]. Therefore, a comprehensive 
programme of physical rehabilitation of this 
category of patients should include preventive 
measures aimed at prevention of post-mastectomy 
complications. It is also important to monitor the 
quality of life of patients at each stage of 
rehabilitation with its subsequent correction. 
Despite the rather high interest in studying of the 
problem of life quality of cancer patients after 
mastectomy, such data are insufficiently used in the 
practice of oncologists and physical therapists. This 
is due to the fact that in most cases the assessment of 
quality of life is carried out on a subjective basis and 
this is not always a reliable fact for the doctor. The 
next problem is the introduction of the methodology 
of the questionnaire on the quality of patient’s life, 
as it requires time, resources and careful and 
individual approach to each patient. 
In case of oncological disease there is a deterioration 
of patients’ quality of life as such of its 
characteristics as physiological, psychological, 
emotional and social decrease [10]. These problems 
are especially worsened by additional threats of 
social life. Today, such a challenge to the health of 
all mankind, and especially cancer patients, is the 

global pandemic caused by the spread of coronavirus 
disease COVID-19. Fear of death and loss of loved 
ones, isolation, economic shock and uncertainty 
about the future – all this certainly affects the quality 
of life, especially for patients after mastectomy, 
because they were already in emotional and 
physiological stress. 
 
Analysis of recent research and publications 
Analysis of the scientific literature has shown that 
standard medical treatment of women with breast 
cancer (surgery, chemotherapy, radiation therapy 
and hormone therapy) leads to adverse effects on 
the cardiorespiratory, nervous, endocrine and 
musculoskeletal systems of the body [14]. Such 
patients have cardiotoxicity, cachexia, muscle 
atrophy, peripheral neuropathy, and immune 
system dysfunction, altered body composition, 
which reduce the quality of life of patients and 
affect their ability to carry out daily life processes 
[14]. In addition, pain and fatigue are among the 
most common symptoms among cancer patients 
[14]. 
In foreign literature, the problems of patients’ 
quality of life with breast cancer are disclosed 
quite fully, they are given quite serious attention 
[10], but in Ukraine these issues are insufficiently 
divulged. However, there are differences in 
demographic characteristics, general living 
standards, mentality, approaches to the treatment 
and rehabilitation process, etc., which allows to 
study the quality of women’s life after 
mastectomy, taking into account the specific 
conditions of treatment and current challenges, 
such as the pandemic COVID-19. 
Most scientists have proven the positive effect of 
motion regimen and therapeutic exercises on the 
tone of the central and peripheral nervous system, 
the formation of compensatory reactions of the 
body and improvement of life quality of patients 
after a course of physical therapy [2, 5, 12]. The 
question arose as to how the quality of life was 
changing among women who withstood surgery, 
sustained rehabilitation, and continued to exercise 
during the COVID-19 pandemic at home. 
Therefore, the study of the dynamics of women’s 
quality of life after mastectomy under the influence 
of the physical rehabilitation programme in the 
conditions of the pandemic COVID-19 is quite 



 

317 
 

urgent. Beyond doubt, the problem of determining 
the patients’ quality of life after mastectomy and 
correcting the nature of the personal reaction to the 
disease in the coronavirus pandemic is an integral 
part of the physical rehabilitation programme. 
 
Connection of the study with scientific 
programmes, plans, themes. The work was 
performed in accordance with the scientific 
research plan of the Department of Medicine and 
Physical Therapy of Kherson State University : 
“Recovery of health of different ages people 
through physical therapy and the use of the latest 
healing technologies” (State registration № 
0117U001766).  
 
The objective of the study: to assess the quality 
of life and effectiveness of physical rehabilitation 
programmes of women after mastectomy in the 
conditions of pandemic COVID-19. 
 
Research methods. The study involved 36 women 
aged from 42-69, who underwent radical 
mastectomy and were receiving adjuvant treatment 
at the Kherson Regional Oncological Center. 
To restore their health, the patients passed an 
author's programme of physical therapy for people 
after radical mastectomy. The methodology of 
building the author's programme was based on 
continuity, phasing and its implementation both in 
the mammology department and at home. Strict 
dosing and gradual increase of physical activity in 
terms of intensity, quantity and complexity of 
exercises were provided. The clinical peculiarities of 
the course of the underlying disease and concomitant 
pathologies, age of patients, analysis of laboratory 
parameters and instrumental-functional research 
methods were taken into account. 
The process of physical rehabilitation after surgical 
operation was divided into the following periods – 
sick-leave (hospital stay) and post-hospital (home 
stay). There were determined 3 stages in the hospital 
period: early post-operative (1-3 days), delayed post-
operative (4-7 days), restorative (from 8 to 20 days). 
The duration of the periods varies individually 
depending on the functional state of the patient and 
the course of the treatment and rehabilitation process 
[2, 3]. 
 

The author's programme of physical therapy 
included breathing exercises, remedial positions, 
physical exercises, manual lymphatic massage, self-
massage. Morning hygienic gymnastics, therapeutic 
gymnastics with complexes of gymnastic exercises 
of general development character, breathing and 
special exercises of dynamic character with an 
emphasis on cervical, cervicothoracic spine were 
used. 
Also, the rehabilitation programme included dosed 
walking, elements of conditioning to the cold, 
everyday loads. There was also an educational 
programme (in the form of lessons and consultations 
by means of telemedicine, which positively 
motivated patients to daily classes on the author's 
methodology of physical therapy, including at home 
conditions. 
The quality of life parameters and the volume 
indicators of mobility of the joints of the upper 
extremity were evaluated by the operated part before 
the application of physical therapy methods (early 
hospital period), after physical therapy (late hospital 
period) and after discharge from a hospital, but 
women continued to perform rehabilitation measures 
independently and were at home during the COVID-
19 pandemic (post-hospital period + quarantine). 
To assess the quality of life, we used the 
questionnaire "MOS SF-36", which was used at each 
stage of rehabilitation. The questionnaire is quite 
sensitive, at the same time reliable, standardized, 
and does not take much time [1]. It consists of 36 
questions grouped into eight scales. The indicators 
of each scale are compiled in such a way that the 
higher the value of the indicator (from 0 to 100), the 
better the assessment on the selected scale. From 
them two parameters are formed: psychological and 
physical components of health.  
 
Criteria of HRQOL by «MOS SF-36»  are:  
1. Physical form (PF). 
2. Role of physical problems in limitation of 
vital activity (RF). 
3. Body pain (BP). 
4. General health indicator (GH). 
5. Vital activity (VT). 
6. Social functioning activity (SF). 
7. Role of emotional problems in in limitation 
of vital activity (RE). 
8. Mental health (MH). 
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The effectiveness of physical therapy was evaluated 
by the indicators of movements’ volume in the joints 
using a goniometer, which consists of a movable and 
immovable shoulder connected to a measuring scale 
graduated from 0 ° to 180°. The anatomical position 
of the joint was taken as 0 °, the deviation from the 
anatomical position was determined by the number 
of degrees in the range from 0 ° to 180°. To examine 
the amplitude of the shoulder joint used 5 types of 
movement: shoulder flexion, shoulder extension, 
shoulder abduction, internal rotation, and external 
rotation. 
Statistical processing was performed using the 
software package Statisticafor Windows 6.0. 
Student's t-criterion was used to compare the 
symptoms. The difference in values was considered 
as significant at p < 0,05. The degree of relationship 
was assessed using the Spearman coefficient.  
 
Ethical approval. 
Studies, conducted with humans, answered all 
relevant national regulations and institutional policy, 
adhered to the principles of the Helsinki Declaration 
of the World Medical Association "Ethical 
principles of medical research with human 
participation as the object of study" Document 
990_005, current version from 01.10.2008 
 
Informed consent 
Informed consent was obtained from all individuals 
who were included in this study. 
 
Research results and their discussion 
Having analyzed the special scientific literature, 
taking into account medical histories, indications 
and contraindications to the use of physical therapy, 
we have developed individual physical therapy 
programmes for women of the mature age after 
mastectomy. According to each of the rehabilitation 
periods, individual tasks were determined, means 
and methods of physical therapy were selected, 
treatment methods at this stage were taken into 
account, the presence of metastases, physical and 
psychological condition of the patient, as well as 
possible prognosis of tumour development process 
and various complications [2, 3, 12].  
The American College of Sports Medicine (ACSM) 
and the American Cancer Society (ACS) 
recommend that patients with breast cancer seek to 
return to their normal daily lives as soon as possible 

after diagnosis and treatment, avoiding being 
physically inactive. It is recommended to encourage 
patients to perform various physical activities: at 
least 150 or 75 minutes of aerobic exercises of 
medium or high intensity per week, as well as to 
include exercises with weights two or three times a 
week [16]. Adherence to such recommendations is 
really important for patients with breast cancer, 
because there is a dose-response relation between 
levels of physical activity and positive health effect. 
[5, 12]. 
Analysis of the conducted goniometry allowed 
identifying the dynamics of changes in the 
mobility of the shoulder joint of women after 
mastectomy by the operated part and to 
investigate the effectiveness of rehabilitation 
measures during hospital stay and at home during 
quarantine (table 1) 
 
Table 1 Dynamics of indicators’ changes in the 
amplitude of movement in the shoulder joint of 
women after mastectomy 

Назва 
руху 

Rate 
indica 
tors  

early 
hospital 
period 

Late 
hospital 
period 

Р post-
hospital 
period + 

quarantine 

р 

Flex at the 
shoulder 

0-1800 
49,8  ± 

1,4 77 ± 1,5 
р<0,01 83,5 ± 1,2 р>0,05 

Sholder 
extension 

0-600 45,6±1,5 58,8±1,8 р<0,01 59,2±1,1 р>0,05 

Shoulder 
abduction 

0-1800 58,9±2,1 76±1,8 р<0,01 90±2,4 р>0,05 

Internal 
rotation 

0-800 39, 0±2,4 65±2,6 р<0,01 74±2,0 р>0,05 

External 
rotation 

0-900 54, 0±3,2 77±3,1 р<0,01 82±2,8 р>0,05 

 
Based on the conducted goniometry of women 
after radical mastectomy, it can be concluded that 
the amplitude of movements in the shoulder joint 
differs significantly at all periods of physical 
therapy (early hospital period, late hospital period 
and post-hospital period + quarantine) from the 
standard indicators. 
Analysis of the outcome results showed that 
among most women after mastectomy, such an 
exercise as flexion of the shoulder joint after 
surgical operation and before rehabilitation was 
performed in the range of 49.800, at the stage of 
late hospitalization, after rehabilitation measures 
increased significantly to 77°, which led to 
function restore by 13.6% (p<0,01).  
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But during the performance of independent 
physical exercises (in the post-hospital period + 
quarantine) we did not observe a significant 
increase of this indicator. The improvement was 
only 3.25% (p> 0.05). 
Extension of the shoulder among most women 
after the application of an individual rehabilitation 
programme has fully recovered, forced quarantine 
and lack of general physical activity did not affect 
this indicator. 
After the operation, women had a significant 
decrease in the amplitude of movement on the 
abduction, but in the process of rehabilitation it 
was able to record a significant increase of this 
indicator from 58.9° to 76° (p<0.01). 
Unfortunately, independent performance of 
therapeutic gymnastics (in the post-hospital period 
+ quarantine) did not significantly improve this 
indicator and did not lead to complete recovery of 
movement. 
The ability to perform external and internal 
rotation in the shoulder joint is significantly 
reduced after surgical intervention. Performing 
physical exercises during the hospital 
rehabilitation period allowed increasing the range 
of movement by the external and internal rotation 
by 23% and 32.5%, respectively. 
The “MOS SF-36” questionnaire allowed 
revealing the sources of concern of the operated 
women at different stages of rehabilitation in more 
detail. It was found that the ranking order of the 
causes of reduced quality of life among patients 
before and after the pandemic was approximately 
the same. The following reasons took place for 
patients as the maximum importance for the 
decrease of indicators at the beginning of the 
study: the need for further treatment, limited 
physical activity and emotional stress, as well as 
reduced activity in everyday life.  
The analysis of the obtained results showed that 
among women, who underwent mastectomy under 
the influence of physical exercises, already in the 
late hospital period of rehabilitation, there was not 
only an improvement in joint mobility, but there 
was an improvement in quality of life. 
At the same time, women in the post-hospital 
period of physical rehabilitation, which coincided 
with the quarantine period, there was a slight 
decrease in quality of life. Namely: 
 

 
Fig. 1. Quality of life indicators of women after mastectomy (in terms) 
 
- there was a decrease in physical activity (PF) by 
4.5%, which indicated a decrease in daily physical 
activity. 
- it was found that the role of physical problems in 
the limitation of vital functions (RF) decreased by 
2.7% (this indicator reflected the impact of 
physical condition on daily role activities). Low 
RF values indicate that daily activities are 
significantly limited by the patient's physical 
condition. 
- women noted an increase in pain indicator (BP) 
by 9.6% and its effect on the ability to engage in 
daily activities, which led to limited activity of 
patients. 
- deterioration of mental health (MH) – by 3.8%, 
which was characterized by low mood, 
depression, anxiety and a decrease in the overall 
rate of positive emotions. Low scores indicated 
the presence of depressive, anxious experience 
and mental distress. 
- decrease of the indicator of role functioning, 
which is due to emotional state (RE), during 
forced quarantine by 13.6%, interpreted as a 
restriction in the performance of daily work, 
which is due to the deterioration of emotional 
state. 
- vital activity parameters (VT) decreased during 
quarantine by 11.7%. The obtained indicators 
testified to higher fatigue of patients, decrease of 
their vital activity and decrease of their vivacity. 
The lowest rate during quarantine (42.9 ± 0.68%), 
among own indicators and relative to a similar 
indicator during quarantine (37.5% less) was the 
scale of social functioning (SF). This scale 
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determined the degree to which the physical or 
emotional state may limit the social activity 
(communication) of patients. The obtained low 
scores indicated a significant restriction of social 
contacts, a decrease in the level of communication 
due to the deterioration of physical and emotional 
state. 
 
The only high indicator (87.2 ± 1.74%) for the 
period of quarantine measures (71.8%) is the scale 
of general health (GH), which reflects the 
subjective assessment of one’s own health state at 
the moment and treatment prospects. The lower 
the score by this scale, the lower the health state 
assessment. 
It is important to note that the indicators 
responsible for the mental component of quality of 
life are reduced in relation to the quarantine 
period to a greater extent than for the physical 
component. 
All components of quality of life in our study are 
in direct interdependence (r = 0,12-0,71). A high 
degree of correlation was found between the vital 
activity indicator and the mental health indicator 
(r = 0,71). 
 
Thus, 70% of surveyed women reported an 
improvement in their physical condition and 
quality of life in the late hospital period after the 
proposed physical therapy programme.  
In the post-hospital period and during quarantine, 
the situation changed somewhat. None of the 
surveyed women indicated an improvement in 
health and quality of life, despite the fact that they 
continued to perform the recommended 
complexes of physical therapy.  
The majority of women (62.5 %) indicated that 
their general health did not change compared to 
their health before quarantine, but their quality of 
life declined somewhat. 
At the same time, 37, 5 % of women reported that 
their general health deteriorated during the 
quarantine period, adding that their physical and 
emotional condition during quarantine prevented 
them from spending time with family and friends. 
Such subjective survey data are coordinated with 
the reliable indicators obtained from the MOS SF-
36 questionnaire. 
 
 

Discussion 
The loss of the mammary gland for most women 
causes very serious physical limitations and 
psychological experiences, which affects their 
quality of life [10, 11]. The use of exercises has a 
positive effect in rehabilitation, when they are 
selected taking into account the adequate capabilities 
of women, have a training effect and increase the 
body's adaptive capacity [8, 12, 13, 17], affect the 
tone of the central and peripheral nervous system, 
improve trophic processes, create compensatory 
reactions and recovery body functions. 
Despite the above recommendations, current 
research shows that most people with cancer lead a 
sedentary life [11, 15]. The question was especially 
sharp for patients after mastectomy during 
quarantine of COVID-19, as there was a restriction 
of physical activity during the day, inability to seek 
rehabilitation centers (lack of modern mobile 
devices in the elderly, lack of Internet) and negative 
psychological mood about the global pandemic. 
According to the results of the study, it can be 
affirmed about the positive impact of the physical 
rehabilitation programme on women after 
mastectomy. These conclusions are consistent with 
previous studies [2, 3, 5, 11, 15]. Such positive 
changes in increasing the amplitude of movement in 
the shoulder joint on the operated side are due, in 
our opinion, to increase muscle strength of the upper 
extremity, as well as the body as a whole, improving 
blood and lymph circulation, trophic processes in the 
joint, development of auxiliary muscles [17]. Self-
exercising in the post-hospital period has led to an 
increase in these indicators, but not in full. 
It should be noted that women who were 
physically active before the operation, or whose 
work was associated with hard work, those 
women, after conducted physical therapy 
methods, had better recovery of movements and 
they returned more quickly to normal activity. 
Conversely, women, who did not play sports and 
worked hard, spent more time in rehabilitation and 
performed it worse. 
 
 
 
 
 
 



 

321 
 

Analyzing the obtained data, we note that in the 
post-hospital rehabilitation period, women were 
less able to return lost motor function than 
immediately after surgical operation. In our 
opinion, this is due to several reasons. First, the 
restoration of motor abilities of the body during 
rehabilitation is of periodic nature, due to the fact, 
that there must be an accumulation of quantitative 
parameters and their transition to qualitative 
characteristics. 
These data support evidence from previous 
studies, that support the hypothesis that in such 
patients, insufficient physical activity is associated 
with a sedentary lifestyle, which after cancer 
diagnosis can lead to weight gain and poor quality 
of life  [10, 11]. 
Strong positive correlations between physical, 
social and emotional functioning further confirm 
previous findings that mental health symptoms 
and isolation affect the functional state of cancer 
patients. [7, 9, 11]. 
The COVID-19 pandemic in the post-hospital 
period of physical therapy among women after 
mastectomy has led to its specific negative effects. 
Namely, women experienced a lack of physical 
activity, lack of control by a physical therapy 
specialist, limited communication. In addition, 
women showed insufficient motivation, negative 
mood and unwillingness to work independently. 
All this could not but affect the quality of life of 
such patients. 
 
Conclusions and prospects for the future 
 
1. Quarantine conditions and self-isolation, which 
appeared during the spread of coronavirus disease, 
are an additional source of concern for patients 
after mastectomy and have identified a decline in 
their quality of life and the effectiveness of 
physical therapy in general. Although before the 
quarantine measures, the indicators of quality of 
life and mobility of the shoulder joints on the 
operated side were significantly increased under 
the influence of the physical therapy programme 
for this category of patients. 
 
2. Assessment of the quality of life of patients 
after mastectomy is an integral characteristic of 
physical, mental, social and spiritual condition, 
which allows determining the effectiveness of 

physical rehabilitation measures. Therefore, the 
assessment of the life quality of women after 
mastectomy, which is made by the patients 
themselves, is a secure and reliable indicator of 
their general condition under normal conditions 
and during the pandemic period of coronavirus 
disease. 
 
3. The obtained data on the quality of life allow 
for constant monitoring of the patients’ general 
condition after undergoing surgery on the 
mammary, as well as timely, if necessary, to 
adjust the physical therapy programme. 
Future areas of research should focus on 
improvement of the effectiveness of physical 
therapy methods based on remote innovative 
technologies, which could further better adjust the 
exercise and additional psychological support to 
improve the quality of life of patients after 
mastectomy. 
Future directions of research should focus on the 
improvement of the effectiveness of physical 
therapy methods based on remote innovative 
technologies, which could further better adjust the 
exercise and additional psychological support to 
improve the quality of life of patients after 
mastectomy. 
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Abstract 
Objectives. This paper assesses the importance and contribution of cardiovascular rehabilitation programs in 
the short- and long-term outcome following surgical revascularization procedures for patients with coronary 
artery disease (CAD). Methods. We present the case of a 64-year-old patient who benefited from a coronary 
artery bypass graft (CABG) procedure for CAD, followed by an individualized cardiac rehabilitation 
program. The case particularity consisted of the presence of associated peripheral vascular disease that 
imposed additional challenge in decision-making process regarding surgical therapy. Results and 
discussion. Immediately after surgery, the patient was included in a phase II residential recovery program, 
preceded by a ramp effort test. The rehabilitation program consisted of partial toning massage of the 
lumbosacral spine, and individual physiotherapy.  Coronary revascularization procedures often cause 
lowered exercise capacity and declining physical activity levels. In our case even preoperative assessment 
showed a limited physical effort capacity, further reduced by the surgical intervention. The physiotherapy 
plan should be personalized, safe, effective, and must increase the independent mobility of patient soon after 
open heart surgery. Conclusions. The main contribution of cardiac rehabilitation program should be the 
improvement of physical and social status of patients undergoing surgical myocardial revascularization. This 
program should be included in the management of all cardiac heart disease patients who benefit from cardiac 
surgery procedures. Implementation of CR programs at most hospitals and community centres, as well as 
awareness about their efficacy, would result in higher participation after coronary revascularization 
interventions and improvement of functional parameters and quality of life. 
  

Key words: cardiovascular rehabilitation, coronary artery disease, myocardial surgical revascularization, 
short- and long-term outcome, 
 
 
Introduction
In patients suffering from coronary artery disease 
(CAD), the surgical intervention for myocardial 
revascularization can bring a major impact on the 
overall lifestyle and usual physical activities; this 
can result in critical physical impairment and a 
reduced quality of life. In order to avoid this 
situation, the inclusion of such patients in 
cardiovascular rehabilitation programs immediately 
after surgery could be beneficial in almost every 
case. 
In Europe, cardiovascular diseases represent the 
main causes of death: 40% in men (19% - ischemic 
heart disease) and 49% in women (19% ischemic 

heart disease) (1). Also, cardiovascular diseases are 
the main cause of mortality in Romania. Of these, 
acute coronary syndromes (ACS) are responsible for 
more than half of the deaths (2). 
Cardiac rehabilitation is an important component of 
current multidisciplinary approach to the 
management of the patients with various 
presentations of coronary heart disease. Cardiac 
rehabilitation involves exercise training, education, 
counseling regarding risk reduction and lifestyle 
modification, and, frequently, behavior interventions 
(3). 
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Cardiac rehabilitation (CR) programs are recognized 
as integral to comprehensive care of CHD patients 
and have been given a Class I recommendation from 
the American Heart Association, the American 
College of Cardiology, and the European Society of 
Cardiology, with exercise therapy consistently 
identified as a central element (4). 
Although CABG has become less likely to be life-
threatening, patients who have undergone the 
procedure may still have a risk of subsequent 
ischemic events which can extend to atherosclerosis 
in the grafted vein. Furthermore, such patients may 
experience difficulties in turning back to normal 
activities of daily living because of (1) 
misconception that activity should be limited, (2) 
generalized muscle weakness after surgery owing to 
the lack of use. These reasons may eventually have a 
negative impact on the psychological status and 
quality of life of the patient (5). 
 
2. Case presentation 
A hypertensive 64-year-old man, known with 
chronic peripheral arterial disease (left subclavian 
artery, terminal aorta)  and diagnosed with multi-
vessel cardiac ischemic disease and cardiac failure 
(NYHA Class II), was admitted in January 2020 in 
the Cardiology department for anterior chest pain 
triggered by physical effort and low temperatures, 
and relieved by nitrates; the patient also accused 
intermittent claudication at approximately 200 m. 
Measuring the arterial brachial pressure revealed a 
gap of 25 mmHg between the right and left side, and 
the radial pulse was reduced also on the left side; the 
femoral, popliteal and tibial pulse was absent 
bilaterally. The ECG showed sinus rhythm at 72 
beats / minute, and a left ventricular hypertrophy 
with mixed terminal phase changes. The physical 
exam also revealed a left carotid and abdominal 
aorta murmur. The laboratory findings were 
suggestive for an infective inflammatory syndrome. 
The diagnostic coronary angiography confirmed the 
presence of severe atherosclerotic lesions located on 
the left main, left anterior descendant, circumflex 
and right coronary artery.  In addition, it confirmed 
the left subclavian artery occlusion immediately 
after origin and the severe atherosclerosis of 
brachiocephalic trunk; the abdominal aorta was also 
chronically occluded below renal arteries origin. In 
these circumstances, the case was referred to 
surgery. 

In the pre-operative assessment, trans-thoracic and 
trans-esophageal cardiac echography were 
performed. The trans-esophageal exam raised a 
suspicion regarding the presence of a mobile, 
echogenic small tumor (area of 0.39 cm2) (possible 
fibroelastoma) on the posterior mitral valve, with no 
interference with valvular function. In contrast, the 
trans-thoracic echography found only a calcified 
posterior mitral ring, and a papillary muscle fibrosis. 
For a more accurate case evaluation and 
determination of surgical strategy, a contrast-
enhanced computed tomography of the aorta and its 
major branches was indicated. The imagistic 
findings included a narrowed internal thoracic 
artery, a totally occluded left subclavian artery and 
infrarenal aorta, and a severely stenotic (80%) right 
subclavian artery. Consequently, the patient had no 
indication for arterial graft myocardial 
revascularization.   
The patient benefited from a triple coronary bypass 
intervention with saphenous vein grafts. 
Postoperatively, inotropic drugs for 72 hours and 
blood transfusion were necessary in order to correct 
the hemodynamic status and post-operative anemia. 
In the 13th day after operation, we noticed the 
presence of minimally inflammatory secretion at the 
inferior 1/3 of the sternal surgical wound, 
accompanied by fever (38.8˚C); under local 
antiseptic and empiric antibiotic therapy (due to 
negative lab results for surgical wound secretion and 
hemocultures), the clinical signs diminished 
significantly in about one week. 
At discharge, the patient was referred to a 
cardiologic rehabilitation centre, in order to 
complete an individualized recovery program.  
 
The cardiovascular rehabilitation program  
The recovery program was performed at Polaris 
Hospital for 7 days immediately postoperatively. 
Before patient’s inclusion in this program, we took 
into account the general context. Let us not forget 
that in general, patients undergoing surgery are 
physically deconditioned and, when the correction of 
heart disease is performed surgically, the capacity 
for effort may remain reduced (6). At the same time, 
due to the sedentary lifestyle, a progressive increase 
of the effort capacity is needed, in order to avoid the 
appearance of some cardiac symptoms. 
Inclusion in the training program was preceded by a 
ramp effort test. 



 

325 
 

The recovery program included: 
-partial massage - sedative / slightly toning massage 
at the level of the lumbosacral spine 
-individual physiotherapy: respiratory gymnastics, 
short distance walking exercises, exercises for 
maintaining joint mobility, Williams II and III 
exercise, exercises for improving physical condition 
and muscles  
Isometric exercises were avoided. 
Physical training was moderate, with a heart rate 
between 50-60% of the maximum peak frequency 
reached on the exercise test. The intensity and 
duration of the effort increased gradually, and then 
the training was carried out at 70-85% of the 
maximum heart rate reached on the exercise test. 
Interval training is preferred. 
At discharge, it was recommended to continue 
constant physical activity, at least 5 days a week, at 
the level of effort depending on the capacity 
recorded. 
 
3. Discussion 
We presented the case of a patient who benefited 
from coronary artery bypass graft (CABG), who was 
then included in a phase II residential recovery 
program. For a truly beneficial effect of training 
programs, at least 36 sessions are required in this 
phase II (50-60 sessions in the case of severely 
physically ill patients) (6). 
In the last decades, the use of less invasive 
techniques became more important in the therapeutic 
arsenal of the open-heart surgery (6,7,8). Also, at 
present time, the first-line treatment of patients with 
acute coronary syndrome (ACS) is percutaneous 
coronary intervention (2).  
Despite all the therapeutic advances, there are still 
patients who cannot benefit from these procedures 
and need a more aggressive intervention that can 
lead to a temporary physical impairment. In our 
case, the coronary arteriography and thoracic CT-
angiography demonstrated that the coronary lesions 
were not suitable to a minimally invasive approach. 
The postoperative complication that occurred in our 
patient – the systemic and local inflammatory 
reaction – caused a delay in the complete recovery, 
and in the initiation of postoperative cardiac 
rehabilitation program also. 
Traditionally, cardiac rehabilitation has been 
provided to somewhat lower-risk patients who could 
exercise without getting into trouble. However, 

astonishingly rapid evolution in the management of 
CAD has now changed the demographics of the 
patients who can be candidates for rehabilitation 
training (3). 
Many studies have shown that a left ventricular 
ejection fraction (LVEF) ≤ 35% is associated with a 
reduced long-term survival in patients on medical 
therapy and increased early mortality in those 
undergoing coronary artery bypass grafting (CABG) 
(9). In this category of high-risk patients, their 
inclusion in a rehabilitation program is mandatory 
for better postoperative results. But in order to do so, 
the left ventricular dysfunction should be 
appropriately corrected. In our case even 
preoperative assessment showed a limited physical 
effort capacity, further reduced by the surgical 
intervention. 
Cardiac rehabilitation for post-CABG patients is a 
well-known management option implemented in the 
USA, UK, Canada, and Australia (10). However, in 
our country this subject of rehabilitation has not 
gained yet full attention, despite the increased 
incidence of CAD. 
The protocols for cardiac rehabilitation during 
hospitalization are different. There are protocols that 
demonstrate a progression in which individuals go 
through stages (steps) that evolve according to their 
recovery, and others as a daily rehabilitation, 
adopting different therapeutic strategies in 
postoperative period, both in cardiac rehabilitation 
after acute myocardial infarction as in the post-
operative period of cardiac surgery (10). 
Coronary revascularization procedures often cause 
lowered exercise capacity and declining physical 
activity levels. 
These outcomes are paramount in predicting 
morbidity and mortality after these procedures. 
Cardiac rehabilitation (CR) focuses on incrementing 
cardiovascular endurance, exercise capacity, muscle 
strength, levels of physical activity, and quality of 
life through health education and lifestyle 
modification in post-coronary revascularization 
patients (11). 
The reasons for the beneficial effect of early 
rehabilitation are unclear, although the consequences 
of aerobic exercise have been widely studied, at least 
from a cardiological 
point of view. Isotonic work, not only regularly 
repeated in the form of so-called ‘endurance 
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exercise training’ but also acutely performed, is 
followed in the recovery phase and in the medium to 
long term by a reduction in systolic and sometimes 
diastolic blood pressure (12). 
As mentioned in other studies (13), a personalized 
physiotherapy plan, devised to increase independent 
mobility soon after open heart surgery is safe, 
feasible, and more effective than routine cardiac 
rehabilitation program. In our case, the patient was 
referred to a rehabilitation centre immediately after 
he was discharged from our service; therefore, the 
cardiac rehabilitation program begun relatively soon 
after cardiac surgery. 
 The goals of CR include improvement in exercise 
tolerance and optimization of coronary risk factors, 
including improvement in lipid and lipoprotein 
profiles, body weight, blood glucose levels, blood 
pressure levels, and smoking cessation. Additional 
attention is devoted to stress and anxiety and 
lessening of depression (14). 
The patient must start his activity as soon as possible 
after the surgery by doing some light exercises and 
moving the body in bed and gradually will ask the 
patient to sit on the chair and then walk. The type of 
movement required will be decided according to 
each patient separately and under the guidance of the 
doctor.  As for sleep conditions, sleep on the back 
and help at the beginning of entry to or out of bed so 
as not to load the entire body weight on the patient’s 
arm, which affects the healing bone cut (15). 
Patient’s after CABG are prescribed with a complex 
drug regime and recommended to adopt a healthy 
lifestyle, including smoking cessation, diet, 
moderate exercise, and psychological 
stress control. The adherence to these behaviors is 
usually voluntarily adopted early after CABG but 
becomes more difficult in the long term (16).  
 
 
 
 
 
 
 
 
 
 
 
 

Considering the patient’s need to obtain a full and 
prompt physical recovery after surgery to allow a 
fast normalization of daily life activities (including 
return to work), linked with the need to adopt a 
healthy lifestyle and the specific pharmacological 
regime for a lifetime, cardiac rehabilitation (CR), 
recently defined by the British Association for 
Cardiovascular Prevention and Rehabilitation as, 
“…the coordinated sum of activities required to 
influence favorably the underlying cause of 
cardiovascular disease, as well as to provide the best 
possible physical, mental and social conditions, so 
that the patients may, by their own efforts, preserve 
or resume optimal functioning in their community 
and through improved health behavior, slow or 
reverse progression of disease,” seems to be the 
perfect recommendation for early post-CABG 
patients (17). 
 
4. Conclusions 
 
The main contribution of cardiac rehabilitation 
program should be the improvement of physical and 
social status of patients undergoing surgical 
myocardial revascularization. This program should 
be included in the management of all cardiac heart 
disease patients who benefit from cardiac surgery 
procedures. 
Implementation of CR programs at most hospitals 
and community centres, as well as awareness about 
their efficacy, would result in higher participation 
after coronary revascularization interventions and 
improvement of functional parameters and quality of 
life. 
 
Informed consent  
 
An informed consent was obtained from the patient 
participating in the study. 
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Abstract 
Background. One of the symptoms of COVID-19 is the so-called "cytokine storm". Its pathogenesis is that 
the initial release by lymphocytes and macrophages of proinflammatory cytokines in the classical immune 
response to SARS-CoV-2 is significantly enhanced and maintained due to excessive adrenergic stimulation 
of the immune cells. The proinflammatory adrenergic mechanism of the "cytokine storm" can be offset by 
the activation of the anti-inflammatory cholinergic mechanism by non-invasive stimulation of the vagus 
nerve. In 2015, a generator for electrotherapy and stimulation oh human nerve centers was created, called 
“VEB-1”®. Preliminary observation of volunteers revealed a modulating effect of a four-day course of 
electrical stimulation on the parameters of electroencephalogram, metabolism, as well as gas-discharge 
visualization (GDV). We hypothesized that changes in EEG parameters may be accompanied by a vagotonic 
shift of the sympatho-vagus balance, favorable for calming the “cytokine storm”. The main purpose of this 
study was to find out. In addition, concomitant changes in EEG, immunity, GDV, etc. due to the use of the 
devices "VEB-1"® and recently designed "VEB-2" had to be detected. Material and research methods. The 
object of observation were 18 volunteers: 11 women 33-62 y and 7 men 29-62 y (Mean±SD: 51±12 y) 
without clinical diagnose but with dysfunction of neuro-endocrine-immune complex and metabolism. In the 
morning registered HRV (“CardioLab+HRV”, “KhAI-Medica”, Kharkiv, UA), EEG (“NeuroCom 
Standard”, “KhAI-Medica”, Kharkiv, UA), kirlianogram by the method of GDV (“GDV Chamber”, 
“Biotechprogress”, SPb, RF), electroconductivity of skin in three pairs of points of acupuncture (“Medissa”), 
electrokinetic index of buccal epithelium ("Biotest", Kharkiv State University), as well as some parameters 
of immunity and metabolism. After the initial testing, an electrical stimulation session was performed with a 
“VEB-1”® or a “VEB-2” devices. The next morning after completing the four-day course, retesting was 
performed. Results. The effects of electrical stimulation can be divided into the following networks. 
Regarding EEG, this is a leveling of right-hand lateralization and normalizing decrease in the increased of 
the amplitude of the θ-rhythm and its spectral power density (SPD) at the loci F3, F7, F8, T3, T4, T6, P3, O1 
and O2; further increase of SPD of δ-rhythm in loci F3, F4, T6, P3 and O1 as well as further decrease of 
SPD F4-α; reversion of the increased level of entropy in loci Fp1, F4, C3 and P3 to the lowered level. 
Regarding HRV, it is a vagotonic shift of sympatho-vagus balance due to a decrease in elevated levels of 
sympathetic tone markers and an increase in decreased levels of vagus tone markers, but without 
normalization. Neurotropic effects are accompanied by favorable changes in a number of immune 
parameters and a tendency to decrease the level of C-Reactive Protein. Regarding GDV, it is almost 
complete normalization of the initially increased GDI Area in the frontal projection and third Chakra 
Energy; normalizing decrease in the initially increased Energy of second and seventh Chakras; normalizing 
right-hand shift of more or less pronounced left-sided Asymmetry of first and third Chakra. These effects 
should be clearly interpreted as physiologically beneficial. The effects on these parameters are almost 
equally pronounced in people of both sexes when using both devices. Conclusion. Vagotonic and 
immunotropic effects of our device give us a reason to offer it for further research on the leveling of 
“cytokine storm” in patients with COVID-19. 
 
Key words: electrostimulation; EEG; cytokine cascade; COVID-19; SARS-CoV-2; ACE2 receptors, 
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Introduction
One of the symptoms of COVID-19 is the so-called 
"cytokine storm". Its pathogenesis is that the initial 
release by lymphocytes and macrophages of 
proinflammatory cytokines in the classical immune 
response to SARS-CoV-2 contact with ACE2 
receptors of the nasal mucosa, pharynx, 
conjunctiva, etc. is significantly enhanced and 
maintained due to excessive adrenergic stimulation 
of the immune cells, in turn, caused by the direct 
effect of SARS-CoV-2 on the sympathetic nuclei 
of the brain, where it penetrates through the 
afferent fibers of the vagus and olfactory nerves 
[Baptista AF et al, 2020]. 
The proinflammatory adrenergic mechanism of the 
"cytokine storm" can be offset by the activation of 
the anti-inflammatory cholinergic mechanism 
[Borovikova LV et al, 2000; Tracey KJ, 
2007,2010; Chavan SS et al, 2017,2017a; Pavlov 
VA et al, 2018] by non-invasive vagus nerve 
stimulation (VNS). Direct VNS is realized by 
electrical stimulation of the nerve endings of the 
skin through procedures of transcutaneous 
auricular vagus nerve stimulation (taVNS) or 
cervical vagus nerve stimulation (nVNS). Indirect 
VNS is realized by electrical stimulation of the 
scalp in the locus F3, which is projected left 
dorsolateral prefrontal cortex, the neurons of 
which, in turn, activate the nuclei of the vagus 
[Baptista AF et al, 2020; Bikson M et al, 2020; 
Fudium M et al, 2020; Staats P et al, 2020; Tornero 
C et al, 2020]. Hyoju SK et al [2020] offer to 
achieve the same goal to dampen the sympathetic 
influences on immune response. 
In 2015, a generator for electrotherapy and 
stimulation oh human nerve centers was created 
(Babelyuk VE, Dobrovolsky YG, Korsunskyi IH), 
called “VEB-1”®. Conceiving and creating our 
device, we were based on the following provisions. 

