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Introduction    
Various sources support the fact that eating habits are 

influenced by sleep. Increased food intake, a poor diet, 
and extra fat mass are all linked to short sleep duration, 
poor sleep quality, and later bedtimes. When exposed 
to the present obesogenic milieu of easily accessible 
food, insufficient sleep can influence the ingestion of 
high energy foods, which could lead to overeating and 
overconsumption of calories, increasing the daily energy 
intake. Lack of sleep has been linked to an increase in 
snacking, daily meal consumption, and a preference 
for foods high in energy (Chaput, 2013; Kim et al., 
2021).	

Numerous epidemiologic al studies have demonstrated 
a link between short sleep duration and high body mass 
index (BMI). Lack of sleep may contribute to weight gain 
and obesity through several mechanisms, including an 
increase in food consumption, a decrease in energy use, 
and changes in the levels of hormones that control hunger, 
such as leptin and ghrelin (Bayon et al., 2014).

ORIGINAL  STUDIES

The interplay of weight, menstruation and sleep in a group 
of amateur sportswomen  

Paula Mihaela Onița1, Gabriela Florentina Sacarea1, Oana Anamaria Moldovan1, 		
Alexandru Maftei2, Roxana Maria Martin-Hadmaș1     
1	 Community Nutrition and Food Safety Department, “George Emil Palade” University of Medicine, 
Pharmacy, Science, and Technology of Targu Mures, Romania   
2	 Nutritik Performance, Romanian Swimming Federation and Modern Pentathlon 

Abstract
Background. Various sources indicate that eating habits are influenced by sleep. Increased food intake, a poor diet, and 

excess body fat are all associated with short sleep duration, poor sleep quality, and later bedtimes. 
Aims. The aim of this study was to examine the relationship between weight, menstruation, and sleep among a group of 

recreational athletes. 
Methods. An observational study was conducted from November 2022 to February 2023 on a sample of 60 female 

participants in Târgu Mureș, Romania. The collected data included dietary habits analyzed through food journals, detailed 
anthropometry, characterization of physical activity, menstrual cycle, and sleep patterns. 

Results. The dietary habits of the study sample were imbalanced, deficient in proteins and fibers. BMI was significantly 
associated with nighttime sleep duration and heart rate measured during physical exertion but was not associated with specific 
menstrual cycle data. 

Conclusions. In the analyzed study sample, BMI did not represent a factor influencing menstrual cycle variability. 
Keywords: nutrition, menstrual cycle, sleep, physical activity. 

In addition to major weight loss, rigorous exercise, 
large changes in eating or sleeping patterns, and severe 
stressors, menstrual irregularities can also be brought 
on by disturbances of the central gonadotropin-releasing 
hormone pulse generator (Loef & Walach, 2012). Along 
with chronic problems like poorly managed diabetes 
mellitus, genetic and congenital disorders like Turner 
syndrome, and other types of gonadal dysgenesis, 
menstrual disruptions can also be a symptom of these 
conditions (Diaz et al., 2006; Gast et al., 2010).

Material and method 
Research protocol   
a)	 Period and place of the research 
An observational study was performed between 10th of 

November 2022 and 10th of February 2023. The study was 
carried out at a private gym, in Targu Mures, Romania.                          

b)	 Subjects and groups 
The study comprises a diverse group of 60 women 

who participate in fitness classes three times per week. 
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The participants in this study range in age from 21 to 55 
years old. They do not adhere to a specific nutritional regi-
men. The inclusion criteria did not consider age, but re-
quired subjects to have experienced menarche, maintain 
accurate journals, and have precise measurements taken 
three times. Menopausal individuals, those with incom-
plete food journals, and individuals with inaccurate mea-
surements were excluded from the study. Each participant 
gave their consent to participate in the study and have 
their data analyzed.

c)	 Applied tests
The analysis utilized data obtained from a questionnaire 

created by the authors. The study commenced on the 
first day of the menstrual cycle, and the questionnaire 
encompassed a 3-day food journal as well as a sleep 
journal. In addition to the provided questionnaire, the 
authors conducted anthropometric measurements and 
measured the heart rate of the study participants before 
and during their fitness sessions. The exercise regimen 
involved low-intensity exercises using either light weights 
or solely the participants’ body weight.

The participants were required to provide information 
about their dietary and fluid intake, their sleep patterns, 
and the quality of their sleep. The study group underwent 
anthropometric evaluations, which included measuring 
their height, weight, and body fat percentage. Various 
measurement tools were used, such as the ADE thaliometer 
and scale for weight and height, the GMA plicometer 
for assessing skinfold thickness, and the IMDK pulse 
oximeter for measuring heart rate.

To calculate the Basal Metabolic Rate (BMR), the 
Mifflin-St. Jeor formula was employed. The participants 
in the study also had to provide specific details about their 
menstrual cycle, including its duration, the intensity of 
pain experienced, the presence of blood clots, the use of 
pain medication, and the overall impact of the menstrual 
cycle on their daily lives.

Excel, utilizing the United States Department of 
Agriculture Data Base, was utilized to determine the 
participants’ daily food and liquid intake, accurately 
measuring the quantities of macronutrients, micronutrients, 
and calories consumed.

d)	 Statistical processing                       
The data were statistically analyzed using GraphPad 

Prism 5.0 software. Descriptive statistical measures such 
as minimum and maximum values, means or medians, 
and standard deviations were employed. A standard 95% 
confidence interval (CI) was established for all the tests 
conducted.

Results
The study consisted of a cohort of 60 women who 

engaged in low-intensity fitness activities three times a 
week. These women expressed their interest in maintaining 

or achieving a healthy weight through regular exercise.
Upon analyzing the data, it was observed that there was 

a positive and statistically significant correlation between 
the participants’ BMI and various factors, including the 
menstrual cycle, resting heart rate, heart rate before and 
after activity, medium/activity heart rate, and the duration 
of sleep (Table I). 

Table I
Association between BMI and other parameters.

Parameter Spearman r 95% CI P value
Menstrual cycle -0.4425 -0.6307 to -0.2050 0.0004
Resting heart rate 0.1748 -0.09052 to 0.4169 0.1817
Heart rate before 
activity 0.1831 -0.08195 to 0.4240 0.1614

Heart rate after activity 0.5344 0.3176 to 0.6981 < 0.0001

Medium/activity Heart 
rate 0.3961 0.1505 to 0.5956 0.0017

Sleeping 0.273 0.01274 to 0.4986 0.0348

The minimum BMI observed in the study was 18.37 
while the maximum was 33.51. 70% of the total subjects fit 
in the normal weight criteria, while 25% were overweight 
or obese (Table II).  

There is a significant positive association between 
weight and variables such as the menstrual cycle, resting 
heart rate, heart rate before and after activity, medium/
activity heart rate, and sleep (Table III). The data reveal a 
strong and statistically significant relationship (p>0.0001) 
in the majority of cases.

Table III
Association between weight and other parameters. 

Parameter Spearman r 95% CI P value
Menstrual cycle -0.332 -0.5458 to -0.07752 0.0096
Rest heart rate 0.3682 0.1184 to 0.5741 0.0038
heart rate before 
activity 0.3404 0.08695 to 0.5524 0.0078

Heart rate after activity 0.5036 0.2791 to 0.6759 < 0.0001
Medium/activity heart 
rate 0.494 0.2673 to 0.6688 < 0.0001

Sleeping 0.2953 0.03696 to 0.5166 0.022

Weight was found to have no significant impact on 
bleeding time, as measured by the study. The average 
duration of menstruation was observed to be 4.5 days, 
while the average length of the menstrual cycle reported 
by the participants was 26.5 days (Table IV).

Table IV
Menstruation and menstrual cycle length (days)

Parameter Menstruation Menstrual cycle
Minimum 2.0 24.0
Medium 4.5 26.5
Maximum 6.0 28.0

Table II      
Weight distribution. 

Parameter Normal weight Underweight Overweight Obesity Weight problems - total
Nr 42 3 9 6 18 
% 70 5 15 10 30
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The data analysis reveals a significant positive 
correlation (r=0.2953; 95% CI: 0.03696 to 0.5166) and a 
statistically significant connection (p=0.022) between age 
and magnesium intake.

Another crucial aspect examined in the study was the 
participants’ sleep duration. The median reported value 
for sleep duration was 7.5 hours. Notably, no participant 
reported sleeping longer than 8 hours or less than 6.5 
hours.

A substantial portion of the study’s results focuses 
on comparing macronutrient intake with the group’s 
requirements. Only 10% of the participants consume 
more than their daily intake needs, while 80% of the 
group falls short in their dietary intake.

The median calorie intake covers approximately 84% 
of the daily needs, indicating that the study group is 
consistently in a caloric deficit. The median protein intake 
covers only 45% of the daily needs, which is less than the 
recommended threshold of 0.5 grams per kilogram per 
day. On the other hand, the median fat intake covers 86% 
of the needs, and the median carbohydrate intake exceeds 
the daily requirements by 118% (Table V).

Table V
The intake of daily calories and macronutrients (%).

Parameter Calories Fats Carbohydrates Proteins
Minimum 28 32 36 18
Medium 84 86 118 45
Maximum 132 197 161 92

An additional significant finding pertains to the 
daily fiber intake. Across the three consecutive days, the 
average fiber intake ranged between 14-17 grams per day. 
The minimum recorded fiber intake varied between 3-6 
grams per day, while the maximum value ranged from 
34-81 grams per day.

As depicted in Table VI, both the caloric and 
macronutrient intake deviate significantly from the 
recommended needs for adult women.

Table VI 
Reported food intake and necessary intake values.

Parameter
Calories Fats (g) Carbohydrates (g) Proteins (g)

Ingestion
Minimum 419 15 52 20
Medium 1423 47.5 196 56.5
Maximum 2562 138 318 136

Needs
Minimum 1447 46.68 141.2 105.9
Medium 1694 54.7 165.6 124
Maximum 2014 70 196.5 147.5

Discussion
A significant correlation exists between weight, 

sleep, heart rate, and menstruation. Menstrual problems, 
which are common during reproductive age, include 
disturbances in monthly rhythms, ovarian dysfunction, 
and menstrual pain. Previous research has found that 
between 5% and 30% of adult women experience 
menstrual abnormalities. Age, endocrine disorders, 

reproductive factors, and modifiable lifestyle factors 
such as weight, physical activity, and stress have all been 
associated with menstrual cycle characteristics (Solomon 
et al., 2002; Alzueta et al., 2022).

The literature indicates that maintaining optimal 
physical, mental, and emotional functioning depends 
on obtaining adequate sleep. The ideal length of sleep is 
influenced by various individual and contextual factors 
(Marshall et al., 2008). Among individuals aged 18 to 60, 
it is generally recommended to get 7-9 hours of sleep per 
night to promote optimal health (Papatriantafyllou et al., 
2022). In our study, we observed that the average sleep 
duration for the participants was 7.5 hours per night. 

Other studies have also shown a correlation between 
obesity and sleep duration. Multiple studies have indicated 
that both short sleep duration (less than 6 hours) and long 
sleep duration (more than 8 or 9 hours) are associated 
with a higher risk of obesity compared to those who sleep 
for 7-8 hours (Fatima et al., 2016; Bleich et al., 2008; 
Chaput et al., 2007). For example, a Dutch study found 
that individuals who consistently slept for more than 
eight hours on consecutive nights had a 193% higher 
relative risk of obesity compared to those who slept for 
seven to eight hours (van den Berg et al., 2008). Studies 
have also shown that higher body mass index (BMI) is 
associated with an increased risk of cardiovascular and 
cerebrovascular diseases or obstructive sleep apnea 
(Whitlock et al., 2009; Lee & Cho, 2022).

In one of the initial studies exploring the link 
between sleep and successful weight reduction, a 
significant association was observed in a large sample of 
overweight or obese women participating in a weight loss 
intervention trial. The study consisted of two groups of 
women, each comprising an equal number of participants, 
who underwent separate 24-month weight-loss trials. The 
only difference between the groups was the duration of 
sleep, with one group sleeping for 7 hours or more per 
night. Both groups followed a comprehensive weight-
loss plan that included behavioral counseling, an energy-
reduced diet, suggestions for increased physical activity, 
and recommendations for modified sleep patterns. A third 
control group received general weight-loss counseling 
from a dietitian. The study found that higher sleep quantity 
and quality increased the likelihood of successful weight 
loss by 33% (Thomson et al., 2012).

Lack of sleep increases also the risk of type 2 diabetes, 
poor lipid-lipoprotein profiles, hypertension, and other 
cardiovascular diseases, and may even contribute to 
premature death (Quer et al., 2020; Song et al., 2021).

The results of our study indicate that over 70% of the 
participants require nutritional intervention. The sample 
group exhibited inadequate eating and sleeping patterns. 
There is a correlation between late dinners and snacks and 
difficulty falling asleep. The timing of meal consumption 
has been studied as a novel factor in the development, 
maintenance, and treatment of obesity. Consuming a 
significant amount of food late in the day or at night has 
been associated with increased body weight and may 
impede weight reduction (Lopes et al., 2019; Gallant et 
al., 2014).

Another study found that women with a BMI higher 
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than 25 kg/m2 had higher odds of experiencing irregular 
and longer menstrual cycles (MacGregor et al., 2021). 
The study reported an average menstrual cycle length of 
26.5 days, with most participants experiencing a 2-3 days 
irregularity in their monthly menstrual cycle.

It is recommended that all individuals aged 18 and 
above engage in aerobic physical activity for a minimum 
of 150 minutes per week at a moderate intensity or for 
a minimum of 75 minutes per week at a vigorous level. 
These activities should be spread out over at least three 
different days. Muscle-strengthening exercises should be 
performed at least twice a week (Malm et al., 2019). In 
our study, the sample group engaged in physical activity 
three times a week at a very low intensity. The study 
showed that they burned approximately 230 calories 
during each session, with the maximum and minimum 
values observed being 294 and 148 calories burned, 
respectively. However, only 10% of the group reached 
the maximum values.

The total intake of proteins, fats, carbohydrates, and 
calories reported by the women in our study significantly 
differed from the recommended dietary intake (Table VI). 
The necessary intake was also calculated statistically and 
compared to the literature (Wohlgemuth et al., 2021). 
The average values for calorie consumption by the group 
covered only 84% of their daily needs, fat intake covered 
86%, and protein intake covered 45%. The average 
carbohydrate intake indicated that the study group 
consumed 118% of their daily needs.

Numerous studies have shown that consuming 
dietary fiber has several positive health effects. However, 
both adults and children consume less than half of the 
recommended daily intake of fiber. High dietary fiber 
intake has been found to significantly reduce the risk of 
coronary heart disease, stroke, hypertension, diabetes, 
obesity, and various gastrointestinal illnesses. Increasing 
fiber consumption also decreases serum cholesterol levels 
and blood pressure. Additionally, increasing soluble fiber 
intake improves glycemia and insulin sensitivity in both 
diabetics and non-diabetics (Anderson et al., 2009). Our 
results indicate that 90% of the sample group consumed 
less than 50% of the recommended daily intake of fiber.

Limitations: the research group was small and the 
duration of monitoring was very short, however, we 
intend to extend this observational study by increasing 
the number of participants and observing the data of the 
group for a longer period.

Conclusions
1.	 No apparent correlation can be observed between 

the BMI of the subjects and their menstrual cycles.
2.	 Participants with higher BMI values displayed 

higher heart rates at the conclusion of the exercise session 
and reported longer sleep durations.