The influence of impulses of a rectangular shape 
(range 7-18 Hz) made it possible to fix the 
frequency ranges of each basic nerve node. Low 
frequency had minimal effects of stimulation on 
the corresponding nerve node, while high 
frequency - the maximum. For the effective 
excitation of nerve centers, the frequency beat 
method is used. It consists in obtaining oscillations 
with close frequencies. To obtain the effect of the 
frequency beats are generated by pulses of 
rectangular shape to two signal channels. The 
channels differ in frequency, which is the beat 
frequency. For example, for obtaining a beat 
frequency 6 Hz, forming pulses in a first channel to 
a carrier frequency of 30 Hz, a second channel at a 
frequency of 36 Hz. When the first pulse is formed 
on both channels with a phase shift of 0o, we 
obtain an absolute zero current in the output 
(Figure 1). 

 
Fig. 1. Oscillogram of the first clock pulse 
 
Figure 2 shows a periodic signal generated by 
frequency beats voltage in the two channels to 
form a common output signal (a). Also in Figure 2 
is a graph of the current of the output signal (б). 
Such effect creates a shock wave through the 
object at the desired frequency. He also spins an 
electromagnetic field in the object. 

  

 
Fig. 2. Received by frequency beats a periodic signal (a) and a current diagram of the generated 

output signal (б) 
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The generator is assembled on the basis of the patent 
of Ukraine for utility model 105875 “Portable device 
for electrotherapy and stimulation” [Babeluk VE, 
2016]. Its operation is described in [Babeluk VY et 
al, 2017].  
The generator is assembled on the basis of a two-
channel circuit using two frequency synthesizers, 
amplifiers, each of which generates its own 
frequency. 
Figure 3 shows a block diagram of the device 
indicating the movement of electric current. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. A block diagram of the generator VEB-1 
1 - display; 2 - synthesizer of the signal with a 
sampling frequency up to 0,001 Hz; 3 - micro-
controller; 4 - the encoder; 5 - channel A signal 
synthesizer; 6 - synthesizer of the channel B signal; 
7 - channel A signal amplifier; 8 - the amplifier of a 
signal of the channel B; 9 - battery 5 V; 10 - voltage 
converter 5-24 V; 11 - voltage regulator; 12 - 
amplitude control of the output signal. 
 
Table 1. The technical characteristics of the 
generator 
 
Parameter Parameter 

norm 
The maximum power consumption, W 1,2 
Output signal level by amplitude, V 3,6-16,2 
The maximum amplitude of the output 
signal, V 

16,2 

The maximum possible current impact 
mA 

25 

Ripping protection when current exceeds 
25 mA 

yes 

Operating current, mA 8-18 
The shape of the output signal  Meander 
Frequency range of action, Hz 144-1120 
Power battery voltage, V 4,8-5,3 
Continuous operation time, hours 8 
 

Transmission of the electrical signal to the patient is 
carried out by means of contact copper electrodes 
through the wires. The generator operates as follows. 
Instrument software sets the operating frequency of 
the pulse beats 0,01-100 Hz with steps on each 
channel is not more than 0,001 Hz. Discreteness in 
each channel is not more than 0,001 Hz is provided 
by a clock synthesizer (2). It forms the frequency 
corresponding to the number of filling of the thirty 
two-bit synthesizer frequency (5,6) divided by 1000. 
The appearance of the generator with a set of 
necessary equipment is shown in Figure 4.  
 

 
Fig. 4. The appearance of the generator with a set 
of necessary equipment 
1 - generator VEB-1; 2 - two cords with JACK 
connectors and terminal clamps for connection to 
OUT-A and OUT-B outputs; 3 - contact pads or 
tubes; 4 - power cable with connectors USB-B and 
USB-A; 5 - battery 5 V. 
 
Preliminary observation of volunteers, among whom 
was also the authors, revealed a modulating effect of 
electrical stimulation (during 21 min four days in a 
row) on the parameters of electroencephalogram 
(EEG), metabolism, as well as gas-discharge 
visualization (GDV) [Babelyuk NV et al, 
2015,2016,2016a,2018; Babelyuk VYe et al, 2018; 
Kindzer BM et al, 2019]. 
Recently designed device "VEB-2". In contrast to 
the device “VEB-1”, designed to stimulate nerve 
centers, the electrostimulator “VEB-2” (Fig. 5) 
implemented an additional channel for input of 
information impulses into the body - channel C, 
whose task is the local concentration of the field, 
which is formed by two signal channels (A and B) to 
the point and body of the person as close as possible 
to the organ affected (heart, liver, spleen, right and 
left kidneys) at frequencies that contribute to the 
maximum recovery of the organ. 

2 

3 1 

5 7 

6 8 

10 11 
4 

Ex. channel 
 

Ex. channel 
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The first part of the program for adjusting the level 
of the output signal lasts 20 seconds, after which the 
main part of the program (generation of pulse 
current of alternating frequency in the range from 
144 Hz to 1120 Hz) lasts for 21 (“VEB-1”) or 26 
(“VEB-2”) minutes. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. A block diagram of the generator VEB-2 
1 - display; 2 - clock signal synthesizer; 3 - 
controller; 4 - encoder; 5 - signal synthesizer 
channel A; 6 - signal synthesizer channel B; 7 - 
signal amplifier channel A; 8 - signal amplifier 
channel B; 9 - 5 V battery; 10 - voltage converter 5-
24 V; 11 - voltage regulator; 12 - regulator of the 
amplitude of the output signal; 13 - channel filter C 
 
 
It is known about the functional relationships 
between EEG and HRV parameters [Ohtake Y et al, 
2007; Tang Yi-Y et al, 2009; Tolkunov D et al, 
2010; Subhani AR et al, 2012; Prinsloo GE et al, 
2013; Popovych IL et al, 2013,2014; Vanneste S, De 
Ridder D, 2013] as well as neuroimmunomodulation 
[Korneva EA, 1993; Sternberg EM, 2006; Nance 
DM, Sanders VM, 2007; Tracey KJ, 2007,2010; 
Popovych IL, 2008; Thayer JF, Sternberg EM, 2010; 
Kul’chyns’kyi AB et al, 2017; Popovych IL et al, 
2017,2018a,2020; Popadynets’ OO et al, 2020]. 
From here we hypothesized that changes in EEG 
parameters may be accompanied by a vagotonic shift 
of the sympatho-vagus balance, favorable for 
calming the “cytokine storm”. The main purpose of 
this study was to find out. In addition, concomitant 
changes in EEG, immunity, GDV, etc. due to the use 
of the devices "VEB-1"® and recently designed 
"VEB-2" had to be detected. 
 
 
 

MATERIAL AND RESEARCH METHODS 
 
The object of observation were 18 volunteers: 11 
women 33-62 y and 7 men 29-62 y (Mean±SD: 
51±12 y) without clinical diagnose but with 
dysfunction of neuro-endocrine-immune complex 
and metabolism documented previously. 
In the morning on an empty stomach registered 
(Dubkova GI) first kirlianogram by the method of 
GDV by the device of “GDV Chamber” 
(“Biotechprogress”, SPb, RF). Method of GDV, 
essence of which consists in registration of 
photoelectronic emission of skin, induced by high-
frequency electromagnetic impulses, allows to 
estimate integrated psycho-somatic state of 
organism. The first base parameter of GDV is area 
of gas discharge image (GDI) in Right, Frontal and 
Left projections registered both with and without 
polyethylene filter. The second base parameter is a 
coefficient of shape (ratio of square of length of 
external contour of GDI toward his area), which 
characterizes the measure of serration/fractality of 
external contour. The third base parameter of GDI is 
entropy, id est measure of chaos. It is considered that 
GDI, taken off without filter, characterizes the 
functional changes of organism, and with a filter 
characterizes organic changes. Program estimates 
also Energy and Asymmetry of virtual Chakras 
[Korotkov KG, 2001,2007,2014]. 
As the attitude to the GDV method is ambiguous, 
our laboratory conducted studies that proved its 
relevance [Popovych IL et al, 2010; Babelyuk VY, 
2013; Babelyuk VY et al, 2017b,2018].  
In addition, the response of GDV parameters to the 
course of use of bioactive water Naftussya 
[Gozhenko AI et al, 2016], the course of 
rehabilitation by Kozyavkin’s method [Babelyuk 
VY et al, 2018a; Popovych IL et al, 2018; 
Kozyavkina OV et al, 2018,2018a], as well as the 
immediate response to Katas of Kyokushin Karate 
operator [Babelyuk VY et al, 2017a] were 
demonstrated. 
Then recorded (Korolyshyn TA) simultaneosly 
electrocardiogram (ECG) and electroencephalogram 
(EEG). ECG recorded during 7 min in II lead to 
assess the parameters of heart rate variability (HRV) 
(hardware-software complex "CardioLab+HRV" 
production "KhAI-Medica", Kharkiv, Ukraine). For 
further analysis the following parameters HRV were 
selected. Temporal parameters (Time Domain 
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Methods): heart rate (HR), the standart deviation of 
all NN intervals (SDNN), the square root of the 
mean of the sum of the squares of differences 
between adjacent NN intervals (RMSSD), the 
percent of interval differences of successive NN 
intervals greater then 50 ms (pNN50), triangulary 
index (TNN). Spectral parameters (Frequency 
Domain Methods): spectral power density (SPD) 
bands of HRV: high-frequency (HF, range 0,4÷0,15 
Hz), low-frequency (LF, range 0,15÷0,04 Hz), very 
low-frequency (VLF, range 0,04÷0,015 Hz) and 
ultra low-frequency (ULF, range 0,015÷0,003 Hz) 
[HRV,1996; Berntson GG et al, 1997]. Baevskiy’s 
parameters: mode (Mo), the amplitude of mode 
(AMo), variational sweep (MxDMn) [Baevskiy RM 
et al, 2001]. We calculated classical indexes: LF/HF, 
LFnu=100%•LF/(LF+HF), Centralization Index 
(CI=(VLF+LF)/HF), Baevskiy’s Stress Index 
(BSI=AMo/2•Mo•MxDMn). 
EEG recorded during 25 sec a hardware-software 
complex “NeuroCom Standard” (KhAI Medica, 
Kharkiv, Ukraine) monopolar in 16 loci (Fp1, Fp2, 
F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, T6, O1, 
O2) by 10-20 international system, with the 
reference electrodes A and Ref on the earlobes. 
Among the options considered the average EEG 
amplitude (μV), average frequency (Hz), frequency 
deviation (Hz), index (%), coefficient of asymmetry 
(%), absolute (μV2/Hz) and relative (%) SPD of 
basic rhythms: β (35÷13 Hz), α (13÷8 Hz), θ (8÷4 
Hz) and δ (4÷0,5 Hz) in all loci, according to the 
instructions of the device. In addition, calculated 
Laterality Index (LI) for SPD each Rhythm using 
formula [Newberg AB et al, 2001]: 
LI, % = Σ [200•(Right – Left)/(Right + Left)]/8 
We calculated for HRV and each locus EEG the 
Entropy (h) of normalized SPD using formulas 
[Popadynets’ OO et al, 2019] based on classic 
Shannon’s CE [1963] formula: 
hHRV=[SPHF•log2SPHF+SPLF•log2SPLF+SPVLF•log2

SPVLF+SPULF•log2SPULF]/log24 
hEEG = - 
[SPDα•log2SPDα+SPDβ•log2SPDβ+SPDθ•log2SPDθ+SP
Dδ•log2SPDδ]/log24 
Electroconductivity recorded (Hubyts’kyi VY) in 
follow points of acupuncture: Pg(ND), TR(X) and 
MC(AVL) at Right and Left side, which represents 
the nervous, endocrine and immune systems 
respectively [Hubyts’kyi VY et al, 2013]. Used 
complex “Medissa”. For each pair, the Laterality 

Index was calculated according to the already 
mentioned formula. 
Parameters of phagocytic function of neutrophils 
estimated as described by Douglas SD and Quie PG 
[1981] with our (Kovbasnyuk MM) moderately 
modification. To do this, 5 drops of blood 
immediately after collection, made in glass 
centrifuge tubes with 2 ml of 4% solution of sodium 
citrate. Blood samples were stored in a refrigerator 
at a temperature of 40C. Further samples were 
centrifuged (5000 rev/min for 5 min). The 
supernatant was removed with the help of the 
Pasteur’s pipette. We used a fraction of leukocytes 
with traces of erythrocytes. The objects of 
phagocytosis served daily cultures of 
Staphylococcus aureus (ATCC N 25423 F49) as 
typical specimen for Gram-positive Bacteria and 
Escherichia coli (O55 K59) as typical representative 
of Gram-negative Bacteria. Both cultures obtained 
from Laboratory of Hydro-Geological Regime-
Operational Station JSC “Truskavets’kurort”. To 
prepare the suspension microbes did wipes with 
relevant shoals sterile saline, immersed tubes in 
boiling water for 3 seconds, cooled to room 
temperature. Integrity microbes controlled with the 
aid of a microscope. To do this, drop the suspension 
of microbes applied to skimmed substantive piece of 
glass, fixed in alcohol lamp flame. Ready 
preparations stained by Papenheim, microscoped 
during immersion, lense h90, eyepiece x10. The test 
samples were prepared as follows. In Vidal’s plastic 
tubes made in the following order of 0,05 mL of 
heparin, 0,05 mL of sterile saline, 0,1 mL 
suspension of leukocytes, 0,05 mL suspension of 
microbial bodies. Samples shaked and placed in 
thermostat at 370C for 30 min, shaking them with 
every 10 mins. Then, to stop phagocytosis, the 
sample was cooled under running water for 10 min. 
In further samples are centrifuged (5000 rev/min, for 
5 min), the supernatant removed with the help of the 
Pasteur’s pipette. From the suspension of leukocytes 
(with traces of red blood cells) prepared strokes, 
dried in air at room temperature and stained by 
Papenheim. Microscoped during immersion lens 
h90, x10 eyepiece. Take into account the following 
parameters of phagocytosis: activity (percentage of 
neutrophils, in which found microbes - Hamburger’s 
Phagocytic Index), intensity (number of microbes 
absorbed one phagocytes - Microbial Count or 
Right’s Index) and completeness (percentage of 
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dead microbes - Killing Index). Microbial number 
and index their digestion is determined for each 
phagocyte and fixed in phagocytic frame. 
For phenotyping subpopulations of lymphocytes 
used the methods of rosette formation with sheep 
erythrocytes on which adsorbed monoclonal 
antibodies against receptors CD3, CD4, CD8, CD22 
and CD56 from company "Granum" (Kharkiv) with 
visualization under light microscope with immersion 
system. Subpopulation of T cells with receptors high 
affinity determined by test of “active” rosette 
formation. The state of humoral immunity judged by 
the concentration in serum of Immunoglobulins 
classes G, A, M (ELISA, analyser “Immunochem”, 
USA) and circulating immune complexes (by 
polyethylene glycol precipitation method) 
[Lapovets’ LYe, Lutsyk BD, 2002]. 
We calculated also the Entropy of Immunocytogram 
(ICG) and Leukocytogram (LCG) as well as 
Popovych’s Leukocytary Strain Index (PSI-2) using 
formulas: 
hICG = - [CD4•log2 CD4 + CD8•log2 CD8 + 
CD22•log2 CD22 + CD56•log2 CD56]/log2 4 
hLCG = - [L•log2 L + M•log2 M + E•log2 E + 
SNN•log2 SNN + StubN•log2 StubN]/log2 5 
 PSI-2 = [(Eosinoph/2,75-1)2 + (StubNeutroph/4,25-
1)2 + (Monoc/6-1)2 + (Leukocyt/5-1)2]/4 
Then determined (Musiyenko VY and Kyrylenko 
IG) the Electrokinetic Index as rate of 
electronegative nuclei of buccal epithelium by 
intracellular microelectrophoresis on the device 
"Biotest" (Kharkiv State University), according to 
the method described [Shakhbazov VG, 2000]. 
At last in portion of venous blood determined 
(Kikhtan VV) plasma level of C-reactive protein 
(by the ELISA with the use of analyzer “RT-
2100C”), total cholesterol (by a direct method after 
the classic reaction by Zlatkis-Zack) and content of 
him in composition of high-density lipoproteins (by 
the enzyme method) according to instructions with 
the use of analyzers "Reflotron" (BRD) and "Pointe-
180" (USA) and corresponding sets of reagents. 
Reference values are taken from the database of our 
laboratory. 
Results processed (Popovych IL) using the software 
package "Statistica 8.0". 
 
 
 
 

RESULTS AND DISCUSSION 
 
Obviously, the presentation of results should begin 
with changes in EEG parameters. According to the 
results of screening of direct differences between the 
values of the parameters after and before electrical 
stimulation, 41 were found to be significant. Of 
these, the discriminant analysis program (forward 
stepwise method) included only 23 in the model, and 
other parameters (variables) were outside the 
discriminant model, apparently as carriers of 
redundant discriminatory information (Tables 1 and 
2). 
Pseudo-staining gives the visual impression that the 
most numerous set of EEG parameters that are 
subject to electrical stimulation are θ-rhythm 
parameters, the other two networks form δ-rhythm 
and entropy parameters, while α-rhythm is 
represented by only two parameters, and β-rhythm 
was not subject to significant effects of electrical 
stimulation. 
 
Table 1. Discriminant Function Analysis 
Summary for EEG Variables 
Step 23, N of vars in model: 23; Grouping: Before 
and After Electrostimulation 
Wilks' Lambda: 0,048; approx. F(23,1)=10,4; p<10-4 
  

Reference 
value 
(122) 

Average value Wilks' statistics parameters 

Variables  
currently in the 
model 

Before 
(18) 

After 
(18) 

Wilks' 
Λ 

Partial 
Λ 

F- 
remove 

p- 
level 

Tole- 
rancy 

θ rhythm 
Laterality Index, 
% 

-3 14 -4 0,197 0,243 37,32 <10-4 0,046 

F3-θ SPD, % 9,6 11,5 9,7 0,203 0,237 38,66 <10-4 0,011 

F8-θ SPD, % 8,4 12,5 9,0 0,068 0,701 5,11 0,043 0,071 

T3-θ SPD, % 8,5 10,1 8,5 0,146 0,328 24,54 <10-3 0,026 

T6-θ SPD, % 7,2 9,8 7,5 0,075 0,642 6,70 0,024 0,062 

F8-θ SPD, μV2/Hz 19 48 28 0,051 0,936 0,82 0,382 0,119 

P3-θ SPD, % 7,8 10,3 8,4 0,052 0,914 1,12 0,310 0,100 

θ rhythm 
Amplitude, μV  7,4 10,9 9,5 0,230 0,209 45,46 <10-4 0,007 

O1-θ SPD, % 6,7 10,1 8,3 0,067 0,719 4,68 0,051 0,048 

F7-θ SPD, % 7,9 11,5 8,9 0,056 0,860 1,95 0,188 0,061 

O2-θ SPD, % 6,0 9,6 7,2 0,054 0,890 1,48 0,248 0,038 

T4-θ SPD, % 8,7 10,3 8,2 0,335 0,143 71,84 <10-5 0,011 

Fp1 SPD Entropy 0,81 0,85 0,77 0,073 0,658 6,23 0,028 0,080 

C3 SPD Entropy 0,83 0,87 0,77 0,087 0,552 9,73 0,009 0,059 

F4 SPD Entropy 0,82 0,85 0,76 0,072 0,671 5,89 0,032 0,026 

P3 SPD Entropy 0,80 0,80 0,72 0,362 0,132 78,62 <10-6 0,016 

F3-δ SPD, μV2/Hz 213 222 751 0,164 0,293 28,96 <10-3 0,008 

F4-δ SPD, μV2/Hz 155 183 592 0,098 0,489 12,53 0,004 0,030 

T6-δ SPD, % 30,5 35,7 45,4 0,127 0,378 19,77 <10-3 0,035 

T6-δ SPD, μV2/Hz 276 204 621 0,078 0,611 7,63 0,017 0,011 

P3-δ SPD, % 26,5 31,2 43,0 0,141 0,341 23,21 <10-3 0,026 

O1-δ SPD, % 26,7 31,8 42,0 0,232 0,207 46,04 <10-4 0,011 

F4-α SPD, % 32,7 25,9 22,3 0,197 0,243 37,32 <10-4 0,020 
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Variables 
currently not in 
the model 

Refer 
value Before After Wilks' 

Λ 
Partial  
Λ 

F to 
enter 

p- 
level 

Tole- 
rancy 

C3-θ SPD, % 9,6 12,9 9,5 0,046 0,967 0,37 0,554 0,046 

C4-θ SPD, % 9,7 11,9 8,9 0,044 0,926 0,88 0,369 0,044 

Fp2-θ SPD, % 8,3 10,7 7,6 0,047 0,981 0,21 0,658 0,047 

F4-θ SPD, % 10,1 12,3 8,7 0,047 0,977 0,26 0,623 0,047 

F3 SPD Entropy 0,81 0,84 0,75 0,047 0,984 0,18 0,678 0,047 

F8 SPD Entropy 0,75 0,81 0,73 0,046 0,966 0,38 0,549 0,046 

T3 SPD Entropy 0,81 0,84 0,76 0,048 0,999 0,01 0,929 0,048 

C4 SPD Entropy 0,84 0,88 0,76 0,046 0,957 0,49 0,499 0,046 

O2 SPD Entropy 0,73 0,81 0,75 0,048 0,996 0,04 0,840 0,042 

P4 SPD Entropy 0,79 0,81 0,76 0,047 0,969 0,35 0,567 0,054 

Fp2 SPD Entropy 0,80 0,80 0,74 0,048 0,998 0,02 0,891 0,048 

C3-δ SPD, % 29,3 22,5 44,0 0,048 0,991 0,10 0,758 0,048 

C3-δ SPD, 
μV2/Hz 139 135 351 0,047 0,980 0,23 0,641 0,047 

C4-δ SPD, % 29,9 33,3 44,9 0,047 0,983 0,20 0,667 0,047 

F4-δ SPD, % 32,7 36,9 47,1 0,046 0,957 0,49 0,499 0,046 

P4-δ SPD, % 27,1 32,7 39,7 0,048 0,998 0,02 0,896 0,058 

O2-δ SPD, % 25,9 30,0 39,1 0,047 0,989 0,12 0,737 0,056 

F4-α SPD, μV2/Hz 128 64 41 0,047 0,977 0,25 0,624 0,047 

 

Table 2. Summary of Stepwise Analysis for EEG 
Variables (ranked by criterion Lambda) 

Variables currently in the model F to  
enter 

p- 
level Lambda F- 

value 
p- 
level 

C3 SPD Entropy 4,72 0,037 0,878 4,72 0,037 

F8-θ SPD, % 2,90 0,098 0,807 3,94 0,029 

F3-θ SPD, % 2,08 0,159 0,758 3,41 0,029 

P3 SPD Entropy 1,59 0,217 0,721 3,00 0,033 

P3-θ SPD, % 2,63 0,115 0,663 3,05 0,024 

θ rhythm Amplitude, μV  3,78 0,062 0,586 3,41 0,011 

O1-θ SPD, % 4,66 0,040 0,503 3,96 0,004 

F3-δ SPD, μV2/Hz 1,88 0,182 0,470 3,81 0,004 

O1-δ SPD, % 1,79 0,193 0,440 3,68 0,004 

T4-θ SPD, % 2,53 0,124 0,399 3,76 0,003 

F8-θ SPD, μV2/Hz 2,97 0,098 0,355 3,96 0,002 

θ rhythm Laterality Index, % 3,13 0,090 0,313 4,21 0,002 

T3-θ SPD, % 2,75 0,112 0,278 4,39 0,001 

P3-δ SPD, % 1,73 0,202 0,257 4,34 0,001 

F4-α SPD, % 2,17 0,156 0,232 4,42 0,001 

F4-δ SPD, μV2/Hz 3,40 0,081 0,197 4,85 <10-3 

T6-δ SPD, % 6,20 0,023 0,146 6,18 <10-3 

T6-δ SPD, μV2/Hz 4,57 0,047 0,115 7,25 <10-4 

Fp1 SPD Entropy 2,34 0,146 0,101 7,53 <10-4 

T6-θ SPD, % 2,43 0,140 0,087 7,92 <10-4 

F7-θ SPD, % 2,49 0,137 0,073 8,41 <10-4 

F4 SPD Entropy 4,72 0,049 0,054 10,4 <10-4 

O2-θ SPD, % 1,48 0,248 0,048 10,3 <10-4 

r*=0,976; Wilks’ Λ=0,048; χ2
(23)=68,3; p<10-5 

Squared Mahalanobis Distance=79; F=10; p<10-4 

Recognition information is condensed in the 
canonical discriminant root, which, judging by the 
Structural coefficients, reflects 17 variables directly 
and 6 inversely (Table 3). The same table also shows 

the Raw coefficients, the sum of the products of 
which on the individual values of discriminant 
variables together with the Constant gives the 
individual values of the root before and after the 
course of electrical stimulation (Fig. 6). 
 
Table 3. Standardized, Structural and Raw 
Coefficients and Constant for EEG Variables 
(ranked by Structural coefficient) 
 Coefficients 

Variables  
currently in the model Standardized Structural Raw 

C3 SPD Entropy 2,829 0,084 20,56 

F8-θ SPD, μV2/Hz  2,109 0,075 0,385 

T6-θ SPD, % -2,463 0,070 -0,652 

P3 SPD Entropy 7,549 0,062 47,58 

F8-θ SPD, % 0,753 0,061 0,020 

O2-θ SPD, % 1,729 0,059 0,361 

F4 SPD Entropy -3,639 0,059 -20,69 

θ rhythm Laterality Index, % 4,156 0,058 0,111 

Fp1 SPD Entropy 2,125 0,055 12,17 

F7-θ SPD, % -1,553 0,053 -0,271 

T4-θ SPD, % -9,213 0,052 -1,974 

T3-θ SPD, % 5,164 0,050 1,428 

F3-θ SPD, % -8,569 0,040 -0,137 

P3-θ SPD, % -0,950 0,036 -0,152 

O1-θ SPD, % -2,474 0,032 -0,373 

θ rhythm Amplitude, μV  10,914 0,028 1,951 

F4-α SPD, % 6,236 0,026 0,387 

T6-δ SPD, μV2/Hz -5,986 -0,057 -0,007 

P3-δ SPD, % 5,175 -0,056 0,214 

F4-δ SPD, μV2/Hz 4,218 -0,056 0,005 

O1-δ SPD, % -8,847 -0,051 -0,382 

F3-δ SPD, μV2/Hz 9,721 -0,048 0,008 

T6-δ SPD, % 4,344 -0,042 0,161 

Eigenvalue 19,84 Constant -60,62 
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Fig. 6. Individual values of the canonical 
discriminant EEGs root before and after four-
day electrostimulation course with the devices 
"VEB-1" and "VEB-2" at females and males. 
Below the columns are the codes of the volunteers 
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Therefore, the characteristic manifestations of the 
effect of electrical stimulation are: leveling of right-
hand Lateralization and normalizing decrease in the 
increased of the Amplitude of the θ-rhythm and its 
SPD at the loci F3, F7, F8, T3, T4, T6, P3, O1 and 
O2; further increase of SPD of δ-rhythm in loci F3, 
F4, T6, P3 and O1 as well as further decrease of 
SPD F4-α; reversion of the increased level of 
Entropy in loci Fp1, F4, C3 and P3 to the lowered 
level.  
Retrospective clustering of volunteers by gender and 
applied modification of the device indicates the 
absence of significant differences in the set of 
discriminant EEG parameters between women and 
men both before and after the course of electrical 
stimulation of both devices (Fig. 7). 
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Fig. 7. Average values (Mean±SE) of the 
canonical discriminant root EEG before and 
after four-day electrostimulation course with the 
devices "VEB-1" and "VEB-2" at women (F) and 
men (M) 
 
The application of the parameters of classification 
functions (Table 4) makes it possible to 
unmistakably recognize retrospectively when the 
EEG was registered: before or after the course of 
electrical stimulation. 
Table 4. Coefficients and Constants for 
Classification Functions 
 
Variables  
currently in the model Before After 

C3 SPD Entropy 1333 1155 

F8-θ SPD, % 0,408 0,234 

F3-θ SPD, % -9,983 -8,797 

P3 SPD Entropy 3150 2738 

P3-θ SPD, % -3,320 -2,003 

θ rhythm Amplitude, μV  145,6 128,8 

O1-θ SPD, % -21,45 -18,23 

F3-δ SPD, μV2/Hz 0,539 0,472 

O1-δ SPD, % -26,89 -23,58 

T4-θ SPD, % -134,9 -117,9 

F8-θ SPD, μV2/Hz  25,01 21,68 

θ rhythm Laterality Index, % 7,393 6,431 

T3-θ SPD, % 105,3 92,98 

P3-δ SPD, % 16,42 14,56 

F4-α SPD, % 27,94 24,60 

F4-δ SPD, μV2/Hz 0,409 0,366 

T6-δ SPD, % 10,954 9,557 

T6-δ SPD, μV2/Hz -0,425 -0,364 

Fp1 SPD Entropy 1100 994,7 

T6-θ SPD, % -41,57 -35,93 

F7-θ SPD, % -25,74 -23,39 

F4 SPD Entropy -929,2 -750,1 

O2-θ SPD, % 9,516 6,388 

Constants -2531 -2006 

 
Secondly, we will consider significant or noteworthy 
changes in HRV parameters, as well as immune, 
biophysical and metabolic (Tables 5 and 6). 
Regarding HRV the characteristic manifestations of 
the effect of electrical stimulation are: a decrease in 
elevated levels of sympathetic tone markers (LFnu 
and AMo) and an increase in decreased levels of 
vagus tone markers (RMSSD, HF, TNN and 
pNN50), that is vagotonic shift of sympatho-vagus 
balance indicex (LF/HF, Bayevsiy’s SI, 
Centralization Index), but without normalization. 
This is accompanied by a normalizing increase in 
the reduced entropy of the HRV spectrum. 
Among the biophysical parameters revealed a 
insignificant increase in Electrokinetic Index and 
significant decrease in the increased electrical 
conductivity of the skin at the point of acupuncture 
MC (AVL) on the right, which led to the reversion 
of its Lateralization. 
The Electrokinetic Index reflects the integral state of 
the organism [Shakhbazov VG, 2000], which is 
documented by its relationships with the parameters 
of EEG, HRV, Immunity, Metabolism, etc. 
[Kyrylenko IG, 2018,2018a]. The point of 
acupuncture MC (AVL) reflects the state of 
Immunity [Hubyts’kyi VY et al, 2013]. Therefore, 
favorable changes in the parameters of Immunity, 
especially an increase in the Killing Index of 
Neutrophils versus both Escherichia coli and 
Staphylococcus aureus, as well as level of CIC and 
T-killers, are quite expected for us. 
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Table 5. Discriminant Function Analysis 
Summary for HRV, Immune, 
Biophysic&Metabolic Variables 
Step 9, N of vars in model: 9; Grouping: 2 grps 
Wilks' Lambda: 0,467; approx. F(9,3)=3,3; p=0,008 
 
 Referen- 

ce value 
(36) 

Average value Wilks' statistics parameters 

Variables currently in the model Before 
(18) 

After 
(18) 

Wilks' 
Λ 

Partial 
Λ 

F- 
remove 

p- 
level 

Tole- 
rancy 

Killing Index vs Escherichia coli, % 62,0 34,7 40,0 0,670 0,697 11,3 0,002 0,542 

Popovych’s Leukocytary Strain Index 0,07 0,15 0,25 0,532 0,878 3,60 0,069 0,622 

Klimov’s Atherogenicity Coefficient 2,97 2,45 2,65 0,486 0,961 1,04 0,316 0,736 

Spectral Power of LFnu, % 65,4 84,0 76,8 0,575 0,813 6,00 0,021 0,310 

LF/HF ratio HRV 2,87 7,09 4,49 0,517 0,905 2,74 0,110 0,288 

EC AP MC (AVL) Right, units 58,0 63,3 61,2 0,518 0,902 2,82 0,105 0,591 

Amplitude of Mode HRV, % 38,9 52,3 47,6 0,544 0,859 4,26 0,049 0,111 

Bayevskiy’s Stress Index, ln units 4,90 5,21 5,07 0,516 0,906 2,70 0,113 0,100 

EC AP MC(AVL) Laterality Index, % 0 0,2 -0,3 0,508 0,920 2,26 0,145 0,636 

Variables currently not in the model   
Before 

 
After 

Wilks' 
Λ 

Partial  
Λ 

F to 
enter 

p- 
level 

Tole- 
rancy 

RMSSD HRV, msec 27,3 17,4 22,0 0,461 0,986 0,35 0,562 0,380 

Entropy of HRV 0,798 0,710 0,775 0,463 0,991 0,24 0,632 0,643 

Spectral Power of HF band, % 13,8 7,4 11,3 0,464 0,994 0,16 0,692 0,414 

Spectral Power of HF band, msec2 346 134 209 0,464 0,994 0,15 0,700 0,452 

Triangulary Index HRV, units 11,2 9,7 10,7 0,465 0,994 0,14 0,710 0,076 

pNN50, % 9,8 1,94 3,72 0,465 0,995 0,13 0,726 0,529 

Electrokinetic Index, % 41,3 41,3 42,5 0,466 0,997 0,06 0,804 0,594 

CD8+CD3+ T-Lymphocytes, % 23,5 20,5 21,9 0,466 0,997 0,06 0,802 0,564 

Circulating Immune Complicex, units 45 33 41 0,467 0,999 0,02 0,888 0,750 

Killing Index vs Staphyloc. aureus, % 58,9 41,1 49,3 0,467 1,000 0,00 0,963 0,587 

(VLF+LF)/HF as Centralization Index 7,0 16,8 10,3 0,456 0,977 0,60 0,446 0,302 

High Density LP Cholesterol, mM/L 1,40 1,75 1,61 0,465 0,996 0,11 0,741 0,396 

C-Reactive Protein, mg/L 2,18 2,90 2,79 0,466 0,998 0,06 0,809 0,711 

 
Table 6. Summary of Stepwise Analysis for HRV, 
Immune, Biophysic&Metabolic Variables 
(ranked by criterion Lambda) 
 
Variables currently in the model F to  

enter 
p- 
level Lambda F- 

value 
p- 
level 

Killing Index vs Escherichia coli, % 7,55 0,010 0,818 7,55 0,009 

Spectral Power of LFnu, % 5,82 0,022 0,696 7,22 0,003 

Popovych’s Leukocytary Strain Index 2,36 0,135 0,648 5,79 0,003 

Amplitude of Mode HRV, % 1,25 0,272 0,623 4,69 0,004 

Bayevskiy’s Stress Index, ln units 2,61 0,117 0,573 4,47 0,004 

LF/HF ratio HRV 1,86 0,184 0,539 4,14 0,004 

EC AP MC(AVL) Right, units 1,15 0,293 0,517 3,73 0,006 

EC AP MC(AVL) Laterality Index, % 1,74 0,198 0,486 3,57 0,006 

Klimov’s Atherogenicity Coefficient 1,04 0,316 0,467 3,29 0,008 

r*=0,730; Wilks’ Λ=0,467; χ2
(9)=22,4; p=0,008 

Squared Mahalanobis Distance=4,56; F=3,29; p=0,008 

 
Under the identified circumstances, we consider 
further increase of the Popovych’s Leukocytary 
Strain Index to be favorable. And the increase within 
the norm of reduced Klimov’s Atherogenicity 
Coefficient due to the decrease within the norm of 

the increased level of High Density LP Cholesterol 
we interpret as at least neutral. 
Unfortunately, due to lack of funding, we could not 
determine the level of pro-inflammatory cytokines. 
Therefore, it is hoped that the tendency to decrease 
the level of C-Reactive Protein is a predictor of the 
anti-inflammatory effect of electrical stimulation. 
Leaving without comments Tables 7 and 8, we 
emphasize that the parameters included in the 
discriminant model when using classification 
functions allow to retrospectively recognize the 
initial state of the organism with an accuracy of 
88,9% (2 errors), and the final even less (83,3%, 3 
errors) against the background of error-free 
recognition by EEG parameters. 
 
Table 7. Standardized, Structural and Raw 
Coefficients and Constant for for HRV, Immune, 
Biophysic&Metabolic Variables (ranked by 
Structural coefficient) 
 
 Coefficients 
Variables currently in the model Standardized Structural Raw 
Killing Index vs Escherichia coli, % 1,024 0,441 0,175 
Popovych’s Leukocytary Strain Index 0,606 0,228 2,724 
Klimov’s Atherogenicity Coefficient 0,314 0,228 0,712 
Spectral Power of LFnu, % -1,066 -0,369 -0,114 
LF/HF ratio HRV 0,788 -0,286 0,179 
EC AP MC(AVL) Right, units -0,558 -0,177 -0,095 
Amplitude of Mode HRV, % -1,544 -0,157 -0,106 
Bayevskiy’s Stress Index, ln units 1,331 -0,106 2,093 
EC AP MC(AVL) Laterality Index, % 0,486 -0,062 13,840 
Eigenvalue 1,14 Constant -0,348 

 
Table 8. Coefficients and Constants for 
Classification Functions for HRV, Immune, 
Biophysic&Metabolic Variables 
 
Variables currently in the model Before After 

Killing Index vs Escherichia coli, % -0,753 -0,391 

Spectral Power of LFnu, % 2,333 2,098 

Popovych’s Leukocytary Strain Index 44,35 50,01 

Amplitude of Mode HRV, % -2,041 -2,261 

Bayevskiy’s Stress Index, ln units 65,38 69,73 

LF/HF ratio HRV -4,592 -4,219 

EC AP MC(AVL) Right, units 1,531 1,334 

EC AP MC(AVL) Laterality Index, % -92,00 -63,28 

Klimov’s Atherogenicity Coefficient 24,44 25,92 

Constants -267,7 -268,4 
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If the GDV parameters are offered for the program 
from the information field, the discriminant model 
will absorb 10 of them, which will displace a 
number parameters of HRV, Immunity and 
Metabolism from the previous model (Tables 9-12), 
but will provide an error-free retrospective 
classification (Table 13). 
 
Table 9. Discriminant Function Analysis 
Summary for GDV, HRV, Immune, Biophysic 
and Metabolic Variables 
Step 16, N of vars in model: 9; Grouping: 
Before&After electrostimulation 
Wilks' Lambda: 0,114; approx. F(16,2)=9,2; p<10-5 
 
 

Refer 
value 
(36) 

Average value Wilks' statistics parameters 

Variables currently in the 
model 

Before 
(18) 

After 
(18) Wilks' 

Λ 
Partial 
Λ 

F- 
remove 

p- 
level 

Tole- 
rancy 

Killing Index vs Escher. coli, % 62,0 34,7 40,0 0,142 0,806 4,57 0,046 0,375 

Spectral Power of LFnu, % 65,4 84,0 76,8 0,167 0,684 8,78 0,008 0,244 

Chakra 3 Asymmetry (f) 0,01 -0,05 0,04 0,180 0,636 10,86 0,004 0,262 

RMSSD HRV, msec 27,3 17,4 22,0 0,208 0,551 15,50 <10-3 0,293 

Chakra 2 Asymmetry (f) 0,02 -0,04 -0,14 0,226 0,505 18,59 <10-3 0,307 

Chakra 2 Energy -0,07 0,13 -0,01 0,126 0,908 1,94 0,180 0,038 

Chakra 7 Energy (f) 0,02 0,07 0,11 0,227 0,503 18,78 <10-3 0,054 

Area GDI Frontal, kpixels 24,9 26,2 25,0 0,187 0,610 12,15 0,003 0,067 

Entropy GDI Left 3,93 3,82 3,74 0,216 0,529 16,91 <10-3 0,252 

Symmetry GDI (f), % 94,7 93,4 92,6 0,121 0,945 1,12 0,304 0,237 

Chakra 7 Energy -0,11 0,08 -0,03 0,150 0,763 5,91 0,025 0,036 

Chakra 4 Asymmetry 0,03 -0,05 0,10 0,144 0,793 4,95 0,039 0,393 

Chakra 1 Asymmetry (f) -0,01 -0,17 -0,07 0,140 0,819 4,21 0,054 0,275 

EC AP MC(AVL) Lateral. Ind, 
% 0,0 0,2 

-0,3 
0,121 0,948 1,05 0,318 0,613 

LF/HF ratio HRV 2,87 7,09 4,49 0,127 0,897 2,18 0,156 0,243 

GDI Shape Coefficient Left (f) 11,5 13,0 13,6 0,124 0,925 1,55 0,228 0,099 

Variables currently not in the 
model   

Before 

 
After Wilks' 

Λ 
Partial  
Λ 

F to 
enter 

p- 
level 

Tole- 
rancy 

Klimov’s Atherogenicity 
Coefficient 2,97 2,45 

2,65 
0,113 0,992 0,15 0,703 0,517 

Bayevskiy’s Stress Index, ln 
units 4,90 5,21 5,07 0,114 0,999 0,02 0,893 0,334 

Spectral Power of HF band, 
msec2 346 134 

209 
0,114 0,999 0,03 0,875 0,168 

EC AP MC(AVL) Right, units 58,0 63,3 61,2 0,111 0,969 0,58 0,455 0,461 

Popovych’s Leukocyt Strain 
Index 0,07 0,15 

0,25 
0,114 0,999 0,01 0,918 0,583 

Entropy of GDI Right 3,85 3,80 3,76 0,110 0,961 0,74 0,402 0,550 

Chakra 3 Energy -0,09 0,03 -0,07 0,112 0,977 0,43 0,522 0,154 

Amplitude of Mode HRV, % 38,9 52,3 47,6 0,111 0,998 0,57 0,450 0,460 

Table 10. Summary of Stepwise Analysis for 
GDV, HRV, Immune, Biophysic and Metabolic 
Variables (ranked by criterion Lambda) 
Variables currently in the model F to  

enter 
p- 
level Lambda F- 

value 
p- 
level 

Killing Index vs Escherichia coli, % 7,55 0,010 0,818 7,55 0,010 

Spectral Power of LFnu, % 5,82 0,022 0,696 7,22 0,003 

Chakra 3 Asymmetry (f) 5,98 0,020 0,586 7,53 <10-3 

RMSSD HRV, msec 3,56 0,069 0,526 6,99 <10-3 

Chakra 2 Asymmetry (f) 2,93 0,098 0,479 6,52 <10-3 

Chakra 2 Energy 3,34 0,078 0,430 6,42 <10-3 

Chakra 7 Energy (f) 5,63 0,025 0,358 7,18 <10-4 

Area GDI Frontal, kpixels 7,48 0,011 0,280 8,67 <10-5 

Entropy GDI Left 2,99 0,096 0,251 8,61 <10-5 

Symmetry GDI (f), % 5,40 0,029 0,207 9,60 <10-5 

Chakra 7 Energy 2,78 0,108 0,185 9,61 <10-5 

Chakra 4 Asymmetry 4,01 0,057 0,158 10,2 <10-6 

Chakra 1 Asymmetry (f) 2,12 0,159 0,144 10,1 <10-5 

EC AP MC(AVL) Laterality Index, % 1,72 0,204 0,133 9,79 <10-5 

LF/HF ratio HRV 1,48 0,237 0,124 9,44 <10-5 

GDI Shape Coefficient Left (f) 1,55 0,228 0,114 9,20 <10-5 

r*=0,941; Wilks’ Λ=0,114; χ2
(16)=56,4; p<10-5 

Squared Mahalanobis Distance=31,0; F=9,2; p<10-5 

 
Table 11. Standardized, Structural and Raw 
Coefficients and Constant for GDV, HRV, 
Immune, Biophysic and Metabolic Variables 
(ranked by Structural coefficient) 
 Coefficients 

Variables currently in the model Standardized Structural Raw 

Killing Index vs Escherichia coli, % 0,764 0,169 0,130 

RMSSD HRV, msec 1,316 0,103 0,161 

Chakra 3 Asymmetry (f) 1,252 0,097 7,907 

Chakra 1 Asymmetry (f) -0,863 0,080 -3,588 

Chakra 4 Asymmetry 0,770 0,072 1,996 

GDI Shape Coefficient Left (f) 0,926 0,074 0,688 

Chakra 7 Energy (f) 3,233 0,030 12,67 

Spectral Power of LFnu, % -1,211 -0,141 -0,129 

LF/HF ratio HRV 0,692 -0,110 0,157 

Entropy GDI Left -1,452 -0,086 -9,356 

Symmetry GDI (f), % -0,514 -0,083 -0,278 

Chakra 2 Asymmetry (f) -1,349 -0,070 -5,311 

Chakra 2 Energy -1,664 -0,059 -3,882 

Chakra 7 Energy -2,728 -0,050 -7,100 

Area GDI Frontal, kpixels 2,564 -0,048 0,56 

EC AP MC(AVL) Laterality Index, % 0,311 -0,024 8,847 

Eigenvalue 7,744 Constant 37,47 
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Table 12. Coefficients and Constants for 
Classification Functions for GDV, HRV, 
Immune, Biophysic and Metabolic Variables 
Variables currently in the model Before After 
Killing Index vs Escherichia coli, % -2,415 -1,709 
Spectral Power of LFnu, % 5,603 4,904 
Chakra 3 Asymmetry (f) -139,1 -96,35 
RMSSD HRV, msec -6,233 -5,360 
Chakra 2 Asymmetry (f) -112,3 -141,0 
Chakra 2 Energy -282,4 -303,4 
Chakra 7 Energy (f) 407,6 476,2 
Area GDI Frontal, kpixels 12,01 15,02 
Entropy GDI Left 835,6 785,0 
Symmetry GDI (f), % 154,5 153,0 
Chakra 7 Energy 590,2 551,8 
Chakra 4 Asymmetry -54,27 -43,481 
Chakra 1 Asymmetry (f) -187,8 -207,2 
EC AP MC(AVL) Laterality Index, % -1406 -1358 
LF/HF ratio HRV 8,316 9,167 
GDI Shape Coefficient Left (f) 214,2 217,8 
Constants -10577 -10375 
Table 13. Classification Matrix 
Rows: Observed classifications 
Columns: Predicted classifications 

 Percent 
correct Before After 

Before 100 18 0 

After 100 0 18 
Total 100 18 18 

If the biophysical (Area and Shape of GDI and its 
Symmetry) and informational (GDI Entropy) GDV 
parameters are more or less tolerantly perceived by 
scientists who follow the paradigm of Western 
medicine, then for the Chakras, which are almost 
the main attribute of Eastern medicine, we risk 
further obstruction. 
According to existent paradigm, Chakras are power 
centers, related to the endocrine glands and neural 
plexus as well as to some organs. In particular, the 
first Chakra is related to the testicles and sacral 
plexus, second Chakra to the ovaries, adrenals and 
kidneys, third Chakra to spleen, liver and solar 
plexus, fourth Chakra to thymus, heart and cardial 
plexus, fifth Chakra to thyroid and parathyroid 

glands, sixth Chakra to pituitary gland and brain, 
seven Chakra to pineal gland [Puchko LG, 2004]. 
The method we use evaluates the Energy and 
Asymmetry of the virtual Chakras, calculated by the 
program based on the GDV parameters of the skin of 
ten fingers. 
The effects of electrical stimulation can be divided 
into the following networks. First, it is almost 
complete normalization of the initially increased 
GDI Area in the Frontal projection and Chakra 3 
(Spleen!) Energy. Second, it is a normalizing 
decrease in the initially increased Energy of Chakra 
2 (Steroides!) and Chakra 7(f). Third, it is a 
normalizing right-hand shift of more or less 
pronounced left-sided Asymmetry of Chakra 1(f) 
and Chakra 3(f). These effects should be clearly 
interpreted as physiologically beneficial.  
The second set is created by quasi-normal (Chakra 4 
(Thymus!) Asymmetry, Chakra 7 Energy(f) and 
elevated (Shape Coefficient Left,f) parameters, 
which increase after electrical stimulation, the 
physiological assessment of changes of which we 
will leave without comment.  
The third set is formed by initially reduced levels of 
GDI Entropy in the Right and Left projections, 
which continue to decrease after electrical 
stimulation, as well as quasi-symmetric Chakra 2(f), 
which is transformed into left-asymmetric. If the 
decrease in Entropy can still be assessed positively, 
then the price change of the latter parameters will 
wait. 
Fig. 8 demonstrates that more or less pronounced 
changes in these parameters occur in all volunteers 
without exception. 
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Fig. 8. Individual values of the canonical 
discriminant root of GDV, HRV&Immune 
parameters before and after four-day 
electrostimulation course with the devices "VEB-
1" and "VEB-2" at females and males 
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The effects on the set of GDV, HRV and Immune 
parameters are almost equally pronounced in people 
of both sexes when using both devices (Fig. 9). 
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Fig. 9. Average values (Mean±SE) of the canonical 
discriminant root of GDV, HRV&Immune 
parameters before and after four-day 
electrostimulation course with the devices "VEB-1" 
and "VEB-2" at women (F) and men (M) 
We consider it necessary to return to the Tracey’s KJ 
[2007] scheme of immunological homunculus by 
which the neural structures that are projected onto 
definite loci responsible for certain immune 
functions, that is the immune compartment 
cytokines release (F3 and/or F4), activation of 
memory B cells (Fp1 and/or Fp2), dendritic cells 
maturation (T3 and/or T4), regulation of T cells (T5 
and/or T6), clonal expansion (P3 and/or P4) and late 
cytokine release (P? or O?). 
It is believed that a hippocampus is projected at the 
C3 and C4 loci, and the T3 and T4 loci reflect the 
activity of the amygdala [Romodanov AP, 1993]. 
The prefrontal loci record the activity of anterior 
cingulate [Cahn BR, Polish J., 2006] as well as 
orbito-frontal cortex. It is shown that the cortical 
thickness of an area within these regions positively 
correlated with two HRV-markers of 
parasympathetic activity both HF [Winkelmann T et 
al, 20107] and RMSSD [Yoo HJ et al, 2016]. It is 
shown significantly positive correlations between 
HFnu and Fz-θ, FCz-θ and Cz-θ [Tang et al, 2009]. 
Previously we [Popovych IL et al, 2013,2014] also 
found correlations between HFnu and F4-θ and P4-
θ, between HF relative and Fp1-θ and P4-θ also 
between RMSSD and P4-θ. Prinsloo GE et al [2013] 
found that less pronounced changes in HRV, due to 
work-related stress, accompanied by higher relative 
SPD Fz-θ, Pz-θ and Cz-θ, lower fronto-central 
relative β power and higher θ/β ratio. It is also 
perfectly consistent with our [Popovych IL et al, 
2013,2014] data on a negative correlation LFnu, LFr 
and LF/HF with F4-θ, P4-θ, F7-θ, F8-θ and positive 
- with F7-β and F8-β - on the one hand, and a 
positive correlation HFr with Fp1-θ and P4-θ and 
negative - with P4-β - on the other side. 

We hope that our results complement and specify 
the concept according to which the hippocampus and 
amygdale are limbic brain structures that process 
experiences by interfacing with lower vegetative 
brain areas, such as the hypothalamus and brainstem, 
and higher cortical areas, particularly within the 
prefrontal cortex. Cortical structures providing 
inhibitory control over limbic and brainstem 
sympathoexcitatory circuits, indeed, disruption of 
prefrontal activity leads to disinhibition of 
sympathoexcitatory circuits, with a resultant 
decrease in vagally-mediated HRV [Carnevali L et 
al, 2018]. In particular, we found that 
electrostimulation-induced vagotonic shift of 
sympatho-vagus balance is associated with 
activation of neurons that generate δ-rhythm, 
whereas the activity of generating θ-rhythm neurons 
that are projected at the same EEG loci, is reduced.  
ACKNOWLEDGMENT 
We express sincere gratitude to administration JSC 
“Truskavets’kurort” for help in recording EEG and 
HRV and carrying out immune analyzes. Special 
thanks to the volunteers. 
ACCORDANCE TO ETHICS STANDARDS 
Tests in volunteers are conducted in accordance with 
positions of Helsinki Declaration 1975, revised and 
complemented in 2002, and directive of National 
Committee on ethics of scientific researches. During 
realization of tests from all participants the informed 
consent is got and used all measures for providing of 
anonymity of participants. 
REFERENCES 

1. Babelyuk NV, Babelyuk VYe, Dubkowa GI, 
Kikhtan VV, Musiyenko VY, Hubyts’kyi VY, 
Dobrovolsky YG, Korsunskyi IH, Kovbasnyuk 
MM, Korolyshyn TA, Popovych IL. Influence of 
the course of electrostimulation by the device 
"ES-01.9 WEB" on some functional systems of 
the organism of practically healthy men [in 
Ukrainian]. In: Proceedings VIII Scientific 
Conference "Issues of pathology in conditions of 
extreme factors action on the body" (Ternopil’, 1-
2 October 2015). Ternopil’. 2015: 5-6. 

2. Babelyuk NV, Babelyuk VYe, Dubkowa GI, 
Korolyshyn TA, Kikhtan VV, Dobrovolsky YG, 
Korsuns’kyi IH, Kovbasnyuk MM. Electrical 
stimulation with the device "ES-01.9 WEB" 
activates some functional systems of the body of 
practically healthy men [in Ukrainian]. In: 
Valeology: current status, trends and persrectives 



 

340 
 

of development. Abstracts. XIV Intern. scient. 
and practical. conf. (Kharkiv-Drohobych, 14-16 
April 2016). Kharkiv: VN Karazin KhNU. 2016: 
198-200. 

3. Babelyuk NV, Babelyuk VYe, Dubkowa GI, 
Kikhtan VV, Musiyenko VY, Hubyts’kyi VY, 
Dobrovolsky YG, Korsuns’kyi IH, Kovbasnyuk 
MM, Korolyshyn TA, Popovych IL. Modulation 
of functional systems of practically healthy men 
by the course of electrostimulation [in Ukrainian]. 
In: IX International symposium “Actual problems 
of biophysical medicine” (Kyiv, 12-15 May 
2016). Кyiv: OO Bohomolets’ Institute of 
Physiology; 2016: 10-11. 

4. Babelyuk NV, Babelyuk VY, Kikhtan VV, 
Popovych IL, Burkovs’ka MM, Dobrovolsky YG, 
Korsuns’kyi IH, Kindzer BM, Zukow W. The 
influence of the course of electrostimulation by 
the device "VEB-1" on metabolic parameters at 
practically healthy males. Experimental and 
Clinical Physiology and Biochemistry. 2018; 
4(84): 11-17. 

5. Babelyuk VYe. The parameters of gas discharge 
visualization (kirlianogram) appropriately 
associated with some psychophysiological and 
endocrine parameters of healthy men. Medical 
Hydrology and Rehabilitation. 2013; 11(1): 21-
30. 

6. Babeluk VE. The patent of Ukraine for utility 
model 105875 Portable device for electrotherapy 
and stimulation, 2016. 

7. Babelyuk VYe, Dubkova GI, Korolyshyn TA, 
Zukow W, Popovych IL. The correlationships 
between parameters of gas discharge visualization 
and principal neuroendocrine factors of 
adaptation. In: Pathophysiology and Pharmacy: 
ways of integration. Abstracts VII National 
Congress of Pathophysiologists Ukraine with 
international participation (5-7 October 2016). 
Kharkiv. NPhU; 2016: 8-8. 

8. Babelyuk VY, Dobrovolsky YuG, Popovych IL, 
Korsunskiy IG. Generator for electrotherapy and 
stimulation oh human nerve centers [in Russian]. 
Tekhnologiya i Konstruirovaniye v Elektronnoy 
Apparature. 2017; 1-2: 23-27. 

9. Babelyuk VYe, Dubkowa GI, Korolyshyn TA, 
Holubinka SM, Dobrovolsky YG, Zukow W, 
Popovych IL. Operator of Kyokushin Karate via 
Kates increases synaptic efficacy in the rat 
Hippocampus, decreases C3-θ-rhythm SPD and 

HRV Vagal markers, increases virtual Chakras 
Energy in the healthy humans as well as 
luminosity of distilled water in vitro. Preliminary 
communication. Journal of Physical Education 
and Sport. 2017; 17(1): 383-393. 

10. Babelyuk VE, Gozhenko AI, Dubkova GI, 
Babelyuk NV, Zukow W, Kovbasnyuk MM, 
Popovych IL. Causal relationships between the 
parameters of gas discharge visualization and 
principal neuroendocrine factors of adaptation. 
Journal of Physical Education and Sport. 2017; 
17(2): 624-637. 

11. Babelyuk VYe, Babelyuk NV, Popovych IL, 
Dobrovolsky YuG, Korsuns’kyi IH, Korolyshyn 
TA, Kindzer BM, Zukow W. Influence of the 
course of electrostimulation by the device "VEB-
1" on parameters of electroencephalogram at 
practically healthy males. Journal of Education, 
Health and Sport. 2018; 8(4): 195-206. 

12. Babelyuk VY, Dubkova HI, Korolyshyn TA, 
Mysula IR, Popovych DV, Popovych IL, Zukow 
W. Relationships between caused by Kozyavkin© 
method changes in parameters of manual function 
and electroencephalogram, heart rate variability 
as well as gas discharge visualization in children 
with spastic form of cerebral palsy. Journal of 
Education, Health and Sport. 2018; 8(4): 159-
194. 

13. Babelyuk VYe, Popadynets’ OO, Dubkova GI, 
Zukow W, Muszkieta R, Gozhenko OA, 
Popovych IL. Entropy of gas-discharge image 
correlates with the entropies of EEG, 
immunocytogram and leukocytogram but not 
HRV. Pedagogy and Psychology of Sport. 2020; 
6(2): 30-39. 

14. Baevskiy RM, Ivanov GG. Heart Rate 
Variability: theoretical aspects and possibilities of 
clinical application [in Russian]. Ultrazvukovaya 
i funktsionalnaya diagnostika. 2001; 3: 106-127. 

15. Baptista AF, Maciel ABR, Okano AH, Moreira 
A, Campos ACP, Fernandes AM, Brunoni AR, 
Tanaka C, Andrade DC, Machado DGS, Morya 
E, Trujillo E, Monte-Silva K, Sa KN, Baptista 
INSF, Goulardins JB, Sudbrack-Oliveira P, 
Carvalho P, Moreira RJD, Pagano RM, Shinjo 
SK, Zana Y. Neuromodulation and inflammatory 
reflex: Perspectives on the use of non-invasive 
neuromodulation in the management of disorders 
related to COVID-19. Preprint. 2020. May: 31p. 

16. Barylyak LG., Malyuchkova RV, Tolstanov OB, 



 

341 
 

Tymochko OB, Hryvnak RF, Uhryn MR. 
Comparative estimation of informativeness of 
leukocytary index of adaptation by Garkavi and 
by Popovych. Medical Hydrology and 
Rehabilitation. 2013; 11(1): 5-20. 

17. Berntson GG, Bigger JT jr, Eckberg DL, 
Grossman P, Kaufman PG, Malik M, Nagaraja 
HN, Porges SW, Saul JP, Stone PH, Van der 
Molen MW. Heart Rate Variability: Origines, 
methods, and interpretive caveats. 
Psychophysiology. 1997; 34: 623-648. 

18. Bikson M, Hanlon CA, Woods AJ, Gillic BT, 
Charvet L, Lamm C et al. Guidelines for 
TMS/tES clinical services and research through 
the COVID-19 pandemic. Brain Stimulation. 
2020; 13: 1124-1149. 

19. Borovikova LV, Ivanova S, Zhang M, Yang H, 
Botchkina GI, Watkins LR, Wang H, Abumrad 
N, Eaton JW, Tracey KJ. Vagus nerve stimulation 
attenuates the systemic inflammatory response to 
endotoxin. Nature. 2000; 405: 458-462. 

20. Cahn BR, Polish J. Psychological bulletin 
meditation states and traits: EEG, ERP and 
neuroimaging studies. Psychol. Bull. 2006; 132: 
180-211. 

21. Carnevali L, Koenig J, Sgoifo A, Ottaviani C. 
Autonomic and brain morphological predictors of 
stress recilience. Front Neurosci. 2018; 12: 228. 

22. Chavan SS, Pavlov VA, Tracey KJ. Mechanism 
and therapeutic relevance of neuro-immune 
communication. Immunity. 2017; 46: 927-942. 

23. Chavan SS, Tracey KJ. Essencial Neuroscience in 
Immunology. J Immunol. 2017; 198: 3389-3397. 

24. Douglas SD, Quie PG. Investigation of 
Phagocytes in Disease. Churchil. 1981. 110 p. 

25. Fudium M, Qadri YJ, Ghadimi K, MacLeod DB, 
Malinger J, Piccini JP et al. Implication for 
neuromodulation therapy to control inflammation 
and related organ dysfunction in COVID-19. J 
Cardiovasc Transl Res. 2020. May 26: 1-6. 

26. Gozhenko AI, Sydoruk NO, Babelyuk VYe, 
Dubkowa GI, Flyunt VR, Hubyts’kyi VYo, 
Zukow W, Barylyak LG, Popovych IL. 
Modulating effects of bioactive water Naftussya 
from layers Truskavets’ and Pomyarky on some 
metabolic and biophysic parameters at humans 
with dysfunction of neuro-endocrine-immune 
complex. Journal of Education, Health and Sport. 
2016; 6(12): 826-842. 

27. Heart Rate Variability. Standards of 

Measurement, Physiological Interpretation, and 
Clinical Use. Task Force of ESC and NASPE. 
Circulation. 1996; 93(5): 1043-1065. 

28. Hubyts’kyi VY, Humenna OP, Barylyak LG, 
Bolyukh VV, Popovych IL, Maluchkova RV. 
Eleeectro-skin resistance of points of acupuncture 
correlates with  some parameters of 
neuroendocrine-immune complex [in Ukrainian]. 
Medical Hydrology and Rehabilitation. 2013; 
11(2): 4-11. 

29. Hyoju SK, Alverdy JC, Zagorina O, Goor van H. 
SARS-CoV-2 and the sympathetic immune 
response: dampening inflammation with 
antihypertensive drugs (Clonidine and Labetalol). 
Research Proposal. 2020. April. DOI: 
10.13140/RG.2.2.36574.79681. 

30. Kindzer BM, Babelyuk VY, Babelyuk NV, 
Popovych IL, Dubkova GI, Dobrovolsky YG, 
Korsuns’kyi IH, Korolyshyn TA, Litosh S, 
Kindzer H, Zukow W. The device for 
electrostimulation "VEB-1" modulates 
parameters of electroencephalogram and gas 
discharge visualization. Science and society. 
Proc. of the 11th internat. confer. Acent Grafics 
Communications and Publishing. Hamilton, 
Canada. 2019: 159-171. 

31. Klecka WR. Discriminant Analysis [trans. from 
English in Russian] (Seventh Printing, 1986). In: 
Factor, Discriminant and Cluster Analysis. 
Moskwa: Finansy i Statistika. 1989: 78-138. 

32. Korneva EA (editor). Immunophysiology [in 
Russian]. St-Pb: Nauka. 1993. 684 p. 

33. Korotkov KG. Basics GDV Bioelectrography [in 
Russian]. SPb. SPbGITMO(TU); 2001: 360 p. 

34. Korotkov KG. Principles of Analysis in GDV 
Bioelectrography [in Russian]. SPb/ Renome; 
2007: 286 p. 

35. Korotkov KG. Energy Fields Electrophotonic 
Analysis in Humans and Nature. Second updated 
edition. Translated from Russian by the author. 
Edoted by Berney Williams and Lutz Rabe. 2014: 
233 p.  

36. Kozyavkina OV, Kozyavkina NV, Voloshyn ТB, 
Hordiyevych МS, Lysovych VI, Babelyuk VY, 
Dubkova HI, Korolyshyn TA, Mysula IR, 
Popovych DV, Zukow W, Popovych IL. Caused 
by Kozyavkin© method changes in hand function 
parameters in children with spastic form of 
cerebral palsy and their EEGs, HRVs and GDVs 
accompaniments. Journal of Education, Health 



 

342 
 

and Sport. 2018; 8(10): 11-30. 
37. Kozyavkina OV, Kozyavkina NV, Hordiyevych 

МS, Voloshyn ТB, Lysovych VI, Babelyuk VY, 
Dubkova HI, Korolyshyn TA, Popovych DV, 
Mysula IR, Zukow W, Popovych IL. Forecasting 
caused by Kozyavkin© method changes in hand 
function parameters in children with spastic form 
of cerebral palsy at their baseline levels as well as 
EEGs, HRVs and GDVs. Achivements of 
Clinical and Experimental Medicine. 2018; 4: 17-
35. 

38. Kul’chyns’kyi AB, Kyjenko VM, Zukow W, 
Popovych IL. Causal neuro-immune relationships 
at patients with chronic pyelonephritis and 
cholecystitis. Correlations between parameters 
EEG, HRV and white blood cell count. Open 
Medicine. 2017; 12(1): 201-213. 

39. Kul’chyns’kyi AB, Zukow W, Korolyshyn TA, 
Popovych IL. Interrelations between changes in 
parameters of HRV, EEG and humoral immunity 
at patients with chronic pyelonephritis and 
cholecystitis. Journal of Education, Health and 
Sport. 2017; 7(9): 439-459. 

40. Kyrylenko IG. Changes in electrokinetic index of 
buccal epithelium correlated with changes in 
some parameters of EEG, HRV, hemodynamics 
and metabolism. Experimental and Clinical 
Physiology and Biochemistry. 2018; 2(82): 5-14. 

41. Kyrylenko IG, Flyunt I-SS, Fil’ VM, Zukow W, 
Popovych IL. Changes in electrokinetic index of 
buccal epithelium correlated with changes in 
some parameters of immunity and fecal 
microbiocenosis. Journal of Education, Health 
and Sport. 2018; 8(10): 168-170. 

42. Lapovets’ LYe, Lutsyk BD. Handbook of 
Laboratory Immunology [in Ukrainian]. L’viv. 
2002. 173 p.  

43. Nance DM, Sanders VM. Autonomic innervation 
and regulation of immune system (1987-2007). 
Brain Behav Immun. 2007; 21(6): 736-745. 

44. Newberg AB, Alavi A, Baime M, Pourdehnad M, 
Santanna J, d’Aquili E. The measurement of 
regional cerebral blood flow during the complex 
cognitive task of meditation: a preliminary 
SPECT study. Psychiatry Research: 
Neuroimaging Section. 2001; 106: 113-122. 

45. Ohtake Y, Hamada T, Murata T. et al. The 
assotiation between autonomic response status 
and the changes in EEG activity during mental 
arithmetic task. Rinsho Byori. 2007; 55(12): 

1075-1079. 
46. Pavlov VA, Chavan SS, Tracey KJ. Molecular 

and functional neuroscience in immunity. Annu 
Rev Immunol. 2018; 36: 783-812. 

47. Popadynets’ OO, Gozhenko AI, Zukow W, 
Popovych IL. Relationships between the 
entropies of EEG, HRV, immunocytogram and 
leukocytogram. Journal of Education, Health and 
Sport. 2019; 9(5): 651-666. 

48. Popadynets’ OO, Gozhenko AI, Badiuk NS, 
Zukow W, Kovbasnyuk MM, Korolyshyn TA, 
Popovych IL. Relationships between changes in 
entropy of the EEG and parameters of the 
immunity. Pedagogy and Psychology of Sport. 
2020; 6(1): 24-40. 

49. Popovych IL. Functional relationships between 
parameters of neuro-endocrine-immune complex 
at male rats [in Ukrainian]. Achivements of 
Clinical and Experimental Medicine. 2008; 2(9): 
80-87. 

50. Popovych IL. Feature of immunity by various 
constellations of hormones and autonomous 
regulation. In: Materials of the XXth Congress of 
the Ukrainian Physiological Society named after 
PG Kostyuk. Fiziol Zhurn. 2019; 65(3). Suppl: 
184-184. 

51. Popovych IL, Babelyuk VYe, Dubkova GI. 
Relations between the parameters 
bioelectrography (kirlianography) and heart rate 
variability and blood pressure [in Ukrainian]. 
Medical Hydrology and Rehabilitation. 2010; 
8(1): 4-16. 

52. Popovych IL, Lukovych YuS, Korolyshyn TA, 
Barylyak LG, Kovalska LB, Zukow W. 
Relationship between the parameters heart rate 
variability and background EEG activity in 
healthy men. Journal of Health Sciences. 2013; 
3(4): 217-240. 

53. Popovych IL, Kozyavkina OV, Kozyavkina NV, 
Korolyshyn TA, Lukovych YuS, Barylyak LG. 
Correlation between Indices of the Heart Rate 
Variability and Parameters of Ongoing EEG in 
Patients Suffering from Chronic Renal Pathology. 
Neurophysiology. 2014; 46(2): 139-148. 

54. Popovych IL, Kul’chyns’kyi AB, Korolyshyn 
TA, Zukow W. Interrelations between changes in 
parameters of HRV, EEG and cellular immunity 
at patients with chronic pyelonephritis and 
cholecystitis. Journal of Education, Health and 
Sport. 2017; 7(10): 11-23. 



 

343 
 

55. Popovych IL, Babelyuk VY, Dubkova HI, 
Korolyshyn TA, Zukow W. Relationships 
between changes in parameters of manual 
function and electroencephalogram, heart rate 
variability as well as gas discharge visualization 
in children with spastic form of cerebral palsy 
caused by Kozyavkin© method. Experimental and 
Clinical Physiology and Biochemistry. 2018; 
1(81): 39-50. 

56. Popovych IL, Kul’chyns’kyi AB, Gozhenko AI, 
Zukow W, Kovbasnyuk MM, Korolyshyn TA. 
Interrelations between changes in parameters of 
HRV, EEG and phagocytosis at patients with 
chronic pyelonephritis and cholecystitis. Journal 
of Education, Health and Sport. 2018; 8(2): 135-
156. 

57. Popovych IL, Gozhenko AI, Zukow W, 
Polovynko IS. Variety of Immune Responses to 
Chronic Stress and their Neuro-Endocrine 
Accompaniment. Scholars' Press. Riga; 2020: 172 
p. 

58. Prinsloo GE, Rauch HG, Karpul D, Derman WE. 
The effect of a Single Session of Short Duration 
Heart Rate Variability Biofeedback on EEG: A 
Pilot Study. Appl Psychophysiol Biofeedback. 
2013; 38(1): 45-56. 

59. Romodanov AP (editor). Postradiation 
Encephalopathy. Experimental Researches and 
Clinical Observations [in Ukrainian and Russian]. 
Kyiv: USRI of Neurosurgery. 1993. 224 p. 

60. Puchko LG. Multidimensional Medicine. Systen 
of Self-diagnosis and Self-healing of Human [in 
Russian]. 10th ed., rev. and ext. Мoskva: ANS, 
2004. 432 p. 

61. Shakhbazov VG, Kolupaeva TV, Shuvalov IM et 
al. Method of rapid testing efficiency 
rehabilitation of health. Pat. 28113, Ukraine, NSI 
A61V10/00. 2000; Bul №5. 

62. Shannon CE. Works on the theory of informatics 
and cybernetics [transl. from English to Russian]. 
Moskva. Inostrannaya literatura; 1963: 329 p. 

63. Staats P, Giannakopoulos G, Blake J, Liebler E, 
Levy RM. The use of non-invasive vagus nerve 
stimulation to treat respiratory symptoms 
associated with COVID-19: A theoretical 
hypothesis and early clinical experience. 
Neuromodulation. 2020; 12: 10.1111/ner. 13172. 

64. Sternberg EM. Neural regulation of innate 
immunity: a coordinated nonspecific response to 
pathogens. Nat Rev Immunol. 2006; 6(4): 318-

328. 
65. Subhani AR, Likun X, Saeed Malik A. 

Assotiation of autonomic nervous system and 
EEG scalp potential during playing 2D Grand 
Turismo 5. Conf Proc IEEE Eng Med Biol Soc. 
2012: 3420-3423. 

66. Tang Yi-Yuan, Ma Yinghua, Fan Yaxin et al. 
Central and autonomic nervous system interaction 
is altered by short-term meditation. Proc Natl 
Acad Sci USA. 2009; 106(22): 8865-8870. 

67. Tolkunov D, Rubin D, Mujica-Parodi LR. Power 
spectrum scale invariance quantifies limbic 
dysregulation in trait anxious adults using fMRI: 
adapting methods optimized for characterizing 
autonomic dysregulation to neural dynamic 
timeseries. Neuroimage. 2010; 50(1): 72-82. 

68. Tornero C, Vallejo R, Cedeňo D, Orduňa J, 
Pastor E, Belaouchi M, Escamila B, Laredo M, 
Garzando MM. A prospective, randomized, 
controlled study assessing vagus nerve 
stimulation using the gamma-Core®-Sapphire 
device for patient with moderate to severe 
CoViD-19 Respiratory Symptoms (SAVIOR): A 
structured summary of a study protocol for a 
randomized controlled trial. Trials. 2020; 21: 576. 

69. Thayer JF, Sternberg EM. Neural aspects of 
immunomodulation: Focus on the vagus nerve. 
Brain Behav Immun. 2010; 24(8): 1223-1228. 

70. Tracey KJ. Physiology and immunology of the 
cholinergic antiinflammatory pathway. J Clin 
Invest. 2007; 117(2): 289-296. 

71. Tracey KJ. Understanding immunity requires 
more than immunology. Nature Immunology. 
2010; 11(7): 561-564. 

72. Vanneste S, De Ridder D. Brain Areas 
Controlling Heart Rate Variability in Tinnitus and 
Tinnitus-Related Distress. PloS ONE. 2013; 8(3): 
e59728. 

73. Winkelmann T, Thayer JF, Pohlak ST, Nees F, 
Grimm O, Flor H. Structural brain correlates of 
heart rate variability in healthy young adult 
population. Brain Structure and Function. 2017; 
222(2): 1061-1068. 

74. Yoo HJ, Thayer JF, Greenig S, Lee TH,, Ponzio 
A, Min J, Sakaki M, Nga L, Mater M, Koenig J. 
Brain structural concomitants of resting state 
heart rate variability in the young and old: 
evidence from two independent samples. Brain 
Structure and Function. 2018; 223(2): 727-737. 

 



 

344 
 

 
 
 
 
 
 
 
 
 
 
Abstract 
Patients with cervical spinal cord injury have a high incidence of cardiac arrhythmias, especially in the first 14 to 30 
days after traumatic event (acute phase). Electrophysiological abnormalities described in the acute phase are most 
often bradycardia, which is spontaneous or triggered by various stimuli. In the chronic phase, varied arrhythmias are 
described, but ventricular arrhythmias as a result of autonomic dysregulation in chronic SCI are rare and isolated. We 
present the case of a patient with a C5-C6 incomplete spinal cord injury (ASIA-B grade) in which symptomatic 
ventricular arrhythmia is described one year after the traumatic event. 
 