3.	 The findings indicate a prevalent calorie deficit 
among amateur sportswomen, along with a significant 
deficiency in protein intake.
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Introduction
The institutions from the health care domain have 

confirmed for years the fact that obesity is an important 
morbidity cause among adults and with growing worrying 
accents on teenagers and children, becoming a serious 
health issue of the XXI century (Engin, 2017).

In 2016, the studies have shown that over 41 million 
children under the age of 5 years old were obese or 
overweight and over 340 million children and teenagers 
with the age between 5 and 19 years were detected obese 
or overweight (Cînpeanu et al., 2019).

The World Health Organisation (WHO) has admitted 
since the year 1997 that the obesity phenomenon has 
become a global epidemic (1). The only country from 
Europe, Portugal, has officially admitted since the year 2004 
that obesity has become a chronic disease (Lancet, 2017). 
Only in the year 2013, The American Medical Association 
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Abstract
Background. According to the data submitted by the Health Ministry, the number of chronic diseases determined by 
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of study, who were signed up for chess classes, sports mountain activities and sports nautical activities from which 209 
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Null hypothesis; f) df; g) t Stat; h) P(T<=t); i) t Critical; j) ANOVA Test was used.

Results. The results tell us that the values obtained do not show statistical significant differences, but there was a single 
exception in the case of determining the Resting Basal Metabolism.

Conclusions. We identified the existence of a high grade of honesty from the experimental group (2021, pandemic), 
regarding self-determining and electronic transmitting of the requested parameters, but no substantial differences were 
indicated for the parameters collected using the electronic method (email).

Keywords: pandemic effects, physical condition, self-determining of morpho-functional and motor parameters.

in turn has called an alarm officially recognizing that 
obesity has become a complex chronic disease (Pollack, 
2013). Another confirmation has also come in the year 
2015 from The Canadian Medical Association, the result 
of a monitored evolution of over three decades (Kyle et 
al., 2016).

Pollak (2013) gave a chance to the social balance 
affirming that to a great extent this scourge of obesity is a 
disease that can be prevented. Neslihan (2014) ascertains 
that obesity, because of the complex interaction of the 
genetic predispositions and the environmental factors, is a 
multifactorial, heterogeneous and complex disease. Hruby 
& Hu (2015) in their study showed that obesity affects 
more than a quarter of the world population.

At the European level, more than a half of the 
population with the age between 35 and 65 years is obese 
(2). The World Health Organisation (WHO) estimates that 
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until year 2040, nearly 50% of the occidental countries’ 
population will suffer because of overweight. Not even the 
countries which are developing (the case of Romania), will 
not be safe from this phenomenon, already being registered 
an alarming growth of the population affected by obesity.

The prevalence of infantile obesity tends to become 
an alarming problem having a fulminant growth in the 
last three decades (Neslihan, 2014). Infantile obesity is 
recognized as a predictive factor of adulthood obesity, 
especially in the case of obese children who come from 
obese parents, existing more and more evidence that 
these children as they grow passing through the young, 
adult and grown man stages, because of these hereditary 
predispositions, will bear negative effects with social, 
economical and health consequences. Childhood obesity 
is at the moment recognized as an important social factor 
already becoming a public health problem confirmed by 
the prevalence in the increase of obesity in adults both in 
developed countries as well as in developing countries (3) 
(Weng et al., 2006).

Obesity has become a public issue because, in addition 
to decreasing of the quality of life (Taylor et al., 2013) 
and reduced life expectancy (Grover et al., 2015), there is 
an increased risk of chronic disease conditions (Nyberg, 
2018), such as type 2 diabetes, cardiovascular diseases, 
high blood pressure, coronary heart disease, asthma and 
certain types of cancer (Poirer et al., 2006; Guh et al., 
2009; Lauby-Secretan et al., 2016). In some cases, even 
psychological problems occur (4). For society as a whole, 
obesity involves costs that impose a burden on the health 
system and social resources.

As a result of these conditions generated by obesity, 
these people are the most exposed to contact the COVID-19 
virus, having the highest risk of mortality due to the 
comorbidities generated by obesity.

In Romania, in 2012, the DALY (Disability Adjusted 
Life Years-DALY) burden of illness per 100,000 inhabitants 
for all causes was 20-40% higher than in western European 
countries, about 10% higher than in Poland and about 15% 
lower than in Bulgaria (5).

Basal metabolic index (BMI) is commonly used to 
define overweight and obesity in adults. People with BMI 
of 25-30 are labeled as overweight and those with a BMI 
over 30 are called obese in most Western societies, while 
in children, obesity occurs at a BMI >= 95th percentile 
(MGRS, 2006; Burdette et al., 2008).

Following some opinion pools, the interviewed 
subjects believe that it is increasingly difficult to maintain a 
“normal” weight in a largely obese social environment (6). 
This environment varies starting with low breastfeeding, 
difficulties due to the geographical area or those of 
a financial nature having access to the ingredients of 
a healthy diet, lack of cooking skills, abundance and 
excessive marketing of foods containing energy additives, 
the preference for a certain type of urban life where even 
the pressure of a lifestyle that often reduces opportunities 
for physical activity (Mustajoki, 2015; Jaworowska et al., 
2013; Birch & Anzman-Frasca, 2011).

Europe spends between 1.9% and 4.7% from the year’s 
total which represents the costs of medical assistance and 
2.8% from the annual cost of hospitalization for treating 

obese and overweight patients (Cuschieri & Mamo, 2016).

Predisposition to obesity
The stage of pre conception - The studies taken in the 

biology sphere and human development revealed the fact 
that the interventions with the purpose of improving the 
nutritional state of women and men before the procreation 
act improve subsequently the results on long term for the 
pregnancy of the future mom, benefits reflected positively 
and for the resulted child (Barker et al., 2018; Fleming at 
al., 2018). 

Intrauterine development - Studies have shown that the 
period of intrauterine life influences deeply health and long 
term behavior (Marquez et al., 2013; Lewis et al., 2015; 
Godfrey et al., 2017; Li et al., 2016). The programming 
of the health condition of the fetus takes place during 
the intrauterine development, the conditions from inside 
of the mom’s uterus being as important as the genetical 
programming which focuses on the mental and physical 
performances and after that on the performances of the 
adult (Georgieff et al., 2015; Prado & Dewey, 2014). 

Since food has begun to be contaminated, especially 
with pesticides, many of these pesticides behave like 
estrogen like endocrine disruptors (Darbre, 2017; Gore 
et al., 2018). These endocrine disruptors cause the 
supplementation of adipocytes, so instead of being born 
with a number of genetically predetermined adipocytes, 
the fetus will be born with a much higher number (Bateman 
et al., 2017; Petrakis et al., 2017; Bommarito et al., 2017; 
Campioli et al., 2014; Lucchese et al., 2017; Kim & Lee, 
2017).

Neonatal period - Children with rapid growth are at 
high risk of obesity and developing of diabetes (Weng et 
al., 2006; Couperus & Nelson, 2006). The lifestyle and 
nutrition of the mother are essential for the child and the 
future adult (Couperus & Nelson, 2006).

Childhood period - After birth, during the first two years 
of a child’s life, the growth of adipose tissue occurs both 
in the number and size of adipocytes, a precess triggered 
by triglycerides. 

Adolescence period - It is a particularly sensitive 
period, because of the unhealthy and unbalanced lifestyle 
behaviors (smoking, poor eating and eating disorders) 
often develop during the teenage years (Stephenson et al., 
2018).

Recent Romanian studies have shown that physical 
activities are associated with young age groups, male 
sex, rural areas, higher education level and non smoking 
status (Rada, 2017; Bădău et al., 2018; Roman et al, 
2017). Researchers from all over the world confirm that 
the management of patterns of nutrition, regular exercise, 
proper nutrition and education are elements that should be 
taught in schools and universities being important elements 
of education, with a determining role to overcome these 
risks related to lifestyle (Bădău et al., 2018; Roman et al., 
2017).

Wellness principles involve implementing good lifestyle 
habits to improve health and the quality of life, to prolong 
life and achieve total well-being. Also, include factors of 
general physical preparation adapted to the somatic pattern, 
adequate nutrition, stress management, disease prevention, 
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spirituality, avoiding smoking or alcohol abuse, personal 
safety, regular physical examination and health education 
(Bădău et al., 2018; Chwalczynska et al., 2017; Byrne et 
al., 2016).

Hypotheses
1.	 This study aims to ascertain the effectiveness of 

some tests applied to students and the reality of the answers 
sent by them in an electronic format (email), taking into 
account the pandemic restrictions that have imposed the 
adoption of the online teaching regime.

2.	 If there has been an alteration of the parameters of 
the subjects subjected to research (somatic, psychological, 
motor and metabolic), the honesty and correctness of 
the data self-determined and sent by the students of the 
experimental group (2021, pandemic), compared to 
the control group (2020) whose tested parameters were 
collected in halls and bases, in physical format.

Material and methods
Research protocol 
The study was conducted according to the ethics 

and procedures recommended by the World Medical 
Association (Helsinki) (7), after the subjects have been 
informed and provided written consent on the GDPR form 
(“General Data Protection Regulation”).

a)	 Period and place of research
The observational study was carried out over a period 

of two academic years 2019-2020 (May 19-29, 2020) 
and 2020-2021 (May 18-28, 2021). Place of research for 
the control group, the tests were carried out in the sports 
halls and sports facilities of the Department of Physical 
Education and Sports; b) for the group experimentally, 
the tests were carried out by students subjected to the 
restrictions, in their homes.

b)	 Subjects and groups
The subjects are students in a non-profile higher 

education institution, enrolled at physical education 
and sports courses before the pandemic (2020) and 
electronically registered students, participants in online 
courses during the pandemic (2021). We tracked the 
degree of reality in self-determination of the parameters 
established by mutual agreement with the coordinating 
teaching staff, the measurements being carried out by 
students subjected to the pandemic restrictions, following 
the transmission of the results in electronic format to 
the framework didactic coordinator. The tests included 
somatic, physiological, motor and metabolic parameters, 
set as part of the semester promotion criteria established 
within the Department of Physical Education and Sports 
(DEFS) of the University of Bucharest (UB). Graduation 
requirements include participation in practical lessons 
(accumulation of a minimum required number of the 14 
weeks of school scheduled per semester), participation in a 
sports competition and passing some somatic, physiological 
and motor tests.

The study included a number of 351 students (boys 
and girls) from the University of Bucharest from all years 
of study, enrolled in chess courses, mountain sports and 
water sports activities, between of which 209 constituted 
the control group (2020) and 142 the experimental group 

(2021 pandemic). All the participants have completed the 
GDPR form, agreeing to have their data analyzed and to 
participate in the study, in accordance with the provisions 
of Regulation (EU) 679/2016 of the European Parliment 
and of the Council of April 27 2016 on natural persons with 
regard to the processing of personal data and regarding 
the free circulation of this data, and repealing Directive 
no. 95/46/CE (General Regulation on data protection,  
“hereinafter “RGPD”) and the relevant national legislation 
on protection of personal data.

c)	 Applied tests 
The tests and measurements applied to the students 

aimed to determine: Body Mass Index (BMI), Real weight 
(kg), Ruffier test (Fitness test) from the category of non-
comparable samples, based on heart rate response to an 
incomparable effort, consisting of 30 squats performed in 
45 seconds, at a rhythm of 90 of the metronome, which 
monitors the heart rate at rest and after effort, for 1 minute 
, the stepped Schöber mobility test “finger-to-ground 
distance”, which evaluates both the degree of mobility of 
the spine through the flexion mouvement of the trunk, as 
well as the mobility of the coxoformal joints and hamistring 
and gastrocnemius muscle suppleness, Ideal weight (kg), 
Basal Metabolism (Kcal/day).

d)	 Statistical processing
A Microsoft Excel program was used to determine 

the following statistical parameters: a) T-bilateral TEST; 
b) Average; c) Dispersion; d) Number of Persons; e) 
Null hypothesis; f) df; g) State; h) P(T<=t); i) t Critical; 
j) ANOVA Test. The confidence interval was used to 
determine if the p-value of 0,05 was statistically relevant.

Results
As a result of applying the calculation tools, the 

obtained results were entered and processes with the 
help of the Excel program, in order to obtain descriptive 
statistical data. Thus, the results obtained are presented in 
Tabels I, II, III, IV, V.

Table I
The real weight of the subjects.

Indicators 2020 2021
Mean 66.72248804 65.39507042
Variance 271.515213 179.1201883
Observations 209 142 
Hypothesized Mean Difference 0
df 338
t Stat 0.829550851
P(T<=t) one-tail 0.203689125
t Critical one-tail 1.649374276
P(T<=t) two-tail 0.407378251 >0.05
t Critical two-tail 1.967007311

t-Test: Two-Sample Assuming, Unequal Variances

The scores obtained for the Real Weight indicator 
indicate that there are no significant differences, which 
proves that the experimental group respected and 
actually applied the measurements in the regime of self-
determination. 
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Table II
Body mass Index.

Indicators 2020 2021
Mean 22.40200957 21.83978873
Variance 17.49877287 9.90120492
Observations 209 142
Hypothesized Mean Difference 0
df 345
t Stat 1.435222626
P(T<=t) one-tail 0.076064805
t Critical one-tail 1.649282305
P(T<=t) two-tail 0.15212961 >0.05
t Critical two-tail 1.966863909  

t-Test: Two-Sample Assuming, Unequal Variances

The scores obtained for the body mass index, show 
us that there is no significant difference, which proves 
that mostly of the subjects from the experimental group 
respected and applied correct measurements in self-
determination mode. There were also a few cases where 
the subjects of the experimental group miscalculated the 
squaring, later being alerted in order to redo the calculation.

Table III
Ruffier Test.

Indicators 2020 2021
Mean 8.998229665 8.947183099
Variance 15.11556849 14.55995655
Observations 209 142
Pooled Variance 14.89109489
Hypothesized Mean Difference 0
df 349
t Stat 0.121637358
P(T<=t) one-tail 0.451628116
t Critical one-tail 1.649231411
P(T<=t) two-tail 0.903256231 >0.05
t Critical two-tail 1.966784557  

t-Test: Two-Sample Assuming, Equal Variances

The scores obtained in the Ruffier Test (Fitness 
test) indicate that there are no significant differences, 
which proves that the experimental group respected and 
correctly applied the measurements in the regime of self-
determination. In the case of this test, several situations 
were identified in which a limited number of subjects of 

the experimental group wrongly sampled the three pulses 
(P1, P2, P3) and hence were generated erroneous results. 
As such they were contacted electronically (email) and 
received more information to redo the calculation.

Table IV 
Mobility of the spine and coxo-femoral joint.

Indicators 2020 2021
Mean 1.516746411 1.612676056
Variance 0.760535517 0.962391369
Observations 209 142
Pooled Variance 0.842087595
Hypothesized Mean Difference 0
df 349
t Stat -0.961253555
P(T<=t) one-tail 0.168545099
t Critical one-tail 1.649231411
P(T<=t) two-tail 0.337090199 >0.05
t Critical two-tail 1.966784557  

t-Test: Two-Sample Assuming Equal Variances

The results obtained when determining the Mobility of 
the spine and coxo-femoral joints, indicate that there are 
no significant differences, which proves that mostly of the 
subjects of the experimental group respected and correctly 
applied the measurements in the self-determination 
regime. There have been a few cases in which the subjects 
wanted to redo the test observing that after applying the 
recommendations received from the teaching staff in 
regarding of some methods to improve their suppleness, 
the results were better.

Table V 
Basal Metabolism.