Key words: spinal cord injury, autonomic nervous system, ventricular arrythmias, 
 
Introduction
Incidence of traumatic spinal cord injury (SCI) 
varies around the world between 13 to 53 cases per 
million population, higher in males (male-to-
female ratio of 2:1) and in young adults (20-29 
years) (1). In SCI survivors, secondary conditions 
such as circulatory system impairments, could 
influence mortality and morbidity (1). 
Heart rate and blood pressure control depends on 
the activity of supraspinal centers.In cervical spinal 
cord injuries, there is an imbalance between 
decreased or abolished sympathetic output and 
preserved parasympathetic output. The supraspinal 
control of sympathetic output originates in the 
medulla, with preganglionic fibers travelling 
through the spinal cord to reach the lateral horns at 
T1 to L3 levels, then synapse in the paravertebral 
sympathetic ganglionic chain and are distributed to 
the heart through sympathetic cardiac nerves (2, 3, 
4). The dorsal vagal motor nucleusand nucleus 
ambiguus exert their influence on the heart by 
efferent parasympathetic output through the vagus 
nerve, which has a extra-spinal position, and is 
generally spared in cervical spinal cord injuries. 
The spectrum of cardiovascular responses to SCI 
can be divided in two phases: the acute response, 
lasting from the time of injury to approximately 4 
weeks following injury, and the chronic phase 
which follows.Within the acute phasethe 

neurogenic shock occurs, as the severe 
manifestation of sympathetic withdrawaland vagal 
over-activity, with consequent severe bradycardia 
and hypotension. Bradyarrhythmias,especially 
persistent sinus bradycardia, aredue to 
parasympathetic predominance, and appear in 66 to 
100% of cervical SCI patients. The high level 
(cervical vs dorsal) and the severity of spinal cord 
injury increases the risk of bradycardia (3, 5).  
In the chronic phase of SCI, below the lesion, some 
of the sympathetic spinal reflexes recover 
partially,independently of supraspinal control. In 
complete SCI lesion, the entire sympathetic 
efferent activity will be separated from cerebral 
control (6).In the absence of supraspinal inhibitory 
input, abnormal activation of sympathetic spinal 
cord reflexes by various stimuli induces pathologic 
cardiovascular effects, part of the syndrome of 
autonomic dysreflexia (7).  
Autonomic dysreflexia (AD) is an abnormal spinal 
reflex-mediated response to stimuli delivered 
below the level of injury that consists of severe 
hypertension, dysrhythmias and vasoconstriction 
below lesion level (8). AD is caused by 
sympathetic hyperactivity as a response to a strong 
sensory stimulus below the level of injury (pain, 
infection, bladder / bowel distension).AD occurs in 
SCI patients with injury above T6 level, commonly 
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in the chronic phase, months or years after injury. 
Sympathetic-induced vasoconstriction 
generatesacute blood pressure elevation and 
bradycardia, rarely tachycardia or arrythmias (8). 
Coronary arteries spasm with secondary 
myocardial ischemia have also been described 
during AD (9).Excessive release of endogenous 
catecholamines during AD could lead to structural 
changes in myocardial fibers, increasing the 
oxidative stress of myocardial cells (10,11). 
Thisexplains why AD is a life-threatening 
conditionwith potentially severe consequences like 
stroke or death, if untreated (1), (8).  
The pathologic neuronal signaling caused by the 
SCI predispose to arrythmias. Tachyarrhythmias 
like atrial fibrillation (AF) and ventricular 
fibrillation have been described in SCI patients 
with structurally normal hearts, remote from the 
time of injury, attributed to dys-synchronous 
autonomic discharge of AD, with bursts of 
sympathetic hyperactivity driven by ordinary 
stimuli (3, 12). More recently, the importance of 
the parasympathetic nervous system in inducing 
ventricular arrhythmias has been emphasized, but 
further studies are needed to clarify its role (13). 
Case presentation. 
We present the case of a 31year old male patient, 
which suffered a cervical spinal cord injury at C5 
level in 2014 after a car accident. He was operated 
for spinal cord decompression and further 
stabilization with screw and rod system at C4-C5 
and C5-C6 levels.The severity of SCI was rated 
ASIA-B on the American Spinal Injury 
Association (ASIA) Impairment Scale (AIS) 
(14).An acute upper gastro-intestinal bleeding with 
hematemesis occurred as early complication from a 
stress peptic ulcer, and emergency laparotomy with 
hemostatic ulcer excision was performed. Patient’s 
evolution was further complicated by a severe 
urosepsis, recovered after antibiotic therapy. The 
patient started progressively an intensive 
rehabilitation program one month later. 
One year after the spinal cord injury, the patient 
was admitted to our rehabilitation hospital. 
Neurological examination showed the picture of an 
incomplete C5-C6 spinal cord injury, converted to 
an ASIA-C grade: lower motor neuron deficit in 
upper limbs withimpaired wrist and 
fingerextension (2/5 on Medical Research Council 
MRC scale for muscle strength), less impaired 

wrist and finger flexion (3/5 on MRC scale), with 
hypotonus and muscle atrophies, upper motor 
neuron deficit in lower limbs (3/5 proximally and 
2/5 distally on MRC scale) withspasticity and brisk 
reflexes, bilateral Babinski sign, decreased all 
sensory modalities below D4 level, incomplete 
micturition with self-catheterizations. The patient 
was able to walk with a rollator, for short 
distances.  
At admission, the patient complained for 
intermittent irregular palpitations having no 
relation with effort or emotions.His blood pressure 
was 110/70 mmHg, heart rate 68 beats/min and no 
abnormal signs on physical examination of the 
cardiovascular system were noted. The 12-lead 
electrocardiography (ECG) has shown sinus 
rhythm, right axis deviation, without any other 
pathological changes (Figure 1).  
 

 
Fig. 1. Baseline ECG on admission 
The 24-hours ECG Holter monitoring recorded 
1937 ventricular premature beats (VPB) that had 
five morphologies and were isolated or coupled 
(Figure 2).  
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Fig. 2. Two samples of the first ECG Holter 
monitoring: polymorphic VPB (A) and some 
couplets (B). Note the low heart rate when VPB 
occurs. 
VPB occurred mainly during the night (between 
0:00 and 6:00) and accounted for about 2% of the 
total number of daily heart beats. Along the whole 
ECG monitoring period the mean heart rate was 61 
beats/min but during night (when the VPB 
occurred) the mean hart rate was 50 beats/min.  We 
must note normal chronotropic adaptation to effort 
(the maximum sinus rate was 167 beats/min). The 
cardiac ultrasound ruled out any structural cardiac 
disease.  
He did not recognize alcohol or other drug 
consumption.Electrolytes levels in the serum were 
in the normal range, and thyroid function was 
normal (normal TSH and FT4 levels).The cardiac 
ultrasound ruled out any structural cardiac disease. 
A treatment with 25 mg od metoprolol tartrate was 
initiated and the ECG Holter monitoring performed 
8 days later revealed significant improvement of 
the arrhythmia burden (72 VPB during 24-hours). 
The beta-blocker treatment did not influence the 
mean and minimum heart rate which remained 
similar.The patient was discharged on 25 mg 
metoprolol tartrate. 
One year later the patient was admitted for follow-
up.He did not have any cardiac symptom and the 
medication was interrupted at least three months 
before the follow-up visit. Reoccurrence of 
palpitations was noted in the last month, during a 
rehabilitation program in a balnear resort, which 
included daily sessions of hydrotherapy in thermal 
water. The Holter ECG monitoring performed at 
follow-up visit revealed around 500 VPB which 
had a single morphology (Figure 3), different from 

those recorded one year before, which tended to 
occur during night on bradycardia; the betablocker 
treatment resumption was recommended (nebivolol 
2.5 mg od). 

 
 

 
 
Fig. 3. The 3 years follow-up Holter ECG 
monitoring has shown arround 500 VPBs (A) 
having the same morphology (B). 
 
Because of hypotension, the nebivolol had to be 
interrupted soon and Propafenone 150 mg bid was 
recommended.  It was well tolerated and 
significantly reduced the VPB number. 
 
Discussion 
Ventricular premature beats (VPBs) or ventricular 
extrasystoles could be a common finding in 
individuals without any structural heart disease, 
and are considered a benign condition in the 
majority of cases, not requiring treatment, if they 
are clinically silent, their number is low, and their 
origin is notin the subepicardial layer.  

A 

B 
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However, sometimes the VBPs are symptomatic 
(palpitations, feeling of “skipped” heart beats), or, 
if they account for more than 24% of the total heart 
beats number, could result in tachyarrhythmia 
cardiomyopathy (15). That’s why the mechanism is 
important to be known in order to assess the risks 
and to start the mostappropriate treatment. 
The occurrence of VPBs in patients with cervical 
spinal cord injuries has not been described yet. The 
only recognized  heart rhythm disturbance in the 
settings of cervical spinal cord injuries is  sinus 
bradycardia which results from reactive 
hypervagotonia at the impairment of the cervical 
medullary sympathetic pathways leading to the 
distribution of  preganglionic fibers that exit the 
central nervous system at the first through fourth 
thoracic levels of the spinal cord. Heart rate and 
blood pressure control depends on the activity of 
supraspinal centers. Disruption of descendent 
pathways results in sympathetic hypoactivity and 
disinhibited parasympathetic outflow. Within acute 
phase of spinal cord injuries, the neurogenic shock 
consists of severe bradycardia and hypotension.  
After spinal shock resolution, during the chronic 
phase, autonomic dysreflexia appears, and it is a 
syndrome of unopposed parasympathetic discharge 
with bursts of sympathetic hyperactivity induced 
by visceral stimuli.  Our young patient had along 
the whole assessment period mild bradycardia 
(around 50 beats/min) and hypotension tendency 
which was counterbalanced by adequate hydration 
and orthostatic training.  
  
The VPBs was an unexpected finding in our 
patient. They were associated with symptoms 
(palpitations), which the patient noted after the 
injury, so one could assume their relation with this 
event. Some possible mechanisms could explain 
this: a concomitant acute cardiac or metabolic 
condition (acute myocarditis with sequel, an 
electrolytic imbalance).   
Myocarditis is a myocardial disorder often 
unrecognized, characterized by infiltration of 
inflammatory cells from infectious or autoimmune 
disorders. Even if often its cause remains 
unknown, myocarditis is reported to be the 
underlying mechanism in up to 50% of the patients 
with ventricular arrhythmias (16). The 
symptomatic premature ventricular contractions 
(PVCs) in the setting of supposed myocarditis are 

treated with beta-blockers or class III 
antiarrhythmic drugs; in our patient betablockers 
were effective even at low doses, but clinical 
intolerance due to hypotension lead to the 
treatment cessation. Class IC antiarrhythmic drugs 
could be an alternative in patients with non-
ischemic etiologies and without significant 
myocardial scar. Even if the patient had e severe 
infectious episode in the subacute SCI phase, the 
normal systolic and diastolic left ventricular 
performance make a significant left ventricular scar 
less probable, even if it wasn’t definitely ruled out 
by cardiac MRI or myocardial scintigraphy.  The 
reoccurrence of VPBs after a one year free-of-
symptoms interval makes this hypothesis less 
probable.  The electrolytic imbalance should be 
easily ruled out by the biochemical tests at each 
follow-up in-hospital assessment. The follow-up 
standard 12-leads ECG was without QRS duration 
prolongation, thus we considered the pro-
arrhythmic risk of propafenone quite insignificant.  
A less-studied hypothesis is related to the 
autonomic imbalance as a favoring factor for 
VPBs. Autonomic influences are frequently 
involved in arrhythmogenesis and the relationship 
of autonomic tone to clinically significant 
arrhythmias are complex and different for specific 
arrhythmias (17).  Both increased vagal tone or 
hypersympatheticotonia, could trigger arrhythmias.  
Using heart rate variability (HRV) by Holter ECG 
monitorization one has documented the 
correlations between increased vagal tone and 
some types of ventricular PBs (18). Autonomic 
imbalance could be a common pathophysiological 
pathway of many of well recognized triggers 
(postprandial state, alcohol consumption, caffeine 
containing beverages, exercise, anxiety or 
postprandial state, alcohol, caffeine containing 
beverages, energy drinks, exercise, stress, anxiety).  
The interval between the peak and end of the T-
wave on the ECG and the QT variability index 
(QTVI) were found to be increased in high level 
SCI patients with consecutive autonomic lesions, 
underlying the increased risk for ventricular 
arrhythmias induced by autonomic impairment 
(19).  
Parasympathetic parameters of HRV underscore 
the possible role of vagal control in enhancing 
ventricular ectopic activity.  
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Moreover it is reported that increased vagal 
activity could facilitate the occurrence of idiopathic 
ventricular tachycardia in some patients and even 
to favor  the genesis of idiopathic ventricular 
fibrillation (18). That’s why, the VPBs occurrence 
in our patient seems to be related to the reactive 
hypervagotonia, and possible triggered by other 
additional factors as transient electrolytic 
imbalance or increased myocardial inflammatory 
state.  The specific circadian distribution pattern of 
VPBs does support this hypothesis. 
Balnear therapy, based on the combined effect of 
natural therapeutic factors, mineral waters and 
hydrotherapy, is an important rehabilitation tool in 
increasing the quality of life inchronic SCI patients 
(20, 21). Aquatic immersion in warmwater 
temperatures influences the activity of autonomic 
nervous system, by decreasing sympathetic 
modulation while increasing vagal activity. In our 
spinal cord injured patient with previous autonomic 
dysregulation, the parasympathetic hyperactivity 
induced by thermal water could trigger the 
reoccurrence of ventricular arrythmias. 
 
Conclusion.  
The cardiac complications of spinal cord injuries 
are not negligible, their underlying mechanism 
could rely on autonomic imbalance or on 
myocardial (micro)injuries and sometimes, the 
treatment could be a challenge due to the 
predisposition to bradycardia and 
hypotension.Systematic assessment of the 
autonomic nervous system impairment in SCI 
patients should be implemented with standard tests 
(22). The SCI patients should be constantly 
monitored for cardiac arrythmias even in the 
chronic phase post-injury. Specific rehabilitation 
programs designed for SCI patients should take 
into account the dysregulation of the autonomic 
nervous system function and its consequences.  
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Abstract 
Background. The outbreak of COVID-19 - COronaVIrus Disease 2019 - has become a significant threat to 
public health worldwide, with high contagious capacity and varied mortality in different countries. Diabetes 
mellitus (DM/ diabetes) is among the most frequently reported comorbidities in patients with COVID-19. In 
the field of physical and rehabilitation medicine and balneotherapy, specific rehabilitation procedures, 
natural therapeutic factors, and physical activity are known to be contributive to mitigating some of the DM 
clinical-patho-biological consequences.  
Objective. This systematic review aims to rigorously select related articles and identify within their content, 
the main possible interferences between DM and COVID-19’s pathological mechanisms, and to discuss the 
value of physical and rehabilitation medicine and balneotherapy in the post-acute COVID-19 recovery of the 
surviving patients. 
Methods. This systematic review, based on the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines, searched for open-access articles published in English, between 
January and May 2020, from the following databases: Cochrane, Elsevier, PubMed and Web of Science. The 
contextually searched syntax used was ”DIABETES AND COVID-19”. The selected articles were analyzed 
in detail regarding both pathologies: COVID-19 and DM. The meta-analysis proceeded was designated to 
estimate the prevalence of DM among COVID-19 patients.  
Results. Our search has been conducted on five stages, described by a PRISMA adapted flow diagram. 
Within the first stage, using the syntax mentioned above resulted in 1,133 articles. After eliminating, in the 
second stage, all the inevitable redundancies remained 1,058 articles. In the third stage, we performed a 
PEDro qualitative analysis score weighted selection of all the papers and were kept 91 articles. In the fourth 
stage, were selected relevant issues for a meta-analysis regarding the prevalence of DM diabetes among 
COVID-19 cases, resulting 32 papers. The fifth stage of the PRISMA adapted flow diagram was dedicated 
to the analysis of the data regarding the use of natural therapeutic factors, physical exercises within the 
ensemble of case-specific indicated procedures used for DM, and COVID-19 patients in rehabilitation 
wards. For enhancing the bibliographical sources pool, we added from external, free found sources, another 
15 articles. 
Discussion/ Limitation. COVID-19 is an acute illness condition and DM is a chronic one. Therefore, it is 
difficult for now, to have enough data enabling us to see all the repercussions of COVID-19 and to 
completely understand the significance of physical and rehabilitation medicine and balneotherapy, which 
applies in COVID-19 post-acute DM patients. 
Conclusions. This paper overviews the current state-of-the-art knowledge in the approach of DM /diabetes 
as COVID-19 comorbidity, with a focal point on the roles of natural therapeutic factors, physical exercises 
within the ensemble of case-specific indicated procedures used for DM and COVID-19 patients in 
rehabilitation wards, for possible actual and future connexions with the comprehensive management/ 
rehabilitation of such both chronic and post-acute survivors. 
 

Key words: diabetes mellitus/ diabetes, COVID-19, SARS-CoV-2, rehabilitation and physical medicine, 
natural therapeutic factors, balneotherapy, 
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Introduction
First, China, then almost all the rest of the world 
faces an outbreak that is a new, significant risk for 
human health and a considerable challenge for the 
healthcare systems. The widespread distribution of 
the new virus has led to significant concern and 
changed our lives, globally.  
Highly contagious and with the capability to get 
transmitted during the asymptomatic phase, this 
virus achieved rapid human-to-human infectivity, 
beyond geographic regions, resulting in a 
pandemic. The first case of COVID-2019, occurred 
on December 8, 2019, in Wuhan, in the Hubei 
Province of China (1). Since then, within a short 
span of just over six months, the infection has 
spread to more than 200 countries across the world, 
counting for over 12 million infected people and 
almost 500,000 deaths.  
In Romania, from February 26, when the first case 
appeared, until July 10, 2020, over 30.000 COVID-
19 patients have been diagnosed, with over 1.800 
deaths1.  
DM is one of the leading causes of morbidity, 
globally: 463 million people have diabetes 
worldwide, respectively more than 59 million 
people in the EUR Region, and it is anticipated to 
rise substantially over the next decades. In 
Romania, out of 14,545,800 adults, there are 
1,278,300 cases of diabetes, with a prevalence of 
8,8% (data of February 20202).  
Several investigations have shown a higher 
susceptibility to some infectious diseases in 
diabetics, such as Staphylococcus aureus and 
Mycobacterium tuberculosis, probably owing to 
the dysregulated immune system (2). The COVID-
19 pandemic and diabetes have also interfering 
immunopathological features. The subject of our 
article aims to clarify the prevalence of diabetes 
between COVID-19 patients, to understand the 
mixed pathological influences of the two diseases 
and to find answers to the question on how natural 
therapeutic factors and physical exercises, within 
the ensemble of case-specific, indicated 
procedures, can be helpful for DM and COVID-19 
patients’ approach in rehabilitation wards. 
 
 

 
1 https://www.worldometers.info/coronavirus/ 
2 https://idf.org/our-network/regions-
m2embers/europe/members/154-romania.html 

METHOD 
 
Search Strategy 
To find relevant open access studies, international 
databases including Cochrane, Elsevier, PubMed, 
and Web of Science were searched for articles 
published from 01 January until 15 May 2020. The 
following search terms were used DIABETES 
AND COVID-19. Additionally, extra searches 
were performed in the reference lists of included 
studies, in purpose to avoid missing papers.  
 
Inclusion and Exclusion Criteria 
Any relevant articles that reported clinical 
characteristics and epidemiological information on 
COVID-19 DM patients were included in the 
analysis. All articles with any design (reviews, 
randomized controlled trials, non-randomized 
controlled trials, case-control studies, cross-
sectional studies) were included. Articles were 
excluded if they didn’t reach at least 50 points 
from 100 in our qualitative analysis using a PEDro 
analysis score weighted selection. 
 
RESULTS 
Our search has been conducted on five stages, 
described by a PRISMA adapted flow diagram (see 
Figure 1). Within the first stage, using the 
following combinations of keywords: diabetes 
AND COVID-19, it resulted in 1,133 articles (see 
Table 1). After eliminating all the inevitable 
redundancies - 75 articles (i.e., same article found 
in different queried databases), in the next stage, 
we have obtained  1,058 articles. After evaluating 
the full texts using a PEDro analysis score 
weighted selection (see Table 2), 967 studies were 
excluded due to results obtained from our 
evaluation. In the full-text analysis were included 
the remained 91 articles, from which 32 articles, 
with prevalence data, were then selected for meta-
analysis. The fifth stage of the PRISMA adapted 
flow diagram was dedicated to analyzing data 
regarding the use of natural therapeutic factors, 
physical exercises, and other medical rehabilitation 
procedures for DM and COVID-19 patients. In this 
stage, we added from external sources another 15 
citations. 
 
 

https://www.worldometers.info/coronavirus/
https://idf.org/our-network/regions-members/europe/members/154-romania.html
https://idf.org/our-network/regions-members/europe/members/154-romania.html
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Meta-analysis - diabetes prevalence in COVID-
19 patients, China vs other countries 
OpenMeta-Analyst source (3) was used to perform 
the meta-analysis of data collected in Table 3. 
Non-China Studies show a diabetes prevalence of 
23,4% among COVID-19 patients (see Figure 2) 
and China Studies conclude for a diabetes 
prevalence of 10,0% for COVID-19 patients (see 
Figure 3). 
 
COVID-19 pathology 
SARS-CoV-2 (Severe Acute Respiratory 
Syndrome - Coronavirus-2) causes COVID-19 (as 
named by the World Health Organization - WHO), 
a pandemic infectious disease. Human 
coronaviruses are highly contagious pathogens that 
cause viral respiratory infections.  
The human-to-human transmission was confirmed, 
and this disease has spread rapidly throughout the 
world, as there is no pre-existing immunity and 
also no treatment or vaccine to prevent, cure or 
stop, or reduce the astonishing prevalence (4).  
Depending on the clinical features of COVID-19, 
patients are generally divided in mild (low-grade 
fever, cough with or without hemoptysis, malaise, 
rhinorrhea, sore throat, nausea, vomiting, diarrhea 
– but without any radiological features of 
pneumonia and absence of mental changes), 
moderate (fever, respiratory symptoms including 
dry cough and shortness of breath that may emerge 
along with the radiological features), severe 
(dyspnea, respiratory frequency  ≥ 30/minute, 
blood oxygen saturation below 93%, PaO2/FiO2 
ratio < 300, and/or infiltrates >50% of the lungs 
field within 24-48 h) and critical (usually develops 
after 7 days in patients with mild/moderate/severe 
COVID-19 with features of Acute Respiratory 
Distress Syndrome (ARDS) requiring mechanical 
ventilation along with the presence of multiorgan 
dysfunction failure, metabolic acidosis, and 
coagulation dysfunction) (5,6).  
There are regional variations in the mortality rates, 
and these estimates are rapidly changing as more 
data are becoming available. Possibly, an 
overreaction of the immune system leading to 
autoimmune aggression of the lungs could be 
involved in the most severe cases of ARDS.  
 
 

The typical pulmonary changes in the imaging 
appear were interstitial pneumonia with primarily 
bilateral involvement and multiple patchy, 
flocculent, or strip ground glass shadow, occur. In 
most patients, the leukocyte count is in the normal 
range and lymphocyte count is generally reduced 
(7). 
The SARS-CoV-2 virus spreads rapidly. 
Originating of every index case, 2-3 people acquire 
the infection, the virus reproduction number (R0), 
or transmission rate, being 2.24 - 3.58. In contrast, 
H1N1 seasonal influenza, in 2009, had an R0 of 
1.46-1.48.  
The incubation period for SARS-CoV-2 ranges 
from 2 to 14 days. Asymptomatic spread occurs 
before the onset of the symptoms. Transmission is 
possible through respiratory droplets and fomites. 
In mid-January 2020, studies of clusters of infected 
family members and medical workers confirmed 
person-to-person transmission. Close contact with 
symptomatic individuals constitutes a significant 
risk for extensive spread.  
The first transmission way is through respiratory 
droplets and direct contact. In one experiment, the 
viable virus was detected in aerosols for up to three 
hours, with an estimated half-life of 1.1 hours. The 
second is through indirect contact — this occurs 
when droplets containing SARS-CoV-2 land on the 
surface of tabletops, doorknobs, telephones, and 
other inanimate objects (8). The virus was detected 
on surfaces for days after application, with viable 
SARS-CoV-2 identified on plastic and stainless 
steel up to 72 hours. SARS-CoV-2 RNA was 
detected in blood and stool, and it is unclear 
whether the exposure to non-respiratory bodily 
fluids produces infection (9,10). The fecal-oral 
transmission was first reported in a COVID-19 
case in the USA. Subsequent studies detected 
SARS-CoV-2 in the feces and anal swabs of 
COVID-19 patients. Moreover, 23.3% of COVID-
19 patients remained SARS-CoV-2 positive in 
feces, even when the viral RNA was no longer 
detectable in the respiratory tract. SARS-CoV-2 
has also been detected in gastric, duodenal, and 
rectal epithelia (11).  Further studies detected 
SARS-CoV-2 in the tears and conjunctival 
secretions.  
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SARS-CoV-2 differs from SARS-CoV by 380 
encoded amino acids; so, at the level of the binding 
domain of the viral protein (S) that interacts with 
the human angiotensin-converting enzyme 2 
(ACE2) receptor, differences appear in five vital 
amino acids. Viral S proteins are targeted for the 
development of therapies and vaccines, which are 
significant determinants of host tropism (12–14).  
Angiotensin-converting enzyme 2 [ACE2 – a 
component of the renin‐angiotensin system (RAS)] 
(15)expressed by epithelial cells of the lung, 
intestine, kidney, and blood vessels are 
substantially increased in patients with type 1 or 
type 2 diabetes, treated with ACE inhibitors and 
angiotensin II type I receptor blockers (ARBs) 
(16). The virus uses ACE2 as a receptor for ingress 
into host pneumocytes (17). Thus the pathogenesis 
of COVID-19 entails entry of SARS- CoV-2 via 
the respiratory system and lodgment in the lung 
parenchyma (18).  
After fusion occurs, the type II transmembrane 
serine protease (TMPRSS2), which is present on 
the surface of the host cell, will clear the ACE2 
and activate the receptor-attached spike-like, S 
proteins. Activation of the S proteins leads to 
conformational changes and allows the virus to 
enter the cells. TMPRSS2 is a serine protease 
highly expressed within the lung and 
gastrointestinal tissues, including stomach, small 
and large bowel, pancreas, and liver. The fact that 
the renin/angiotensin system ACE and ACE2 are at 
the center of the discussion is probably due to its 
potential dual effect in different phases of COVID-
19 (19). The primary role of the positive RAS axis, 
through ACE, is to augment the sympathetic 
nervous system’s tension, causing vasoconstriction, 
increasing blood pressure, and promoting 
inflammation, fibrosis, and myocardial 
hypertrophy. The negative regulatory axis 
mediated by ACE2 can antagonize these effects 
(16).  
The RAS system has an essential role in 
maintaining homeostasis in humans but also is the 
primary correspondent for an envelope anchored 
spike protein. In the RAS system, the same 
component can produce opposite physiological 
effects through different pathways. ACE2 protects 
against organ damage, prevents hypertension, and 
has beneficial effects in cardiovascular diseases - 

including the related pathology encountered in 
diabetes (16).  
The renin-angiotensin-aldosterone system (RAAS) 
maintains plasma sodium concentration via 
feedback from blood pressure, baroreceptors, and 
sodium and potassium levels. There is particular 
concern about hypokalemia, which increases 
vulnerability to various tachyarrhythmias, in 
COVID-19, due to the interaction of SARS-CoV-2 
with the RAAS. (20). The RAAS system is largely 
interferent with hypertension, heart failure, and 
DM, pathologies. ACE and ARB drugs, based 
upon substantial evidence of efficacy, are 
commonly used in the management of 
hypertension, heart failure, post-myocardial 
infarction care, and to slow the progression of renal 
disease associated with diabetes (21).  
 
Diabetes as a comorbidity for COVID-19 
Diabetes seems to be a risk factor for acquiring the 
new coronavirus infection, as in the case of other 
coronavirus infections, such as East respiratory 
syndrome (MERS-CoV) severe acute respiratory 
syndrome (SARS) (22). Supplementary, for 
diabetic patients, dysregulation of glucose 
metabolism is an aggravating factor of pneumonia, 
which works as an amplification loop. Meanwhile, 
diabetic complications signify the seriousness of 
diabetes, and these patients with diabetic 
complications showed a higher mortality rate, 
which further proves that diabetes is a risk factor 
for the prognosis of COVID-19 (23). 
Hyperglycemia may precede the symptoms of 
COVID-19 and predispose to acute metabolic 
complications, such as ketoacidosis and 
hyperosmolar coma (24).  
Hyperglycaemia and diagnosis of Type 2 DM are 
independent predictors of mortality and morbidity 
in patients with COVID-19. The explanation is that 
these patients have a state of metabolic 
inflammation that predisposes them to an enhanced 
release of cytokines. For COVID-19, a cytokine 
storm (that is, significantly elevated levels of 
inflammatory cytokines) acts in the multi-organ 
failure in patients with severe disease (22). 
Moreover, the ”T2DM ... chronic and systemic 
inflammation, with the accompanying presence of 
circulating and dysregulated inflammatory 
biomarkers (... cytokine and lipid group ...); which 
in turn is associated with abnormal clot formation 
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... may in part be responsible for a hypercoagulable 
state and vascular dysfunction” (25). Thus, 
dysfunctional pro-inflammatory cytokine responses 
in diabetic patients might also be the underlying 
cause of severe COVID-19(26). This is to be 
emphasized as, however, ”Many patients with 
severe COVID-19 present with coagulation 
abnormalities that mimic other systemic 
coagulopathies associated with severe infections, 
such as disseminated intravascular coagulation 
(DIC) or thrombotic microangiopathy... 
Coagulopathy in patients with COVID-19 is 
associated with an increased risk of death.”(27). 
 
Rehabilitation, physical medicine and 
balneotherapy values in approaching diabetic 
post-COVID-19 patients 
Limited physical effort while performing daily 
activities is one of the key factors affecting the 
increase in the risk of type 2 diabetes. Taking into 
account diabetic complications such as neuropathy, 
and micro-and macroangiopathy, individually 
planned rehabilitation programs should be 
considered in the treatment process (28).  
The adaptive response of the human organism to 
exercise in respiratory physiotherapy (conditioned 
by many parameters, including age, sex, nutritional 
status, ambient temperature, body position, ability 
to perform the type of effort, hemoglobin mass, 
extracellular fluid volume, the heart condition, the 
lung condition) bronchial clearance and 
mucociliary defense mechanisms are in the center 
of recuperative interventions in aerosol therapy. 
The techniques of inhalation therapy, 
speleotherapy, field/forest cure are recommended 
in respiratory rehabilitation in many balneary 
resorts (29). 
 
Pulmonary Rehabilitation has an extremely 
important new role and application in the treatment 
of COVID-19. „The purpose of pulmonary 
rehabilitation in COVID-19 patients is to improve 
symptoms of dyspnea, relieve anxiety, reduce 
complications, minimize disability, preserve 
function, and improve quality of life. Pulmonary 
rehabilitation during the acute management of 
COVID-19 should be considered when possible 
and safe and may include nutrition, airway, 
posture, clearance technique, oxygen 
supplementation, breathing exercises, stretching, 

manual therapy, and physical activity” (30). In 
turn, in the post-acute phase of COVID-19, 
pulmonary rehabilitation takes the main role in the 
medical assistance process and must be correctly 
addressed. 
Besides, patients with neuromuscular diseases may 
have risk factors for developing severe forms of 
COVID-19, and receiving prolonged intensive care 
(31) may worsen their functional prognosis. It is 
essential to develop a preventive approach. 
Maintaining joint flexibility, muscle strength, and 
endurance is recommended in many neuromuscular 
diseases through regular in-house or office care 
sustained by health professionals. It is noted that 
some patients with neuromuscular disorders are not 
autonomous in daily life but have a social 
environment that effectively compensates for this 
lack of autonomy. 
 
Physiotherapy plays an important role in the 
treatment process through the use of methods such 
as kinesiotherapy, balneotherapy, physical therapy, 
(in some cases) massage, and, systematic exercise. 
Each physical activity should be appropriately 
adjusted to the existing complications, and the 
appropriate dosage of antidiabetic – and addressed 
to other co-morbidities, if existing, in a specific 
clinical case – medication should be taken into 
account.  
 
Balneotherapy is beneficial for patients whose 
oxidative/antioxidative balance system is damaged, 
such as those with DM and coronary heart disease. 
Also, balneotherapy has long been used for treating 
obesity and its comorbidities. Enlargement of 
adipose tissue has been linked to a dysregulation of 
adipokine secretion and adipose tissue 
inflammation. Balneotherapeutic sulfur baths have 
been shown to influence antioxidative status (32). 
The importance of antioxidant defense mechanisms 
in several degenerative diseases (atherosclerosis, 
diabetes, cataract, etc.) is largely explained and is 
known as normalization effects conditioned by 
balneotherapy, including/ especially its way of 
intervention represented by oral ingestion 
(Crenotherapy) (33). 
Studies regarding balneotherapy effects in the case 
of obese patients induce a significant decrease in 
body weight, body mass index, triglycerides, total 
cholesterol, low-density lipoprotein (LDL) 
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cholesterol, glycemia, and serum levels of leptin 
and high-sensitivity C-reactive protein” (34). A 
balneotherapeutic iodine supply can contribute to 
an improvement of the protective mechanisms 
combating free-radical-induced, atherogenic, or 
otherwise-damaging lipid peroxidations” (35). 
Platelet Glutathione (GSH) synthesis appeared to 
be induced in response to oxidative stress; lowered 
glutathione peroxidase (GPX) activities indicated 
that the antioxidative defense system was impaired 
and platelet glutathione metabolism was partially 
improved by 4 weeks balneotherapy (36–38).  
Speleotherapy and halotherapy also have positive 
impacts on oxidative stress balance and 
immunological parameters (39). 
 
DISCUSSION 
The WHO declared a global pandemic on 11 
March 2020 (40). Tracking the spread of the 
infection indicates an exponential pattern in many 
countries, including Italy, Spain, USA. In 
comparison, sub-exponential growth patterns of 
COVID-19 were observed in Singapore, Korea, 
and many other countries as described in recent 
studies. (41). 
The proportion of severe versus common cases of 
COVID-19 infection is approximately 1:4 (42). 
Clinical presentation of COVID-19 ranges from 
asymptomatic to severe pneumonia. In COVID-19 
patients with diabetes, pulmonary dysfunction 
involving: lung volume, pulmonary diffusing 
capacity, control of ventilation, broncho-motor 
tone, and noradrenergic bronchial innervation have 
been reported, which account for the propensity of 
poor outcomes (43). 
Based on the WHO analysis of 55,924 confirmed 
cases, fever (87.9%), dry cough (67.7%), and 
fatigue (38.1%) are common symptoms of the 
infection. Myalgia or arthralgia (14.8%) are also 
among typical symptoms. Another study presents 
symptoms in the general population as fever 
(98%), cough (76%), dyspnea (55%), and myalgias 
or fatigue (up to 44%) (17). Environmental factors 
such as air pollution and smoking and comorbid 
conditions (hypertension, diabetes mellitus, and 
underlying cardio-respiratory illness) increase the 
severity of COVID-19 (44). The prolonged 
neuromuscular blockade, vitamin deficiencies, 
electrolyte disturbances, and drug-related 
neuromuscular disorders were usually included in 

the differential diagnosis list for polyneuropathy in 
COVID-19 patients (45). Diabetes patients have a 
higher overall risk of infection that results from 
multiple perturbations of innate immunity and 
propensity to inflammatory mediated 
hypercoagulability and vascular dysfunction, as 
mentioned above. While data are emerging, it 
seems that the mortality rate is of the order of 1–
2% (40).  
Diabetes is a known risk factor for poorer 
outcomes in patients who develop a respiratory 
disease (46). Covid-19 and diabetes represent two 
devastating pandemics with different presentation 
(acute vs. chronic) and transmission 
(communicable vs. non-communicable), but which 
may be much closer than previously thought (47). 
Two of the coronavirus receptors, ACE2, and 
DPP4 are also transducers of metabolic pathways 
regulating glucose homeostasis, renal and 
cardiovascular physiology, and inflammation. Two 
recent meta-analyses had shown that DPP4 
inhibitors increased the risk of various infections 
while a third meta-analysis showed that there is no 
increased risk of infections with DPP4 inhibitors. 
Whether DPP4 inhibitors increase the 
susceptibility or severity of SARS-CoV-2 infection 
needs to be studied in future trials (48). 
The interconnection between ACE2, renin-
angiotensin system (RAS) signaling, aging, DM, 
hypertension, and severity of COVID-19 may not 
be as simple as it may seem. A meta-regression 
analysis showed that the association between DM 
and poor outcome was interdependent with age and 
hypertension. Feng and colleagues are correct 
when they point out that ARB treatment may 
increase ACE2 in possible COVID-19 
comorbidities such as hypertension and diabetes. 
However, the speculation that such treatment 
enhances infection with this virus is without 
scientific evidence. The suggestion to replace ARB 
therapy with alternative anti-hypertensive 
medications does not take into consideration that 
such alternatives, like the use of calcium channel 
blockers, lack the major pleiotropic beneficial 
characteristic of ARBs. The argument that the 
ARB-dependent ACE2 upregulation may directly 
enhance SARS-CoV-2 infections ignores the 
complexity of ACE2 function and metabolic 
regulation with its inconsistent and paradoxical 
findings, including findings of multiple ACE2 
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substrates beyond Angiotensin II and SARS-CoV-
2. ACE2 is not only a receptor for SARS-CoV-2, 
but also inhibits the Angiotensin cascade 
contributing to control excessive AT1R activity 
(49). 
Metabolic syndrome-related conditions such as 
diabetes, obesity, and atherosclerosis based 
hypertension and cardiovascular, diseases can be 
intimately linked to COVID-19 pathogenesis (50). 
So far, hyperglycemia was noted in 51% of 
COVID-19 cases. Hyperglycemia was also 
observed in patients with SARS in 2003, partly 
because the virus leads to transient impairment of 
pancreatic islet cell function (51). 
Acute lung damage and ARDS are partly due to the 
host immune response (52). The inflammatory 
caused by SARS-CoV-2 and the application of 
glucocorticoids resulted in fluctuations in blood 
glucose, which was related to pathogenesis.  
Gastrointestinal symptoms caused by SARS-CoV-
2 exacerbated malnutrition in elderly patients, 
possibly as ACE2 was also highly expressed in the 
digestive tract. So the gastrointestinal tract was 
also the main target of the SARS-CoV-2 attack. 
Clinically, in addition to respiratory symptoms, 
digestive symptoms were the most frequent in aged 
persons with COVID-19. Diarrhea, mild abdominal 
pain, nausea, vomiting, poor appetite, and other 
symptoms were widespread (31). 
Pathophysiologically, patients with COVID-19 
usually present dehydration due to fever and 
diarrhea, hypotension, secondary bacterial and 
fungal infections, and longtime bed rest. A recent 
publication has also discussed that patients with 
severe COVID-19 usually present with high 
concentrations of IL2, IL6, IL7, IL10, GCSF, IP10, 
MCP1, MIP1A, and TNFα cytokines. The cytokine 
storm could be linked to disease severity and 
adverse outcomes. The rhabdomyolysis and the 
subsequent electrolyte disorder and acidosis are 
fatal. Previous studies have described 
rhabdomyolysis in patients with viral infections, 
such as Influenza A and SARS-associated 
coronavirus (53). To handle the elevated levels of 
IL-6, tests have been carried out using 
Tocilizumab, a monoclonal antibody that targets 
IL-6 and it seems that it can improve the prognosis 
in COVID-19 infected patients with severe 
respiratory distress. On the other hand, the efficacy 
of glucocorticoid and other anti-inflammatory 

drugs that have been used for handling the 
condition of COVID-19 patients has been 
questioned.  
Inflammatory markers are elevated in COVID-19. 
It is of great interest that pioglitazone can produce 
an anti-inflammatory effect as has been assayed 
through high sensitive C-reactive protein within 
short term intervals after starting therapy (54).  
The umbrella term “hyperferritinemia syndromes” 
encompasses four clinical conditions, including 
macrophage activation syndrome (MAS), adult-
onset Still's disease (AOSD), catastrophic anti-
phospholipid syndrome (CAPS), and septic shock, 
all characterized by high serum ferritin and a life-
threatening hyper-inflammation sustained by a 
cytokines storm which eventually leads to multi-
organ failure(55). The secretion of multiple 
cytokines, also termed Cytokine Release Syndrome 
(CRS), is closely related to the development of 
clinical symptoms; for example, IFN-γ can cause 
fever, chills, headaches, dizziness, and fatigue; 
TNF-α can cause flu-like symptoms similar to IFN-
γ, with fever, general malaise, and fatigue, but can 
also cause vascular leakage, cardiomyopathy, lung 
injury, and acute-phase protein synthesis (56).  
Increased DPP4 expression was detected in 
pneumocytes from subjects with a history of 
smoking, or lung disease, including chronic 
obstructive pulmonary disease (47). DPP4 interacts 
with cellular proteins such as adenosine deaminase 
and caveolin-1 to generate intracellular signals 
governing immune responses. CD147 is a highly 
glycosylated transmembrane protein of the 
immunoglobulin superfamily that acts as the main 
upstream stimulator of matrix metalloproteinases 
(MMPs) and may be upregulated in its expression 
levels during asthmatic and diabetic complications. 
Expression levels of CD147 and MMPs are often 
increased in inflammatory processes. Thus, 
inhibition of CD147 may have beneficial effects in 
the prevention of diabetic complications involving 
inflammatory processes. However, specific studies 
are needed for investigating possible correlations 
between CD147 and diabetes mellitus in clinical 
complications due to COVID-19 (57). 
Various antiviral drugs, corticosteroids, disease-
modifying antirheumatic drugs (DMARDs) -  such 
as baricitinib, hydroxychloroquine, tocilizumab, 
are being investigated for potential use in the 
management of COVID-19; preliminary reports are 
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conflicting and other therapies aimed at treating 
COVID-19 can also have harmful effects on the 
cardiovascular system and electrolyte imbalances – 
which can occur in any critical systemic illness and 
precipitate arrhythmias, especially in patients with 
the underlying cardiac disorder – and/or other 
negative side effects3.  
Among infection-related biomarkers, C-reactive 
protein is considered. Levels of all pro-
inflammatory cytokines are significantly higher 
(58). The cleavage of the new furin sites in the S 
protein of SARS-CoV-2 virus by plasmin and other 
proteases may enhance its infectivity by expediting 
entry, fusion, duplication, and release in respiratory 
cells (59). 
Among the treatments used in COVID-19, it is 
known that antiviral, antibiotics for secondary 
sepsis, and sometimes corticosteroids are the most 
frequently used drugs (54). Most experts believe 
that the occurrence of multiple organ failure is 
mainly related to the sudden initiation of an 
inflammatory “storm” in the critically ill COVID-
19 patients (60). A drug with promising results is 
Remdesivir, an intravenous drug that inhibits 
SARS-CoV-2 replication through premature 
termination of viral RNA (23). Until now, all 
treatment possibilities are still mainly due to 
meticulous supportive care and improve self-
immunity. According to WHO interim guidance, 
glucocorticoids should not be routinely given 
systemically (61).  
Hydroxychloroquine and azithromycin complex 
may be potent, but the adverse side effects they 
bring to the patients are very alarming (62).  
COVID-19 comorbidities are cardiovascular and 
cerebrovascular diseases, endocrine system 
diseases, digestive apparatus system diseases, 
respiratory apparatus system diseases, malignant 
tumors, and nervous system diseases. Treatments 
include antiviral therapy, anti-inflammatory 
therapy, antibiotic therapy, hormone therapy, 
immunoglobulin therapy, and traditional Chinese 
medicines (63).  
Elderly patients are more susceptible to severe 
disease and death, while children seem to have 
lower rates of infection and mortality (64). 
Hydroxychloroquine (HCQ) and chloroquine (CQ) 
act as weak bases and are known to accumulate 

 
3 https://www.pharmacists.ca/cpha-ca/assets/File/cpha-on-
the-issues/DMARDs-COVID19-EN-FINAL.pdf  

within endosomes, lysosomes, or Golgi vesicles 
within cells resulting in an increase of pH within 
these compartments. The increase in pH could 
interfere with pH-dependent steps of SARS-CoV-2 
replication like fusion and uncoating. As 
coronavirus requires acidification of endosomes for 
proper functioning, it is speculated that a pH 
increase in intracellular compartments might be 
one important inhibiting effect of CQ and probably 
of HCQ in the treatment of COVID-19 patients. An 
interesting new finding demonstrated that CQ has 
characteristics of a zinc ionophore and specifically 
targets the extracellular trace element zinc to 
intracellular lysosomes. Zinc is an essential 
micronutrient, with strictly regulated systemic and 
intracellular concentrations, and it is 
physiologically needed for an effective antiviral 
response (65). Hydroxychloroquine, used for the 
treatment of rheumatoid arthritis and other 
autoimmune conditions, it has also been used in 
treatment for malaria for almost 50 years.  
Hydroxychloroquine is structurally and 
mechanistically similar to the class IA 
antiarrhythmic quinidine, which inhibits voltage-
gated sodium and potassium channels, prolonging 
the QT interval and increasing the risk of torsade 
de pointes and sudden cardiac death (66). 
Chloroquine exerts anti-inflammatory effects by 
inhibiting the release of proinflammatory 
cytokines, especially tumor necrosis factor-alpha, 
which may improve the immune reaction seen with 
viral infections (67). The virologic clearance day-6 
post-inclusion (primary outcome) with HCQ vs. 
control was 70.0% versus 12.5%, respectively (p 
0.001) (68). Controversary, another study asserts 
says that, while no benefit on viral clearance 
demonstrated by HCQ compared to the control in 
patients with COVID-19, a significant 2- fold 
increase in mortality with the HCQ was observed 
(69).  
There are several vitamins and trace elements that 
are essential for the normal functioning of the 
immune system. Achieving recommended amounts 
of calories and micronutrient will be a challenge 
and elective micronutrient supplementations may 
be beneficial especially for vulnerable populations 
such as the elderly (70).  
The current COVID-19 pandemic has forced us to 
reconsider how effective diabetes management is 
delivered during these challenging times. While 

https://www.pharmacists.ca/cpha-ca/assets/File/cpha-on-the-issues/DMARDs-COVID19-EN-FINAL.pdf
https://www.pharmacists.ca/cpha-ca/assets/File/cpha-on-the-issues/DMARDs-COVID19-EN-FINAL.pdf
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many of the technological opportunities are now 
becoming available, an improved understanding of 
patient behaviors and lifestyle choices is needed to 
achieve the full potential for emerging digital 
health technologies for people with diabetes (71). 
Close follow-up of patients can be done via 
telemedicine for example (72). 
The presence of diabetes is linked to greater 
mortality and also a greater need for intensive care 
during COVID-19 infection. It is needed to 
improve physician-patient communication for 
better management of the disease in the era of 
social distancing, isolation, and quarantine. 
Diabetic patients need special attention and care 
since it seems that their disease is associated with 
increased severity of symptoms and complications 
with COVID-19 (73). Tele-consultations with 
registered medical practitioners and using Internet 
of Things (IoT) services for proper monitoring of 
heart rate, blood pressure, glucometer, and other 
activities for personalized attention. (74), would 
help people with DM circumvent a lot of problems 
imposed by lockdowns. (75). 
The worse prognosis in patients with diabetes and 
COVID-19 could be attributed to the fact that 
pneumonia evolves towards clinical stages more 
refractory to medical therapies, oxygen 
administration, and mechanical ventilation, with 
the necessity of ICU care. In COVID-19 patients; 
the incidence of diabetes is two times higher in 
ICU/severe vs. non-ICU/severe cases (76). 
Many studies have shown that the incidence of 
these diseases can also be caused by long exposure 
to air pollution, especially nitrogen dioxide (NO2), 
a toxic component. (NO2 causes an inflammatory 
response in the airways and these exposures may 
induce the synthesis of proinflammatory cytokines 
from airway epithelial cells which consequently 
play an important role in the etiology (cause) of 
airway diseases. High NO2 concentration is 
significantly associated with respiratory mortality 
(77). 
Regarding smoking, evidence from the literature is 
mixed. Initial studies suggested that current 
smoking increases the risk of severe infection. 
However, this has since been disputed with some 
evidence that smoking may even protect against 
initial infection (78). 
It is also difficult to assess the true prevalence, 
occurrence, mortality, and spectrum of the clinical 

course of the disease since a proportion of 
inoculated individuals might be asymptomatic and 
were never tested (79).  
 
Our performed meta-analysis has concluded that 
the diabetes prevalence among non-Chinese 
COVID-19 patients is more than twice the 
prevalence of Chinese COVID-19 patients. This is 
in concordance with the fact that in industrialized 
countries, about 50% of the population is 
overweight or obese, with the related prevalence 
increasing annually (80). A recent publication has 
reported the increased expression of the ACE-2 
receptor in adipose tissue (81). As genes affected 
by SARS-CoV-2 infection are significantly 
enriched for other infections, they may represent a 
common interface, targeted by viruses. Future 
studies should determine SARS-CoV-2 interaction 
and effect on the human transcriptome, further 
identifying drug targets (82). 
Physiotherapists who work in primary healthcare 
facilities are likely to have a role in the 
management of patients admitted to the hospital 
with confirmed or suspected COVID-19. 
Physiotherapy will have a role in providing 
exercise, mobilization, and rehabilitation 
interventions to survivors of COVID-19 (83). 
It has been shown that aerobic exercises 
significantly increase the function of the immune 
system in short periods and sometimes this 
increase occurs after only one session (84). 
The effect of aerobic exercises over-breathing 
exercise in the treatment of respiratory 
dysfunctions that occur in patients with COVID-19 
can be summarized into four mechanisms: as 
antibiotic and antimycotic prophylaxis; effects on 
lung elasticity and recoil action mechanism; aging 
significantly decreases the function of body 
systems; as an antioxidant to limit free radical 
production and oxidative stress; decreasing cough 
in patients with COVID-19. Mild aerobic exercises 
could produce more significant effects on 
decreasing both cough and dyspnea, commonly 
seen in patients with COVID-19 (84). 
Physical activity is a part and parcel of routine 
diabetes self-care. A total of 60 min of physical 
activity/day would be ideal that could be divided 
between aerobic activity, work-related activity, and 
muscle-strengthening activity. Intensity and type of 
physical activity should be tailored to an 
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individual’s ability and fitness level. Caution must 
be exercised for patients with co-existing heart 
diseases and a history of hypoglycemia.  
Physicians could help patients choose the type and 
nature of the physical activity (85). 
Hospitals and governments should prioritize 
COVID-19 testing in patients with diabetes ahead 
of other people without underlying diseases. (86). 
Besides the clinical evidence that DM is an 
important risk factor for COVID-19, we are still 
lacking research analyses. Clinical biomarkers are 
proposed for predicting better an adverse outcome 
of COVID-19, which might help clinicians for 
taking appropriate measures (87). 
As the world comes together to fight the COVID-
19 pandemic, close collaboration among the global 
diabetes community is critical to understand and 
manage the sustained impact of the pandemic on 
people living with diabetes (88).  
The pressure on researchers to develop promising 
therapeutic drugs for COVID-19 is very high. 
These drugs include cytokines, bioengineered and 
vector-based antibodies to block the gene 
expression of the virus and to develop a vaccine 
(89). Additionally, today, the search for new 
molecules with a  preservative power, of natural 
origin, is based on ethnobotanical studies which 
make it possible to carry out inventories of plants 
in a zone or a country, then on phytochemical and 
pharmacological studies and well other scientific 
aspects, thus resulting so, the importance of the use 
of these medicinal plants which pushed us to seek 
and find the molecules which can prevent SARS-
CoV-2 infection (90). 
 
Conclusions 
Significant aspects of COVID-19 pandemic 
progression remain obscure. Further data should be 
urgently gathered to clarify the mechanisms 
underlying the pathophysiology of COVID-19 
infection. The immense impact of the COVID-19 
pandemic in lives lost, healthcare expenses, and 
economic consequences of countries and 
individuals is hard to evaluate because the 
epidemic is still rampant throughout the globe. 
Despite its most characteristic symptom of 
respiratory distress, patients with COVID-19 have 
also shown some residual/ remaining long-lasting 
manifestations; exploring the long-lasting 
manifestations of COVID-19 is a step towards 

better understanding the virus, preventing further 
spread and treating patients affected by this 
pandemic. While data are limited, and incomplete 
at this time, there is justifiable concern that 
COVID-19 may have lasting effects, including on 
diabetes patients. Physical and rehabilitation 
medicine and balneotherapy have to be prepared 
for this new concern, too. 
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Figures and tables 
TABLE 1 Step I: numerical search results. 

 Cochrane ISI  PubMed  Elsevier Total 
Search terms: Diabetes AND COVID-19 7 45 187 894 1,133 

Duplicates - - 22 53 75 
Articles selected for the systematic review: - 34 37 20 91 
Articles added for the systematic review:  14 - - 14 
Articles selected for the meta-analysis: - 13 16 3 32 

 
Table 2 The evaluation step form applied:  

I Article title: 
II. Evaluation of article:                                                             Total Points:  
1. DATABASES (ISI – 20p/ PubMed -15p/ Cochrane -10p/ Elsevier – 5p)  
2. No. of citations (1p from each citation, over 20 – 20p)  
3. No of references (2 p from ten to ten, over 100 – 20p)  
4. The relevance of the article related to COVID – maximum 20p  
5. The relevance of the article related to DIABETES – maximum 20p    
III. This paper has reached a minimum of 50 points YES / NO 

 

TABLE 3 OpenMeta-Analyst source files  
Study 

N - total 
patients China Iran Italy Israel Belgium USA Age M F diabetes 

Zhou et al (5)  191 191           over 56 119 72 36 
Fang  et al (15) 1291 1291                 52 
Li et al (8) 1527 1527           49     129 
Deng et al (91) 26 26                 11 
Wan et al (92) 135 135           47 72 63 12 
Wu et al (63) 280 280           43 151 129 34 
Guo et al (2,10) 174 174           59 76 98 61 
Zhao et al (10) 37 37           41 14 23 4 
Emami  et al (31) 3403 3403                 135 
Hong et al (58) 98 98           55 38 60 9 
Chen et al (61) 145 145           47,5 79 66 14 
Xu et al (11) 426 426           57.4 156 270 80 
Li et al (64) 182 182           68.5 65 117 51 
Hu et al (93) 47344 47344         3645 
Roncon et al (94) 1853 1853         187 
Nikpouraghdam et al (95) 2968  2968     55.50 ± 15.15  1955 1009 113 
Singh et al (68) 2209 2209         232 
Singh et al (6) 355   355       126 
Singh et al (68) 481   481       163 
Itelman et al (96) 162    162   52 ± 20  105 57 30 
Lovato et al (97) 1556 1556       895 661 59 
Lian et al (98) 788 788        381 57 
Yan et al (99) 193 193      64 114 79 48 
Guan et al (100) 1590 1590      48.9±16.3 904 674 130 
Gentile (101) 1102   1102       347 
Kang et al (102) 7162          780 
Yang et al (103) 465 465      45(5-88) 243 222 28 
Mercuro et al (66) 90      90 60.1 (16.7) 46 44 26 
Wu et al (104) 201 201      51 (43-60) 128 73 22 
Chow et al (105) 7162      7162    784 
Bhatraju PK (106) 24      24 64±18 (23–97) 15 9 14 
Orioli 1 (24) 48007 48007         2657 
Orioli 2 (24)  4443   4443       1151 
Orioli 3 (24)  7579      7579    894 
Orioli 4 (24)  11018     11018     2336 
Zhu et al (43) 9663 9663         952 
 232155 122332 2968 6381 162 11018 14855 0 5488 4342 15470 
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Records identified through database searching (n = 1,133)  
  
Records after duplicates removed (n = 1,058) 
  
Full-text articles reviewed (n = 1,058) 
  
Articles included in this systemical review n = 91 (34 ISI Web of science + 37 PubMed + 20 Elsevier) 
Were added 14 studies related to balneotherapy and diabetes from the ISI Web of science. 
  
Articles included in meta-analysis n = 32 (13 ISI + 16 PubMed + 3 Elsevier) 
Figure 1: Flow-chart depicting the literature search and selection strategy. After applying the inclusion and 

exclusion criteria, a total of 32 articles were included in the final meta-analysis. 

 
Figure 2: Non-China Studies: Diabetes prevalence : 0,234 

 
Figure 3 - China Studies: Diabetes prevalence : 0,100 
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Abstract 
Noticeable advances have occurred in the field of traumatic brain injury in the past ten years. Brain imagery 
provides a more precise representation of what occurs in the brain, diffuse axonal injury being an important 
cause of morbidity and mortality in patients with traumatic brain injury. We present 2 cases that were 
admitted and discharged from our department. Actually we want to emphasize differences and similarities 
between the two cases and to highlight different sequelae that traumatic brain injury can do in young 
patients. Both patients were admitted in a critical state – GCS 4 points and were discharged with an 
improved neurological status after approximately 30 days. We decided to present these cases to issue a 
warning about the rehabilitation for these patients which most of the times have a prolonged hospitalization. 
We wanted to highlight that the rehabilitation does not consist only in the motor part, but in the psychiatric 
and behaviour part too. 
 

Key words: rehabilitation, traumatic brain injury, motor sequelae, cognitive impairment, 
 
Introduction 
Traumatic brain injury is said to be a silent 
epidemic. It is well known the fact that 
approximately 180-250 persons per 100000 
inhabitants die or are hospitalized every year 
because of traumatic brain injury, most of them 
being young adults (1). Noticeable advances have 
occurred in this field in the past ten years. MRI and 
biomarkers have made a great step forward in 
predicting recovery in patients with traumatic brain 
injury. Brain imagery provides a more precise 
representation of what occurs in the brain, diffuse 
axonal injury being an important cause of morbidity 
and mortality in patients with traumatic brain injury. 
Diffuse axonal injury is actually the result of the 
stretching and shearing of white matter fibers in the 
brain. Recently, a number of studies have shown that 
magnetic resonance diffusion tensor imaging (MR-
DTI) seems to be a more sensitive technique for 
these injuries, making it easier to identify and 
visualize the lesions as well as to quantify them (2), 
as for biomarkers nFL has been taken recently into 
consideration. Recent studies have shown that the 
higher NfL levels in  CSF and serum the bigger the 
number of concussions and severity of post-
concussion symptoms after 1 year (3). 
 

Case reports  
We present 2 cases that were admitted and 
discharged from our department. Actually we want 
to emphasize differences and similarities between 
the two cases and to highlight different sequelae that 
traumatic brain injury can do in young patients.   
First case presented is the one of a young man which 
was brought by the ambulance at the Emergency 
Department of Sibiu in deep coma (GCS – 4 points), 
intubated, sedated, mechanically ventilated, 
secondary to a severe brain trauma. The neurologic 
exam revealed   spontaneous   flexion   of   both   
arms   and   miotic, equally in diameter  and  
reactive   pupils. The patient was haemodinamically 
stable, with breath sounds present equally bilateral. 
The cerebral native CT-scan revealed multiple supra 
and infratentorial haemorragic contusions. After 
approximately three weeks he was detubated and he 
underwent a percutaneous tracheostomy with video-
assisted bronchoscopy. His neurological status 
improved very much: the patient’s consciousness 
was preserved – GCS 15 points, spastic tetraparesis 
3/5 MRC, brisk osteotendinous reflexes, bilateral 
Babinski sign, no coordination and sensitivity 
problems. 
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The second case presented is a young man, 20 years 
old, which was involved in a car accident. His 
neurological exam was similar to the one presented 
before: deep coma – GCS 4 points, tetraparesis, 
bilateral Babinski sign. He was not 
haemodinamically stable – he underwent a 
splenectomy surgery. After approximately 14 days 
his neurological status was better: no motor deficits, 
no coordination problems, no pathology concerning 
cranial nerves, but definitely in need with 
psychiatric medication and behavior and cognitive 
rehabilitation.    
A cerebral MRI was performed in both cases, after 
approximately 7 days from the moment of the 
accident. The results were similar and it 
revealed:multiple contusions with supratentorial and 
infratentorial haemorragic spots (Figure 1 and 
Figure 2). It is obviously that in these cases imagery 
is very important in excluding potential differential 
diagnostics. 

 
Fig. 1. – SWI sequence – left cerrebelar haemorragic spot   

 
Fig. 2. – SWI sequence – supratentorial haemorragic spot 
bilateral 
They have received supportive treatment with 
neurotrophics, analgesics and LWMH (low weight 
molecular heparin) to prevent blood clots. 
Both cases presented received rehabilitation therapy 
from the acute state, helping them to partially 
recover, but even though they had the same final 
diagnosis and the same aetiology, the final result 
after the subacute state was different.  

The first case presented was discharged with motor 
sequelae: spastic tetraparesis 3/5 MRC, problems in 
coordination – especially fine movements, but no 
psychological sequelae. The second case presented 
recovered the motor deficit, he had no problems with 
coordination, but his cognitive status and behavior 
were severe affected. 
Both of our patients started very early the 
rehabilitation: simple motor exercises and task 
specific training and different exercises to train the 
cognition and the behavior that were sustained by a 
psychologist.  It is known that duration of the 
rehabilitation therapy is not clearly established. 
Rehabilitation should provide as much scheduled 
therapy (occupational therapy and physiotherapy) as 
possible, with a minimum of three hours a day. The 
program that both patients followed included: a 
complete range of motion and strengthening 
exercises necessary for mobility (that began in in a 
gravity eliminated plane to allow repetitions without 
excessive fatigue) and psychological help: 
educational, goal settings, expressing feelings and 
thoughts, twice in a day (early morning and late 
afternoon). It is necessarily to emphasize that the 
social support is also very important in this journey.  
Discussions 
We decided to present these cases to issue a warning 
about the rehabilitation for these patients which most 
of the times have a prolonged hospitalization. We 
wanted to highlight that the rehabilitation does not 
consist only in the motor part, but in the psychiatric 
and behaviour part too. 
In most of the cases the MRI should exclude other 
diagnostics like: infectious diseases – encephalitis - 
hyperintensity involving the cortical and the 
subcortical regions of bilateral temporal, frontal 
lobes, and insula on T2-weighted images (WI) and 
there may be associated restricted diffusion, gyral 
swelling, loss of gray-white matter interface, and 
mild or no enhancement, tumours – meningiomas, 
astrocytomas – enhancing or non-enhancing 
infiltrative lesions in both hemispheres  with/without 
compression of the midline structures and the 
spectroscopy ratio can exclude or cofirm an 
intracranial expansive process or even strokes – gold 
standard sequence – DWI and ADC (2,4). It should 
be taken into consideration that the exam should be 
completed with a DTI (diffusion tensor imaging) 
sequence that can highlight lessions of the white 
matter tracts by imaging the anisotropy of water 
diffusion (2). 
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It should be clearly emphasized that these patients 
need rehabilitation as fast as possible. 
Even though in the acute phase the patient is 
comatose and the main demand is to save the life 
and maintain the vital functions, the rehabilitation 
should be undertaken early to prevent complications 
(risk of pressure sores) and improve respiratory 
function (5).   
In the subacute phase patients are cooperative, 
therefore an holistic approach that includes motility, 
cognition, behaviour, personality and affect should 
be taken into consideration. 
Orthopaedic and neuromotor rehabilitation – 
recent studies have shown that orthopaedic and 
neuromotor impairments have a better outcome than 
cognitive and behavioural disorders. It is said that 
neurorehabilitation after TBI have a better prognosis 
than after stroke.  
The orthopaedic problems appear due to long lasting 
immobility in bed during post-traumatic coma. 
There are joint injuries (shoulder, elbow, hip, knee) 
that can induce pain and loss of mobility (5). No 
preventive method has provided evidence of 
efficacy. Spasticity and non-piramidal muscular 
hypertonia comprise another big problem in terms of 
rehabilitation. Intrathecal infusions of baclofen and 
injection of botulinum toxin have promising effects 
in these two problems. Evaluation of muscle tone 
may be scored using the Modified Ashworth Scale 
(MAS). The MAS provides a 1–5 grading of muscle 
tone based on resistance in range of motion. Grading 
spasticity helps to determine treatment effectiveness 
and monitor for a change in symptoms (5,6). 
Infection or noxious stimuli, such as fracture, deep 
venous thrombosis, or even an intra-abdominal 
pathology, can increase the level of spasticity. 
Patients and caregivers should 
be educated regarding this phenomenon, as it can be 
a warning sign for illness or injury. On the other 
hand it is known that hemiplegia and hemiparesis 
generally have a good prognosis – 50% showing a 
good recovery within the first 3 months post-trauma. 
Studies have shown that approximately 10% of the 
patients with TBI have a noticeable motor deficit 
over 9 months (5).  
Cognitive and behavioural impairments are the 
most important sequelae of severe TBI. Cognitive 
deficits are mainly disorders of selective attention, 
psychomotor slowing, explicit memory and 
executive function. Many patients will experience 
deficits in multiple areas that will persist long into 

their rehabilitation course. Strategies to improve 
cognitive function can be pharmacologic or therapy-
based. Individual responses to cognitive 
rehabilitation vary and are heavily influenced by 
premorbid cognitive function and the ability of the 
patient to participate 
in therapy (5).The presence of infection, metabolic 
derangements, endocrine dysfunction, seizures, 
mood disturbance, sleep–wake cycle dysregulation, 
and sedating medications can exacerbate cognitive 
impairments. As far as memory is concerned, post 
traumatic amnesia is an anterograde amnesia. Post 
traumatic aphasia, apraxia and neglect are very rare. 
With regard to affect, mood and behavior, anxiety, 
depressive mood and changes in personality stand as 
the major disorders (7).  
Functional outcome and autonomy depend on 
physical, cognitive and psychoaffective sequelae. At 
the end of the rehabilitation around 40% of the 
patients with TBI remain with severe motor 
impairments, 50%  suffer from cognitive disorders 
and 60% suffer from pyscoaffective changes. Family 
life is affected and they need help and support in 
most of the cases (8). In the literature there are many 
studies that have approached TBI patients and their 
life after the accidents. Most of the patients return to 
work after 2 years from the injury. The rates depend 
however on the severity of the injury: for example 
75-90% from the patients with mild TBI are 
returning to work, 60-70% after a moderate TBI and 
only 35-50% of the patients with a severe TBI can 
continue working (9). 
Recent studies have shown that concentrations of 
neurofilament light (NfL) chain in blood can detect 
concussion, its severity and help predict recovery in 
patients with mild traumatic brain injury (TBI). This 
biomarker may be used to aid in the diagnosis of 
patients with concussion or mild TBI and to identify 
individuals at increased risk of developing persistent 
post-concussive symptoms (PCS) following TBI. 
Higher CSF and serum NfL levels were associated 
with a higher number of concussions and severity of 
PCS after 1 year (1,3). It is well known that 
biomarkers have been brought in attention lately and 
used to differentiate the multiple types of dementia. 
For example, NfL is used for the prediction of 
dementia secondary to traumatic brain injury, low 
Aβ42 and increased t-tau or p-tau have also shown 
their accuracy in the distinction between normal 
aging and Alzheimer Disease (> 85%) and have a 
good predictive value in predicting MCI conversion 

https://emedicine.medscape.com/article/92095-overview
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to AD (> 90%) and astrocytic and oligodendrocytic 
protein S100B is elevated in a range of conditions—
most notably prion diseases (10, 11).  
Conclusions 
Chronic traumatic encephalopathy is a long-term 
consequence of single or repetitive closed head 
injuries for which there is no treatment and no 
definitive premortem diagnosis. Current research is 
attempting to identify specific biomarkers along 
with more sophisticated imaging techniques for the 
diagnosis of CTE (7). Future research should also be 
centered around how to manage CTE as suicide is a 
common fate for those battling the disease. It is also 
waitedan advance in the rehabilitation field: 
therapies of the future will have to associate the 
positive emotional impact of group psychotherapies, 
the direct influence of cognitive systems, the 
pragmatic efficacy of social educational and 
vocational training and last but not least computer 
assisted therapies (8). 
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Abstract 
Introduction.According to the criteria of WHO, stroke is a health condition that causes focal or global brain disorders 
(1), but without an apparent nonvascular cause. Stroke is considered the third leading cause of death in industrialized 
countries and accounts for 9% of all deaths, being considered one of the largest cases of disability in the world. Due to 
the medical, social and economic consequences that it causes, stroke is considered a public health issue. Purpose of 
research. The study starts from the idea that in the recovery of stroke patients it is important to have an individualized 
physiotherapy program adapted to the functional parts of each patient, having the role of improving the static and 
dynamic balance, of achieving postural control and finally functional independence. Material and method. The study 
included a number of 22 patients with sequelae stroke. They made physiotherapy, occupational therapy and 
occupational therapy sessions in the ambulatory, with the length of 1 hour, 3 times a week, in total 15 sessions. The 
evaluation of the patient was performed in the beginning of the treatment and at the end of it. Scales were used to 
assess mobility, static and dynamic balance, gait and functional independence. Results. The application of 
individualized treatment adapted to the functional body of each patient allowed a rapid recovery for the vast majority 
of the studied patients. The values obtained in the tests and evaluation scales are in accordance with the clinical 
evolution of the patients. Conclusions.The application of the treatment by kinetic therapy, work therapy and 
occupational therapy to the 22 patients, for a period of 3 weeks  pointed out the reduction of pain, the improvement of 
movements, the recovery of transfers and gait,  the postural improvement. 
 

Key words: stroke, recovery,  kinetic therapy, work therapy, occupational therapy, 
 
Introduction 
According to the criteria of WHO, stroke is a 
health condition that causes focal or global brain 
disorders (1), but without an apparent nonvascular 
cause. Some symptoms of the stroke can be similar 
to the symptoms of some tumours - gliomas 
( motor, sensitive, cognitive dysfunctions ) (2) or 
with manifestations of the Alzheimer's disease 
(cognitive dysfunctions, the decrease in the 
functional independence, the decrease in the  
ability to carry out the daily activities) (3), health 
conditions that may be encountered in balance 
disorders. Countries with a low living standard are 
very often affected. Globally, stroke is the second 
leading cause of death in people over the age of 60 
and the fifth leading cause of death in the 15-59 
age group (4). 
Stroke is considered the third leading cause of 
death in industrialized countries and accounts for 
9% of all deaths, being considered one of the 

largest cases of disability in the world. There are 
studies (3) that demonstrate the link between 
inflammation and a cerebral vascular event with an 
ischemic character such as stroke. Thus, the C-
reactive protein marker is correlated to the 
prognosis and severity of the disease, but it is also 
related to the degree of motor deficit quantified by 
the MRC scale (5). The number of patients 
diagnosed with stroke is increasing due to the 
aging of the population (4). Due to the medical, 
social and economic consequences that it causes, 
stroke is considered a public health issue (1). 
In the US, but also globally, stroke is the leading 
cause of disability. Physiotherapy and occupational 
therapy that have a role in the motor recovery of 
limbs and gait are studied; however, the role of 
robotic therapy, stem cell therapy and repetitive 
transcranial magnetic stimulation is studied, too 
(6). 
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In stroke, early recovery is very important for the 
social professional and family reintegration. In this 
context, the determination of the functional 
prognosis is useful to make the recovery plan 
(especially spontaneous) and the recovery of the 
deficit (1). It is known that some patients can 
recover completely in hours or days after a stroke, 
in comparison to other patients whose 
improvement is not obtained even after a long 
time. If the stroke patient was diagnosed prior to 
neurological suffering with a degenerative 
condition in the supporting joints, then the body's 
stability, posture and balance were affected, 
especially during the gait, which means that the 
recovery program will be individualized and 
focused on establishing the functionality (7). 
A study (8) conducted in 2017 shows that the 
incidence of stroke is higher in men in comparison 
to women. Stroke is a heterogeneous health 
condition, but there is a mathematical probability 
that can be observed at the level of recovery (9,10) 
which means that a mathematical regularity is 
taken into account. Thus, motor recovery is 
determined by the time parameter and is restricted 
in the first 3 months after stroke (1, 11,12). 
Significant improvements are found in the first 
weeks so that the recovery is uniform after 4-12 
weeks (1, 13). 
After analyzing post-stroke recovery patterns, it 
was found that for the upper and lower limbs as 
well as for the trunk, the recovery pattern appears 
to be the same, leading to the idea that spontaneous 
motor recovery is determined by common 
underlying mechanisms. (1) The mechanisms 
underlying to spontaneous recovery, shown by the 
decrease in the primary motor deficits, are not 
known (1,14). However, age is an independent 
element (1, 14,15,16) and the occurrence of stroke 
should not be linked to aging (16 ). 
Studies (1,12,17) show that there is a longitudinal 
regression mode for the recovery of the upper and 
lower limbs (especially in the first 10 weeks and 
80% of the improvement is ensured), even the 
ability to walk (12,17 ). 
However, functional improvements depend on the 
development ability of certain adapted motor 
strategies. It is about learning to make up for lost 
motor functions and to substitute functions, a 
process that takes place more than 3 months after 

the stroke, during which the brain must adapt to the 
challenges of the environment. 
It is known that stroke is associated to changes of 
the static balance (sitting position) and of the 
dynamic balance (orthostatism). In the lower limbs, 
the balance between the agonist / antagonist 
muscles is disturbed, whereas the modifications at 
the cortex level affect posture, balance and 
coordination (18). 
The motor ability is very important and depends on 
2 factors: restitution and substitution of function. 
For a stroke patient, it is important to resume daily 
activities, walking skills, cognition and language. 
The Basic Daily Activities (ADL) are consistent 
with the patients' clinical condition, the severity of 
the stroke (19, 20, 21), the progress of motor 
activities in the first weeks (1, 22, 23). Therefore, 
personal care recovers faster than dressing, 
walking, going up or down the stairs. As for the 
skills, it is important to actively control the 
radiocarpal joints, the extension of the toes, 
especially in the first 72 hours after a stroke (24, 
25). The ability to walk is correlated to the motor 
defficit of the foot and the impossibility to move 
(1, 19, 26, 27, 28). An important element for this 
purpose is the independent balance in the sitting 
and the force at the level of the hemiparetic leg. 
The improvement of the balance in orthostatism is 
the most important predicting factor to regain the 
independence of the walk. The independent walk 
correlates not only to the recovery of the motor 
function of the foot, but also to balance. 
That is why the control of the balance is the most 
important prognosis factor in the recovery of the 
walk after stroke (16,27,29,30,31,32,33). 
In order to recover the static and dynamic balance 
and therefore of the gait, tests and scales can be 
applied: Trunk Control Test, PASS, Berg scale, 
"Up and go" tests and Tinetti. In order to detect the 
ability to achieve balance after stroke based on 
scales, (1,34,35) it is necessary to evaluate the 
internal receptivity and the external adaptation 
reaction (1,36). Very important is the external 
reaction by which the orthostatic balance is 
actually associated to modifications in the hip 
performance. (37, 8, 39) The motor recovery of the 
lower limb is not always associated to the 
functional recovery of the gait (1). 
The internal response is limited because it cannot 
be quantified clinically and it does not provide data 
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related to the worsening or improvement of the 
patient's condition (35). 
The recovery of stroke patients is complex and 
involves the re-education of primary deficiencies, 
the promotion of adapted motor strategies in order 
to obtain compensation of a function, the recovery 
of basic daily activities (ADL) . 
Scales for mobility, static and dynamic balance can 
be used to assess the postural control. 
Purpose of research  
The study starts from the idea that in the recovery 
of stroke patients it is important to have an 
individualized physiotherapy program adapted to 
the functional parts of each patient, having the role 
of improving the static and dynamic balance, of 
achieving postural control and finally functional 
independence. 
Material and method 
The study included a number of 22 patients 
(40.91% women and 59.09% men) with sequelae 
stroke. They made physiotherapy, occupational 
therapy and occupational therapy sessions in the 
ambulatory, with the length of 1 hour, 3 times a 
week, in total 15 sessions. Kinetic therapy included 
passive and active exercises (in bed and at the edge 
of the bed), balance exercises, transfers (in 
orthostatism) and gait training. The evaluation of 
the patient was performed in the beginning of the 
treatment and at the end of it. Scales were used to 
assess mobility, static and dynamic balance, gait 
and functional independence. 
The  criteria for inclusion in the study were: age 
40-70, patients with clinical and imaging diagnosis 
of stroke, with hemiparesis, without comorbidities 
in decompensated stages, patients who agreed to 
participate in the study. 
The exclusion criteria were: age <40 and> 70, 
patients with neurological and mental disorders, 
cognitive and speech disorders, patients with 
associated musculoskeletal disorders, associated 
heart and respiratory disorders and patients who 
did not agree to participate. 
The study was conducted according to the rules of 
ethics and deontology in force. 
In this context the following were applied: VAS 
scale for pain assessment, BERG scale for balance, 
movement skills scale for mobility assessment, 
PASS scale, Up and Go test and Tinetti for 
balance, postural control, gait.  

The postural assessment scale for stroke patients 
(PASS) allows the assessment of sitting balance 
and orthostatism (40). It includes 12 items and 
evaluates the performances during the period of 
keeping / changing the lying position, sitting and 
orthostatism.  
The first part evaluates the possibility of keeping 
the posture through 5 items rated 0-3, whereas the 
second part evaluates the ability to change the 
posture from lying to sitting, then sitting-
orthostatism, with a score between 0-3. The 
maximum score is 36, which is useful to assess 
functional independence (1,41) PASS is a 
functional balance test used especially in stroke 
patients with marked balance deficit. It is 
especially useful in the beginning of the post-
stroke recovery period (1). 
Another possibility to assess the ability of the 
stroke patient to achieve static and dynamic 
balance is the Berg scale with 14 items and a 
maximum score of 56 points. It is considered a 
reference (1) in the assessment of balance in stroke 
patients and is considered a valid, reliable and 
sensitive test for stroke patients (1, 37, 41, 42, 43). 
Thus, for balance, the Berg scale quantifies 14 
actions with values from 0 to 4. 
For mobility, the scale of movement skills is used 
and follows 10 actions quantified between 0-2. For 
the static, dynamic and walking balance, the Up 
and Go test and Tinetti test can be used. 
Virtually all these functional tests follow balance, 
postural control and transfers.  
The studied patients were observed in terms of 
behavior, cognition and motor function. It was 
found that patients spend 35% of the day in bed, 
out of which 28% resting and only 10% were 
involved in activities that could improve mobility 
and prevent complications. 
During the treatment, the contact with the 
physiotherapist represented 4.16% and only 5 days 
/ week. At weekends, even if they repeated the 
physical therapy program at home, it was not the 
intensity with which they worked in the physical 
therapy room and were supervised. 
The objectives of the recovery program were: pain 
reduction, re-education of the grip, increased 
muscle strength, the re-education of balance and 
postural control, re-education of gait, stability, 
training to resume daily activities and an increase 
in the quality of life. 
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Following the data collection, it is found that out of 
the 22 patients in the study group, a number of 13 
(59.09%) were men and 9 (40.91%) women. 
Table no. 1 Distribution of patients by age groups 

 
It was found that there were 4 patients (18.19%) in 
the age group of 40-50, 10 patients (45.45%) in the 
age group of 51-60 and 8 patients (36.36%) in the 
age group of 61-70.. 