Indicators 2020 2021
Mean 2223.566268 1704.579437
Variance 587841.5453 187453.409
Observations 209 142
Hypothesized Mean Difference 0
df 339
t Stat 8.073050015
P(T<=t) one-tail 6.03713E-15
t Critical one-tail 1.649360905
P(T<=t) two-tail 1.20743E-14 <0.05
t Critical two-tail 1.966986461  

t-Test: Two-Sample Assuming, Unequal Variances

Fig. 1 – Basal Metabolism.
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The differences are significant. The alternative 
hypothesis is accepted.

Rest reveals us the fact that we consider that the 
explanation is that the experimental group that used a 
calculator of daily caloric consumption (kilocalories) 
provided by the SUPERFIT Medical Center (8). Our 
assumption is that certain students in the experimental 
group have wrongly entered their required data (age, 
weight, height) other than reality.

Discussions
At the end of the study, the established objectives 

were achieved 100%. Monitored parameters have 
certificated the positive evolution of the teaching staff’s 
intervention even in difficult conditions created by the 
pandemic restrictions, a phenomenon that required the 
adoption of innovative solutions in order not to interrupt 
the connection with the students.

The obtained scores demonstrated that the intervention 
even through innovative (electronic) methods other than 
direct “face to face” monitoring had a positive effect on 
all students of the experimental group. Starting from an 
almost total lack of traditional communication carried out 
in the halls and sports bases, the lack of social contacts, 
the presence of only electronic communication levers 
between the teaching staff frame and students, punctual 
online contacts for meeting the timetables part of the 
didactic regulations it was finally obtained good in the 
act of teaching and testing in order to mark the semester. 
The objectives to be achieved started to clear up, making 
correct decisions, the subjects of the experimental 
group becoming more open, managing to improve their 
interpersonal relationships, feelings, emotions and fears 
towards test results.  

Also, initiating electronic and online group 
conversations helped regarding the development of the 
spirit of helping, culminating in the acquisition of the 
feeling of joy and openness in communication. Therefore, 
we noticed a favorable evolution, which involved the 
transition from a system of traditional teaching to one 
adapted “on the fly”, taking into account the novelty of the 
situation generated by the pandemics restrictions, lack of 
electronic infrastructure and specific teaching platforms.

The statistical results obtained for the “Resting Basal 
Metabolism” parameter (Table V; Fig. 1), show a p< 0.05, 
and was the only significant value. This result proved 
that the intervention of the EXCEL calculation program, 
is statistically efficient. The formulated hypotheses are 
accepted namely that a balanced intervention by the 
teaching staff revealed a positive impact on the styles of 
communication, implicitly the correct transmission of the 
parameters required to be self-determined by the students 
from the experimental group.

We appreciate that the coaching interventions 
empowered the subjects to assume certain behaviors 
to achieve objectives, and the online training sessions 
provided them with the necessary information base to 
understand their actions.

The subjects were monitored weekly by email and 
online during the 14 weeks of didactic activity, receiving 
the specific courses to the sports disciplines they opted 

for when enrolling electronically at the beginning of 
the academic year. Also, additional recommendations 
throughout semester in order to: adopt a healthy lifestyle, 
which led to a positive impact on the physical, mental 
states, emotional and social. This type of teaching 
and teacher-student interaction through non-invasive 
interventions were appreciated by the students of the 
experimental group, a sign that the setting for the 
manifestation has worked, where the student had the 
freedom to choose the moment and the solutions to 
solve the tests under guidance and empowerment of the 
teaching staff. 

The fact that the importance of self-real determination 
of their own parameters in order to be able to ascertain 
the stage at which they are in relation to the benchmarks 
sent by the teaching coordinator via e-mail addresses 
(tables, graphs, links of some platforms for comparative 
verification of morpho-functional and motor indicators) 
can be an explanation of the cause of the insignificant 
results identified in the tests: Normal weight, BMI, 
Ruffier test and Mobility of the spine and coxo-femoral 
joints (also highlighted in Tables I-IV).

Conclusions
1.	 According to the study samples analyzed, and 

specifically the subjects of the experimental group where 
it was necessary to apply a process of self-determination of 
the parameters of the subjects of the study, we have found 
that this social category, namely the young students, the 
future intellectuals in full process of defining a personality 
realized and proved the importance of participation and 
the correctness of the approach of this study.

2.	 With a single exception in the case of determination 
of Basal Resting Metabolism, where certain subjectivities 
could have intervened, the effectiveness of the tests 
applied to students and the reality are established answers 
sent by them in electronic format (email).

3.	 There was no alteration of the results of 
the parameters subjected to the research (somatic, 
physiological, motor and metabolic) and the sincerity and 
correctness of the data submitted by the students of the 
experimental group are confirmed (2021, pandemic).

Conflict of interests 
No conflict of interest and no funding to declare.

References 
Bădău A, Bădău D, Serban C, Tarcea M, Rus V. Wellness 

integrative profile 10 (WIP10) - an integrative educational 
tool of nutrition, fitness and health. J Pak Med Assoc. 
2018;68(6):882-887. 

Barker M, Dombrowski Su, Colbourn T, Fall CHD, Kriznik 
NM, Lawrence WT, Norris SA, Ngaiza G, Patel D, Skordis-
Worrall J, Sniehotta FF, Steegers-Theunissen R, Vogel C, 
Woods-Townsend K, Stephenson J. Intervention strategies to 
improve nutrition and health behaviours before conception. 
Lancet 2018;391(10132):1853-1864. doi: 10.1016/S0140- 
6736(18)30313-1.

Birch LL, Anzman-Frasca S. Promoting children’s healthy 
eating in obesogenic environments: lessons learned from the 



124

Remus Dumitrescu & Liana-Roxana Stylianou

rat. Physiol Behav. 2011;104(4):641-645. doi: 10.1016/j. 
physbeh.2011.05.017. 

Burdette H, Zemel B, Stallings VA. Use of technical 
measurements in nutritional assessment. In Koletzko B (ed). 
Pediatric Nutrition in Practice. Karger, Basel. 2008. 

Byrne DW, Rolando LA, Aliyu MH, McGown PW, Connor LR. 
Awalt BM et al. Modifiable Healthy Lifestyle Behaviors: 10-
Year Health Outcomes From a Health Promotion Program. 
Am J Prev Med. 2016;51(6):1027-1037. doi: 10.1016/j.
amepre.2016.09.012.

Chwałczyńska A, Jędrzejewski G, Socha M, Jonak W, Sobiech 
Ka. Physical fitness of secondary school adolescents in 
relation to the body weight and the body composition: 
classification according to World Health Organization. 
Part I. J Sports Med Phys Fitness 2017;57(3):244-251. doi: 
10.23736/S0022-4707.16.05664-4.

Cînpeanu OC, Sălcudean-Czinege M, Tarcea M. Obesity, 
exercise, and health. Health, Sports Rehabil Med. 2019;20 
(26-31). https://doi.org/10.26659/pm3.2019.20.1.26.

Couperus JW, Nelson CA. Early brain development and plasticity. 
In: McCartney K, Philips D eds. The Blackwell Handbook 
of Early Childhood Development. Malden MA: Blackwell 
Publishing. 2006;1:85-105. DOI:10.1002/9780470757703.
ch5.

Cuschieri S, Mamo J. Getting to grips with the obesity epidemic 
in Europe. SAGE Open Med. 2016;4:2050312116670406. 
doi: 10.1177/2050312116670406. 

Darbre PD. Endocrine disruptors and obesity. Curr Obese Rep 
2017;6(1):18-27. doi: 10.1007/s13679-017-0240-4.

Engin A. Definition and prevalence of obesity and metabolic 
syndrome. Adv Exp Med Biol. 2017;960:1-17. doi: 
10.1007/978-3-319-48382-5_1. 

Fleming TP, Watkins AJ, Velazquez MA, Mathers JC, Prentice 
AM, Stephenson J, Barker M, Saffery R, Yajnik CS, Eckert 
JJ, Hanson MA, Forrester T, Gluckman PD, Godfrey KM. 
Origins of lifetime health around the time of conception: 
causes and consequences. Lancet 2018;391(10132):1842- 
1852. doi: 10.1016/S0140-6736(18)30312-X.

Georgieff MK, Brunette KE, Tran PV. Early life nutrition and 
neural plasticity. Dev Psychopathol. 2015;27(2):411-423. 
doi: 10.1017/S0954579415000061. 

Gore AC, Krishnan K, Reilly MP. Endocrine-disrupting 
chemicals: Effects on neuroendocrine systems and 
the neurobiology of social behavior. Horm Behav 
2018; pii: S0018-506X(18)30357-X. doi: 10.1016/j.
yhbeh.2018.11.006. 

Grover SA, Kaouache M, Rempel P, Joseph L, Dawes M, Lau 
DC, Lowensteyn I. Years of life lost and healthy life-years 
lost from diabetes and cardiovascular disease in overweight 
and obese people: a modelling study. Lancet Diabetes 
Endocrinol. 2015;3(2):114-122. doi: 10.1016/S2213-
8587(14)70229-3. 

Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, 
ANis AH. The incidence of co-morbidities related to obesity 
and overweight: a systematic review and meta-analysis. 
BMC Public Health 2009;9:88. doi: 10.1186/1471-2458-9-
88. 

Hruby A, Hu FB. The epidemiology of obesity: a big picture. 
Pharmacoeconomics. 2015;33(7):673-689. doi: 10.1007/ 
s40273-014-0243-x. 

Jaworowska A, Blackham T, Davies IG, Stevenson L. 
Nutritional challenges and health implications of takeaway 
and fast food. Nutr Rev 2013;71(5):310-318. doi: 10.1111/
nure.12031. 

Kim JT, Lee HK. Childhood obesity and endocrine disrupting 
chemicals. Ann Pediatr Endocrinol Metab 2017;22(4):219-
225. doi: 10.6065/apem.2017.22.4.219. 

Kyle TK, Dhurandhar EJ, Allison DB. Regarding obesity as a 
disease: evolving policies and their implications. Endocrinol 
Metab Clin North Am 2016;45(3):511-520. doi: 10.1016/j. 
ecl.2016.04.004. 

Lancet Ed Off. Should we officially recognize obesity as a 
disease? Lancet Diabetes Endocrinol. 2017;5(7):483. doi: 
10.1016/ S2213-8587(17)30191-2.

Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, 
Bianchini F, Straif K. International Agency for Research on 
Cancer Handbook Working Group. Body fatness and cancer 
viewpoint of the IARC Working Group. N Engl J Med. 
2016;375(8):794-798. doi: 10.1056/NEJMsr1606602.

Li C, Zhu N, Zeng L, Dang S, Zhou J, Yan HY. Effect of prenatal 
and postnatal malnutrition on intellectual functioning 
in early school-aged children in rural western China. 
Medicine (Baltimore). 2016; 95(31):e4161. doi: 10.1097/ 
MD.0000000000004161. 

MGRS Grp (Multicentre Growth Reference Study Group). 
WHO child growth standards based on length/ height, 
weight and age. Acta Paediatr Suppl. 2006;450:76-85. doi: 
10.1111/j.1651-2227.2006.tb02378.x.

Mustajoki P. Obesogenic food environment explains most of the 
obesity epidemic. Duodecim. 2015; 131(15):1345-1352. 

Neslihan KG. Overweight and obesity in children and 
adolescents. J Clin Res Pediatr Endocrinol 2014;6(3):129-
143. doi: 10.4274/jcrpe.1471. 

Nyberg ST, Batty D, Pentti J, Virtanen M, Alfredsson L, 
Fransson EI, Goldberg M, Heikkilä K et al. Obesity and loss 
of disease free years owing to major non-communicable 
disease: a multi cohort study. Lancet Public Health. 
2018;3(10):e490-e497. doi:10.1016/S2468-2667(18)30139-
7. 

Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer 
FX, Eckel RH, American Heart Association, Obesity 
Committee of the Council on Nutrition, Physical Activity, 
and Metabolism. Obesity and cardiovascular disease: 
pathophysiology, evaluation and effect of weight loss: an 
update of the 1997 American Heart Association scientific 
statement on obesity and heart disease from the Obesity 
Committee of the Council on Nutrition, Physical Activity 
and Metabolism. Circulation 2006;113(6):898-918. 
doi:10.1161/ CIRCULATIONAHA.106.171016. 

Pollack A. AMA recognizes obesity as a disease. NYTimescom. 
2013. Available at: https://nyti.ms/1Guko03. Accessed 
2019, January 23. 

Prado EL, Dewey KG. Nutrition and brain development in 
early life. Nutr Rev 2014;72(4):267-284. doi: 10.1111/
nure.12102.

Rada C. Impact of some demographic parameters on leisure time 
and body weight. Anthropol Res Stud (ARS). 2017;7:111-
121. DOI: http://doi.org/10.26758/7.1.12.

Roman G, Bala C, Craciun A, Craciun CI, Rusu A. Eating 
Patterns, Physical Activity and Their Association with 
Demographic Factors in the Population Included in the 
Obesity Study in Romania (ORO Study). Acta Endocrinol 
(Buchar) 2016;12(1):47-53. doi: 10.4183/aeb.2016.47.

Stephenson J, Heslehurst N, Hall J, Schoenaker DA, 
Hutchinson J, Cade JEC, Poston L, Barrett G, Crozier 
SR, Barker M, Kumaran K, Yajnik CS, Baird J, Mishra 
GD. Before the beginning: nutrition and lifestyle in the 
preconception period and its importance for future health. 
Lancet 2018;391(10132):1830-1841. doi: 10.1016/S0140- 
6736(18)30311-8.

Taylor VH, Forhan M, Vigod SN, McIntyre RS, Morrison KM. 
The impact of obesity on quality of life. Best Pract Res Clin 
Endocrinol Metab. 2013;27(2):139-146. doi: 10.1016/j. 
beem.2013.04.004. 



125

Students’ physical condition during the period of pandemic restrictions

Weng X, Liu Y, Ma J, Wang W, Yang G, Caballero B. Use of body 
mass index to identify obesity related metabolic disorders in 
Chinese population. Eur J Clin Nutr. 2006;60(8):931-937. 
doi: 10.1038/sj.ejcn.1602396.

WHO ed. Preconception care: Maximizing the gains for maternal 
and child health. Policy brief. World Health Organization, 
Geneva. 2013;1-8. 

	
Websites 
(1)	 World Health Organization. “Obesity and overweight”. 

Available at: www.who.int/nut/obs.html. Accessed online: 
22 January 2019. 

(2)	 World Health Organization. Obesity and overweight. 
Key facts. Available at: http://www.who.int/mediacentre/ 
factsheets/fs311/en/. Accessed online: 20 January 2019. 

(3)	 Obesity facts. Available at: https://www.europeanobesityday. 
eu/tackling-obesity-together/obesity-facts/. Accessed 
online: 20 January 2019. 

(4)	 Obesity and inequities-Guidance for addressing inequities in 
overweight and obesity. Available at: https://www.euro.who. 

int/_data/assets/pdf_file/0003/247638/obesity-090514.pdf. 
Accessed online: 10 January 2019.

(5)	 Romanian National Institute of Public Health: Report 
over Romanian Population Health Status in 2016. 
Available at: https://insp.gov.ro/sites/cnepss/wpcontent/
uploads/2014/11/ SSPR-2016-3.pdf. Accessed online: 25 
January 2019. 

(6)	 Why people become overweight. Available at: https://www. 
health.harvard.edu/staying-healthy/why-people-become 
overweight. Accessed online: 25 January 2019.

(7)	 World Medical Association, Declaration of Helsinki – 
Ethical principles for medical research involving human 
subjects. Available online at: https://www.wma.net/policies-
post/wma-declaration-of-helsinki-ethical-principles-for-
medicalresearch-involving-human-subjects/. Accessed on 
2023, March 30.

(8)	 SUPERFIT Medical Center.  Available online at: https://
doctor.info.ro/calculator_rmb.html. Accessed online: 18-28 
May 2021.



126

Health, Sports & Rehabilitation Medicine
Vol. 24, no. 3, July-September 2023, 126–131

Copyright © 2010 by “Iuliu Haţieganu” University of Medicine and Pharmacy Publishing

Received: 2023, August 24; Accepted for publication: 2023, September 8 
Address for correspondence: University of Medicine and Pharmacy of Craiova. No 2-4, Petru Rareş Str. Craiova, PC 200349, Romania 
E-mail: elena.ciobanu210@gmail.com
Corresponding author: Alina Elena Ciobanu; elena.ciobanu210@gmail.com 
https://doi.org/10.26659/pm3.2023.24.3.126

Introduction
Ankylosing spondylitis (AS) is an autoimmune 

rheumatic disease with an insidious onset and chronic 
course. It is part of the spondyloarthritis family which are 
defined as inflammatory arthropathies, characterized by 
the presence of the human leukocyte antigen (HLA) B27 
(Braun & Sieper, 2007).

AS is a condition that can have an important impact 
on the patient’s quality of life, given the young age of 
onset and the severe disabling potential, in the absence of 
specific individualized therapy.

Although the etiopathogenic mechanisms are still 
incompletely elucidated, the disease is considered to be the 
result of the interaction between the innate immune system 
and the adaptive immune system, with the generation of 
autoantibodies, on a genetically predisposed terrain and 
under the influence of predisposing environmental factors 
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Abstract
Background. Ankylosing spondylitis (AS) is a disease with onset at a young age, which influences the patient’s social life 

and work capacity. 
Aims. The study aims to analyze the epidemiological aspects and clinical characteristics of patients with AS (age of onset, 

residence, the average duration of the disease, risk factors - smoking, diabetes).
Methods. We conducted a retrospective analysis, descriptive, based on 21 patients diagnosed with AS, hospitalized 

consecutively, according to the Assessment of SpondyloArthritis international Society (ASAS) criteria, who were evaluated 
based on personal history and through clinical, biological and imaging evaluation, within the Rheumatology Clinic, Emergency 
County Clinical Hospital of Craiova, between October 2019 - October 2022. 

Results. Following the descriptive analysis of the patients diagnosed with AS, we established certain particular 
epidemiological and clinical characteristics of the investigated group: statistically highly significant differences regarding the 
predominance of male patients, and of people from urban areas, average value at the time of diagnosis of 40.48±16.52 years, 
the average duration of the disease of 6.71±3.22 years, most patients were smokers, and two-thirds of the study participants 
were overweight.

Conclusions. Our study revealed a low incidence of AS in Referral Center of Craiova, during the investigated period, 
October 2019 - October 2022. The patient profile resulting from our study with AS was: man, from the urban residence, aged 
in the fourth decade of life at the time of diagnosis, with moderate disease activity, and having traditional cardiovascular risk 
factors, smoking or obesity, which may influence disease activity or inflammation.

Keywords: ankylosing spondylitis, human leukocyte antigen B27, inflammatory arthropathy, prevalence.

(Ranganathan et al., 2027; Sieper & Poddubnyy, 2020).
Following the therapeutic advances in the field of 

spondyloarthritis, which can have a major impact on the 
evolution and can stop the progression of joint destruction, 
when they are applied as early as possible, the need to 
establish some biomarkers, which can be integrated in a 
clinical context, can facilitate a correct early diagnosis 
and can provide insight into the patients’ progress and 
prognosis. Numerous serum markers have been evaluated 
to assess disease activity, response to treatment, or as 
predictors of radiological progression. The difficulty lies 
in the fact that no biomarker can be used individually for 
the purpose of assessing disease activity or radiological 
progression, but they must be integrated in a clinical 
context, in order to establish an algorithm that can help 
us optimize individualized therapeutic behavior and 
improve quality the lives of these patients.
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We aimed in this study to analyze the epidemiological 
aspects and clinical characteristics of patients with AS 
- age of onset, residence, the average duration of the 
disease, risk factors - smoking, diabetes -, hospitalized 
in the Rheumatology Clinic, Emergency County Clinical 
Hospital of Craiova, between October 2019 - October 
2022.

Hypothesis
The foundation of this research started from the 

finding that no epidemiological studies were conducted 
in our Reference Center to analyze patients with AS.

Material and methods
For the implementation of the study, permission was 

requested and obtained from the Academic and Scientific 
Ethics and Deontology Commission of the University of 
Medicine and Pharmacy in Craiova (No. 40/18.02.2019). 
The study strictly followed the General Data Protection 
and Privacy Regulation (GDPR) and the Declaration of 
Helsinki 1975/2008.

Research protocol
a)	 Period and place of the research
This retrospective study analyzed data from patients 

who were evaluated in the Rheumatology Clinic, Craiova 
Emergency County Clinical Hospital, between October 
2019 and October 2022.

b)	 Subjects and groups
To establish the epidemiological characteristics of AS, 

we performed an analysis based on 21 patients diagnosed 
with AS (the AS group), hospitalized consecutively, 
according to the Assessment of SpondyloArthritis 
international Society (ASAS) criteria (Heijde et al., 
2016), who were evaluated anamnestically, as well as 
through clinical, biological and imaging evaluation.

c)	 Applied tests 
Demographic and clinical data of patients with AS 

were taken and analyzed from medical documentation 
(clinical notes). For each patient, the initial assessment 
included: contact information, demographic information, 
personal pathological history, clinical manifestations, 
laboratory tests, disease activity scores, complications 
(anemia, infections, pulmonary involvement etc.), drug 
classes used, and the option current therapeutic.

d)	 Statistical processing 
Patients’ data obtained from medical documents 

were managed and processed with Microsoft Excel. 
Statistical analysis of the data was performed using the 
GraphPad Prism 5 trial version (San Diego, CA, USA). 
Normal variables are presented as mean value with 
standard deviation (SD). According to data distribution 
the outcomes were compared with Student t-test. For 
comparation of discrete outcomes we used Fisher’s exact 
test and Chi-squared test. The statistical threshold α 
was set to 5%, and the value p < 0.05 was considered 
statistically significant.

Results
Following the descriptive analysis of patients 

diagnosed with AS admitted to the Rheumatology Clinic, 
of the Emergency County Clinical Hospital of Craiova, 
between October 2019 and October 2022, we established 
the following epidemiological characteristics in the 
group of patients with AS:

-	 Of the 21 patients investigated and diagnosed with 
AS, male patients predominated (19 patients), values 
having statistical significance (p<0.0001) (Fig. 1).

Fig 1 – Distribution of patients by sex.

-	 Depending on the area of origin, residents from 
the urban residence constituted the majority of the 
participants (18 patients), highly statistically significant 
differences (p<0.0001) (Fig. 2).

-	 Descriptive data analysis reveals that participants 
from urban regions demonstrated a higher level of 
engagement with our survey compared to those from 
rural areas. Also, the increased level of patients in the 
urban environment could be explained by the much faster 
adoption of the westernized lifestyle of the patients in 
the cities, as well as by the much easier access to health 
services.

Fig. 2 – Distribution of patients according to the residence.

-	 Regarding age, the variable had a normal 
distribution, with an average value at the time of diagnosis 
of 40.48±16.52, as shown in Fig. 3. 
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Fig. 3 – Age distribution of the study group.

-	 No outliers or older individuals were observed in the 
AS study groups, female group (Fig. 4) and male group 
(Fig. 5), respectively, this would make it possible to use the 
variable for any statistical analysis.

 
Fig. 4 – Age distribution in the study group - women.

Fig. 5 – Age distribution in the study group - men.

-	 Regarding the average duration of the disease, it was 
6.71±3.22 years (Fig. 6); depending on the SA study groups, 
in the female group it was 11±1.41 years, respectively in 
the male group it was 5.50±3.54.

Fig. 6 – Distribution of mean duration of illness in the study 
group.

Regarding the clinical characteristics of patients with 
AS, we found the following particularities of our study 
group:

-	 Depending on the smoking risk factor, 11 patients 
with AS were identified (Fig. 7).

Fig. 7 – Distribution of patients according to smoking.

-	 Diabetes was diagnosed in 8 of the patients with AS 
(Fig. 8).

Fig. 8 – Distribution of diabetes in the study group.

-	 Body mass index (BMI) had an average value of 
27.44±6.35 kg/m2sc (Fig. 9). This indicated that two-
thirds of the study participants (8 patients, 38.09%) 
were overweight, while 6 patients (28.57%) had obesity, 
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traditional cardiovascular risk factors that may influence 
disease activity or inflammation.

Fig. 9 – Distribution of patients according to BMI.

-	 Regarding the form of the disease, 15 of the patients 
had an axial form, and 6 with peripheral damage.

Discussion
Based on our study we outlined the profile of the patient 

with AS, as derived from the clinical-epidemiological 
characteristics.

To our knowledge, it is the first epidemiological 
study performed in our Reference Center Craiova, which 
provided us with important epidemiological and clinical 
data characteristic of patients diagnosed with AS.

The incidence of AS in our Center was low, during 
the investigated period, October 2019 - October 2022, 
with only 21 patients being diagnosed and hospitalized 
consecutively. The data are consistent with the few 
previous observations provided by the studies carried 
out in Romania, namely in the Iași Reference Center by 
Tigău et al (Țigău et al., 2008). The authors performed an 
epidemiological, retrospective, multi-disciplinary study on 
the prevalence of cases of AS, in Romania and Iaşi county, 
in the period 1990-2006. On the sample that included 
6,894 cases, a prevalence of 28.86% was recorded in the 
35-44 age group with a decreasing trend and 0.07% in the 
age group 85 years.

A study published by Ionescu et al., 2021 aimed to 
estimate the cardiovascular risk in young patients with AS. 
The authors included in the study 70 consecutive patients 
aged ≤ 50 years (range, 35-50 years) of both sexes, living 
in rural and urban areas, previously diagnosed with AS and 
evaluated over a 4-year period (January 2016 - December 
2019) at the Constanța County Emergency Hospital.

From the data provided, we find that in our area we 
recorded a lower prevalence of AS patients compared to 
the Constanța area.

The prevalence of AS worldwide is estimated to be 
between 0.1 and 1.4% of the population, but exact figures 
are difficult to obtain due to the lack of national research 
results compared to other rheumatic conditions such as 
rheumatoid arthritis. Furthermore, until now no structured 
efforts have been made to corroborate data from existing 
studies on the prevalence of AS (Dean et al., 2014).

It is believed to occur more frequently in those of low 
socioeconomic status and to result more often in poor 

functional status in this population by affecting the spine 
(Braun et al., 2007; Boonen, 2002; Montacer et al., 2009). 
Reviews have shown global variation in the background 
prevalence of the known AS risk allele, human leukocyte 
antigen B27 (HLA-B27) (Braun et al., 1998; Brewerton et 
al., 1973) and that 90% of AS patients have this variant, 
which may likely lead to differences geographic differences 
in disease prevalence.

Dean et al. conducted a systematic literature review in 
2014 to determine the global prevalence and sex ratio of 
AS by comparing studies for each world region. Thus, they 
found that the prevalence of AS per 10000 inhabitants was 
23.8 in Europe, 16.7 in Asia, 31.9 in North America, 10.2 
in Latin America and respectively 7.4 in Africa (based on 
36 national surveys). There have been enough studies to 
estimate the number of cases in Europe and Asia, which 
have been estimated at 1.30–1.56 million and 4.63–4.98 
million, respectively, based on available data (Dean et al., 
2014). This study also brought together for the first time 
the available population data on the gender ratio in SA 
and the variations between countries, the average gender 
ratio across all studies was 3.4:1 (male:female) (Dean et 
al., 2014).

Recent studies have reported that the prevalence of AS 
ranges from 9 to 30 to 10,000 in the general population, 
depending on the geographic area, study population or 
data source, case definition, and ascertainment methods 
(Exarchou et al., 2015; Barnabe et al., 2017; Dean et al., 
2016; Zeng et al., 2015; Julián-Santiago et al., 2016; Curtis 
et al., 2016; Costantino et al., 2015). Prevalences were 
higher in selected risk groups. For example, in a Canadian 
study, the prevalence of AS was three times higher in the 
First Nations population, a group with a high prevalence 
of HLA-B27, than in the Non-First Nations population 
(Barnabe et al., 2017). In a Scottish study, the prevalence 
was three times higher among patients under the care of 
rheumatologists compared to those identified in primary 
care practices (Dean et al., 2016). A US study by Curtis 
et al. reviewed computerized healthcare data for 13 years 
from 1996 to 2009; their results found that the prevalence 
of AS was 22.6 per 10000 (Curtis et al., 2016). In the 
systematic meta-analysis by Stolwijk et al., the global 
prevalence of AS ranged from 20.0 per 10000 people in 
South-East Asia to 161.0 per 10000 in Northern Arctic 
communities (Stolwijk et al., 2016).

In our study, the age at the time of diagnosis had an 
average value of 40.48±16.52, in accordance with the data 
provided by the study of colleagues from Iasi and higher 
compared to the study from Constanța where the average 
age was 32.34±5.34.

Also, in our study men predominated, a finding also 
highlighted in the study from Iasi, where the prevalence of 
men was 84.08%, compared to women (15.91% of the total 
cases), but also in the one from Constanța where they were 
diagnosed 54 men and 16 women.

The patients in our study came in most cases from 
the urban environment, a peculiarity not highlighted in 
the region of Moldova, where the difference between the 
areas of residence did not have statistical significance, 
but was consistent with the results from Constanța where 
52 patients from the environment were included in the 
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study urban and 18 from rural areas. In Iași county, the 
prevalence of AS had increased values in all 17 years 
of the study period, higher and often double than those 
at the national level, and also higher than every county 
in Moldova and one in western Romania. The authors 
concluded that the demographic structure, variations and 
occupational, ecological, economic, educational ones 
could explain this situation.

The data provided by our study, as well as those of 
colleagues from Iași and Constanța, underline the fact 
that the prevalence of AS in Romania in these 3 regions of 
the country is much lower compared to the data provided 
by Dean et al. (Dean et al.,2014).

Looking at the age of onset of AS, according to the US 
Health and Nutrition Examination Survey (NHANES), it 
is more common in the second and third decades of life 
(Dillon et al., 2011). It has been estimated that 80% of 
AS patients present with symptoms before the age of 30 
years, while only 5% of those over 45 years of age will 
have clinical manifestations (Dillon et al., 2011). About 
10% to 20% of all patients have the onset of symptoms 
before the age of 16 years, known as juvenile-onset AS 
(Feldtkeller et al., 2003).

There may be a delay in diagnosis, occurring several 
years after the onset of inflammatory rheumatic symptoms 
(Dillon et al., 2016). Age of onset also correlates with 
HLA-B27 testing, with those who are positive usually 
being diagnosed at younger ages. In a study of German 
and Austrian patients with AS, the age of onset of disease 
symptoms in HLA-B27-positive individuals was 25 
years, while those with a negative test had an average age 
of 28 years; in addition, there was an 8.5-year delay in 
diagnoses for those who were HLA-B27-positive, while 
negative patients had to wait an average of 11.4 years for 
a diagnosis (Dincer et al., 2008).

A study published by Rezaian MM. et al. had similar 
results, finding that the age of onset of disease symptoms 
was 23 years, with a delay in diagnosis of 5.3 years in 
HLA-B27 positive patients and 9.2 years in those with 
negative tests (Sampaio-Barros et al., 2001). Of note 
is that those with inflammatory back pain or a positive 
family history of AS had a shorter diagnostic delay (Lee 
et al., 2007).