 
Graph no. 1 Distribution of patients by age groups 
and gender 
Statistical analysis 
The data obtained in the evaluation were processed 
in Microsoft Excel files and the median, standard 
deviation were used, and the t-student test was 
applied to compare the results and confirm the 
hypothesis. The results are considered statistical 
significant for p <0.05. 
Results 
In the study group, the pain was evaluated with the 
help of the VAS scale and it was found at the time 
of T2 of the assessment a reduction of the pain 
phenomenon by 41.67%, as shown in the table.  
Table no. 2. Evolution of pain using the VAS scale   

 
By applying the BERG scale, it was found that the 
execution of the movements improved by 22.82% 
at the time of T2 of the evaluation.  
The Tinetti test shows an improvement in some 
components of gait by 22.82% at the time of T2 of 
the evaluation, which explains the increase in the 
possibility of movement in patients to gain 
functional independence.  
The Up and Go test also showed an increase of 
53.85% at time T2 compared to time T1, which 
shows the adaptation of patients to the new 
functional status and better performance of 
transfers and gait. As for the maintenance and 

change of patients' posture at different times, static 
and dynamic, there is an improvement of 40.74% 
at the postural assessment scale (PASS) at the final 
evaluation moment. The results can be found in 
Table 3 and in Graph 3.  
Table no. 3. Evolution of the values of the scales 
for balance  

 

 
Graph. no. 2 Evolution of the values of the scales 
for balance 
The evolution of the 22 patients on the Up and Go 
scale is shown in Graph no. 5.  
There is an improvement in transfers, in the vast 
majority of patients, with statistically significant 
results, but there have also been cases of patients 
5,7, 11, 15, 20 in which the evolution is longer in 
terms of recovery. 

 
Graph no. 3. Evolution of patients in the Up and 
Go test 
At the BERG scale, the improvement of the 
movement is statistically significant in all patients. 

 
Graph no. 4. The evolution of the patients' mobility 
through the Berg scale 
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The improvement of the gait, found by the Tinetti 
scale, is statistically significant in patients, less in 
patients 7, 8, 11, 20. 

 
Graph no. 5. The evolution of the patients' gait by 
using the Tinetti scale 
The postural evolution by the PASS scale, recorded 
statistically significant results in the study patients, 
except for patients 7, 9, 15, 20. 

 
Graph no. 6. Postural evaluation of the patients by 
the PASS scale 
Discussions 
At the scales applied in this study, the results 
obtained are statistically significant, as shown by 
the results of the applied t-student test where the 
values are <0.05. 
Table no. 4. The values of the t-student test 

 
Also for pain, assessed using the VAS scale, the 
results are statistically significant, the value of p 
being <0.05, namely p = 0.0392. 
The application of individualized treatment 
adapted to the functional body of each patient 
allowed a rapid recovery for the vast majority of 
the studied patients, with small exceptions in 
patients 5,7,8,9,11,15,20. They were found to be 
slow in recovery either on mobility, posture or gait. 
In such a context, these patients will need a 
readjustment of the recovery program to the 
clinical-functional body of each patient, and on the 
other hand their awareness that the recovery 
program has results after working in the 
physiotherapy room but also at home. 

The values obtained in the tests and evaluation 
scales are in accordance with the clinical evolution 
of the patients. 
Conclusions 
The application of the treatment by kinetic therapy, 
work therapy and occupational therapy to the 22 
patients, for a period of 3 weeks (a 1-hour session 
3 times a week) pointed out the following: 
-the reduction of pain in all patients, with 
statistically significant results 
-the improvement of movements in all patients, the 
results being statistically significant 
-the improvement of gait in the studied patients, 
with statistically significant results, but with a 
slowdown in recovery in 4 patients 
-the recovery of transfers and gait in the studied 
patients, with statistically significant results, but 
also with a slower recovery in a number of 5 
patients 
- the postural improvement in 19 of the 22 patients, 
with statistically significant results . 
After taking into account the obtained results, it is 
necessary to re-evaluate the patients who presented 
delayed evolution and to readjust the recovery 
program to their clinical-functional status. 
The degenerative health conditions, the cardiac 
ones, the hip fracture, may severely  
influence the prognosis of the stroke and the 
patient 's quality of life. 
 All patients need a careful assessment of their 
functional, motor, sensory, cognitive abilities in 
order to choose recovery strategies. Thus, some 
patients will have a recovery program based on 
reducing primary deficits, whereas another group 
will have a recovery program with a functional 
purpose, based on the compensation of a function.  
Furthermore, it is necessary for the patients' 
families to become more involved in their recovery 
program, positively influencing social, family and 
professional reintegration. 
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Abstract 
Introduction. Osteoarthritis is considered a complex biopsychosocial condition, with consequences for the patient, the 
family, society and public health. Age is considered the main risk factor in the occurrence of osteoarthritis. Studies 
show that 2 out of 3 obese individuals associate knee osteoarthritis whereas the incidence of the latter increases at the 
same time with increasing body mass index. Obesity contributes to the initiation of the process of osteoarthritis by the 
mechanical overload of the joint, causing cartilage damage with increasing horizontal cracks  and the increased 
incidence of the osteophites in the knee. Purpose. We conducted a study in patients with knee osteoarthritis and body 
mass index with normal and high values, evaluating pain, functional capacity and maximum travel distance by 
applying electrotherapy and kinesiotherapy. Material and method. We studied a number of 68 patients diagnosed 
with knee osteoarthritis, who received as therapy electrotherapy and physiotherapy.  The VAS scale, the WOMAC 
scale, the joint balance and the Lequesne scale were used to evaluate patients.The objectives of the study were: pain 
reduction, improved postural control and coordination, control of the gravity center, correction of alignment at the 
lower limbs, re-education of gait, obtaining a body mass index as close to normal. Results and discussions.The total 
group of patients was homogeneous according to age and gender. The evaluation of patients based on scales recorded 
superior values in the study group, with statistically significant results, worth p <0.05, which means that the 
hypothesis was validated. Conclusions. The use of the recovery treatment was individualized and took into account 
the condition of the affection, the body mass index, the ability of patients' mobility and algic symptoms. 
 
Key words: osteoarthritis, obesity, recovery, knee biomechanics, 
 
Introduction 
Knee osteoarthritis is one of the most common 
joint conditions, characterized by pain and joint 
dysfunction, and, in advanced stages, has 
misalignment of the lower limbs, contracture and 
muscle atrophy (1). The condition causes a 
significant functional deficit, affecting posture, 
static and dynamic balance but also gait (2). 
Osteoarthritis is considered a complex 
biopsychosocial condition, with consequences for 
the patient, the family, society and public health 
(3). 
In primary knee osteoarthritis, changes occur in the 
articular cartilage and subchondral bone (4,5). 
Studies (6,7,8,9)  
show that the main cause of symptoms is damage 
to the subchondral bone. Age is considered the 
main risk factor in the occurrence of osteoarthritis, 
however, between osteoarthritis and the 

phenomenon of aging there is an interconnection 
and not an interdependence (5). It should be taken 
into account that in the case of osteoarthritis there 
occurs the aging phenomenon of the 
musculoskeletal system, overload and 
misalignment of the load-bearing segments (5). 
The overload but also the pathophysiological 
changes related to the biomechanical elements at 
the level of the knee have a special role. The 
articular cartilage is avascular and has no 
innervation (4,10),  so it has a low level of 
metabolic activity and cell division, even if 
chondrocytes are capable of cell division 
(4,5,11,12,13).   
These chondrocytes represent 1% of the volume of 
joint cartilage (4) wich is  responsible for both the 
synthesis and the decomposition of the 
cartilaginous matrix (4,6,12).  
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An important role in maintaining the balance 
between synthesis and degradation is played by 
cytokines with anabolic and catabolic effect (4,6). 
The cartilage must be elastic and have an increased 
tensile strength to exercise its normal intra-articular 
function, and the mechanical properties of the 
articular cartilage depend on the extracellular 
matrix consisting of a fluid component and 
structural macromolecules (type II collagen fibers), 
proteoglycans, glycoproteins).  Basically, the 
collagen matrix gives tensile strength and ensures 
the shape of the cartilage (4). 
Disturbance of the balance between synthesis and 
degradation of extracellular matrix components 
(4,5,6,11,14)  causes an increase in the amount of 
water and a decrease in the proteoglycan content of 
the extracellular matrix, affecting the collagen 
network by decreasing the synthesis of type II 
collagen, thus they are favorable factors for 
osteoarthritis.   
At first the mechanism is compensatory and the 
integrity of the articular cartilage is maintained, but 
later the loss of chondrocytes (even their 
apoptosis), there are changes of the extracellular 
matrix and the changes characteristic of 
osteoarthritis. 
Another element involved in the occurrence of 
osteoarthritis and its interrelation with the aging 
phenomenon is oxidative stress through the chronic 
production of "free radicals" (5,12,15). 
They can damage mitochondrial DNA, influence 
cell viability and disrupt extracellular matrix 
homeostasis (16,17) causing decreased 
chondrocyte sensitivity to IGF-1 (18). Articular 
and cartilage overload influences the mechanism of 
chondrocyte production, quality and functionality 
of proteoglycans or collagen (4). 
A normal synovial joint can cope with repetitive 
loading for normal activities without developing 
osteoarthritis (14). 
However, if the mechanical action exceeds the 
ability of the cartilage to remain in a normal 
functional state (repair or recovery ability), then a 
process of joint degeneration occurs (4,14). In this 
context, the mechanical factor will cause the 
damage of the articular cartilage, of the 
subchondral bone, affecting the function of 
chondrocytes (14). 
For a normally aligned knee, the center of pressure 
for femur -tibial force passes through the middle of 

the knee (19). In knee flexion, the center of 
pressure is medial.  For varus or valgus changes, 
the load in the medial compartment will increase 
by up to 20% (20). The biomechanical 
consequences in patients are especially while 
walking (21,22)  
but also for persons with an increased body mass 
index (23). 
Studies (24) show that 2 out of 3 obese individuals 
associate knee osteoarthritis whereas the incidence 
of the latter increases at the same time with 
increasing body mass index. There are studies 
(25,26) that evaluated the impact of mechanical 
stress and systemic factors associated to the knee 
obesity and showed that mechanical stress is more 
important.Other studies (27,28) showed that 
mechanical stress played a role in the onset of 
osteoarthritis, whereas inflammation was a 
secondary consequence of the mechanical process. 
The Guide published in 2018 presents the effects of 
the biomechanical factors and of obesity upon the 
development of the knee osteoarthritis and the 
management possibility in this context (29). 
Obesity contributes to the initiation of the process 
of osteoarthritis by the mechanical overload of the 
joint (30), causing cartilage damage (small 
degradation in the superficial area) with increasing 
horizontal cracks (28) and the increased incidence 
of the osteophites in the knee (31). At the level of 
infrapatellar fat, larger adipocytes and the presence 
of M2 type macrophages were observed (32). 
Cartilage has a low coefficient of friction and 
enables slipping and compressibility (33). In the 
early stages of osteoarthritis there is a proliferation 
of chondrocytes and an increase in the number of 
proteins specific to the extracellular matrix (33,34), 
but once the disease progresses, there is a deep 
deterioration of the cartilage with changes at this 
level and also at the level of the subchondral bone 
(35). 
A 2009 study (36) showed that cartilage defects are 
associated with an increased body mass index, 
results confirmed by another study (37) that 
associates the severity of changes in cartilage with 
obesity and body mass index. 
In patients with high body mass index, the cartilage 
was thicker on the intercondylar fossa and on the 
back of the patella (lateral and medial) and thinner 
on the tibia, in the medial region, compared to 
people who have a normal body mass index (38).  
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The body mass index (BMI) is a parameter that is 
taken into account in maintaining health, for 
prophylactic or therapeutic purposes. According to 
the value, BMI may indicate to a patient a normal 
status (BMI = 18.5-24.99), overweight  (25-29.99), 
1st degree obesity (30-34.99), 2nd degree obesity 
(35-39.99), 3rd degree obesity  with value> 40. 
The body mass index also plays a role in 
pathological changes in the subchondral bone 
(39,40). One study (39)showed in obese 
individuals the association between increased body 
mass index and changes in the subchondral 
trabecular bone. Mechanical overload during 
physical activity or walking plays a key role in the 
progression of osteoarthritis.  Increased body mass 
index correlates with increased mechanical stress, 
especially when walking (41). International 
guidelines suggest the importance of exercising to 
tone muscles (42) and increase muscle strength to 
relieve painful symptoms.  
Another study (43) showed that exercise improved 
muscle strength, decreased pain, and increased 
functional capacity in people with knee 
osteoarthritis.  It is also useful in proprioception, 
coordination, postural control.   
In osteoarthritis it is also indicated to do 
electrotherapy with anti-inflammatory, analgesic, 
vasodilator, hyperemic role.  Low, medium and 
high frequency ultrasound currents can be applied. 
Purpose.  
We conducted a study in patients with knee 
osteoarthritis and body mass index with normal 
and high values, evaluating pain, functional 
capacity and maximum travel distance by applying 
electrotherapy and kinesiotherapy. 
Material and method.  
We studied a number of 68 patients (48.52% 
women and 51.48% men) diagnosed with knee 
osteoarthritis, who received as therapy 
electrotherapy and physiotherapy.   
Electrotherapy consisted in the application of low 
frequency (TENS), medium frequency 
(interferential) and high frequency (ultrasound) 
currents. 
TENS uses rectangular currents, has an analgesic 
role and is based on presynaptic inhibition and 
endorphin release, with a frequency between 15-
200 Hz.  
The medium frequency current has as main actions 
analgesia, hyperemia and vasomotor effect, but 

also secondary actions of trophic type, muscle 
relaxant and vasodilation. The 0-100 Hz 
modulation was used which ensures inhibitory / 
excitatory effects. Ultrasound, as a form of 
coupling - ultrasonophoresis (using an anti-
inflammatory gel) for analgesic, muscle relaxant, 
hyperemic purposes.  Ultrasound parameters: 1 
MHz frequency, 0.6W / cm² intensity, duration 4 
minutes, pulse application to reduce the thermal 
effect ( 44).  
Physiotherapy sessions were performed for 40 
minutes/ day, 3 times/ week, for 4 weeks.  The 
evaluation of the patient was performed at the 
beginning of the recovery treatment and at the end 
of it. 
Patients were divided into two groups, namely the 
control group L1 (patients underwent 
electrotherapy) and the study group L2 (patients 
received electrotherapy and physiotherapy).  
The inclusion criteria were: patients diagnosed 
clinically and radiologically with knee 
osteoarthritis, age 35  -75 years old, without 
decompensated diseases, without neurological 
diseases and who gave their consent to participate 
in the study.  
The exclusion criteria were: patients aged <35 
years and >75 years, with decompensated heart and 
respiratory disorders, with neuro-psychic disorders, 
non-compliant, and who did not give their consent 
to participate in the study. 
The study complies with the norms of ethics and 
deontology according to the legislation. 
The VAS scale (for the assessment of the pain 
syndrome), the WOMAC scale (for the assessment 
of the pain and functional capacity), the joint 
balance (for the assessment of the mobility) and the 
Lequesne scale (for the assessment of the arthritic 
involvement in the lower limbs) were used to 
evaluate patients. 
The objectives of the study were: pain reduction, 
improved postural control and coordination, 
control of the gravity center, correction of 
alignment at the lower limbs, re-education of gait, 
obtaining a body mass index as close to normal. 
The L1 witness group included 33 patients, of 
which 16 (48.48%) were women and 17 (51.52%) 
were men, whereas the L2 study group had 19 
(54.28%) women and 16 (45.72%)  men.  The 
distribution by age groups is shown in Table no. 1 
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Table no. 1. Distribution of patients on study 
groups and on age groups 

 
 
Statistical analysis  
The data obtained from the initial and final 
evaluations were 
statistically processed by using Microsoft Excel 10. 
In addition to the median and standard deviation, 
the t-student test was calculated, which is useful in 
verifying the working hypothesis.  The level of 
statistical significance is 5%, i.e. the value of p 
<0.05. 
 
Results 
The pain assessment by using the VAS scale shows 
statistically significant results in both groups, with 
a reduction of 28.57% in the witness group and 
37.5% in the study group.  The mobility of the 
knee joint quantified by the joint testing registered 
an increase of 13.63% in the witness group 
compared to 27.27% in the study group. 
The body mass index increased by 0.74% in the 
witness group, and in the study group it registered 
an increase of 6.21%. 
Table no.2. Evolution of the parameters pain, 
mobility and body mass index in the witness group 

 
 
Table no.3. Evolution of the parameters pain, 
mobility and body mass index in the study group 

 
As for the WOMAC scale, representative for the 
arthritic process, the results are statistically 

significant in both groups and there is a decrease in 
pain and joint stiffness. 
 
Table no.4. Evolution of the WOMAC and 
Lequesne scales in the witness group 

 
As for the functional ability, only in the study 
group there is an increase of 6%. 
When assessing the arthritic damage with the help 
of the Lequesne scale, there is an improvement of 
13.63% in the witness group, whereas in the study 
group the result is 27.27%. 
 
Table no.5. Evolution of the WOMAC and 
Lequesne scales in the study group 

 
 
Discussions 
The total group of patients was homogeneous 
according to age and gender. The evaluation of 
patients based on scales recorded superior values in 
the study group, with statistically significant 
results, worth p <0.05, which means that the 
hypothesis was validated. 
 
Table no.6. T-student test values in patient group 
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As for the body mass index, the results are 
extremely statistically significant, with more 
important values in the study group, p <0.0006. So 
in the group that made kinesiotherapy, the results 
are better, as it is also apparent from the literature, 
which indicates the physical exercise done by the 
patient as a means of reducing the body mass index 
and a way of increasing mobility Thus, in the 
witness group, the number of overweight people 
decreased whereas the number of people with 
normal weight increased. In the study group the 
number of people with obesity and overweight 
decreased whereas the number of people with 
normal weight increased.(Table no.7) 
Table no.7 The evolution of the patients of the 
groups according to BMI 

 
 
As for the WOMAC and Lequesne scales, the 
recorded results show a pain relief, rigidity and 
functional ability increase, especially in the study 
group. And the VAS scale that assesses the 
evolution of pain recorded significant decrease in 
both groups.  
 
Conclusions  
The use of the recovery treatment was 
individualized and took into account the condition 
of the affection, the body mass index, the ability of 
patients' mobility and algic symptoms. The use of 
electrotherapy and kinesiotherapy was beneficial 
for patients who had decrease in the algic 
syndrome and increase in the joint mobility and a 
reduction of the body mass index, even if it was 
only 6.21%. The latter can also be diminished if 
patients keep a diet adapted to their functional 
status. I will continue my research on the 
correlation between the biomechanical elements of 
the knee with the body mass index by using the 
baropodometric test with sensors to identify the 
faulty segmentation positions and to analyze the 
pressures exerted in the soles in the static position.  
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Abstract 
The aim is to explore the possibilities of improving motor and sensitive disorders to ensure the highest possible social 
adaptation - the expansion of self-service skills, opportunities for affordable employment, or the restoration of 
professional activity flax. Methods: To study the possibilities of improving the social reintegration of patients during 
rehabilitation in a mud resort, we observed 240 patients who had an injury to the cervical spine 24 years. Disease 
duration ranged before 3 years, 4-7 years, more 7 years. We studied the occupational therapy method and group 
psychotherapy method. All patients were divided into three representative groups:  91 patients (group 1) received a 
course of balneoplasty therapy in the form of mud applications on the spine and lower limbs at a temperature 42-44 
0C, exposure time 20 min, placement of procedures - every other day, for a total of 12-15 procedures per treatment; on 
days free of mud cure, hydrokinesitherapy was performed in a pool with warm (29-32 0С) brine water, 12-15 
procedures, and also apparatus physiotherapy procedures, massage and exercise therapy. In addition to the course of 
balneopedotherapy, 149 patients also received ergo-therapy and psychotherapy (90 people - group 2) and only 
occupational therapy - 59 people (group 3). Results: Improvement of post-traumatic organic neurological disorders 
caused by balneo-mud therapy creates a favorable basis for conducting training activities that expand patients’ 
functionality. The inclusion of ergotherapy in the rehabilitation process of spinal patients in a balneo-mud resort is 
appropriate and justified. It allows not only to expand the functionality of patients but also to reduce the time to master 
the essential self-care skills and consolidate them. Conclusion: The inclusion of psychotherapy in the complex of 
occupational therapy is desirable. It allows you to influence the psycho-emotional state of the patient and improve the 
effectiveness of training activities, especially in male patients. Changing the hospital and closed home atmosphere to 
the conditions of the resort, the possibility of broad communication, participation in various social events significantly 
change the psycho-emotional state of patients, increasing their activity, causing an increase in the setting for inclusion 
inactive life. 
 
Key words: ergotherapy, psychotherapy, spinal injuries, activity and participation, rehabilitation, social 
adaptation, 
 
Introduction 
The consequences of severe spinal injuries are 
acute problems, not only medical but also social 
and psychological problem. The profound 
impairments of motor and other vital functions 
caused by them, lead to the inability to move 
independently and the need for outside help, to 
recognize in a significant number of cases 
profound changes in the psychological sphere of 
patients: depressive states, reactions to stress, 
adaptation disorders, apathy, unwillingness to use 
even their potential [1-4, 15]. This, in addition to 
movement disorders, dramatically reduces the 

quality of life of spinal patients. Therefore, the 
rehabilitation process’s task is to create conditions 
for the maximum possible social adaptation with 
recovery based on the maximum possible recovery 
of the patient’s motor functions, family, the 
professional status of the patient, or his inclusion in 
other available labor activities [5-6, 9]. 
Most of the specialists who dealt with the issue of 
social rehabilitation of patients with the 
consequences of spinal injury noted that its 
effectiveness directly depends on the degree of 
recovery of the patient’s motor, sensitive and 
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psychological sphere [2, 4]. Many researchers 
consider that balneo- and mud therapy are among 
the most potent factors in the recovery of organic 
disorders in patients with spinal injury [7-10]. 
OBJECTIVE 
The study aims to explore the possibilities of 
improving motor and sensitive disorders to ensure 
the highest possible social adaptation - the 
expansion of self-service skills, opportunities for 
affordable employment, or the restoration of 
professional activity flax. 
MATERIALS AND METHODS 
All the patients that were observed were located in 
DP “Pirogov Clinical Sanatorium”, Kuyalnik 
resort.  
To study the possibilities of improving the social 
reintegration of patients during the course of 
rehabilitation in a mud resort, we observed 240 
patients who had an injury of the cervical spine.  
The overwhelming majority were men aged from 
24 to 46 years. Disease duration ranged from 3 to 
7. The distribution of patients by sex, age, and 
period of injury are presented in Table 1. 
 Table 1. The distribution of patients by sex, age 
and duration of the disease 

Patients % 
Age of patients Duration of illness (years) 

24-34 
years 5-55 years more 55 

years 
1 -3 

years 
4-7 

years 
more 7 
years 

Women 
(n=29) 12,1 19 6 4 6 16 7 

Men 
(n=211) 87,9 34 112 65 39 93 79 

Thus, middle-aged persons prevailed among male 
patients (53%), while among women, more than 
half were under the age of 34 years. By the age of 
the disease, in both women and men, persons with 
a prescription of 4-7 years prevailed. 
All patients examined by us had a lesion of the 
cervical spine at the level of C6-C8 and suffered 
from mixed tetraparesis - peripheral paresis of the 
upper and spastic paresis of the lower extremities. 
The severity of paresis of the upper limbs ranged 
from moderate (72 %) to severe (28 %) degree. It 
included lesions of the flexors and extensors of the 
fingers of the hand and flexors and extensors of the 
hands. The range of movements in the upper limbs 
was insignificantly limited in 29 %, limited to a 
moderate degree in 45 % of patients, and 
significantly limited in 26 %. The severity of 
spastic paresis of the lower extremities was severe, 
leading to the impossibility of independent 
movement - 100% of the observed patients moved 

in wheelchairs.  With self-help, 19 % of patients 
owned self-care skills. The rest needed varying 
degrees of help from accompanying persons: while 
dressing and undressing (73 %), use zipper or 
velcro fastener of 44 %, when wash hands (64 %), 
with other, more complex hygienic procedures (84 
%).  39 % of patients could independently use 
cutlery, 32% used limited food assistance, 29% of 
patients needed considerable help with eating.  
From survey data indicated that a little more than 
half of all the patients we observed (59 %) actively 
participate in household duties. Of them: to use 
household appliances – 41 %, to join in cleaning 
the apartment – 34 %, to help in cooking – 31 %, to 
clean the table and washing dishes - 19 %. 
The distribution of the development of self-service 
skills depending on gender, age, and duration of 
the disease are presented in Table 2. 
Table 2. The dependence of the development of 
self-care skills on gender, age and duration of 
illness in patients with spinal trauma 

Type of self-
care skills used Gender 

Distribution of skills 
used according to 

gender and age (%) 

Distribution of skills used 
according to gender and 
duration of illness (%) 

24-34 
years 

35-55 
years 

more 55 
years 

1-3 
years 

4-7 
years 

more 7 
years 

Use of 
household 
appliances 

men 64,7 53,6 21,5 46,1 53,7 58,2 

women 80,1 66,6 25,0 75,0 75,0 57,1 

Vacuuming men 8,8 10,7 3,0 - 11,8 29,1 
women 52,6 50,0 - 333 56,2 57,1 

Need help with 
dressing and 
undressing, 

including the 
use of zippers 

men 88,2 71,4 61,5 76,9 40,2 46,4 

women 31,5 25,0 25,0 75,0 50,0 42,8 

Can 
independently 

use cutlery 

men 29,4 32,1 30,7 23,0 32,2 48,1 

women 31,5 33,3 50,0 33,0 50,0 42,8 

Hygienic 
procedures are 

performed 
independently 

men 23,5 8,9 23,0 23,0 29,0 30,3 

women 42,1 33,3 - 33,3 37,5 25,0 

Can use the 
simplest tools 

(scissors, 
screwdrivers, 

etc.) 

men - - 18,4 25,6 25,8 31,1 

women 63,1 66,6 50,0 33,3 62,5 25,0 

Results. Analysis of the obtained data allows us to 
identify patterns of development of therapeutic 
capabilities in patients with spinal injury. So, even 
though the fact that 72% of the surveyed had 
relativly moderate movement disorders of the 
upper limbs and the muscles of the shoulder girdle, 
in general, their functionality was not used enough. 
The development of self-care skills among patients 
entering the sanatorium rehabilitation, their 
participation in family responsibilities, and 
possession of the most straightforward household 
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tools ranged between 40 and 50 percent, which can 
be assessed as insufficient. At the same time, the 
presence of self-service skills is associated not with 
the age of patients as with the duration of the 
disease - like the duration of the disease increases - 
the level of autonomy of patients within the studied 
age group tends to increase. Moreover, the 
development of self-care skills in patients with 
female spinal trauma is more active than in male 
patients. It also draws attention that only a tiny part 
of the surveyed is familiar with special devices that 
facilitate the independent execution of various 
daily procedures (such as eating, washing, 
dressing, etc.), as well as the simplest 
manipulations and simple labor processes - 
working with scissors, screwdriver, file, etc.            
At the same time, the problem of gaining the 
highest possible independence is essential not only 
in terms of the patient’s emotional state, self-
esteem, and well-being but also in terms of family 
relationships, the social role of each family 
member and the quality of life of the patient and 
his family as a whole. 
Of particular interest was the question of the status 
of the former professional or other work activity in 
the patients observed, and the presence of a device 
for its renewal in case of its absence. Naturally, 
this issue is crucial for the majority in the post-
traumatic period [1]. Its role cannot be 
overestimated in terms of its impact on the 
patient’s social status, family relationships, and the 
psycho-emotional state generally [14]. At the same 
time, the transferred spinal trauma, the dramatic 
changes in the patient’s whole life caused by her, 
immobility and dependence on others cause a 
negative attitude to the possibility of continuing 
work and the need to master a new profession. 
Analysis of the employment status of patients 
showed that male patients are young and, 
especially mature (35-55 years), sufficient actively 
continue to be engaged in labor activity in their 
former specialty (Table 3). This applies primarily 
to people involved in mental work. 
Thus, among our patients who continued their 
work were university professors, programmers, 
accountants, enterprise managers, economists, and 
private entrepreneurs. In the same group, we 
attributed the students of higher educational 
institutions. The second category consisted of 
people of the so-called "sedentary" labor - a 

watchmaker, a master in mending leather goods, a 
bookbinder, etc. Naturally, in the first years of 
post-injury, the number of workers was minimal 
among persons of almost all professions. 
Table 3. Labor activity and installation for its 
renewal in spinal patients admitted to the course of 
balneotherapy and mud therapy 
Employment 

 
Gender Features of work 

 depending  
on age patients (%) 

Features of work 
depending on the 

duration of the disease 
(%) 

24-
34 

years 

35-
55 

years 

more 
55 

years 

1-3 
years 

4-7 
years 

more 
7 

years 
Continues to 

engage in 
previous 

employment 

men 20,5 38,3 16,9 17,9 41,9 16,4 

women 21,0 16,6 - 16,6 18,7 14,2 

Has a set to 
continue the 
previous 
work 

men 26,6 22,3 8,0 35,8 16,1 20,2 

women 10,5 - - - 12,5 - 

Works on a 
new 

specialty 

men 26,4 14,2 8,0 7,6 10,7 17,7 

women 15,7 50,0 - - 31,2 57,1 

  Has a setup 
for 

retraining 

men 8,82 8,9 7,6 12,8 9,6 5,0 

women 21,0 33,3 75,0 33,3 25,0 - 

Not going to 
work 

men 32,3 16,0 47,6 25,6 21,5 37,9 
women 31,5 - 25,0 50,0 12,5 28,5 

At the same time, about 1/3 of the victims had an 
installation to continue their previous work during 
this period. With an increase in the duration of the 
post-traumatic period, the number of those who 
returned to the past profession increases, and, 
accordingly, the number of people who have hope 
for its continuation decreases. This is especially 
true for people of young age who are students of 
higher and secondary educational institutions. The 
number of people working in a new profession or 
daring to install equipment is slightly increasing. 
He draws attention to the fact that the number of 
workers decreases with age, not to mention the 
desire to acquire a new profession, although in this 
age group there were enough people of working 
age.  
In a small group of women observed by us, a high 
percentage of middle-aged and older patients with 
medium and high disease durations (80% overall) 
are actively engaged in working in the new 
profession: foreign languages, school tutoring, 
programming - or with available manual labor - 
knitting, cooking culinary products for sale. Thus, 
a significant number of women were already 
actively engaged in labor activity when they 
entered the sanatorium. 
It is known that the psycho-emotional state of a 
post-traumatic spinal patient, which largely 
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determines his desire and ability to self-service, to 
return to work, is closely related to the state of his 
motor system as a whole. The more pronounced 
are the shifts on the part of movement disorders, 
the more active the process of recovery and 
development of self-service skills is, the higher the 
chances of the patient returning to active life and 
work [2, 13]. 
Balneotherapy, long known as one of the most 
effective rehabilitation treatment method of post-
traumatic disorders, is a fertile ground for the 
development on its basis of an increase in the 
ability of patients to self-service, for the 
development of installation for further labor 
activity. For this purpose, there were unique 
teaching methods. The occupational therapy 
method was chosen as the primary teaching 
method [11, 12]. A group psychotherapy method 
was chosen to improve the psycho-emotional status 
and develop the appropriate installation. 
All patients were divided into three representative 
groups:  91 patients (group 1) received a course of 
balneoplasty therapy in the form of mud 
applications on the spine and lower limbs (“pants”) 
at a temperature 42-44 0C, exposure time 20 min, 
placement of procedures - every other day, for a 
total of 12-15 procedures per treatment; on days 
free of mud cure, hydrokinesitherapy was 
performed in a pool with warm (29-32 0С) brine 
water, 12-15 procedures, and also apparatus 
physiotherapy procedures, massage and exercise 
therapy. In addition to the course of 
balneopedotherapy, 149 patients also received 
ergo-therapy and psychotherapy (90 people - group 
2) and only occupational therapy - 59 people 
(group 3). 
When performing ergotherapy, two main factors 
were taken into account: orientation towards 
mastering the patient’s most significant actions and 
taking into account the patient's motor capabilities. 
As additional factors, cognitive abilities, everyday 
situations of everyday life, role family 
relationships were taken into account. Occupation 
therapy classes were held throughout the patient's 
stay in a sanatorium, in the afternoon, during the 
time free from basic medical procedures, two days 
in a row with a break on the third day, four times a 
week, the total for the course - 15- 16 lessons. In 
addition to efforts to restore lost functions, 
achieving maximum autonomy and independence 

in everyday life, the students were also familiarized 
with technical aids that help develop the maximum 
possible independence and autonomy in daily 
activities and the possibility of self-manufacturing 
of some of them. Patients of this group, in addition 
to these classes, also received a course of 
psychotherapeutic measures. The group 
psychotherapy method was used in a group of 8-10 
people. Classes were held twice a week in the first 
half of the day for one hour and were aimed at 
maximizing the motivation to adapt to living 
conditions with the consequences of spinal injury, 
the active involvement of the patient in the 
rehabilitation process, and in further active life. 
The main goal of the program was to train skills for 
psychological and social difficulties for further 
integration into family life and to develop an 
orientation towards continuing a previous 
professional activity or retraining new work skills. 
59 patients (group 3) received occupations only by 
occupational therapy. 
As a result of a 45-day course of spa and balneo-
mud therapy, an improvement in post-traumatic 
organic disorders was registered in 89% of 
patients. Especially pronounced positive changes 
were observed in the muscles of the shoulder 
girdle: in 63,8% of patients with mild and 
moderate limitation of movement and 7,2 % with a 
significant barrier, the range of movements in the 
upper limbs, in the flexors and extensors of the 
fingers increased, muscle tone decreased in the 
flexors of the hand and forearm, which led to an 
increase in range of motion. Muscle hypertonus in 
the legs also slightly decreased, but the range of 
movements in the lower extremities did not 
undergo significant changes. Positive changes were 
also manifested by a decrease in trophic disorders, 
improved peripheral circulation in the arms and 
legs. In 36 patients (17,1 %), the pelvic organs’ 
function improved (constipation decreased, the 
urge to urinate became less pronounced). All these 
changes constituted a positive background for the 
psycho-emotional state of patients. Despite the 
positive changes in patients who received only a 
course of balneotherapy and mud therapy (group 
1), there was no noticeable expansion of self-care 
skills. 9 patients (10 %) noted that it became more 
comfortable for them to own cutlery, 21 (23,0 %) 
were able to independently perform certain 
hygienic procedures (ability to wash hands, use a 
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towel after washing and shower),  8 (8,7 %) began 
to use zippers and Velcro freely).  At the same 
time, changes in social adaptation and psycho-
emotional status of patients who received ergo- and 
psychotherapy were significantly more pronounced 
are presented in table 4. 
Table 4. The dynamic of self-care skills at the end 
of the course of spa balneotherapy with ergo- and 
psychotherapy 

Self-service skills Gender 

Indicator dynamics 
depending on age (%) 

Indicator dynamics 
depending on duration 

of illness (%) 

24-34 
years 

35-55 
years 

more 
55 

years 

1-3 
years 

4-7 
years 

more 7 
years 

Use of household 
appliances before 

treatment 

men 64,7 53,6 21,5 46,1 53,7 58,2 

women 80,1 66,6 25,0 75,0 75,0 57,1 
2 group 

 
men 91,1 82,2 50,7 76,9 75,2 82,2 

women 89,4 100,0 25,0 100,0 82,3 71,4 

3 group men 85,1 74,2 29,2 74,3 78,4 79,7 
women 89,4 100,0 25,0 100,0 82,3 71,4 

Need help with 
dressing and 
undressing 

men 88,2 71,4 61,5 76,9 40,2 46,4 

women 31,5 25,0 25,0 75,0 50,0 42,8 

2 group 
 

men 64,7 59,8 58,4 51.2 36,5 43,0 
women 26,3 25,0 25,0 50,0 37,5 42,8 

3 group men 64,7 63,4 58,4 62,1 38,7 46,4 
women 31,5 25,0 25,0 50,0 37,5 42,8 

Hygienic proce-
dures are 

performed 
independently 

men 23,5 8,9 23,0 23,0 29,0 30,3 

women 42,1 33,3 - 33,3 37,5 25,0 

2 group men 30,7 19,2 28,0 41,7 39,5 36,6 
women 60,1 60,0 25,0 66,6 45,5 40,0 

3 group men 30,0 18,6 27,3 41,7 39,5 36,6 
women 60,1 60,0 25,0 66,6 45,5 40,0 

They can use the 
simplest tools 

(scis-sors, 
screwdrivers) 

men - - 18,4 25,6 25,8 31,1 

women 63,1 66,6 50,0 33,3 62,5 25,0 

Table 4 
2 

group 
men 47,6 44,6 40,0 45,8 56,0 37,5 

women 55,5 75,0 50,0 40,0 69,2 - 
3 

group 
men 44,6 40,0 55,5 56,0 37,5 40,0 

women 75,0 50,0 45,8 69,2 - 47,6 

Analysis of the data obtained shows that carrying 
out occupational and psychotherapy allows spinal 
patients to significantly increase the degree of 
mastering the skills of self-service and some of the 
simplest work processes. At the same time, some 
differences in efficacy are revealed, depending on 
gender, duration of illness, and type of occupation. 
Thus, in the group of women, mastering the 
possibilities of self-service, learning the ability to 
perform certain hygienic procedures 
independently, and use household appliances 
proceeded much more intensively than among 
men, especially in the group up to 45 years old and 

the age of the disease was no more than 7 years. 
There was no clear difference in the groups that 
received psycho- and ergotherapy simultaneously 
and only received occupational therapy. At the 
same time, mastering the simplest work skills 
within everyday needs was less intensive. In the 
group of men, especially with the duration of the 
disease from 4 to 7 years old, on the contrary, there 
was a clear interest in learning how to use the 
simplest tools. 
The relatively low percentage in the group of ill 
(more than 7 years) men most likely is related to 
the fact that the majority of patients in this group 
already possessed these skills, as well as some self-
care opportunities, such as the ability to do some 
hygiene with little help or completely 
independently procedures. 
Regarding mastering other self-service skills, 
occupational ergotherapy alone was significantly 
less effective than in women. Only carrying out 
occupational therapy in parallel with 
psychotherapeutic exercises, with the development 
of appropriate attitudes, has helped to increase the 
number of people able to dress and undress by 
yourself, use velcro, hook or zipper fasteners, 
independently take food and use cutlery, increase 
interest in participating in family activities 
(cleaning, household appliances, etc.).     
Gender differences did not significantly affect age-
related learning opportunities. In women, as in 
men, younger people were quicker and more 
perceived and more comfortable to master the 
necessary skills. The older the sick were, the less 
their interest in learning new skills was, the more 
they were oriented towards outside help. 
Table 5. Installation for the resumption of work 
and retraining in spinal patients, after a course of 
ergo-and psychotherapy in a balnea-mud resort 
Installation 

for labor 
activity 

Gender Value of indicators 
depending on age and 

gender (%) 