Women are more likely to report peripheral joint 
involvement and functional disability, while men have 
greater axial involvement and severe radiographic 
damage (Eder et al., 2013). This axial involvement in 
males was recently studied by Zhu et al. They found 
that the incidence of AS in men and women is similar in 
non-radiographic axial spondyloarthropathy (nr-axSpA) - 
which refers to individuals meeting clinical criteria for 
axSpA without radiological evidence of sacroiliitis (Zhu 
et al., 2019).

Moreover, in a recent meta-analysis, 2,236 patients 
with AS and 1,242 with nr-axSpA were evaluated; the 
results showed that men represented 70.4% of patients 
with AS and 46.5% of patients with nr-axSpA (de Winter 
et al., 2016).

Axial involvement in men was also found in our study, 
15 of the diagnosed patients had an axial form, and 6 with 
peripheral involvement.

Conclusions
1.	 Our study revealed a low incidence of AS in the 

Referral Center of Craiova, during the investigated period, 
October 2019 - October 2022.

2.	 The AS patient profile resulting from our study 
was: man, from the urban residence, aged in the fourth 
decade of life at the time of diagnosis, with moderate 
disease activity, and having traditional cardiovascular risk 
factors, smoking or obesity, which may influence disease 
activity or inflammation.
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Introduction
Ankylosing spondylitis (AS) is a chronic, autoimmune 

rheumatic condition with multiple etiopathogenetic 
pathways, following the interaction between the genetic 
background and environmental factors. Currently, 
the factors known to be related to AS are the genetic 
background, immune reaction, microbial infection, 
endocrine abnormalities (Zhu et al., 2019). 

It is a condition characterized by entheseal 
involvement, bone neoformation, with axial and peripheral 
involvement. The degree of disease activity is dependent 
on the level of inflammatory status, with reduced axial 
and/or peripheral mobility, and multiple extra-articular 
involvement. Numerous recent publications have 
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Abstract
Background. The identification of serum biomarkers associated with the degree of ankylosing spondylitis (AS) can give 

us a more accurate picture of the evolution, prognosis and future quality of life of these patients.
Aims. The aim of the study was to compare, evaluate and correlate changes in the serum titer of the most important 

cytokines, interleukin‐17 (IL-17), IL-23, tumor necrosis factor (TNF-α) and IL-6 with a role in the pathogenesis of AS, with 
the disease activity score and inflammation markers.

Methods. We included in the study 21 patients diagnosed with AS, hospitalized consecutively, according to the Assessment 
of SpondyloArthritis international Society (ASAS) criteria, who were evaluated in the Rheumatology Clinic, Emergency 
County Clinical Hospital of Craiova. For the comparative analysis, we included a control group (group C) consisting of 20 
subjects with no history of spondylarthritis or autoimmune inflammatory diseases.

Results. For both studied interleukins, IL-17 and IL-23, we obtained significantly higher concentrations in the serum of 
patients with AS compared to group C. We found that the serum levels of IL-17, IL-23 and IL-6 increased directly proportional 
to the severity of AS activity, with the highest concentrations in patients with High activity, unlike TNF-α whose serum 
levels have increased inversely proportional to SA activity, with the highest concentrations in patients with Moderate disease 
activity. We identified the presence of correlations between AS activity and serum concentrations of the studied interleukins, 
IL-17 and IL-23 andwe observed that serum levels of IL-17 correlated much better with disease indices used to assess this 
entity, ASDAS and BASFI, respectively. 

Conclusions. Due to the almost 100% specificities obtained for IL-17 and IL-23, we can consider that they can be a 
diagnostic alternative to the already known cytokines, TNF-α and IL-6 and other scores such as ASDAS, BASDAI and 
BASFI, which evaluate AS activity. We can also use these cytokines with determined threshold values to differentiate patients 
with High activity from those with Moderate activity.

Keywords: ankylosing spondylitis, Interleukin‐17, Interleukin‐23, disease activity.

emphasized the importance of the contribution of genetic 
factors and immune-mediated processes, by studying the 
genetic profile underlying cytokine receptors, transcription 
factors or the alteration of the antigen presentation process 
(Ranganathan et al., 2017).

The intestinal microbiota has a major role in the 
pathogenic process, without being of significant 
importance in terms of the therapeutic management of 
the disease (Sieper & Poddubnyy, 2020). Although many 
data have been published regarding the genetic, cellular 
and molecular pathways underlying the pathogenesis of 
AS, therapeutic options are still open to new molecules 
targeting each of these pathways (Ranganathan et al., 
2017).

It is well known that tumor necrosis factor (TNF) 
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plays a central role in the pathogenesis of the disease, 
along with interleukin‐17 (IL‐17) and interleukin‐23 
(IL‐23). Furthermore, it has been shown that numerous 
autoimmune diseases, including AS, psoriatic arthritis, 
rheumatoid arthritis or Crohn’s disease, can be triggered 
by the activation of the IL-17/IL-23 pathway (Yin et al., 
2020; Gravallese & Schett, 2018). Ankylosing spondylitis 
also has a genetic predisposition, inherited through the 
HLA-B27 antigen (Pedersen & Maksymowych, 2019). 

In addition to the HLA-B27 antigen, other major 
histocompatibility complex (MCH) genes have been 
directly associated with AS (HLA-B60, HLA-B61, 
HLA-B39), as well as multiple non-CMH genes (ERAP-
1, ERAP‐2), lekuyl‐cystenyl‐aminopeptidase (LNPEP), 
genes of the IL‐23 pathway, or genes associated with CD8 
T cells (van Gaalen et al., 2013; Reveille et al., 2019; 
Burton et al., 2007; Evans et al., 2011).

Rheumatoid arthritis, psoriasis, like AS, are regular 
pathological processes through T helper 1 (Th1) cell 
subpopulations, interferon-γ (IFN-γ) and IL-2; recent data 
have emphasized the major role of Th 17 and IL-17 cells 
in the pathological processes related to the onset of chronic 
rheumatic diseases (Cauli et al., 2015). The concept that 
AS is an IL-17 dependent condition has been clarified 
by genetic and immunological studies (van Gaalen et al., 
2013; Reveille et al., 2019; Burton et al., 2007; Evans et 
al., 2011; Cauli et al., 2015).

The relevance of the IL-23/IL-17 pathway was first 
discovered in 2007 through a genome-wide association 
study (GWAS) that revealed a single nucleotide 
polymorphism (SNP) of the IL-23 receptor. T helper 17 
lymphocyte differentiation can be triggered by IL-23, 
TGF-β and IL-1β, as well as other cytokines. Then the 
differentiated immune cells generate IL-17A, IL-17F, IL-
22, IL-26 and CCL 20 (Zhu et al., 2019). Affecting this 
pathway is also relevant for other diseases such as psoriasis, 
inflammatory bowel disease, rheumatoid arthritis and axial 
spondyloarthritis (Zhu et al., 2019).

The involvement of the innate immune system was 
revealed due to some studies that showed an increased 
serum level of IL-23 and IL-17 as well as the presence 
of IL-17 positive cells located on the articular surfaces of 
patients with AS (Zhu et al., 2019).

Our study is a continuation of the publications 
found in the specialized literature, involving the major 
etiopathogenic pathways noticed in patients with 
spondylarthritis, and correlating the changes in the serum 
titer of the most important cytokines determined in the 
patients’ serum, with the disease activity score and markers 
of inflammation.

An important factor to consider regarding the cytokine 
profile is the difficulty of an accurate measurement of serum 
cytokine levels. Due to the short lifetime of cytokines and 
the level that varies depending on their location in the 
body, measurement of cytokines proves to be very difficult 
(Keller et al., 2003).

The aim of the current study is to compare, evaluate 
and correlate changes in the serum titer of the most 
important cytokines (IL-17, IL-23, TNF-α, IL-6) with a 
role in the pathogenesis of ankylosing spondylitis, with 
the disease activity score and inflammation markers. The 

final objective was to identify certain variables that can be 
integrated in obtaining an algorithm with a diagnostic and 
prognostic role.

Hypothesis
Our hypothesis is that the serological status contributes 

significantly to the inflammatory process in AS. We aim 
to verify this hypothesis by dosing some pro-inflammatory 
cytokines. Also, as a secondary hypothesis, we proposed to 
identify serological markers that would be able to identify 
people at risk for AS, be specific to the disease, be able to 
have a prognostic value in the stratification into various 
phenotypes, be useful in monitoring AS activity and of the 
response to the administered therapy and last but not least 
to have a prognostic value of relapses.

Material and methods
For the implementation of the study, permission was 

requested and obtained from the Academic and Scientific 
Ethics and Deontology Commission of the University of 
Medicine and Pharmacy in Craiova (No. 40/18.02.2019). 
The study strictly followed the General Data Protection 
and Privacy Regulation (GDPR) and the Declaration of 
Helsinki 1975/2008.

Research protocol
a)	 Period and place of the research
This study evaluated data from patients who were 

diagnosed with AS in the Rheumatology Clinic, Craiova 
Emergency County Clinical Hospital, between October 
2019 and October 2022.

b)	 Subjects and groups
We included in the study 21 patients diagnosed with AS 

(the AS group), hospitalized consecutively, according to 
the Assessment of SpondyloArthritis international Society 
(ASAS) criteria (Heijde et al., 2016), who were evaluated 
anamnestically, through clinical, biological and imaging 
evaluation, within the Rheumatology Clinic, Emergency 
County Clinical Hospital of Craiova.

For the comparative analysis, we included a control 
group (group C) consisting of 20 subjects with no history 
of spondylarthritis or autoimmune inflammatory diseases, 
with general characteristics compatible with the control 
group. Exclusion criteria were the presence of organic 
diseases, metabolic abnormalities or other autoimmune 
conditions.

For each patient, the initial assessment included: 
contact information, demographic information, personal 
pathological history, clinical manifestations, laboratory 
tests, disease activity scores, complications (anemia, 
infections, pulmonary involvement, etc.), drug classes 
used, and the option current therapeutic.

To evaluate the activity of the disease, we used as 
methods, the Ankylosing Spondylitis Disease Activity 
Score with C-reactive protein  (ASDAS-CRP) score 
(Lukas et al., 2009; Machado et al., 2011; (1) based on 
the CRP value : remission (ASDAS CRP < 1.3), medium/
low disease activity (1.3 < ASDAS CRP ≤ 2.1), increased/
moderate activity (2.1 < ASDAS CRP ≤ 3.5), severe/high 
activity (ASDAS CRP > 3.5).

The Bath Ankylosing Spondylitis Functional Index 
(BASFI) (Calin et al., 1994) and the Bath Ankylosing 



134

Laura-Ioana Crînguș et al.

Spondylitis Disease Activity Index (BASDAI) (Garrett et 
al., 1994) were used to assess the functional status of the 
disease.

c)	 Applied tests
Both the SA group and the control group had biological 

samples collected, which consisted of 5 ml venous blood. 
These samples were collected using Becton Dickinson 
vacutainers that did not contain coagulant. 

After collection, the blood was centrifuged at a speed of 
3,000 x g for 10 minutes, following the standard procedure 
and ensuring that the clot was separated from the rest of the 
sample as soon as possible after collection. The separated 
serum was then distributed into several cryotubes, stored in 
the freezer at temperatures of at least -20°C and even -80°C, 
depending on the time the samples were processed. Each 
cryotube for each patient was labeled with identification 
data.

For each dosed target parameter, one cryotube was 
used, thus avoiding freeze-thaw cycles that can denature 
the proteins and provide us with erroneous values.

The samples of AS patients were processed in the 
Immunology Laboratory of the University of Medicine and 
Pharmacy Craiova.

Research kits were provided by Invitrogen, Thermo 
Fisher Scientific, Inc., having the following characteristics: 
IL-17 (catalogue BMS2037-2; detection range: 15.6-
1000.0pg/mL; analytical sensitivity: <3.3 pg/mL); IL-23 
(catalog BMS2023-3; detection range: 8.23–6000.0 pg/
mL; analytical sensitivity: 6.0 pg/mL); TNF-α (catalog 
BMS223-4; detection range: 7.8–500.0 pg/mL; analytical 
sensitivity: 2.3 pg/mL; Control Low Lot#185277000, 
range: 20.0–100.0 pg/mL; Control High Lot#185278000, 
range: 350.0–700.0 pg/mL); IL-6 (catalog BMS213–2; 
detection range: 1.56–100.00 pg/mL; analytical sensitivity: 
0.92 pg/mL; Control Low Lot#229983–000, range: 3.0–
10.0 pg/mL; Control High Lot# 229984–000, range: 50.0–
150.0 pg/mL).

For the serum determination of IL-17, IL-23, TNF-α and 
IL-6 concentrations, the Enzyme Linked Immunosorbent 
Assay (ELISA) technique was used. ELISA is run on 96-
well polystyrene plates and is useful for the detection and 
quantification of specific proteins in a complex mixture. 

d)	 Statistical processing 
The data collected from the patients’ medical records 

were organized and processed using Microsoft Excel. The 
Trial Version of GraphPad Prism 5 (San Diego, CA, USA) 
was used to perform statistical analysis of these data.

The data obtained for statistical processing were 
tested for normality, using the Shapiro-Wilk test, or the 
D’Agostino & Pearson omnibus normality test. Thus, 
parameters with normal distribution will be found as 
mean ± standard deviation (SD), and parameters that did 
not meet this test will be found as medians along with the 
interquartile range (CI, 95%).

Continuous variables were compared using the Mann-
Whitney test due to the small number of patients included. 
Statistical correlations between different types of data 
were assessed using Pearson’s correlation coefficient. 
Significance was assigned to p values ≤ 0.05.

To determine the diagnostic accuracy of serological 
markers, we used the receiver-operator characteristic 

(ROC) curve, expressed as the area under the ROC curve
(AUC), accompanied by the threshold value, the confidence 
interval (CI) of 95%, their sensitivity (Sn), specificity 
(Sp), respectively the Youden index (Sn + Sp - 1). For the 
Youden index, a value of 1 indicates that there are no false 
positives or false negatives, meaning the test is perfect. 
The index gives equal weight to false positives and false 
negatives, so that all tests with the same index value give 
the same proportion of total misclassified results.

Results
Demographics and clinical characteristics of the 

study subjects
The descriptive analysis of patients diagnosed with AS 

admitted to the Rheumatology Clinic, of the Emergency 
County Clinical Hospital of Craiova, between October 
2019 and October 2022, established that of the 21 patients 
investigated and diagnosed with AS, male patients 
predominated (19 patients, 90.74 %). 

Depending on the area of origin, residents from the 
urban residence constituted the majority, representing 
85.71% of the participants (18 patients), while those from 
the rural residence represented approximately 13.29%, 
highly statistically significant differences (p<0.0001).

Regarding age, the variable had a normal distribution, 
with an average value at the time of diagnosis of 
40.48±16.52. No outliers or older individuals were 
observed in the AS study groups, female group and male 
group, respectively (Table I).

Table I 
Demographic and clinical characteristics of the patients.

Parameter AS group
(n=21)

Gender (Male/Female) 19/2
Residence (Urban/Rural) 18/3
Age (mean±SD) 40.48±16.52
Average duration of the disease 6.71±3.22

Male 5.50±3.54
Female 11±1.41

Smoking (Yes/No) 11/10
Diabetes (Yes/No) 8/13
Body mass index (BMI) (kg/m2sc) 27.44±6.35

overweight 8 (38.09%)
obesity 6 (28.57%)

normal weight 7
Form of the disease

axial form 15
peripheral damage 6

Assessment of the activity level of patients with AS, 
using the ASDAS, BASDAI and BASFI activity scores

After evaluating the level of disease activity, using 
the ASDAS, BASDAI activity scores and the BASFI 
functional index respectively, we observed significant 
differences between the patient groups (Table II). 