Value of indicators 
depending on gender 
and duration of the 

disease (%) 
24-34 
years 

35-55 
years 

more 55 
years 

1-3 
years 

4-7 
years 

more 7 
years 

Has a set to 
continue 
labor activ.: 
-before 
treatment 
- 2 group 
- 3 group 

men 26,6 22,3 8,0 35,8 16,2 20,0 
women 10,5 - - - 12,5 - 

men 35,4 32,6 12,0 33,3 27,0 36,0 
women 20,0 20,0 - - 45,4 - 

men 20,0 37,0 18,0 30,0 36,6 36,0 
women 22,2 - - 30,3 40,0 50,0 

Has a setup 
for 
retraining: 
-before treat 
- 2 group 
- 3 group 

men 8,8 8,9 7,0 12,8 9,6 5,0 
women 21,0 33,3 75,0 33,3 25,0 20,0 

men 23,0 38,4 12,0 16,6 41,6 10,0 
women 50,0 80,0 25,0 33,3 54,5 20,0 

men 40,0 40,7 18,0 - 20,0 26,0 
women - 66,6 - - 20,0 - 
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The results obtained as a whole, show that the use 
of both methods - ergotherapy and ergotherapy 
combined with psychotherapy - has led to a 
definite increase in attitudes towards labor activity. 
Particularly striking were the changes regarding 
retraining opportunities. So among middle-aged 
males, interest in obtaining a new specialty and the 
desire to master it more than tripled. It notes that 
these changes relate to both groups, so we can 
assume that the acquisition of new household 
skills, increased autonomy and reduced 
dependence on other factors that increase the 
patient's self-esteem, self-confidence, and desire 
more actively mobilize your abilities and 
capabilities. Thus, in the group of male patients of 
middle age, with the disease's uration from four to 
7 years, the installation for retraining increased 
almost four times. The desire to continue the 
previous labor activity was significantly less 
pronounced. So, the work of most of the patients 
we observed was associated with hard physical 
labor, and therefore, naturally, could not be 
continued. The intention to stay in the same job 
arose among a relatively small number of middle-
aged and young people associated with mental 
activity, work that does not require physical effort, 
and students in higher and secondary educational 
institutions. Some patients explained their 
unwillingness to continue their previous 
professional activities or training with difficulties 
of movement and physical inaccessibility of the 
place of prior work or study. 
It should be noted that restoring social skills in 
women is much more active than in men; they are 
more likely to master new professions if it is 
impossible to continue their previous employment. 
This fact explains the relatively low rates of 
retraining new professions - they have already 
learned them earlier. A small percentage of those 
who wish to continue their previous work activity 
is determined by the fact that it was associated with 
hard physical labor and could not be restored after 
an injury. 
It is impossible not to express the assumption that 
the sanatorium situation played a significant role in 
achieving the results. Conducting therapeutic 
measures not in hospital conditions, the ability to 
go beyond the walls of your apartment, expanding 
the circle of communication, and abundance of 
new impressions, have already changed the 

psycho-emotional state of patients, creating a 
favorable background for learning and 
psychological impact. And the beneficial effect of 
balneotherapy and mud therapy on trauma-induced 
organic neurological disorders made it possible for 
new motor skills to be trained and consolidated in a 
relatively short time, which made it possible to 
extend the rehabilitation process. The expansion of 
the independence and independence of the patient 
is not only important in and of itself. It leads to an 
improvement in family relationships, which is 
particularly significant in this particular case; 
obtaining a new profession and employment 
improves the social status of the patient, expands 
his interpersonal relations, increases self-esteem, 
and all this together leads to an increase in the 
quality of life of the patient and his family as a 
whole. 
Conclusions.  
1. Improvement of post-traumatic organic 
neurological disorders caused by balneo-mud 
therapy creates a favorable basis for conducting 
training activities that expand patients' 
functionality. 
2. The inclusion of ergotherapy in the rehabilitation 
process of spinal patients in a balneo-mud resort is 
appropriate and justified. It allows not only to 
expand the functionality of patients but also to 
reduce the time to master the most important self-
care skills and consolidate them. 
3. The inclusion of psychotherapy in the complex 
of occupational therapy is desirable. It allows you 
to influence the psycho-emotional state of the 
patient and improve the effectiveness of training 
activities, especially in male patients. 
4. Changing the hospital and closed home 
atmosphere to the conditions of the resort, the 
possibility of broad communication, participation 
in various social events significantly change the 
psycho-emotional state of patients, increasing their 
activity, causing an increase in the setting for 
inclusion inactive life. 
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Abstract 
The purpose of the article. In the process of our empirical research, we had the aim to examine the level of 
professional reliability of doctors who performed their professional duties during the COVID-19 pandemic in Ukraine. 
We assumed that the higher the level of professional reliability was, the more effectively doctors will perform their 
own professional activities in unusual, extreme conditions of their professional activity. The research involved 550 
doctors of Rivne Regional Hospital (Rivne, Ukraine). Methods and methodical instrumentation of the research.  
To solve the problem of our research, a set of methods was used, the choice and combination of which have been 
determined by the subject, the purpose and the objectives of this research: - theoretical methods – theoretical and 
methodological analysis of scientific sources and available according to the problem of our research psychological 
approaches: their systematization, classification, generalization, theoretical modeling to study the phenomenon of 
professional reliability of doctors who worked in difficult conditions of the COVID-19 pandemic in Ukraine; - 
empirical methods – the observation, the interview, a questionnaire, testing, the method of expert assessments, which 
have been used for a deeper, holistic research of the structure of professional reliability of doctors; psychological and 
pedagogical experiment in the form of the empirical studying of the formation of a structure of professional reliability 
of doctors. The results of the research. We proved, that for specialists of medical sphere of the activity with a high 
level of professional reliability there was a main characteristic: the ability to perform professional activities in special 
and extreme conditions, the formation of professional and moral culture of a doctor, the constant development of 
components of his/her professional competence, professional readiness and professional reflection, the ability to 
implement effective psychological and acmeological influences, the development of reflective culture, the formation 
of a harmonious “self-concept” in professional and managerial activities, the actualization of psychological 
mechanisms, conditions, factors and determinants of the person’s professional development, etc. In our opinion, the 
professional reliability of a doctor is characterized by: a high level of stable productivity (or efficiency) of the 
professional activity; a high level of professional qualification and developed professional competence; optimal 
intensity of the professional activity; a high level of accuracy and reliability; a high level of organization of the 
professional activity; low indirectness (depending on purely external factors); creativity; the possibility of developing 
the subject of the professional activity and ensuring the actual professional growth; focus on achieving positive 
socially significant goals and results. Conclusions. We proved that bifurcation space of a professionally reliable 
Doctor includes: the ability to transfer professional experience; a high stable productivity of professional activity; the 
responsibility for the decisions having been made and their implementation; the ability to achieve own goals in any 
case; professional knowledge and the experience to be the director of some medical organization; the ability to act in 
critical situations and situations of cognitive dissonance; the ability to control the flow of doctors’ professional 
activity; a high level of professional competence; the ability to make and clearly implement their own decisions. If 
these components of a professionally reliable Doctor are formed at a high level, the Doctor can perform his/her 
professional activity with a high degree of its productivity, in difficult pandemic conditions, in situations of stress and 
cognitive dissonance. The latter emphasizes on the difference between the capabilities and the style of internal activity 
of Doctors who provide their activity in a period of COVID-19 pandemic: the ability to achieve meanings until the 
moment of meaningful acceptance of surrounding us reality and move on – to expand the meaning of the symbolic 
space (which is the COVID-19 pandemic) and, according to this, to show the measures of our own meaningful space 
(human life in a pandemic). Such conditions significantly encourage doctors to improve themselves as real 
professionals, to update their own professional reliability. 
 
Key words: professional reliability; doctors; COVID-19; pandemic in Ukraine, 
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Introduction 
In the process of organizing the empirical research 
during the COVID-19 pandemic in Ukraine 
(March-June, 2020), we diagnosed spontaneous 
forms of deformations of the professional 
consciousness of doctors under the influence of 
extremely changed pandemic situation all around 
the world. It turned out that the deformation of the 
professional consciousness of doctors is a process 
that followed a certain logic and was carried out 
according to its own rules (Bai, Yao, Wei, Tian, 
Jin, Chen & Wang, 2020; Hayden, Farrar, & Peiris, 
2014; Khwaja, 2012; Liu, Yang & Gao, 2020). 
Let’s try to explain this logic with the help of 
psychological frames. It should be noted that the 
rich phenomenology of ecopsychological 
expeditions and the small number of scientific 
researches of the mental state of individuals during 
the COVID-19 pandemic allowed us to identify 
some phenomena of Environmental Psychology 
categorically and, for the first time, although to 
determine well-known scientific concepts which 
have been used. 
It should be noted at once that under the influence 
of the COVID-19 pandemic human behavior 
acquires a sufficiently explicit eco-attribution 
(Chan, Ng & Chan, 2003; Choi, Chau, Tsang, Tso, 
Chiu, Tong, Lee, Ng, Wai, Lee, Lam, Yu, Lai, Lai 
& Sik, 2003; National Health Commission of the 
People’s Republic of China, 2020). Eco-attribution 
(from the Greek oikos – the environment and from 
Latin – attribuo – to give, to provide) is a lifestyle 
that provides the primary importance of the 
environment, the natural expediency of caring for 
nature, a kind of harmony of a man and a nature, as 
well as the world around us. Eco-attribution or eco-
attributive behavior presupposes the understanding 
not only of well-balanced harmonizations in the 
space of nature, but also in the living environment 
in general, as well as adequate inclusion of human 
activity in the environment, performance of its 
activities, on the one hand, in accordance with the 
laws of nature taking into account the conditions of 
existence in the society, taking into account the 
pandemic COVID-19 and working out its own 
style of the behavior, which is natural and viable 
under such conditions (Holshue, DeBolt, Lindquist, 
Lofy, Kathy, Wiesman, Bruce, Spitters, Ericson, 
Wilkerson & Tural, 2020; Lane, Marston & Fauci, 
2016; Ranieri, Rubenfeld & Thompson, 2012; Wu 

& McGoogan, 2020; Yang, Yu & Xu, 2020; Zou, 
Ruan, Huang, 2020). 
Eco-attributive behavior and the activity involves 
the search for adequate forms and principles, 
especially for biological adaptation and protection 
in changes of living conditions (Arabi, Balkhy, 
Hayden, Bouchama, Luke, Baillie, Al-Omari, 
Hajeer, Senga, Denison, Nguyen-Van-Tam, 
Shindo, Bermingham, Chappell, Van Kerkhove & 
Fowler, 2017). As we predicted, the characteristic 
features of eco-psychological stress, manifested in 
the person’s desire to change the situation, 
significantly changes the very behavior and 
activities of people. Personal content, which is now 
formed in the case of absence of practical 
experience and practical skills of adaptation to 
such experiences and actions, forms, as it turned 
out, not flexible behavior. The basis of such 
behavior were rigid, torpedo mental states, 
pandemic or “covid” accentuations, anxiety and 
fear (Chen, Zhou & Dong, 2020; Hardeman, 
Medina & Kozhimannil, 2016; Kimball, Hatfield, 
Arons, James, Taylor, Spicer, Bardossy, Oakley, 
Tanwar & Chisty, 2020; Wang, Hu & Hu, 2020; 
Yang, Yang & Shen, 2020). 
Many researches show that people in general are 
quite vulnerable creatures, and they are particularly 
concerned about what they do not see, but know 
for sure that it is too harmful, insidious, and so on 
(de Wit, van Doremalen, Falzarano & Munster, 
2016; Epstein, Blake & González, 2017; 
Gorbalenya, Baker & Baric, 2020; Kalil, Metersky 
& Klompas, 2016). For many years people often do 
not know what to do in extreme situations, what to 
do in cases of disease prevention, where there is a 
great danger and in what cases there is no reasons 
for excitation. Thus, the set of negative factors 
caused by the COVID-19 pandemic leads to 
aggressive irritability of people, they have asthenia, 
depression, confusion, deep apathy (Chenguang, 
Zhaoqin, Fang, Yang, Jinxiu, Jing, Fuxiang, Delin, 
Minghui, Li, Jinli, Haixia, Yan, Jiuxin, Ling, Li, 
Zhixiang, Ling, Yanjie, Haixia, Feng, Kun, Yujing, 
Dongjing, Zheng, Yingxia & Lei, 2020). In these 
states people often turn to mysticism, religion, 
superstition, the protective mechanisms of the 
psyche, which, in their opinion, should eliminate 
the state of cognitive dissonance (Edwards, Lee & 
Esposito, 2019; Huang, Wang & Li, 2020; Villar, 
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Blanco & del Campo,  2015; Wu, Nethery, Sabath, 
Braun & Dominici, 2020). According to this 
psychological background the development of 
ecological negativism (from the Latin negatio – 
denial) is acceptable and quite understandable – 
not entirely motivated negative attitude of people 
to a new natural environment as a virus-damaged 
value, which is manifested in actions and 
relationships which are deliberately opposite to 
expectations. 
 Environmental (or “covid”) negativism in 
the context of the COVID-19 pandemic is carried 
out as a situational reaction due to the individual’s 
need to resist external influences (scientists say 
that this is what they see everywhere), but also as a 
purely personal position to deny or to disagree that 
does not take the form of forced self-observation 
(Li, Guan, Wu, Wang, Zhou, Tong, Ren, Leung, 
Lau & Wong, 2020; Phelan, Katz & Gostin, 2020). 
Psychologically ecological negativism is 
exacerbated by the phenomenon of the COVID-19 
pandemic, it is found its explication in a sad, 
depressed and negative mood of rejection, or, 
conversely – in demonstrative bravado, 
stubbornness, sometimes – indifference, but always 
accompanied by internal contradictions (Wang, Li 
& Drabek, 2020; Xu, Shi, Wang, Zhang, Huang, 
Zhang, Liu, Zhao, Liu, Zhu, Tai, Bai, Gao, Song, 
Xia, Dong, Zhao & Wang, 2020).  
 It is this phenomenon of environmental (or 
“covid”) negativism that we have observed in a 
case of doctors and all medical staff who have 
treated people with COVID-19 and resisted the 
situation in which their country (or even other 
countries) – take, for example, heroic help of 
Russian doctors in Italy). It was clear that external 
optimism and the desire to overcome difficulties 
often gave rise to a state of environmental (or 
“covid”) negativity of medical staff. These states 
were demonstrated as externally vulnerable forms 
of manifestation as an internal attitude of the 
person and his/her value orientations. The nature of 
these processes is shown by Fig. 1. 
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eco-attribution eco-attribution 

eco-attribution 

Ecological («Covid») negativism 
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Figure 1. Subjective preconditions and directions 
of the formation of ecological (“Covid”) 
negativism 
The meeting with Nina D., a resident of city Kyiv 
in Ukraine, 38 years old, leaves contradictory 
feelings. Three weeks ago, in April 2020, she 
buried her brother, who died at the age of 34, and 
she took her 8-year-old niece for foster care. Also 
in early May she buried her father, who died at the 
age of 75, and her sister, who was the youngest in 
their family, at the age of 28. 
In the behavior, language, thoughts and judgments 
of Nina D. there was an inflamed tear of the 
desperate, frantic and desperate hostage of fate. 
Her speech is fluent, sharp, not always intelligent 
and balanced, her behavior is calm from the 
outside, but there is a clear tension that is difficult 
to control statements of Nina D. are not always 
unambiguous, but in the most cases they are 
straightforward, frank, prudence, and their thinking 
is fast, balanced, but not always critical. In fact, 
this woman looks like a spring. In communication 
with her we specifically showed caution, so as not 
accidentally offended, not to put pressure on 
certain internal strings, not to allow her to fail, not 
to inadvertently provoke aggression or anger. In 
general, we were even ready to take on its 
discharge. But there was no relief: Nina D. 
skillfully warned her on her own, but, given 
external factors, she was not interested in 
surrounding world, but she was getting herself 
under control. Undoubtedly, the latter was not a 
simple demonstration, but a real, a true state of 
mind, a state of helplessness and despair, horror 
and confusion. 
Gradually, in a conversation with us Nina D. began 
to tell the facts of her life, those facts which in 
logic and content could somehow be easily “tied” 
to the pandemic COVID-19. But she herself 
categorically did not do it, she constantly expected 
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from us certain facilitating influences provoking a 
current situation. And even our hints about such 
connections, sharp and insistent, although mostly 
unsubstantiated, Nina D. denied. She sought any 
justification for her position and behavior, except 
for the COVID-19 pandemic. At the same time, 
Nina D. behaved quite calmly and convincingly. 
Meanwhile, careful observation and psychological 
analysis of all that Nina D. said and the explanation 
of her behavioral manifestations allowed us to 
notice the conviction of a man who internally 
rebelled against the COVID-19 pandemic. Here 
you could see a kind of breakdown in the depths of 
her soul, internally unprotected, from the illogical, 
but, at the same time, ordinary, everyday, vital and 
even combined with a kind of concept of faith, 
where a lot of things are unreal, strange, invented, 
and more of them are distrustful and confused. 
Such artificial tolerance of self-consciousness of 
the individual, in our opinion, is nothing more than 
a reaction to the complete denial of the realities of 
the ecological reality that took place. We observed 
a state of ecopsychological (or “covid”) 
negativism, which, in our opinion, was used by 
Nina D. as a mechanism of psychological 
protection against the COVID-19 virus due to the 
instructive, but unconscious denial of its impact on 
her own life, her life way and destiny. As the factor 
of the COVID-19 pandemic affectively intensifies 
the feeling of hopelessness and doom, Nina D. 
actively pushes the awareness of the consequences 
of the pandemic to the periphery of her self-
consciousness, that is it seems consciously reject 
COVID-19 in such a way. However, in this case 
we diagnose certain psychological nuances: when 
the rejection of the affectogenic factor is carried 
out without a deep understanding of this process, 
and there is not a fact of the existence of COVID-
19 virus, as in this case the rejected information is 
not fully displaced from consciousness, but only 
with its completeness, which is rationalized (or 
realized, analyzed and fully comprehended). That 
is, the displacement of information is carried out 
from the consciousness of the individual, while it 
was fixed at the level of her feelings. 
 Thus, it turns out that the COVID-19 
pandemic, which deeply penetrated the fabric of 
personal meanings and became the basis of 
someone’s life path (in this case – a prerequisite 
for negative scenicity) is rejected according to the 

chosen direction at the levels of behavioral and 
mental dispositions, but not at the level of the 
psycho-emotional sphere of the person. During the 
period Nina D. had a conversation with the 
experimenter, we had got the impression that the 
respondent was sobbing internally, although she 
was not showing signs from the outside world. The 
tears in her eyes were imperceptible, but it was 
clear that Nina D. was acutely experiencing a 
complex process of psycho-emotional stress. Also 
we had the feeling that tears were running inside 
her, flooding her soul, and there they ached, 
squatted, were frozen. 
The purpose of the article. In the process of our 
empirical research, we had the aim to examine the 
level of professional reliability of doctors who 
performed their professional duties during the 
COVID-19 pandemic in Ukraine. We assumed that 
the higher the level of professional reliability was, 
the more effectively doctors will perform their own 
professional activities in unusual, extreme 
conditions of their professional activity. The 
research involved 550 doctors of Rivne Regional 
Hospital (Rivne, Ukraine). 
Methods and methodical instrumentation of the 
research 
To solve the problem of our research, a set of 
methods was used, the choice and combination of 
which have been determined by the subject, the 
purpose and the objectives of this research: 
theoretical methods – theoretical and 
methodological analysis of scientific sources and 
available according to the problem of our research 
psychological approaches: their systematization, 
classification, generalization, theoretical modeling 
to study the phenomenon of professional reliability 
of doctors who worked in difficult conditions of 
the COVID-19 pandemic in Ukraine; 
empirical methods – the observation, the interview, 
a questionnaire, testing, the method of expert 
assessments, which have been used for a deeper, 
holistic research of the structure of professional 
reliability of doctors; psychological and 
pedagogical experiment in the form of the 
empirical studying of the formation of a structure 
of professional reliability of doctors. 
In order to analyze the indicators according to the 
external criterion of professional success, the 
expert assessment of the respondents was carried 
out with the help of specially developed 
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questionnaire “Guidelines for doctors’ professional 
activity” (Mykhalchuk, 2020). We also used “The 
questionnaire of expert assessment of the level of 
professional (managerial) compliance of a 
specialist (a manager) with some degree of the 
development of his/her personal and professionally 
significant qualities” (Mykhalchuk, 2020). 
In order to analyze the empirical information on 
the level of professional reliability of all 
respondents, a package of psychodiagnostic 
techniques was used: 
- 16-factor Kettell personality questionnaire (16-
PF), form C (2019); 
- Minnesota Multidisciplinary Personality 
Questionnaire (MMPI) (2018); 
- Schubert Method: Diagnosis of Risk 
Readiness (RSK) (2007); 
- Methods of diagnosis of interpersonal 
relationships by T. Leary in the modification of 
A.O. Tyukov (2019). 
The results of the research and their discussion 
Thus, for specialists of medical sphere of the 
activity with a high level of professional reliability 
there is a main characteristic: the ability to perform 
professional activities in special and extreme 
conditions, the formation of professional and moral 
culture of a doctor, the constant development of 
components of his/her professional competence, 
professional readiness and professional reflection, 
the ability to implement effective psychological 
and acmeological influences, the development of 
reflective culture, the formation of a harmonious 
“self-concept” in professional and managerial 
activities, the actualization of psychological 
mechanisms, conditions, factors and determinants 
of the person’s professional development, etc. 
In our opinion, the professional reliability of a 
doctor is characterized by: 
• a high level of stable productivity (or efficiency) 

of the professional activity; 
• a high level of professional qualification and 

developed professional competence; 
• optimal intensity of the professional activity; 
• a high level of accuracy and reliability; 
• a high level of organization of the professional 

activity; 
• low indirectness (depending on purely external 

factors); 
• creativity; 

• the possibility of developing the subject of the 
professional activity and ensuring the actual 
professional growth; 

• focus on achieving positive socially significant 
goals and results. 

In our empirical research 550 respondents were 
participated. In the table 1 we proposed data 
according to the age of doctors. 
Among 46 women of F7 group there were 13 
managers of structural subdivisions of medical 
institutions (28,2% of respondents), among 36 
respondents of F8 group there were 15 managers 
(41,6%), including 6 persons – the heads of 
medical institutions (16,6%). 
Table 1. Qualitative and quantitative characteristics 
of the experimental groups 

Gr
oup Sex 

The 
amount 

of 
people  

Age 
Professional experience 

in the sphere of this 
professional activity 

F1 women 48 23-
30 up to 5 years 

F2 men 45 23-
31 up to 5 years 

F3 women 39 23-
35 from 5 to 10 years 

F4 men 40 23-
35 from 5 to 10 years 

F5 women 42 35-
47 from 10 to 15 years 

F6 men 38 35-
49 from 10 to 15 years 

F7 women 46 47-
63 from 15 and more years 

F8 men 36 47-
66 from 15 and more years 

F9 women 52 17-
22 

students, there is no 
professional experience 

F1
0 men 52 17-

23 
students, there is no 
professional experience 

 
Psychological diagnostics was organized by 
psychologists in terms of group and individual 
forms of the activity in compliance with all 
requirements for the organization of such kinds of 
the activities. We’ll describe the techniques which 
have been used at this stage of psychodiagnostic 
experiment. 
With the help of experts (12 teachers of 
Psychology of Rivne State University of the 
Humanities, Ukraine), the personal qualities of 
doctors which are the most important for a 
comprehensive assessment of the professionalism 
of specialists, were identified. The legitimacy of 
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this approach has been confirmed by a number of 
researches that show the psychological support of 
the effective professional activity of specialists 
(Villar, Blanco & del Campo, 2015). 
At the beginning of our research personal qualities 
were selected. These qualities facilitated the 
professional development of the individual to the 
maximum extent, correspond to the semantic 
blocks of certificated characteristics, which made it 
possible to assess the professionalism of doctors. 
The list of the most significant personal qualities 
and characteristics for the professional 
development of a doctor is proposed in Table 2. 
 
Table 2. The list of the most significant personal 
qualities and characteristics for the professional 
development of a doctor 

№ 
п/п 

Orientation of 
personal 

qualities and 
characteristics 

Personal qualities and characteristics of a doctor, 
which are the most important for his/her 

professional development 

1 Personal • Moral and psychological stability 
• Principledness in solving professional and 
social issues, problems 
• Obligation (the ability to keep one’s own 
word) 
• Justice in solving business and personal 
issues, problems 
• Honesty and decency 
• Modesty 
• Moral stability, justice 
• Focus on achieving positive socially 
significant goals 
• A high level of personal culture 
• A high level of professional reflection 

2 Social • Social acceptability in the team 
• Adequate perception of criticism 
• Formed leadership qualities, the ability to 
unite the team to solve professional problems and 
tasks 
• The attentive attitude to the opinions of others 
• A high level of communication and general 
personal culture 
• The ability to exert educational influence on 
subordinates (to be an example) 
• The ability to find an individual approach 
according to other people 
• The ability to convince other people 
• The ability to trust other people 
• The desire to show a concern according to 
his/her colleagues in the professional sphere of 
the activity 
• Sociability (ease of contact) 
• Friendliness in dealing with colleagues 
• Restraint and balance in the process of 
communication 
• Psychological tact and the culture of 
communication 
• A high level of sense of humor 
• Taking into account the interests of 
colleagues 
• Politeness and tact 
• Respect from colleagues 
• The ability to exert psychological influences 
on others 

№ 
п/п 

Orientation of 
personal 

qualities and 
characteristics 

Personal qualities and characteristics of a doctor, 
which are the most important for his/her 

professional development 

• The attentive attitude to performance the 
official duties 
• Responsibility and diligence 
• The ability to anticipate other people’s 
behavior and the ability to evaluate them 
adequately 
• The ability to distribute the professional 
activity in a team 
• The ability to interact with other teams and 
organizations 
• The ability to defend the interests of his/her 
own team 
• The ability to organize control over the 
professional activities of colleagues and 
encourage others to perform the most productive 
activities 
• The observance of discipline and order, the 
formation of business qualities, focus on clear 
performance of the professional activity 

3 Competence • Professional acceptability in the team 
• A high level of professional competence 
• Updating the acquired professionally 
significant experience 
• The ability to transfer professional experience 
• The acquisition of professional knowledge 
and the experience of providing a managerial 
position 
• The ability to identify “key” tasks in 
personnel management 
• Updating professional knowledge, gaining 
professionally significant experience in medical 
sphere of the activity 
• Achieving depth in professional knowledge 
and skills 
• A high level of professional creativity 
• The formation of professional skills 
• A high level of qualification and professional 
competence 
• A high level of personal and professional 
culture 

4 Regulatory-
target 

•  A wish of professional growth 
• The interest and initiative in the sphere of the 
professional activities 
• The ability to gain constantly professionally 
meaningful experience 
• The ability to apply creatively professional 
skills in the activities 
• The desire to introduce new techniques in the 
sphere of the professional activity 
• The desire to use new, non-standard 
approaches in in the sphere of the professional 
activities 
• Creativity 
• A high creative potential 
• The ability to solve creatively professional 
tasks and problems 
• To focus on self-development 
• Adequate self-esteem 

5 Adaptive-
managerial 

• Knowledge of instructions, regulations, 
programs and documents 
• The ability to provide the professional 
activity according to its norms 
• Knowledge of necessary documents 
providing professional activities 
• Knowledge of theory and methods of 
management in the sphere of the professional 
activities 
• Knowledge of technical, legal, economic 
issues 
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№ 
п/п 

Orientation of 
personal 

qualities and 
characteristics 

Personal qualities and characteristics of a doctor, 
which are the most important for his/her 

professional development 

• The observance of norms of performance of 
professional activity 
• The ability to compile the necessary 
documents 
• The ability to adapt to new conditions of the 
professional activity 
• The ability to focus on professional activities 

6 Organizational • The ability to form the instructions to 
recognize by colleagues the priority of their own 
professional activities 
• The awareness of the importance of their 
profession 
• Organizational skills 
• The ability to establish adequate business 
relationships 
• The ability to organize the professional 
activities of colleagues 
• The ability to maintain contacts with other 
employees in the professional sphere 
• The organization and concentration in the 
sphere of the professional activity 
• The ability to control the flow of the 
professional activity 
• Personal responsibility for decisions and for 
performance of professional activities 
• Use of rights and powers in the professional 
sphere 
• The ability to establish business relationships 
• The quality to propose the end result of the 
professional activity 
• A high level of stable productivity 
• The ability to make timely and adequate 
decisions 
• The responsibility in decision making 
• The independence in formulating decisions 
and performing professional activities 
• The rationality and realism of decisions 
• The responsibility for making professionally 
significant decisions and their implementation 

7 Anticipatory-
regulatory 

• The ability to act adequately in critical 
situations and situations of cognitive dissonance 
• The ability to respond to difficult situations 
adequately, to moderate risk appetite, the ability 
to take risks consciously 
• The ability to take responsibility in critical 
situations and situations of cognitive dissonance 
• The ability to perceive information and 
predict the professional situation adequately 
• Self-control and endurance in difficult 
professional situations and situations of cognitive 
dissonance 
• The ability to find a way out of a stressful 
situation 
• A high level of anticipation 
• A high level of self-regulation 
• The ability to make and clearly implement 
decisions in the sphere of professional activities 
• The ability to achieve goals 
• Purposefulness, a desire to complete the 
professional activity started in order to achieve 
high results in the sphere of the professional 
activity 
• Combining strong will in solving professional 
tasks with the ability to work with other people 
• Independence and initiative 
• Perseverance 
• The ability to defend one’s own point of view 

In the process of qualitative analysis of the content 
of selected groups of personal qualities from their 
totality there were excluded semantically similar, 
those ones which duplicate each other. In the result 
their list was reduced to 14 qualities. 
Next, the experts were asked to rank the selected 
groups of personal qualities according to the 
criterion of the importance of their impact on the 
category of “professional reliability”. Coefficients 
of agreement of experts’ opinions were adopted 
according to the criteria of selection of groups of 
personal qualities (Table 3). 
Table 3. Coefficients of agreement (W) of experts’ 
opinions 
№ of 

personal 
quality  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

W 0,72 0,82 0,70 0,76 0,79 0,70 0,76 0,71 0,70 0,84 0,59 0,66 0,62 0,61 

Symbols: 
1) high stable productivity of the professional 
activity; 
2) responsibility and independence in decision-
making; 
3) responsibility for decision-making and its 
implementation; 
4) the ability to achieve the goal; 
5) the ability to act adequately in critical situations 
and situations of cognitive dissonance; 
6) the ability to adequately respond to difficult 
situations, to moderate risk situations, the ability to 
take risks consciously; 
7) the ability to take responsibility in critical 
situations and situations of cognitive dissonance; 
8) the ability to independently make and clearly 
implement their own decisions; 
9) a high level of professional competence; 
10) the ability to form attitudes of colleagues to the 
priority of their professional activity; 
11) the ability to control the flow of doctors’ 
professional activity; 
12) a high level of professional reflection; 
13) professional knowledge and experience from 
the side of managerial position; 
14) the ability to transfer the professional 
experience. 
 
The value of the coefficient 0,7 was the limit of the 
criterion for selecting personal qualities, having 
been defined by us as those ones that are the most 
important characteristics of the professional 
reliability of a doctor, which, in turn, in a great 
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degree determines the effectiveness of professional 
activities of specialists. 
In Table 4 there is the data of factor weight of 
indicators of professional reliability of respondents 
of the groups selected by us. According to the 
obtained results, the lowest results are in the 
groups of students – future doctors (F9, F10) and in 
groups of specialists with up to 5 years of 
professional experience. However, these 
respondents were not diagnosed with a statistically 
significant difference in results between men and 
women. Despite the fact that all these indicators 
have an insufficient level of its formation (for 
example, the highest level has the indicator of “a 
high level of professional competence”: 0,4105 – 
in F1, 0,4065 – in F2, 0,3351 – in F9, 0,3007 – in 
F10). Such results are not sufficient for a 
competent doctor. Significant are the results of 
professional reliability, such as “the ability to take 
responsibility in critical situations and situations of 
cognitive dissonance” (-0,3318 – in F1, 0,3016 – in 
F2, -0,3126 – in F9, -0,3278 – in F10), “the ability 
to form attitudes of colleagues to the priority of 
their professional activity” (-0,3374 – in F1, -
0,3658 – in F2, -0,2716 – in F9, -0,3158 – in F10), 
“professional knowledge and great experience 
from the side of a managerial position” (-0,3207 – 
in F1, -0,3658 – in F2, -0,3008 – in F9, -0,3172 – 
in F10), “the ability to transfer professional 
experience” (-0,3678 – in F1, -0,3317 – in F2, 
0,3012 – in F9, -0,3123 – in F10), but these results 
are presented with a sign “-”. 
 
Table 4. Factor weight of indicators of professional 
reliability of respondents (according to the results 
of factor analysis) 

№ The indicator of 
professional reliability 

Groups of respondents 

F
1 

F
2 

F
3 

F
4 

F
5 

F
6 

F
7 

F
8 

F
9 

F
1
0 

1.  
A high level of stable 

productivity of 
professional activity 

0,341 0,327 0,511 0,612 0,580 0,603 0,711 0,723 0,332 0,341 

2.  
Responsibility and 
independence in 
decision making 

0,325 0,361 0,523 0,623 0,531 0,682 0,652 0,739 0,291 0,287 

3.  

Responsibility for 
decisions having been 

made and their 
implementation 

0,362 0,371 0,577 0,601 0,535 0,633 0,661 0,756 0,231 0,355 

4.  The ability to achieve 
goals 0,421 0,362 0,516 0,623 0,490 0,601 0,593 0,768 0,412 0,357 

5.  

The ability to act 
adequately in critical 

situations, situations of 
cognitive dissonance 

0,300 0,388 0,493 0,601 0,451 0,613 0,556 0,760 0,427 0,301 

6.  

The ability to respond 
adequately to difficult 
situations, to risk only 
in critical situations, 

the ability to take risks 
consciously 

0,322 0,303 0,503 0,631 0,496 0,640 0,589 0,761 0,301 0,297 

7.  

The ability to take 
responsibility in 

critical situations and 
situations of cognitive 

dissonance 

-
0,332 

-
0,302 0,313 0,552 0,362 0,521 0,559 0,771 -

0,313 
-

0,327 

8.  
The ability to make 

and clearly implement 
his/her own decisions 

0,248 0,318 0,329 0,592 0,333 0,582 0,592 0,703 0,283 0,237 

9.  
A high level of 

professional 
competence 

0,411 0,407 0,582 0,620 0,563 0,600 0,682 0,731 0,335 0,301 

10.  

The ability to form 
attitudes of colleagues 
to the priority of their 
professional activity 

-
0,337 

-
0,366 0,431 0,511 0,389 0,556 0,691 0,751 -

0,272 
-

0,316 

11.  
The ability to control 

the flow of his/her own 
professional activity 

0,352 0,313 0,531 0,603 0,562 0,611 0,680 0,703 0,288 0,300 

12.  A high level of 
professional reflection 0,384 0,401 0,401 0,432 0,432 0,462 0,712 0,681 0,357 0,337 

13.  

Professional 
knowledge and 
experience as a 
director of this 
organization 

-
0,323 

-
0,366 

-
0,231 0,491 -

0,229 0,442 0,652 0,719 -
0,303 

-
0,317 

14.  
The ability to transfer 

professional 
experience 

-
0,368 

-
0,332 0,247 0,434 0,312 0,492 0,692 0,711 -

0,301 
-

0,312 

 
Such results indicate a rather low level of 
professional reliability of respondents in these 
groups, inability to provide their professional 
activity in critical situations and situations of 
cognitive dissonance, lack of professionally 
significant experience to carry out their own 
professional activities, and, moreover – to teach 
others to pass on their experience. 
In groups F3-F6 the results of professional 
reliability are much higher, while the results for 
men are higher than the results for women 
(according to t-criteria of Student at 0,05 level of 
reliability). For example, according to the indicator 
“responsibility and independence in decision-
making” in groups of women the results are such, 
as: 0,5229 – in F3 and 0,5311 – in F5, while the 
data of men are much higher: 0,6231 – in F4 and 
0,6819 – in F6. Men have greater will to set goals 
and to achieve them: 0,6229 – in F4 and 0,6008 – 
in F6 (while women’s results are: 0,5164 – in F3, 
0,4902 – in F5). Men also respond more adequately 
to critical situations which are arisen, such as the 
situations of cognitive dissonance (0,6003  – in F4 
and 0,6127 – in F6), while in groups of women the 
data according to this criteria are: 0,4925 – in F3 
and 0,4513 – in F5. These results between groups 
of men and women are significant at a confident 
level of 0,01 according to t-criteria of Student. 
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Statistically significant at the level of reliability of 
0,01 there is the difference in results between men 
and women according to the “ability to respond 
quite adequately to difficult situations, to moderate 
risk appetite, the ability to take all possible risks 
consciously” (the results of women are: 0,5003 – in 
F3, 0,4964 – in F5, of men they are: 0,6311 – in F4 
and 0,6402 – in F6). Also, men are more able to 
control the flow of the process of professional 
activity (0,6028 – in F4 and 0,6113 – in F6), while 
women have such results, as: 0,5309 – in F3 and 
0,5624 – in F5). As for men, we’ve to admit that 
they have more higher data (the difference in 
results is significant according to t-criteria of 
Student at 0,05 level of reliability). These results 
were diagnosed by the indicator “professional 
knowledge and the experience of being at the 
position of manager” (0,4901 – in F4 and 0,4420 – 
in F6), while for women according to this indicator 
we received such results, as: -0,2310 – in F3, -
0,2294 – in F5. It is interesting that among the men 
of groups F4 and F6 there was no head of the 
hospital or a structural unit, which indicates some 
“natural” characteristic of men to be the director, 
or to lead (data from the personal questionnaire 16-
PF). Also we’d like to emphasize on such an 
interesting fact that in groups F3-F6 both men and 
women were not characterized with a statistically 
significant difference in the results on the 
indicators of “a high level of professional 
competence” (0,5817 – in F3, 0,6201 – in F4, 
0,5634 – in F5, 0,6004 – in F6), as well as 
according to the data “a high level of professional 
reflection” (0,4004 – in F3, 0,4324 – in F4, 0,4325 
– in F5, 0,4619 – in F6). The last gives us a reason 
to assume that the professional reliability of a 
specialist is influenced by certain personal qualities 
that are positively correlated with the component 
“professional reliability”. What characteristics 
have all these qualities exactly, we will try to find 
them out in more details in our empirical study. 
The highest results (among women and men) there 
are in F7 and F8 groups. Men have particularly 
higher results according to such indicators of 
professional reliability as “the ability to achieve 
somebody’s own goals” (0,5931 – for women and 
0,7604 – for men), “the ability to respond 
adequately to difficult situations, to show a 
moderate level of risk solving different problems, 
the ability to take risks consciously” (0,5893 – for 

women, 0,7612 – for men), “the ability to take a 
great responsibility in critical situations and 
situations of cognitive dissonance” (0,5592 – for 
women and 0,7714 – for men). We’ll explain this 
by the fact that in F8 group (a group of men) there 
is twice the number of respondents who hold 
managerial positions and have some managerial 
experience. Thus, we can conclude that the 
professional reliability of doctors is directly related 
to the leadership qualities of the person, as well as 
self-realization, satisfaction of motivational 
domains of success. 
Our results made it possible to calculate the 
coefficients of intercorrelation between the 
selected indicators of professional reliability of the 
person (Table 5). Identified intercorrelations also 
indicate that it is necessary to determine the 
personal qualities that provide the formation of a 
particular indicator of professional reliability of 
doctors. 
 