The majority of patients, 14 patients (66.67%), 
presented a moderate level (M group) of disease activity 
based on the ASDAS score (2.95 ± 0.34), while one third 
(6 patients, 28.57%) presented an ASDAS score (4.05 
± 0.31) indicating high disease activity (H group), and 
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one patient (4.76%) was in remission (R), ASDAS score 
<1.3. For an eloquent statistical significance, the patient 
in remission was excluded from the statistical processing 
of the data. Comparing the average values of ASDAS, we 
observed significantly higher values (p<0.0001) in patients 
who presented a high vs moderate form of activity (Fig. 1).

For the BASDAI score, average values were recorded, 
corresponding to a moderate activity (5.27 ± 0.69), 
respectively a high activity at a cut-off of 7.92 ± 0.58, 
significantly higher values (p<0.0001). For the BASFI 
functional score, the following average values were 
observed, corresponding to moderate activity (cut-off, 5.35 
± 0.66), respectively high activity at a cut-off of 7.75 ± 
0.69, significantly higher values (p<0.0001).

Table II 
Means of ASDAS, BASDAI and BASFI activity scores of AS.

Parameter M group
(N=14)

H group
(N=6) p-Value

ASDAS
(mean±SD) 2.95 ± 0.34 4.05 ± 0.31 <0.0001

BASDAI
(mean±SD) 5.27 ± 0.69 7.92 ± 0.58 <0.0001

BASFI
(mean±SD) 5.35 ± 0.66 7.75 ± 0.69 <0.0001

 
Fig. 1 – The distribution of the number of patients according to 
the activity of the disease, based on the ASDAS score.

Concentrations of Serum IL-17, IL-23, TNF-α, and 
IL-6

We included in the cytokinetic status study only the 20 
patients diagnosed with AS, who had an moderate ASDAS 
score (M group) and respectively those who had a high 
ASDAS score (H group).

All investigated cytokines showed a normal distribution 
of their values, so they will be found in our presentation as 
mean ± SD.

A first objective of the serological study was the 
dosage of the analyzed serological markers in the serum 
of the included patients. Thus we obtained for both studied 
interleukins, IL-17 (48.23 ± 6.92 pg/mL) and IL-23 (348.40 
± 71.56 pg/mL), significantly higher concentrations in the 
serum of patients with AS compared to group C (4.22 ± 
0.61 pg /mL, p< 0.0001 and respectively 30.35 ± 6.19 pg/
mL, p< 0.0001) (Table III; Fig. 2; Fig. 3).

Also, TNF-α and IL-6, serological markers, used 
to quantify the body’s inflammatory response, had 
significantly higher serum levels in patients with AS 

compared to group C (TNF-α, 19.30 ± 6.28 vs 1.68 ± 0.54 
pg/mL, respectively IL-6, 22.93 ± 6.44 vs 1.98 ± 0.57 pg/
mL, highly statistically significant differences) (Table III; 
Fig. 4; Fig. 5).

Table III 
Serum biomarkers concentrations for AS patients.

Parameter
(mean ± SD)

AS
group

C
group p-Value

IL-17 (pg/mL) 48.23 ± 6.92 4.22 ± 0.61 *
IL-23 (pg/mL) 348.40 ± 71.56 30.35 ± 6.19 *
TNF-α (pg/mL) 19.30 ± 6.28 1.68 ± 0.54 *
IL-6 (ng/mL) 22.93 ± 6.44 1.98 ± 0.57 *
CRP (mg/mL) 21.62 ± 6.84 1.96 ± 0.62 *

*: p < .0001, high statistical significance

  
Fig. 2 – IL-17 concentrations in the serum of patients with AS 
vs C.

 
Fig. 3 – IL-23 concentrations in the serum of patients with AS 
vs C.

Fig. 4 – TNF-α concentrations in the serum of patients with AS 
vs C.
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Fig. 5 – IL-6 concentrations in the serum of patients with AS 
vs C.

Analysis of the clinical utility of IL-17 and IL-23 by 
identifying possible associations between the dynamics 
of target parameters and different clinical forms of the 
disease

The second objective of the cytokine status study was 
to identify associations between target cytokines and 
disease activity.

We compared the mean values of serum cytokines, 
for the M group compared to the C group, obtaining: IL-
17 (47.52 ± 7.53 vs 4.22 ± 0.61 pg/mL, p < 0.0001), IL-
23 (309.90 ± 44.29 vs 30.35 ± 6.19 pg/mL, p < 0.0001), 
TNF-α (20.22 ± 6.71 vs 1.68 ± 0.54 pg/mL, p < 0.0001), 
IL-6 (22.69 ± 6.97 vs 1.98 ± 0.57 pg/mL, p < 0.0001), 
respectively IL-6 (22.69 ± 6.97 vs 1.96 ± 0.62 pg/ml, p < 
0.0001) (Table IV).

Regarding the H group compared to group C, we 
obtained: IL-17 (49.90 ± 4.47 vs 4.22 ± 0.61 pg/mL, p < 
0.0001), IL-23 (438.20 ± 23.03 vs 30.35 ± 6.19 pg/mL , 
p < 0.0001), TNF-α (17.14 ± 4.98 vs 1.68 ± 0.54 pg/mL, 
p < 0.0001), IL-6 (23.49 ± 5.52 vs 1.98 ± 0.57 pg/mL, p 
< 0.0001), respectively IL-6 (23.49 ± 5.52 vs 1.96 ± 0.62 
pg/ml, p < 0.0001) (Table IV).

We also found that serum levels of IL-17, IL-23 and 
IL-6 increased in accordance with SA activity, so that 
patients with High activity had the highest serum levels 
(Figures 6 and 7). Unlike the investigated interleukins, 
in the case of TNF-α we observed that serum levels had 
an evolution inversely proportional to the severity of AS, 
patients with Moderate disease activity presenting the 
highest serum levels. 

Statistically highly significant differences were 
observed only between IL-23 serum levels in patients from 

H group compared to M group (p= 0.0009). 
No statistical differences were recorded between 

IL-17 concentrations in the serum of patients from H 
group compared to M group (p= 0.665), between IL-6 
concentrations in the serum of patients from H group 
compared to M group (p= 0.262) and respectively between 
TNF-α concentrations in the serum of patients from H 
group compared to M group (p= 0.796).

Fig. 6 – IL-17 concentrations in the serum of patients in different 
stages of clinical activity of SA vs C.

Fig. 7 – IL-23 concentrations in the serum of patients in different 
stages of clinical activity of SA vs C.

Analysis of the clinical utility of IL-17 and IL-23 by 
establishing correlations between serological markers 
and the severity of AS activity

The study of the cytokine status of patients diagnosed 
with AS also aimed at establishing the correlations 
between the target parameters (IL-17, IL-23, TNF-α, IL-6 
and CRP), as well as the correlations between the target 
parameters and the ASDAS, BASDAI and BASFI, which 
evaluates the severity of disease activity.

Table IV 
Serum levels of parameters in SA groups vs C group.

Parameter
(mean ± SD)

M
group

H
group

C
group p-Value

IL-17 (pg/mL) 47.52 ± 7.53 49.90 ± 4.47 4.22 ± 0.61 *
IL-23 (pg/mL) 309.90 ± 44.29 438.20 ± 23.03 30.35 ± 6.19 *
TNF-α (pg/mL) 20.22 ± 6.71 17.14 ± 4.98 1.68 ± 0.54 *
IL-6 (ng/mL) 22.69 ± 6.97 23.49 ± 5.52 1.98 ± 0.57 *
CRP (mg/mL) 26.68 ± 9.92 19.45 ± 3.70 1.96 ± 0.62 *

*: p < 0.0001, high statistical significance.
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The correlations established between IL-17 and IL-23 
concentrations and the other investigated cytokines, TNF-α, 
IL-6, and CRP, as well as ASDAS, BASDAI and BASFI 
scores are highlighted in Table V. In our study, we obtained 
the presence of correlations between SA activity and serum 
concentrations of the studied interleukins, IL-17 and IL-23. 

We observed that IL-17 serum levels correlated much 
better with disease indices and joint functionality, ASDAS 
and BASFI, respectively (positive, moderate, statistically 
significant correlations; rho = 0.423, p = 0.046 and rho = 
0.339, p = 0.043) compared to IL-23. In the case of IL-
23, serum concentrations only correlated with ASDAS, a 
correlation also observed for IL-6.

Diagnostic performance of IL-17 and IL-23
Analyzing the area under the ROC curve (AUC) 

obtained for the target parameters (Table VI), we noticed 
that the diagnosis of patients with Moderate forms of those 
with High activity forms of AS is best done by TNF-α and 
IL-6 which have a maximum accuracy (100%) to correctly 
distinguish these patients, and a sensitivity and specificity 
of 100%.

For the target interleukins in the study, we recorded 
a diagnostic performance close to 100%: for IL-17 a 
performance of 99.50%, slightly better compared to IL-23, 
which recorded a performance of 98.00%.

Due to the specificity of 99.50% and 98.00%, 

respectively, the two target cytokines in our study IL-17 
and IL-23 can be considered as a diagnostic or additional 
alternative to the cytokines, TNF-α and IL-6 and other 
scores such as ASDAS, BASDAI and BASFI, which 
assesses the severity of AS activity.

Discussion
The primary objective of our study was to determine 

whether proinflammatory cytokines and serum titers are 
correlated, and to what extent, with disease activity, as well 
as to establish a diagnostic and prognostic algorithm with 
statistically significant impact in current clinical practice.

For both studied interleukins, IL-17 and IL-23, we 
obtained significantly higher concentrations in the serum 
of patients with AS compared to group C; we found that the 
serum levels of IL-17, IL-23 and IL-6 increased directly 
proportional to the severity of AS activity, with the highest 
concentrations in patients with High activity, unlike TNF-α 
whose serum levels have increased inversely proportional 
to SA activity, with the highest concentrations in patients 
with Moderate disease activity.

We identified the presence of correlations between 
SA activity and serum concentrations of the studied 
interleukins, IL-17 and IL-23; we observed that serum 
levels of IL-17 correlated much better with disease indices 
used to assess this entity, ASDAS and BASFI, respectively.

Table V 
The correlations between IL-17 and IL-23 concentrations and the other investigated cytokines, TNF-α, IL-6, and CRP, 

as well ASDAS, BASDAI and BASFI scores. 
Markers  ASDAS BASDAI BASFI IL-17 IL-23 TNF-α IL-6 CRP

ASDAS  
r = 0.902

p = 0.00001
*

r = 0.813
p = 0.00001

*

r = 0.423
p = 0.046

*

r = 0.315
p = 0.039

*

r = 0.039
p = 0.870

r = 0.213
p = 0.036

*

r = -0.333
p = 0.151

BASDAI
r = 0.887

p = 0.00001
*

r = 0.328
p = 0.158

r = 0.321
p = 0.167

r = 0.093
p = 0.695

r = 0.211
p = 0.373

r = -0.349
p = 0.132

BASFI  
r = 0.339
p = 0.043

*

r = 0.117
p = 0.624

r = 0.094
p = 0.692

r = 0.130
p = 0.585

r = -0.267
p = 0.254

IL-17 r = 0.071
p = 0.766

r = -0.130
p = 0.586

r = -0.174
p = 0.463

r = -0.205
p = 0.386

IL-23   r = -0.175
p = 0.459

r = -0.118
p = 0.621

r = -0.352
p = 0.128

TNF-α r = -0.020
p = 0.934

r = -0.227
p = 0.335

IL-6   r = 0.052
p = 0.828

Table VI  
Diagnostic performance of the investigated parameters.

Parameter AUC Threshold
Values

Sensitivity
%

Specificity
%

Youden
index p-Value

IL-17 0.995 19.91 100.00 99.50 0.995 < 0.0001
IL-23 0.980 155.10 100.00 98.00 0.980 < 0.0001
TNF-α 1.000 6.052 100.00 100.00 1.000 < 0.0001
IL-6 1.000 8.673 100.00 100.00 1.000 < 0.0001
ASDAS 0.975 1.75 100.00 95.00 0.950 < 0.0001
BASDAI 0.975 2.65 100.00 95.00 0.950 < 0.0001
BASFI 0.975 2.75 100.00 95.00 0.950 < 0.0001
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The results obtained in our study are consistent with 
those reported in other specialized studies.

IL-17, a subset of the CD4+ cell population, was 
originally described in 2005, and has a role in immunity 
against bacterial and fungal infections as well as a major 
physiological effect. Differentiation of Th17 cells is 
regulated by a number of cytokines, IL-1β, IL-6, TGF-β 
and, especially, IL-23. Th17 cells release a series of 
cytokines, represented by IL-17-A, IL-17F, IL-22, IFN-γ, 
or granulocyte-macrophage colony-stimulating factor 
(GM-CSF) (Cauli et al., 2015; Ruiz de Morales et al., 
2020). In patients with AS, increased serum levels of IL-
17 have been identified in serum, joint, or synovial fluid. 
It has been proven that it represents a major pathway 
in the pathogenesis of the disease, which constitutes an 
essential therapeutic target for these patients. Within the 
group included in the study, we obtained statistically 
significantly different values compared to the control 
group.

Numerous studies have been carried out in order to 
elucidate the role of IL-17: it is either the starting point 
or the target of other cytokines, in the pathogenesis of 
AS (Wendling et al., 2007; Mei et al., 2011). It has been 
published that IL‐17A producing cells are frequently 
found in AS patients (Lau et al., 2017). Despite the pro-
inflammatory effect, IL-17A and IL-17F do not have the 
most potent inflammatory action, but the effect is the 
result of the recruitment of immune cells, as well as the 
synergistic effect with other pro-inflammatory cytokines, 
TNF, IL-1β, IFN-γ, GM‐CSF and IL‐22 (Jethwa & 
Bowness, 2016).

Blocking IL-17A has been shown to be effective in 
the treatment of patients with active AS, and data on the 
IL-17/IL-23 pathway show that it plays a major role in 
the pathogenesis of axial spondyloarthritis (Ramos et al., 
2002), being used to synthesize molecules biological with 
utility in the therapeutic management of patients. Clinical 
trials with agents targeting the IL-23/IL-17 axis provide 
important data, which help us improve the evolution, 
prognosis and quality of life of these patients (Ruiz de 
Morales et al., 2020).

IL-23, a cytokine with subunits IL-12B (IL-12p40) 
and IL-23A (IL-23p19) (Aydin et al., 2005), is also 
secreted by the intestinal epithelium, dendritic cells and 
macrophages and has a major role in the regulation, 
activation and proliferation of IL-17-expressing Th17 
cells, as well as IL-22 secretion (Cui et al., 2002). The 
IL-23-IL-17 connection has been proven in murine 
models, by studying the differentiation of T cells into T 
helper cells (Tan et al., 2009; Benham et al., 2014). IL-17 
production is potentiated by IL-23, but exclusively after 
their activation (Bettelli et al., 2006). 

Experimental studies have proven that the 
differentiation of non-pathogenic Th-17 cells takes place 
under the action of IL-6 and TGF-β, in the absence of 
IL-23 (Lee et al., 2012). Moreover, for mast cells, NK 
or γ-δ T cell subpopulations, IL-23 is the main regulator 
of IL-17 or IL-22 expression (Lee et al., 2012; Jansen 
et al., 2015). Regarding the therapeutic approach, it has 
been suggested that IL-23 plays an important role in 

the initiation of pathological processes, and not in the 
perpetuation of destructive lesions. Administration of IL-
23 inhibitors provided less significant results compared to 
IL-17. Studies using ustekinumab or risankizumab, which 
included TNF-naive subjects, did not reveal significant 
data; moreover, ustekinumab was administered to patients 
with prior anti-TNF therapy without achieving notable 
results (Baeten et al., 2018).

In addition, with regard to radiological progression, 
there are insufficient data available. The enthesal 
inflammation, characteristic of the spondyloarthritis 
group, is potentiated by IL-23, by means of a CD3+ CD4- 
CD8- lymphocyte population. The lack of therapeutic 
response, compared to anti-IL17 agents, emphasizes the 
importance of similarities and differences between IL-17 
and IL-23, especially in terms of cellular differentiation, 
inflammation, bone destruction as well as bone 
neoformation (Sieper & Poddubnyy, 2020). Regarding 
cell differentiation, the first event is the activation of IL-
17 cells, via IL-1 and IL-6, subsequent to inflammation, 
followed by the increase in the number of Th17 cells and 
γ-δ T cells; the presence of IL‐23 can be a promoter in the 
maturation of pathogenic Th17 cells (Burton et al., 2007).

IL-23 production occurs in intestinal epithelial 
and immunological cells, including dendritic cells and 
macrophages. IL-23 has a central role in the regulation, 
activation and proliferation of Th17 cells, which explains 
its role in the expression of IL-17 and IL-22 during 
inflammation (Chu et al., 2013). Furthermore, IL-23 
regulates the inflammatory involvement of IL-17 and IL-
22 by suppressing their expression in innate lymphoid 
cells, the gamma-delta T cell (Tγ/δ) subpopulation, NK 
cells, and mast cells. Suppression of IL-23 in individuals 
with features of rheumatoid disease shows a drastic 
expression of clinical symptoms. Specifically, such an 
intervention reduces joint effusion, bone erosion and 
improves bone regeneration through osteoclast activity. 
In addition, actions that neutralize IL-23p19 subunits 
reduce the clinical manifestation of AS and down-
regulate mediators and genes involved in joint effusion 
and bone erosion, including RANKL, IL-6, IL-1β and 
matrix metalloproteinases (Chu et al., 2013). 

Following the therapeutic advances in the field of 
spondyloarthritis, which can have a major impact on the 
evolution and can stop the progression of joint destruction, 
when they are applied as early as possible, the need to 
establish some biomarkers, which can be integrated in a 
clinical context, can facilitate a correct early diagnosis 
and can provide insight into the evolution and prognosis 
of patients.

Numerous serum markers have been evaluated 
to assess disease activity, response to treatment, or 
as predictors of radiological progression. In order to 
determine disease activity, in addition to the evaluation 
of C-reactive protein, the most studied were interleukins 
(IL-17 and IL-23), matrixmetalloproteinases (MMP), 
especially MMP3. Assessment of radiological progression 
can be done using markers of bone metabolism, cartilage 
degradation products or adipose tissue.

The difficulty lies in the fact that no biomarker can 
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be used individually for the purpose of assessing disease 
activity or radiological progression, but must be integrated 
in a clinical context, in order to establish an algorithm 
that can help us to optimize individualized therapeutic 
behavior and improve quality the lives of these patients.

Conclusions
1.	 Due to the almost 100% specificities obtained 

for IL-17 and IL-23, we can consider that they can be 
a diagnostic alternative to the already known cytokines, 
TNF-α and IL-6 and other scores such as ASDAS, 
BASDAI and BASFI, which evaluate AS activity. 

2.	 We can also use these cytokines with determined 
threshold values to differentiate patients with high activity 
from those with moderate activity.
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Introduction
As a period of transition from childhood to adolescence, 

the middle school age includes those moments in which 
the anatomical and functional transformations increase in 
intensity and extent. They are significant for the further 
development of the individual (Tohănean, 2009). The 
age of preadolescence, also called puberty, marks the 
beginning of the physical maturation of the individual. 
It is a period of intense formation of the personality and 
establishing the moral consciousness (Santi, 2020). Pre-
adolescents start a new school cycle, with new subjects 
that require visual and auditory discriminative abilities as 
well. The spatial and temporal orientation and the tendency 
to interpret the meaning of perceptions are also developed 
(Skinner & Piek, 2001). This age is the most advantageous 
for the development of motor skills, also known as the age 
of the first performances. In parallel with the increase of 
the indices that define speed, skillfulness (coordination 
capacity) and aerobic endurance, a special attention must 
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Abstract
Background. Physical education lessons must remain in the basic format without neglecting the optional, extracurricular 

activity because each of these activities complements the topics of its content.
Aims. This paper aims to investigate the balance development during physical education lessons and basketball 

extracurricular activity in middle school female students.
Methods. The research subjects were 24 schoolgirls aged 12-14 years from the “Mircea cel Bătrân” Middle School of 

Pitești. The study was conducted throughout the physical education lessons and basketball extracurricular activity. Static 
balance (SB) and lateral dynamic balance (LDB) were tested using Sensamove Sensbalance MiniBoard. Measured indices: 
performance; forward, backward and lateral deviations; keeping the balance. 

Results. The analyzed results show better performance values by 2.5% at LDB, with the same share of deviations of 3.2% 
forward at SB and backward at LDB and at lateral deviations by 0.7% to the left at LDB and to the right at SB. Keeping the 
balance at LDB is better by 6.75% backward. The correlation analysis highlights 45.7% very weak connections (p>0.05), 
except for the strong connection between left, avg. deviation at SB and back, avg. deviation at LDB (R = 0.419, p<0.05).

Conclusions. The evaluation of the development of SB and LDB in middle school students highlighted the achieved 
performance dynamics, the same share of the investigated balance inverse to forward-backward and left-right deviations, 
which influenced differently the balance keeping quality. The correlation analysis determined the degree of connection 
between the indices studied in the middle school students.

Keywords: lesson of physical education, motor skills, extracurricular activity, deviation, performance, correlation 
analysis.

be paid to mobility which, if not properly supported, can 
regress (Khudolii et al., 2019).

The analysis of the forms of physical exercising 
organization according to the subsystems of physical 
education leads to the conclusion that the lesson is the form 
encountered in all the cases. The physical education lesson 
must include the various points of view of the practical 
disciplines, which give the thematic content in terms 
of motor abilities and skills (Moanţă et al., 2008). The 
structure of the lesson implies the presence of the classic 
links, with a variable duration. Motor skills constitute 
topics of lesson (speed or skillfulness as the first topic; 
strength or endurance as the last topic). The combination 
of speed, coordination and balance - called agility - is one 
of the most important motor skills developed throughout 
physical education classes in school (Acar & Eler, 2019; 
Szabo et al., 2020). It is important to keep in mind that all 
motor skills can be developed very well in this education 
cycle, although the emphasis is placed on speed and 
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dexterity (Balcioğlu & Biçer, 2022). Any special action for 
developing a basic motor skill has certain effects on the 
improvement of the other motor skills too. Any basic motor 
skill can be programmed in order to be specially developed 
in any school semester (modules) (Doğan & Savaş, 2021).

The class of physical education must remain the basic 
form of physical education activity, but the optional, 
extracurricular activity must not be neglected either. 
Each of these activities has its role in the development 
of the students’ personality (Gumay et al., 2018). Playing 
basketball in school requires simultaneous presence and - 
at the same time - develops the whole complex of motor 
skills (Savu & Pehoiu, 2018), namely: speed - with all its 
forms of manifestation (reaction, execution, movement), 
spring (jump height) (Alemdaroğlu, 2012); skillfulness 
(coordination capacity) taken to virtuosity, shown in 
handling the ball in different conditions of balance, with 
maximum speed, while facing one or more opponents 
(Epure & Bădău, 2021); precision of movements; the 
strength of lower limbs and peripheral vision is very often 
required indirectly (Predescu & Moanţă, 2001; Cortis et 
al., 2011; Ciocan & Puni, 2020).    

Hypothesis
Carrying out the correlation analysis between the 

indices of the static and dynamic balance in the middle 
school students will highlight the level of development 
and connection between lateral, forward and backward 
deviations, which will influence the quality of body balance 
maintenance.

Material and methods 
Research protocol
The balance measurement tool used in this research 

belongs to the Human Performance Research Center 
(H.P.R.C.) of the Physical Education and Sport Department 
under the University of Pitești, Romania in collaboration 
with Doctoral School, State University of Physical 
Education and Sport, Chisinau, Republic of Moldova.

Period and place of the research
The research was conducted in March 2023, during 

the classes of physical education and the basketball 
extracurricular activity. This scientific approach led to the 
realization of a confirmatory (but also correlation) study 
carried out in the “Mircea cel Bătrân” Middle School of 
Pitesti, Romania.

Subjects and groups
The subjects of the research (n = 24) were middle school 

female students aged 12-14 years, body weight 48.38 
± 8.64 kg, height 1.62 m ± 0.07 m and body mass index 
(BMI) – 18.4 ±2.26 kg/m2; all participants had normal 
mass consistent with their age. It must be mentioned that 
12 schoolgirls are members of the representative team of 
the school. The subjects were informed referring to their 
participation in the research and gave their consent, as per 
the Declaration of Helsinki.

Applied tests
The measurement of the static and dynamic balance 

was performed by means of the Sensamove Sensbalance 
MiniBoard (Fig. 1), tilting the platform at 10 degrees.

Fig. 1 – Results of the balance test (Sensamove Sensbalance 
MiniBoard).

Test 1: static balance was determined as follows: the 
schoolgirls stood on both feet on the balance board, with the 
toes at the same level and the arms crossed over shoulders. 
Subjects had to keep the balance on the board for 20 sec., 
while following a fixed point of the computer screen. The 
results of this test are presented in graphical form, showing 
forward-backward and left-right deviations per sec. 

Parameters obtained: 
-	 Performance (%) – balance keeping performance, 

expressed in %;
-	 Front, avg. deviation – average forward deviation, 

expressed in degrees;
-	 Back, avg. deviation – average backward deviation, 

expressed in degrees;
-	 Left, avg. deviation – average deviation to the left, 

expressed in degrees;
-	 Right, avg. deviation – average deviation to the right, 

expressed in degrees.
Test 2: dynamic lateral balance was determined keeping 

the same position, but this time the schoolgirls had to 
perform a left-right ”swinging” movement on both legs, 
staying inside a space displayed on the computer screen. 
The test results are presented in graphical form showing 
the performance of keeping in front and at the back pf the 
space, also the forward-backward and left-right deviations 
per second. 

Parameters obtained: 
-	 Performance - it shows the performance of the student 

to keep the balance, expressed in %.
-	 Front, inside - keeping in the front space, expressed in 

%.
-	 Back, inside - keeping at the back of the space, 

expressed in %.
-	 Front, avg. deviation - average forward deviation, 

expressed in degrees.
-	 Back, avg. deviation - average backward deviation, 

expressed in degrees.
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-	 Left, avg. deviation - average deviation to the left, 
expressed in degrees.

-	 Right, avg. deviation - average deviation to the right, 
expressed in degrees.

Statistical processing
Statistical analysis was done using the KyPlot 6.0 

(KyensLab Inc) software to calculate the usual descriptive 
indices: mean, SD – standard deviation, Cv % - coefficient 
of variation (minimum and maximum). Correlation 
analysis was performed by means of Pearson coefficient, 
between the indices of the static and dynamic balance and 
the size of the effect (the coefficient of determination R2).  
Significant data were reported at p<0.05.

Results 
The results of determining the indices of static and 

dynamic balance development in the 12-14-year-old 
schoolgirls are listed in Tables I and Table II.

The analysis of the statistical calculations of the static 
balance indices evaluation reveals 58.3% above-average 
performances, with values ranging from 62 to 96%. The 
weight of the deviations related to the center is 49% to the 
front and 51% to the back while the lateral deviations are 
48.2% to the left and 51.8% to the right (Table I).

Analyzing the statistical calculations of the results of 
the lateral dynamic balance indices evaluation highlights 
50% performances above the average, with values between 
67 and 100%, keeping within the space above the average 
by 54.2% forward and 29,2% backward, weight of the 
deviations by 45.8% forward and 54.2% backward. In 
terms of lateral deviations, the following values were found 
out: 48.9% to the left and 51.1% to the right (Table II). 

In order to point out the relationship between static and 
lateral dynamic indices in the 12-14-year-old schoolgirls, a 
correlation analysis was performed. The results are shown 
in Fig. 2.

Table I 
Results of the descriptive statistical indices –static balance in the middle school students (12-14 yrs.), n=24.

Indices
Descriptive Statistics

Mean ±S.D. CV (%) Min Max
Performance (%) 86.29 7,78 9,02 62 96
Front, avg. deviation (deg.) 0.81 0.55 68.1 0.05 2.15
Back, avg. deviation (deg.) -0.84 0.69 -82.2 -2.99 0.00
Left, avg. deviation (deg.) -0.67 0.45 -67.2 -2.09 -0.17
Right, avg. deviation (deg.) 0.72 0.38 53.32 0.22 1.7

Table II 
Results of the descriptive statistical indices-lateral dynamic balance in the middle school students (12-14 yrs.), n=24.

Indices 
Descriptive Statistics

Mean ±S.D. CV (%) Min Max
Performance (%) 88.79 9.09 10.24 67 100
Front, inside (%) 41.17 13.87 33.69 15 66
Back, inside (%) 47.92 14.23 29.71 31 84
Front, avg. deviation (deg.) 1.09 0.31 28.73 0.53 1.72
Back, avg. deviation (deg.) -1.29 0.45 -34.95 -2.24 -0.6
Left, avg. deviation (deg.) -3.75 0.97 -25.80 -5.25 -2.06
Right, avg. deviation (deg.) 3.92 0.97 24.81 2.37 5.56

Fig. 2 – Correlation analysis between static and lateral dynamic balance indices in students aged 12-14 yrs.
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The results of the correlation analysis show 35 
connections (57% positive and 43% negative). In the case 
of the correlations between the static and lateral dynamic 
balance indices, one can observe very weak connections 
(45.7%) and non-existent ones (54.3%) with a range of -0.25 
< R < 0.25 la p >0.05, excepting the strong connection (R = 
0.419) at p<0.05 between Left, avg. deviation (degrees) at 
static balance and Back, avg. deviation (degrees) at lateral 
dynamic balance. As for the intervals of the correlations 
between indices, the correlations are very poor: R ranging 
from -0.25 to 0.32 (in the performance case); R between 
-0.289 and -0.397 (Front and Back, avg. deviation, Left and 
Right, avg. deviation). The size of the effect (coefficient 
of determination R2) ranges from the value 0.00 and 
0.176, which reflects a very weak, even non-existent 
connection between variables (Predoiu, 2020). Regarding 
the confidence limits, it must be stated that the value 0 is 
present in the confidence interval (95%).

Discussion
The current research intended to study the level of 

balance development during the physical education lessons 
and the extracurricular activity of basketball in the middle 
school female students.