Table 5. Coefficients of intercorrelation of 
complex factors of professional reliability of 
doctors (according to the results of correlation 
analysis) 
 

Groups F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F1           
F2           
F3 0,48** 0,27*         
F4 0,58** 0,32* 0,30*        
F5 0,59** 0,30* 0,31* 0,39*       
F6 0,50** 0,38* 0,29* 0,45* 0,37*      
F7 0,59** 0,63** 0,45* 0,69** 0,75** 0,78**     
F8 0,67** 0,65** 0,67** 0,72** 0,78** 0,80** 0,55**    
F9   0,38* 0,44* 0,39* 0,51** 0,79** 0,75**   
F10   0,39* 0,46* 0,41* 0,55** 0,77** 0,74** 0,78**  

* – the level of significance ρ < 0,05; 
** – the level of significance ρ < 0,01. 
 
In Table 6 there are the data obtained by us by the 
personal qualities of doctors, which, according to 
the opinion of experts, the most closely correspond 
to such a complex characteristics, which is 
professional reliability. 
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Table 6. Frequency of distribution of experts’ 
assessments of personal qualities of doctors in the 
paradigm of complex characteristics, such as 
“professional reliability” (in%) 
Personal qualities 

The level of quality’s explication 
Lo w

 
lo w

 
av er

a  
A

v
er

a ge
 

ov e av er
a  

H
i

gh
 

A high level of 
personal culture 0 2 44 44 10 

The ability to 
establish 
adequate 
relationships 
between 
colleagues 

0 6 34 24 36 

The ability to act 
independently in 
critical situations 

2 5 19 26 48 

The ability to 
achieve goals 2 10 16 36 36 

The desire for 
professional 
growth 

0 15 15 21 49 

Professional 
acceptability in 
the team 

0 5 18 17 60 

Social 
acceptability in 
the team 

0 8 17 35 40 

Responsible 
attitude to 
performance the 
official duties 

0 10 21 24 45 

 
Thus, in our further articles we will describe the 
results of our empirical research, which will allow 
to obtain statistically significant results which can 
show the influence of personal qualities of a 
specialist on the level of his/her professional 
reliability. 
The empirical results analyzed by us according to 
personal psychodiagnostic methods and the 
complex factors of the formation of professional 
reliability of doctors allow us to build a bifurcation 
space of a professionally reliable specialist (Fig. 2). 
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activity 
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professional activity 

professional knowledge 
and the experience to be 

the director of some 
medical organization 

a high level of 
professional 
competence 

the ability to make and clearly 
implement their own decisions 

 
Figure 2. Bifurcation space of a professionally 
reliable Doctor 

 
 

Conclusions 
We proved that bifurcation space of a 
professionally reliable Doctor includes: the ability 
to transfer professional experience; a high stable 
productivity of professional activity; the 
responsibility for the decisions having been made 
and their implementation; the ability to achieve 
own goals in any case; professional knowledge and 
the experience to be the director of some medical 
organization; the ability to act in critical situations 
and situations of cognitive dissonance; the ability 
to control the flow of doctors’ professional 
activity; a high level of professional competence; 
the ability to make and clearly implement their 
own decisions. 
If these components of a professionally reliable 
Doctor are formed at a high level, the Doctor can 
perform his/her professional activity with a high 
degree of its productivity, in difficult pandemic 
conditions, in situations of stress and cognitive 
dissonance. 
Under the influence of the consequences of the 
COVID-19 pandemic doctors need to interpret 
other, completely new meanings of the coronavirus 
symbol, meanings of which in everyday practice 
gives us more expressive and, at the same time, 
more incomprehensible semantics of this symbol. 
In other words, due to the actualization of 
professional reliability of doctors, the operative 
semantic space of symbols as a subject of 
perception of the COVID-19 pandemic is 
expanding. Before the subject of survival of people 
in the COVID-19 pandemic was meaningless, it 
attracted the attention of doctors as the leading 
persons in life, forcing them to turn again and 
again to what circumstances which were the most 
inconsistent with their previous ideas. Nowadays 
when the doctors have a great experience working 
in the extreme conditions of the COVID-19 
pandemic, new, transcendent means are opening up 
to them. Those ones go beyond the previously 
acquired experience of the pandemic symbol, and 
doctors begin to relate to it, while updating their 
own professional reliability. 
The latter emphasizes on the difference between 
the capabilities and the style of internal activity of 
Doctors who provide their activity in a period of 
COVID-19 pandemic: the ability to achieve 
meanings until the moment of meaningful 
acceptance of surrounding us reality and move on – 
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to expand the meaning of the symbolic space 
(which is the COVID-19 pandemic) and, according 
to this, to show the measures of our own 
meaningful space (human life in a pandemic). Such 
conditions significantly encourage doctors to 
improve themselves as real professionals, to update 
their own professional reliability. 
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Abstract 
Introduction. The aim of this study was to evaluate the effects of a weekly group exercise program on the functional 
performance of patients with knee osteoarthritis. Material and methods. Patients (aged 51-78 years) with knee 
osteoarthritis Kellgren-Lawrence grade II-III were included in an exercise program. The exercise sessions were held 
once-a week, for six months, being supervised by a physical therapist. The scope of the program was to increase the 
mobility, muscular strength and balance. The physical function outcome was assessed using the Short Physical 
Performance Battery (SPPB) in two moments – before and after participating in the exercise program. Results. All 
patients completed the group exercise program. The SPPB score at the time of inclusion in the study was 8.33 ± 1.9. 
After six months of exercising in the weekly group exercise program, the score increased significantly at 9.07 ± 1.73 
(p<0.0001). Conclusions. In conclusion, participating in a group-based exercise program for six months have been 
proved to have beneficial outcomes in physical performance in patients with knee osteoarthritis. 
 
Key words: functional performance, exercises, knee osteoarthritis, 
 

Introduction 
Knee osteoarthritis is a frequent and debilitating 
disease, and its prevalence increases with aging. 
The pain and the progressive disability reported by 
the patients with knee osteoarthritis lead to 
impairments in daily functional activities, with a 
negative effect on functional independence. As 
other chronic diseases, it has a negative impact on 
functionality and quality of life, affecting the 
performance of daily living activities (1–3). The 
functional performance is reported to be affected 
in inflammatory and degenerative rheumatic 
diseases, due to pathological lesions not only in 
joints, but also at muscular and systemic levels 
(4,5).  
In order to maintain the functional performance in 
patients with knee osteoarthritis and to prevent 
disability, special attention should be paid to 
muscle strength, mobility and balance. Physical 
exercises are recommended not only in the 
treatment of knee osteoarthritis (6–9), but also in 
the treatment and prevention of other 
musculoskeletal diseases either inflammatory or 
traumatic, cardio-vascular diseases, diabetes or 
obesity (10,11). 
Although the beneficial effects of regular physical 
activity are very-well known, there are still 
unanswered questions regarding the adequate 
frequency, intensity, type, safety and time of 

exercising. Regular home exercises are 
recommended by specialists, and their efficacy has 
been proved in many studies. But the adherence to 
this type of exercise program is low (12). 
McCarthy et al. (13) reported a significant 
improvement in locomotor function and a 
significant decrease in walking pain at 12-months 
follow-up by supplementing the home based 
exercise program with a class-based  exercise 
program. 
Therefore, the aim of this study was to evaluate 
the effects of a weekly group exercise program on 
the functional performance of patients with knee 
osteoarthritis. 
Material and method 
In order to evaluate the effects of a 6-month 
weekly group program on physical function of 
patients with knee osteoarthritis, a number of 45 
patients were invited to participate in the study. 
Only patients with knee osteoarthritis Kellgren-
Lawrence grade II-III were included. Exclusion 
criteria were: 1) inflammatory musculoskeletal 
diseases with or without cardiovascular 
involvement (14), 2) known symptomatic 
meniscal injuries, 3) hip or knee endoprotheses, 4) 
cardiovascular or other comorbidities not allowing 
participating in an exercise program, 5) 
neurological diseases. 
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All patients that fulfill the inclusion criteria were 
included in the exercise program. The exercise 
sessions were held once-a week, for six months, 
being supervised by a physical therapist. The 
scope of the program was to increase the mobility, 
muscular strength and balance. Each session 
contained a 5-minutes warm-up, consisting in 
mobility and flexibility exercises. The rest of the 
session contained strengthening and stretching 
exercises, as well as standing balance training. 
The physical function outcome was assessed using 
the Short Physical Performance Battery (SPPB) in 
two moments – before and after participating in 
the exercise program. SPPB is an objective 
measure tool for balance, lower limb strength and 
functional capacity in older adults (15). This set of 
tests has been used to evaluate lower extremity 
function in older adults, to evaluate the physical 
activity level as part of diagnostic criteria for 
sarcopenia and also as a predictor of disability and 
mortality (15–19). SPPB comprise three tests that 
assess gait speed, balance and strength. Each test 
is scored from 0 to 4 points (4 – best 
performance). The final score represents the sum 
of the three scores, with a range from 0 to 12. A 
cut-off of 8 points has been reported to identify 
poor physical function (20,21). The standing 
balance is evaluated in three different positions – 
side-by-side (standing with the feet parallel and 
touching), semi-tandem (standing with the feet 
parallel, the heel of one foot touching the base of 
the big toe of the other foot) and tandem (standing 
with one foot in front of the other, with the heel of 
the foot in front touching the toes of the foot in 
back) (15). The patients had to maintain the 
balance for 10 seconds in each condition. For side-
by-side and semi-tandem stand, the maximal score 
is 1 and for tandem stance, the maximal score is 2. 
The total balance score is the sum of point for the 
three conditions. For gait speed test, the patients 
had to walk on a 4-meter course, at a comfortable 
speed. The time needed to complete the course is 
recorded and scored. If the time is less than 4.82 
sec, the score is 4 and for a time greater than 8.7 
seconds, the score is 1. For the repeated chair 
stand, the patients had to stand up from a chair 
five times, without using their arms. If the time 
needed to complete the test was 11.19 seconds or 
less, the score was 4 (maximal), and for a time of 
16.7 or more, the score was 1. 

Data were analyzed using Prism 8 software. 
Descriptive statistics was performed. Data were 
compared using unpaired t-test. Statistical 
significance was set at 0.05. 
 
Results 
Twenty-seven (aged 51-78 years) patients met the 
inclusion criteria and agreed to participate in the 
study. The anthropometric characteristics are 
presented in Table 1. 
 
Table 1. Patients` anthropometric characteristics 
Parameter  
Sex  
Male, n(%) 6 (22.22) 
Female, n(%) 21 (77.78) 
Weight (kg), mean (SD) 75 ± 13.48 
Height (cm), mean (SD) 168.5 ± 12.35 
BMC (kg/m2), mean (SD) 26.43 ± 4.39 

 
All patients completed the group exercise 
program. The SPPB score at the time of inclusion 
in the study was 8.33 ± 1.9. After six months of 
exercising in the weekly group exercise program, 
the score increased significantly at 9.07 ± 1.73 
(p<0.0001) (Fig. 1).  
 

 
 
Figure 1. The evolution of SPPB scores 
 
Low physical performance was found in twelve 
patients (44.44%) who had a SPPB score lower 
than 8 at the initial evaluation. After completion of 
the exercise program only eight (29.63%) have 
had a score lower than the cut-off of 8 at the final 
evaluation. 
 
Discussions 
At the end of the 6-months weekly group exercise 
program, a significant improvement was recorded 
in functional performance of patients with knee 
osteoarthritis. Our results are in accordance with 
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other studies that have demonstrated the general 
and also the disease-specific beneficial effects of 
regular physical activity. Regular participation in 
an exercise program can improve the impairments  
associated with knee osteoarthritis and also the 
cardiovascular fitness (22). We found that 44.44% 
patients with knee osteoarthritis had low physical 
performance at the beginning. After participating 
in the exercise program, the physical performance 
has been improved and only 29.63% have 
presented low physical performance after six 
months of regular exercising. Dell`Isola et al. (23) 
compared the effectiveness of education plus 
home exercise and education plus supervised 
group exercise program and found that, assuming 
optimal adherence, the supervised group-exercise 
provided better outcomes than the home-based 
exercise program in patients with hip and knee 
osteoarthritis. A group-based exercise program 
has the advantages of social interaction, that is 
beneficial for elderly to prevent depression, 
although it cannot be individualized to every 
patient`s impairment (22). Otherwise, the physical 
therapist supervision may improve the 
performance of the exercises and also the 
outcomes. 
Dunlop et al. (24) showed the graded relationship 
between physical activity level and better 
performance in adults with knee osteoarthritis, 
with a better functional performance for a greater 
levels of physical activity. 
In a systematic review, analyzing 13 randomized 
controlled trial, Roddy et al. (25) observed that 
both aerobic walking and home based quadriceps 
strengthening exercises were effective in 
individuals with knee osteoarthritis. 
 
Conclusions 
In conclusion, participating in a group-based 
exercise program for six months have been proved 
to have beneficial outcomes in physical 
performance in patients with knee osteoarthritis. 
Group-based exercises should be combined with 
home-based exercise programs in order to increase 
the physical performance and minimize the 
detrimental effects of knee osteoarthritis on 
functionality. 
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Abstract 
Introduction. Ischemic heart disease(IHD) is currently the leading cause of mortality in women. In this study we 
aimed to evaluate ambulatory electrocardiographic monitoring(AECGm) as a diagnostic test for IHD in women. 
Material and method. The study included 225 female who underwent AECGm divided into 2 groups: 136 previously 
diagnosed with IHD(IHD+) and 89 controls(IHD-). The IHD+ group was subdivided into AECGm ischemia 
subgroup(I+) and AECGm non-ischemia subgroup(I-). AECGm was assessed for presence of myocardial ischemia 
(ST segment depression >5mm), duration and ischemic load (the percentage that episodes of myocardial ischemia 
accounted throughout the recording). Results and discussions. Patients mean age was 62.31±12.51years. The IHD+ 
and IHD- groups were similar regarding associated risk factors (hypertension, obesity, dyslipidemia, diabetes 
mellitus), echocardiographic parameters (left ventricular size, ejection fraction, kinetic disorders), minimum and 
maximum heart rates(MaxHR) on AECGm. Statistically significant differences were identified regarding presence of 
atrial fibrillation episodes(AFibE) (IHD+:21.3% vs IHD-:8.9%), myocardial ischemia (IHD+:55.14% vs IHD-
:42.69%), ischemic load (IHD+:15.23±30.54% vs IHD-:4.7±15.65%), duration of ischemia (IHD+:174.16±380.75 
minutes vs IHD-:59.44 ± 209.02 minutes). In multivariate analysis, ischemia episodes, ischemic load and duration of 
ischemia were predicted by obesity, MaxHR and AFibE. Statistically significant differences were also identified 
regarding presence of AFibE (I+:30% vs I-:8.9%), MaxHR (I+:120 vs I-:111beats/minute), obesity (I+:20% vs I-
:41%), diabetes mellitus (I+:16% vs I-:69%), hypertension (I+:76% vs I-:90%). Conclusions. Although myocardial 
ischemia was also present in IHD- group, our study demonstrated that the diagnosis of IHD can be established by 
AECGm using the threshold values of ischemic load (> 27%) and ischemic duration (> 315minutes).  
 
Key words: ischemic heart disease, ambulatory ECG monitoring, ischemic load, women, diagnostic tool, 
 

Introduction 
Ischemic heart disease (IHD) has been considered as 
a men’s disease but is currently the leading cause of 
death in both sexes. Moreover, annually, IHD causes 
a higher number of deaths among females than in 
males at older ages, according to World Health 
Organization statistics (1). Although IHD has been 
considered a disease of patients in high income 
countries, the cardiovascular mortality rate in 
women over 60 years is currently twice as high in 
developing vs. high income countries. This rate is 
higher in European middle-income countries, 
category in which Romania also falls, followed by 
the eastern Mediterranean region and the African 
regions (1). 
Coronary angiography is considered gold standard in 
terms of the diagnostic tools for IHD. Women 

frequently present microvascular coronary disease 
therefor no pathological changes are detected on 
coronary angiography (2). The literature states that 
almost half of patients who underwent coronary 
angiography for symptoms of myocardial ischemia 
do not have obstructive coronary heart disease 
defined as stenosis >50% of the lumen of an 
epicardial artery (3,4). 
Another diagnostic tool used for IHD is the exercise 
stress test. Because the physical condition is more 
precarious in females, patients cannot reach the 
maximal heart rate, so exercise stress test is often 
inconclusive (5). 
Ambulatory electrocardiographic monitoring 
(AECGm) is an important non-invasive method for 
diagnosing IHD. Myocardial ischemia can occur in 
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asymptomatic patients, most often being 
intermittent, so the simple 12-lead ECG recording 
may not detect it. The introduction of AECGm has 
increased the chance of detecting myocardial 
ischemia (6). It has been shown that episodes of 
silent myocardial ischemia registered on AECGm 
have the same pathological significance as 
symptomatic ischemic episodes and it has been 
observed that the incidence of silent ischemia is 
much higher among the female population (7). 
The need for a diagnostic tool more appropriate for 
women with IHD has thus emerged. In this study, 
we aimed to evaluate AECGm for this purpose. 
Material and methods 
Study population 
We enrolled 225 consecutive female inpatients from 
the Cardiology Department of Rehabilitation 
Clinical Hospital of Cluj-Napoca registered in the 
AECG laboratory throughout a year. Women were 
retrospectively enrolled in two groups: the ischemic 
heart disease group (IHD+, n=136) which consisted 
of women with previously established diagnosis of 
ischemic heart disease and the control group (IHD-, 
n=89) which consisted of women without diagnosis 
of ischemic heart disease. Exclusion criteria were 
paced rhythm or inadequate recordings from Holter 
monitoring. The IHD+ group was subdivided into 
AECGm ischemia and AECGm non-ischemia. The 
study was approved by the Ethical Committee of 
Iuliu Hatieganu University of Medicine and 
Pharmacy of Cluj-Napoca, Romania.  
In addition to baseline characteristics, clinical and 
paraclinical details were collected. Participants in 
the study were monitored by AECGm and 
underwent M-mode, two-dimensional and Doppler 
echocardiography. 
The two groups were compared regarding associated 
risk factors (hypertension, obesity, dyslipidemia, 
diabetes mellitus), echocardiographic parameters 
(left ventricular size – diastolic (LVSD) and systolic 
diameters (LVDD), ejection fraction, kinetic 
disorders) and parameters registered on Holter ECG 
(minimum and maximum heart rates, atrial 
fibrillation episodes, presence of myocardial 
ischemia episodes, duration and ischemic load). 
Assessment of ambulatory ECG recordings 
Participants in the study were monitored by 12-lead 
24-hours AECG (Labtech Instruments® Recorder 
version: 5.1.10.2559). A medical student processed 
the AECG recordings and a physician reviewed 

them. A recording was considered eligible if the 
following criteria were met: over 12 h of analyzable 
data, both daytime and night-time periods available. 
Tracings were reviewed for evidence of horizontal 
or down sloping ST segment depression ≥5 mm, 
duration and ischemic load defined as the percentage 
that episodes of myocardial ischemia accounted 
throughout the recording. 
2.3 Statistical analysis 
The results obtained were statistically processed 
using Microsoft Excel version 18 and Stata version 
14.2. Case control analysis was performed using chi-
square and Z-test test for categorical and quantitative 
variables, respectively. For multivariate data 
analysis we used multiple regressions (logistic and 
linear regressions for categorical vs quantitative 
variables). Data is presented as n (%) or mean ± SD. 
Statistically significant values are considered when p 
≤ 0.05. 
Results 
From the 225 female patients included in the study 
(fig. 1), 60% (136 patients) were anterior diagnosed 
with ischemic heart disease and 40% (89 patients) 
constituted the reference group. Mean age of the 
patients included in the study was 62.31 ± 12.51 
years. 

 
Fig. 1. Study design with results (IHD = ischemic 
heart disease, AECGm = ambulatory 
electrocardiographic monitoring) 
 
Comparison of IHD+ and reference subjects 
Table 1 compares the women in IHD+ group with 
reference subjects from IHD- group. Overall, no 
significant differences were noted regarding 
cardiovascular risk factors (hypertension, obesity, 
dyslipidemia, diabetes mellitus), echocardiographic 
parameters (left ventricular systolic and diastolic 
diameters, ejection fraction, kinetic disorders) and 
heart rate (maximal, minimal) on AECGm. 
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Statistically significant differences were identified 
regarding presence of atrial fibrillation episodes 
(more in IHD+), presence of myocardial ischemia 
episodes (more in IHD+), ischemic load (higher in 
IHD+) and episodic ischemia duration (longer in 
IHD+). 
 
Table 1.  Comparison of IHD+ and reference 
subjects. 

 
LVDD = left ventricular diastolic diameter 
LVSD = left ventricular systolic diameter 
EF = ejection fraction 
HR = heart rate 
NS = not significant 

1. ischemic load defined as percentage that 
episodes of myocardial ischemia accounted 
throughout the recording 
    
A binominal logistic regression was run to 
understand the effects of age, IHD, hypertension, 
obesity, diabetes mellitus, dyslipidemia, LVDD, 
LVSD, EF, myocardial dyskinesia, maximal and 
minimal heart rate and atrial fibrillation episodes on 
the presence of ischemia on AECGm. Obesity (p = 
0.007), maximal HR (p = 0.012) and atrial 
fibrillation episodes (p = 0.011) statistically 
significantly predicted exam success, but remaining 
variables did not (table 2). 
Table 2.  Results of multiple analysis upon ischemia 
episodes 

 
IHD = ischemic heart disease 
LVDD = left ventricle diastolic diameter 
LVSD = left ventricle systolic diameter 
EF = ejection fraction 
HR = heart rate 
 
A multiple regression was run to predict ischemic 
load from age, IHD, hypertension, obesity, diabetes 
mellitus, dyslipidemia, LVDD, LVSD, EF, 
myocardial dyskinesia, maximal and minimal heart 
rate and atrial fibrillation episodes (table 3). These 
variables explain 22.52% of the variability of 
ischemic load and statistically significantly predict 
the ischemic load, F(13, 211) = 4.72, p < 0.00001, 
the regression model being a good fit of the data. 
The general form of the equation to predict ischemic 
load from above listed variables is: 

Characteristics IHD+ 
(n=136) 

IHD- 
(n=89) 

p-value 

Hypertension 
(patients / %) 

112 / 
82% 

5 / 6% NS 

Obesity (patients 
/ %) 

40 / 29% 18 / 17% NS 

Dyslipidemia 
(patients / %) 

31 / 23% 15 / 17% NS 

Diabetes mellites 
(patients / %) 

92 / 68%  54 / 60% NS 

LVDD (mm) 49,95 ± 
7,58 

47,7 ± 
4,72 

NS 

LVSD (mm) 32,27 ± 
7,4 

30,92 ± 
6,41 

NS 

EF (%) 49,69 ± 
2,17% 

50% ± 
0.1% 

NS 

Myocardial 
dyskinesia 
(patients)  

4 0 NS 

Maximal HR 
(beats/min) 

116 ± 22 120 ± 25 NS 

Minimal HR 
(beats/min) 

51 ± 11 52 ± 9 NS 

Atrial fibrillation 
episodes 
(patients) 

29 8 0.013744 

Ischemia 
episodes (patient 
/ %) 

75 / 
55.14% 

38 / 
42.69% 

0.067793 

Mean duration of 
ischemic 
episodes (min) 

174,16 ± 
380,75 

59,44 ± 
209,02 

0.003646 

Ischemic load1 
(%) 

15,23 ± 
30,54% 

4,7 ± 
15,65 

0.000703 
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predicted ischemic load = -34.77 + (0.219 x age) + 
(6.271 x IHD) – (2.847 x hypertension) - (7.806 x 
obesity) - (5.020 x diabetes mellitus) + (6.611 x 
dyslipidemia) + (0.476 x LVDD) + (0.007 x LVSD) 
- (0.001 x EF) + (7.150 x myocardial dyskinesia) + 
(0.078 x maximal HR) - (0.146 x minimal HR) + 
(24.111 x atrial fibrillation) 
Table 3.  Results of multiple analysis upon ischemic 
load 

 
IHD = ischemic heart disease 
LVDD = left ventricle diastolic diameter 
LVSD = left ventricle systolic diameter 
EF = ejection fraction 
HR = heart rate 
 
A multiple regression was run to predict duration of 
ischemia from age, IHD, hypertension, obesity, 
diabetes mellitus, dyslipidemia, LVDD, LVSD, EF, 
myocardial dyskinesia, maximal and minimal heart 
rate and atrial fibrillation episodes (table 4). These 
variables explain 17.26% of the variability of 
duration of ischemia and statistically significantly 
predict the duration of ischemia, F(13, 211) = 3.39, 
p < 0.0001, the regression model being a good fit of 
the data. The general form of the equation to predict 
ischemic load from above listed variables is: 
Predicted duration of ischemia = -175.6 + (1.9 x age) 
+ (74.27 x IHD) – (0.738 x hypertension) - (74.139 x 

obesity) - (88.673 x diabetes mellitus) + (75.339 x 
dyslipidemia) + (1.872 x LVDD) - (0.334 x LVSD) - 
(0.011 x EF) + (129.161 x myocardial dyskinesia) + 
(0.709 x maximal HR) - (1.643 x minimal HR) + 
(279.024 x atrial fibrillation) 
Table 4.  Results of multiple analysis upon ischemia 
episodes duration 

 
IHD = ischemic heart disease 
LVDD = left ventricle diastolic diameter 
LVSD = left ventricle systolic diameter 
EF = ejection fraction 
HR = heart rate 
 
Ischemia on Holter ECG 
In the IHD+ group, 55% (75/136) had at least one 
episode of ST depression on AECGm compared to 
43% (38/89) subjects in the reference group. Among 
IHD+ subjects, we compared those with AECGm 
ischemia to those without AECG ischemic ST 
depressions (table 5) and found no differences in 
echocardiographic parameters and minimal heart 
rate on AECGm. The two groups differed regarding 
associated risk factors like hypertension, obesity and 
diabetes mellitus with higher rates in AECG 
ischemia group. The mean maximal heart rate was 
found to be 120 ± 23 bpm significantly higher in the 
AECG ischemia group. 



 

413 
 

Table 5.  Comparison of IHD+ subjects stratified by 
Holter ECG ischemia 
Characteristics Holter ECG 

ischemia+ 
(n=75) 

Holter ECG 
ischemia- 
(n=61) 

p-
value 

Mean age (years) 66 60 NS 
Hypertension 
(patients / %) 

57 / 76% 55 / 90% 0,041 

Obesity (patients / 
%) 

15 / 20% 25 / 41% 0,009 

Dyslipidemia 
(patients / %) 

54 / 72% 38 / 38% NS 

Diabetes mellites 
(patients / %) 

12 / 16%  19 / 31% 0,042 

LVDD (mm) 49,6 ± 6.8 49,3 ± 4,8 NS 
LVSD (mm) 33 ± 8,7 31,3 ± 5,3 NS 
EF (%) 49,4 ± 

2,89% 
50% ± 0.1% NS 

Myocardial 
dyskinesia 
(patients)  

8 7 NS 

Maximal HR 
(beats/min) 

120 ± 23 111 ± 19 0,019 

Minimal HR 
(beats/min) 

51 ± 12 52 ± 9 NS 

Atrial fibrillation 
episodes (patients / 
%) 

23 / (30%) 6 (10%) 0,003 

Mean duration of 
ischemic episodes 
(min) 

315,81 ± 
468,13 

  

Ischemic load1 (%) 27,79 ± 
36,85% 

  

 
NS = not significant 
LVDD = left ventricular diastolic diameter 
LVSD = left ventricular systolic diameter 
EF = ejection fraction 
HR = heart rate 
1. ischemic load defined as percentage that 
episodes of myocardial ischemia accounted 
throughout the recording 
 
Ischemic load 
The percentage represented by myocardial ischemia 
throughout the AECG recording was defined as 
ischemic load. Among the IHD+ women, 15 out of 
75 (54%) presented episodes of ischemia on Holter 
ECG and 38 out of 69 (43%) among IHD- women.  
But the IHD+ group had a higher mean ischemic 
load (15%) compared with IHD- group (4,7%) (fig. 
2), a difference that was highly significant (p<0,01). 

The ischemic load of patients who presented both 
anterior diagnosis of IHD and ischemia on AECGm 
was 27.79%. 

 
Fig. 2. Representation of ischemic load in 
percentage (IHD+ = ischemic heart disease group, 
IHD- = control group) 
 
Duration of ischemia 
The mean duration of ischemic episodes was 174,16 
± 380,75 minutes with limits between 1 and 2063 
minutes in the IHD+ group and 59,44 ± 209,02 
minutes in the IHD- group (p<0.01) with limits 
between 1 and 1436 minutes (fig. 3). The mean 
duration of patients who presented both anterior 
diagnosis of IHD and ischemia on AECGm was 
315.81 min.  

 
Fig. 3. Representation of ischemia episodes duration 
in minutes (IHD+ = ischemic heart disease group, 
IHD- = control group) 
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Discussions 
Cardiovascular risk factors 
Declining trends in cardiovascular risk factors have 
been observed predominantly regarding lower 
smoking rates, serum cholesterol and blood pressure 
(8,9). The incidence of fatal myocardial infarction 
has decreased in both sexes, but studies suggest that 
the reduction in non-fatal myocardial infarction may 
be lesser in middle-aged and younger women than in 
men of the same age (10). In our study, 
cardiovascular risk factors were frequently 
encounter in the IHD+ group but with no statistically 
significant difference between women with and 
those without IHD diagnosis. In the group of women 
with IHD and ischemic episodes on AECGm, a 
significant higher prevalence of cardiovascular risk 
factors (hypertension, obesity and diabetes mellitus) 
was observed. Obesity was the more important 
cardiovascular risk factor seen in our results, with a 
significant contribution to ischemia episodes and 
ischemic load. 
 
Echocardiographic parameters 
Quantitative assessment of cardiac function is 
important for diagnosis and management of 
cardiovascular diseases. Even though it is not the 
best tool, left ventricular ejection fraction is the most 
commonly assessed parameter for cardiac function 
and is frequently mentioned in guidelines for 
diagnosis and treatment of ischemic and non-
ischemic heart disease, arrhythmias, valvular heart 
disease, heart failure, etc (11). In our study, no 
difference was observed between women in IHD+ 
group vs. IHD- group or ischemia group vs non-
ischemia group regarding echocardiographic 
parameters.  
 
AECGm parameters 
Heart rate 
AECGm provides minimal, mean and maximal heart 
rate (HR), heart rate variability, arrhythmic and 
ischemic events. The mean resting HR in patients 
with IHD increases approximately 20 bpm prior to 
the onset of ischemic episodes; therefore, the 
explanation of ST segment depression could be 
demand related ischemia (12). No difference was 
observed in our study regarding heart rate values 
between IHD+ and IHD- group or ischemia group vs 
non-ischemia. Maximal heart rate was observed as 
having a significant contribution in ischemic 

episodes prediction in our study. 
Atrial fibrillation 
Ischemia episodes are associated with anatomic 
changes in myocytes like cellular degeneration, 
hypertrophy and fibrosis demonstrated through 
anatomopathological studies (13) and are considered 
factors that increase rates of arrhythmias in patient 
with IHD. Reports suggest that atrial fibrillation is 
associated with increased mortality in patients with 
IHD (14). In our study, there have been significantly 
more patients with atrial fibrillation in the IHD+ 
group than in the IHD- group. We documented a 
significantly high number of patients (20%) which 
presented both ischemic episodes and atrial 
fibrillation episodes on AECGm. The presence of 
atrial fibrillation had a significant contribution in all 
major variables from our study: ischemia episodes, 
ischemic load and duration of ischemic episodes.   
 
Ischemia episodes 
Detection of cardiac ischemia is of major importance 
in the prevention of sudden cardiac death and acute 
myocardial infarction, therefore patients with 
minimal symptoms of ischemic heart disease should 
be investigated to establish the diagnosis of IHD. 
AECGm is a low-cost, easy-to-perform, easy-to-
interpret diagnostic tool that has a high value in 
diagnosing IHD (15). It is an effective tool for: 
diagnosing silent ischemia episodes in patients 
without prior diagnosis of IHD; assessing the 
frequency and duration of ischemic episodes for 
patients with IHD and for risk stratifying by 
identifying those at increased risk for future 
cardiovascular events or death; monitoring of the 
effectiveness of therapy in patients with IHD (16). 
Ischemia episodes occur during physical exertion or 
at rest in about 70-80% of patients with IHD and 
interfere with daily activities in 30-50% of them 
(15). It was previously shown that episodes of ST-
segment depression events during AECGm correlate 
with the exercise ECG findings (16). AECG 
detection of ischemia episodes has significant 
prognostic information beyond the findings that are 
obtainable during exercise testing (16). In a study, 
86 patients with IHD and abnormal exercise ECGs 
were followed for a mean of 12.5 months: during 
follow-up, there were 21 major cardiovascular 
events, excepting 1, all of these events occurred in 
patients with AECGm evidence of ST-segment 
depression.  By multivariable analisys, only ST-
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segment depression during  AECGm and not ST-
segment depression during exercise testing, 
significantly predicted worse outcomes (17). In our 
study, only obesity, maximal heart rate and atrial 
fibrillation episodes were found to significantly 
predict ischemic episodes in multivariate analysis. 
Continuous ECG monitoring could detect episodes 
of ischemia secondary to microvascular coronary 
disease, which are not detected at coronary 
angiography, currently considered the gold standard. 
In our study we demonstrate that ischemia detected 
by ST segment depressions on 24-hour AECGm is 
prevalent in over half of women included in the 
study, 53 % vs 42% in the IHD+ compared to 
matched reference subjects (IHD-). The distinction 
between these two groups consisted of different 
duration and ischemic load.  
It has been shown that the presence of myocardial 
ischemic episodes with increased duration is 
associated with increased incidence of acute 
coronary events and mortality (2). In our study the 
duration of ischemic episodes was longer in the 
IHD+ group with statistically significance. The 
threshold value for an ischemic episode that is 
associated with potential IHD from our findings was 
establish as greater than 174 minutes. The value for 
duration episodes in IHD+ women that had also 
ischemic episodes on AECGm was 315 minutes. We 
recommend this value in using AECGm as a tool for 
IHD diagnosis. In multivariate analysis was 
observed that only presence of atrial fibrillation was 
significantly predicting duration of ischemic 
episodes.    
Studies (18,19) demonstrated that ischemic episodes 
on AECGm independently predict adverse 
outcomes. In a study of 107 patients with chronic 
stable angina, 43% subjects with one or more 
ischemic episode were found to have a threefold 
increase in risk of cardiac death in the two year 
follow up period compared to those with no 
ischemic episodes (19). Our study demonstrated a 
high burden of ischemia in IHD+ women, consistent 
with prior reports (20) with obesity and atrial 
fibrillation episodes being predictors for ischemic 
load. The threshold values for ischemic load in our 
study was observed to be greater than 15%. The 
value for ischemic load in IHD+ women that had 
also ischemic episodes on AECGm was 27% 
minutes. We recommend this value in using 
AECGm as a tool for IHD diagnosis.  

AECGm could be useful for detecting ischemic 
episodes in other patients like heart transplantation 
and coronary vascular allograft reciepents (21). Due 
to the fact that they have denervated hearts, they 
rarely present typical angina symptoms. Our 
proposed model of ischemia episodes detection and 
characterisation through episodical duration and 
ischemic burden could be helpfull in this specific 
cathegory of patients, but further research is nedeed.  
 
Study limitations 
A limitation of our study is the fact that we did not 
made a differentiation between silent and 
symptomatic episodes of myocardial ischemia. We 
also did not systematically collect information on 
sleep, physical, and mental activity, conditions that 
could modify heart rate and ST segment changes.  
 
Conclusion 
Although myocardial ischemia episodes were also 
present in IHD- group, our study demonstrated that 
the diagnosis of IHD can be established by AECGm 
using the threshold values of ischemic load (> 27%) 
and episodical ischemic duration (> 315 minutes). 
The use of AECGm increased the chance of 
detecting myocardial ischemia. The results of this 
study are important because they demonstrate the 
usefulness of AECGm as a reliable tool for 
diagnosis of IHD in a population that globally, is 
underdiagnosed and undertreated due to classical 
diagnostic methods which have a low efficiency in 
female population. 
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