The results of the research highlight the dynamics 
of the balance development indices both throughout 
the physical education lesson with basketball game 
topics and the extracurricular activity in the 12-14-year-
old schoolgirls. The results of the evaluation of static 
balance indices show a performance between 62 - 96%; 
the weight of the deviations has intervals with the size of 
2.2 degrees forward and 2.99 degrees backward, while 
lateral deviations of 1.47 degrees to the left and 1.92 
degrees to the right are observed (Table I). In terms of 
lateral dynamic balance indices evaluation, one can notice 
performances between 67 - 100%; the balance keeping is 
better by 6.75% backward, the weight of the deviations 
with the size of intervals is 2.25 degrees forward and 2.84 
degrees backward, while the lateral deviations show 7.31 
degrees to the left and 7.93 degrees to the right (Table II). 
This research is not the only one that dealt with balance 
development during the physical education lessons and 
throughout the extracurricular activity at the middle school 
level, as shown above. There are also other specialists 
who focused on the development of physical and motor 
skills by basketball specific means (Savu & Pehoiu, 2018) 
or by using specific basketball training games within the 
seventh-grade physical education lesson (Ciocan & Puni, 
2020). The demands of competitive basketball games and 
the relationship between the physical abilities of the players 
and game performance were studied too (Abdelkrim et 
al., 2010). But studies on the comparison between the 
anthropometric characteristics of basketball players and 
sprinters were less reported.  Therefore, it was proposed to 
compare the fitness parameters of these athletes regarding 
the anthropometric measurements, body composition, 
strength, endurance and motor abilities (Daulatabad et al., 
2020; Chukhlantseva et al., 2021). In the recent years, the 
basketball game has developed significantly worldwide, 
which has led to the improvement of sports performance. 
The continuous adaptation of training methods, the use 

of high-tech auxiliary equipment and the implementation 
of technology in sports are factors that contributed to 
achieving outstanding performances (Epure & Bădău, 
2021).

The results of the correlation analysis highlight 45.7% 
very poor connections (p>0.05), with the exception of the 
strong connection between left deviation at static balance 
(SB) and back deviation at lateral dynamic balance (LDB) 
(p<0.05), which justifies the mutual influence between them. 
There are also other concerns regarding this relationship 
between the motor skills and the contents of basketball 
game. The relations between general coordination, 
specific coordination and specific fitness in the male 
basketball players aged 8 - 17 years were investigated too. 
It was found out that the general coordination is highly 
important for improving the sport-specific skills during 
the development phase of these ones. Afterwards, when 
the sport-specific skills are mastered close to perfection, 
the importance of the general coordination decreases 
(Kamandulis et al., 2013). The layup shot is one of the 
important techniques in basketball game. Therefore, it is 
necessary to know aspects related to layup skills. A study 
was carried out to prove the relationship between eye-hand 
coordination, agility and basketball lay-up skills. This study 
used the quantitative descriptive approach together with 
the correlation method (Suryadi et al., 2023). Although 
many scientific papers focused on the relations between 
isokinetic knee strength, anaerobic performance, sprinting 
ability, agility and vertical jump in athletes, an insufficient 
number of studies were conducted on basketball players, 
especially those of the first division (Alemdaroğlu, 2012). 
Basketball players were monitored to verify whether they 
can maintain their performances at the end of the game. 
Therefore, the following elements were verified: strength 
(handgrip), jump (countermovement jump), sprint (10 m 
and 10 m bouncing the ball [10mBB]) and coordination 
of the limbs (synchronized hand and foot flexions and 
extensions). The findings show that the heavy load of the 
game has beneficial effects on the executive function and 
attentional control. It is necessary that coaches organize 
training sessions that combine intense physical exercises 
and complex coordination tasks meant to enhance the 
attentional capacity of the players (Cortis et al., 2011).

Conclusions
1.	  The evaluation of the balance development level 

during the physical education lesson but also throughout 
the basketball extracurricular activities in the middle 
school students revealed the dynamics of the achieved 
performance. We highlighted the same weight of the 
investigated balance inverse to the forward-backward 
and left-right deviations, which differently influenced the 
quality of balance keeping.   

2.	 The correlation analysis determined the degree 
of connection between the indices studied in the middle 
school girls. These data are very useful for the teachers of 
physical education and the basketball specialists.
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Introduction
There is a significant possibility that cutting-edge 

technology could make people healthier. However, 
advancements in technology may not automatically ensure 
fairer health results. Communities that lack resources 
are often left out of the conversation as technological 
breakthroughs alter the ways in which people, systems, 
and information interact with one another. In places where 
technology repairs have been pushed on communities, the 
outcomes have included abandoned equipment, computer 
programs that are incompatible with one another, and 
ineffectual regulations.

To apply technology equitably and sustainably, 
leadership, communities, and the people who create 
technology must transition their value systems (Pârvu et al., 
2023). There are several instances of technical applications 
that work to undermine justice, fairness, and human rights. 
One such example is the adoption of complex medical 
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Abstract
Background. Leadership, communities, and the individuals who produce technology all need to shift their value systems 

to use technology equitably and sustainably. Several examples of technology applications seek to undermine human rights, 
human justice, and fairness. As a result of the fact that it makes it simpler for patients to participate in the process of fulfilling 
their medical requirements, digital health has the ability to play a role in the innovation process that is taking place within 
the healthcare business. In today’s world, there has been considerable growth in the number of intelligent technologies and 
sophisticated equipment (such as smart wireless and wearable sensors) used to monitor and treat patients’ diseases rapidly.  
This is done by giving patients fast access to critical health indicators and conducting continual evaluations.

Aims. The purpose of this research is to describe and examine novel methods for using newly developed technology in 
the medical industry. This study’s objective is to analyze the many ways modern technology is being incorporated into the 
healthcare system to serve patients better. We will primarily emphasize Artificial Intelligence (AI), Virtual Reality (VR), the 
use of Smart Phones, Exoskeletons, and several other types of robotic technology.

Conclusions. Several uses of artificial intelligence (AI) technology may be found within the healthcare industry. These 
technologies have been developed to support medical imaging and diagnostic services, combat pandemics, provide virtual 
patient care, increase patient engagement and adherence to treatment plans, reduce the administrative burden on healthcare 
professionals, and monitor patients’ compliance with exercise regimens. Because of their ability to precisely assess patients’ 
development, cutting-edge technologies such as artificial intelligence (AI) should be included in augmented reality (AR) 
rehabilitation systems. In addition, creating a system based on augmented reality that can be used on mobile devices may help 
achieve other advantages, such as remote patient recovery monitoring and the provision of real-time attention at reduced cost.  

Keywords: innovations, technology, artificial intelligence, healthcare. 

procedures rather than more straightforward preventative 
measures. The development of technology and its use 
both need to observe ethical standards and the values of 
the communities in which they are used to produce equal 
results (Fong & Harris, 2015). 

The process of digital transformation is continuing, and 
it has the potential to provide possibilities in the healthcare 
industry—but only if the appropriate infrastructure and 
skills are made accessible. The use of digital technology 
for the purpose of transforming enterprises and services 
is referred to as “digital transformation” in Regulation 
(EU) 2021/694 of the European Parliament and the 
Council on 29 April 2021, which established the Digital 
Europe Program and repealed Decision (EU) 2015/2240.  
The digital platforms of the Internet of Things, cloud 
computing, and artificial intelligence are all examples of 
technology contributing to digital transformation.  While 
this is happening, the areas of society most likely to be 
impacted include the healthcare industry, financial services 
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industry, and telecommunications industry (Stoumpos et 
al., 2023).

Because it makes it easier for patients to take part 
in having their medical needs met, digital health has 
the potential to play a part in the healthcare industry’s 
innovation process. When the patient is no longer in a 
condition of well-being, they can recover from their bad 
state of health.  In this particular instance, the patient is 
allowed to take part in the decision-making process about 
their medical treatment. The patient needs to do research 
on their own through the Internet or by utilizing digital 
health apps (for example, via their mobile phone) in order 
for them to make the most informed choice possible for 
their health (Iyawa et al., 2016).

The development of information technology (IT) has 
led to notable advancements in healthcare services, most 
notably in remote health monitoring (Li et al., 2019).  
Utilizing physical sensor networks to prevent illness and 
detect high-risk disease impairments (Mohammadzadeh 
et al., 2020) is one of the most important reasons why 
this technology is being developed. Today, intelligent 
technologies and sophisticated equipment (such as smart 
wireless and wearable sensors) have significantly increased 
for quick monitoring and management of patients’ 
conditions. This is accomplished via prompt access and 
continuous evaluation of patients’ vital health indicators 
(Gries et al., 2018; Junaid et al., 2022).

It is the right moment to make a concrete transition 
toward holistic technology and data-driven digital tools, 
which should be done while considering the short-, 
medium-, and long-term reaction plans. This will involve 
both public and private healthcare systems all over the 
country in promoting policy discourse, technical support, 
and training on specialised policy and response initiatives 
at the regional and national levels. It is also true that the 
well-tested hardware is already in place, and quite a few 
trials have already been carried out; nevertheless, this 
technology has not been put to good use, especially in 
developing countries, due to a lack of national will, a lack 
of finances, and a lack of strategic planning to reach those 
who need it the most (Nair, 2022).

We also want to state the importance of using new 
technologies in physical activities (Szabo, 2021a) for the 
development of coordination (Szabo et al., 2021), balance 
(Szabo, 2021b) and general rehabilitation (Szabo, 2022; 
Szabo & Neagu, 2022).

This study aims to devise and investigate original 
approaches to using new technology in the medical field.  
The purpose of this study is to investigate the ways in 
which contemporary technologies are being implemented 
into the healthcare system. We will concentrate on 
Artificial Intelligence (AI), Virtual Reality (VR), the use 
of Smart Phones, Exoskeletons, and other forms of robotic 
technology.

Innovations in technology
The phrases “innovation” and “innovator” have become 

popular buzzwords in recent years, and their usage has 
spread to various other industries, including the healthcare 
industry. To this day, however, no definition of innovation 
is all-encompassing and universally recognized, and other 

fields of study, such as economics, public health, geography, 
and sociology, use somewhat different ideas.  Schumpeter 
was one of the leading economists to recognize the great 
significance of innovations to each economic structure, 
fluctuating from an individual corporate unit up to entire 
economies and the international economy developing new 
company frameworks, or entering a new business. He 
also included entering a new demand as an illustration of 
innovation.  In addition to this, he portrayed innovation 
as the “creative destruction” that lies at the underpinning 
of every development produced inside a capitalist market 
system (Flessa & Huebner, 2021).

Barriers encountered 
The theoretical scientific study in this sector is still 

relatively low despite the plethora of new ideas in the 
healthcare industry and the rising need for them.  At the 
equal moment, there is an increased need for investigation 
on various health-related advancements. While early 
conceptual work may be discovered in the literature, most 
focus on particular healthcare apps such as pharmaceutical 
services.  Innovations complementary to current outcomes 
and structures challenge those answers and methods, and 
as a result, they encounter opposition from the reputable 
system. The lack of widely disseminated novel ideas is 
not the primary challenge confronting the health industry; 
instead, the innovation gap is the primary challenge 
(Berwick, 2003). Barriers to innovation will be created 
because of the high expenses associated with innovation, 
the need to learn new methods and adapt old systems, and 
the fear of being displaced by new technology (radiological 
diagnostics). Even though the innovation seems exciting, 
there is no assurance that it will ever be successful and 
become the new standard method of solving the problem.  
In point of fact, many potentially successful ideas or good 
end up being confined to a narrow market because their 
creators cannot surmount the obstacles that stand in their 
way (Flessa & Huebner, 2021).

Components of healthcare
The following are the three primary components 

that make up the healthcare system: (I) Primary service 
providers for medical care, such as physicians, nurses, 
technicians, and hospital administrations (II) Services 
connected to medical emergencies (III) Patients who are 
in need of health and health-related services (III) Users of 
health and health-related services. Every year, there are 
increasing instances of security and privacy breaches in the 
healthcare industry; for example, in 2017, more than 300 
breaches were revealed, and between 2010 and 2017, up 
to 37 million data were compromised (Hölbl et al., 2018).  
The growing use of digital technology in healthcare has led 
to a greater awareness of concerns around the safe storage 
of patient medical information, access to those records, 
ownership, and the medical data obtained from linked 
sources. It is proposed that blockchain be used to solve 
significant challenges currently affecting the healthcare 
industry, such as the safe exchange of medical information 
and the observance of data privacy rules (Saeed et al., 
2022).

Blockchain
A blockchain is a specific kind of database controlled 

by a network of verified users or nodes that maintains 
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immutable blocks of information that can be easily shared 
without interference by third parties (Hölbl et al., 2018).  
Blockchains are used in cryptocurrencies like bitcoin and 
ethereum, and digital forms of the cryptocurrencies bitcoin 
and ethereum. Data may be kept and documented using 
cryptographic signatures in conjunction with consensus 
techniques that are included as essential components in 
their application.  The potential to preserve data is one of 
the most important goals for using BCT, particularly in the 
healthcare sector, which is subject to the vast exchange and 
distribution of a substantial quantity of data (Saeed et al., 
2022).

Evaluation of health innovations
It is vital to understand better how innovation by 

care providers, particularly by radiation centers, impacts 
performance to minimize the negative consequences that 
may be caused by introducing innovations either too 
rapidly or too slowly and to increase the cost efficiency of 
care delivery. For instance, the majority of the healthcare 
expenditure growth may be linked to the introduction of 
new technologies. Furthermore, in the radiation field, novel 
technologies often need substantial financial expenditures 
in apparatus, quality assurance, and extra staff training, 
although it is frequently unclear to what degree these 
advances will lead to improved patient results (Ramaekers, 
2013). The literature does not always give a clear image 
of how innovations are assessed, for example, because 
scientists believe that the development of innovations is 
not ideal for stringent assessment or because innovations 
are continually altering. This results in the literature 
sometimes failing to provide a clear picture of how 
innovations are reviewed. It is vital to acquire a deeper 
insight into the anticipated advantages of a proposed novel 
intervention in clinical practice compared to the projected 
extra expenses (Jacobs et al., 2017). This is required from 
the standpoint of society.

Therefore, it is essential to assess innovations not just 
on one aspect of production but on complete performance 
as a whole. The research that has been done on this topic 
identifies this as a synthesis of efficacy and efficiency 
(Hovmand & Gillespie, 2010). Effectiveness in this context 
refers to the external criteria used in the evaluation of 
goods and services; from the patient’s standpoint, we link 
this concept in our research to patient outcomes, patient 
safety, or patient service. The term “effectiveness” refers to 
the degree to which certain goods, services, or treatments 
are successfully compared to the money they cost (Jacobs 
et al., 2017).  

Telemedicine
Significant advancements have been made to healthcare 

services as a direct result of information technology 
(IT) developments, especially regarding remote health 
monitoring.  The early detection of high-risk disabilities 
and illness prevention are two of the most important 
objectives that may be accomplished via physical sensor 
networks (Mohammadzadeh et al., 2020). Today, there 
is significant growth in the use of advanced technologies 
and instruments (such as intelligent and wearable 
wireless sensors) to quickly monitor and manage patient 
circumstances. This is accomplished via the provision of 
prompt access and continuous evaluation of patients’ vital 

health indicators (Junaid et al., 2022).
Such intelligent devices must be able to store and 

convey data in many different types of healthcare or 
medical care (for example, telemedicine) (Da Costa et al., 
2018). Wearable sensors are primarily used to monitor and 
record patients’ health issues and conditions and perform 
several additional functions that are directly relevant to 
their health. In other words, vital health indicators represent 
the patient’s physiological condition, the activity of their 
organs, and the course of their sickness. Evaluating these 
indicators has a substantial impact on illness prevention 
and the diagnosis, treatment, and care of patients. These 
health data, if evaluated correctly and promptly, might offer 
a helpful reference for providing healthcare that is both 
efficient and of high quality. A large number of intelligent 
gadgets, Internet of Things (IoT) technologies, and 
artificial intelligence (AI)-based technologies have been 
devised and developed in order to increase the timeliness 
and continuity of the evaluation of patient health status and 
appropriate healthcare subsystems (Junaid et al., 2022).

The rapid expansion of technology is transforming 
behavioral science, bringing disruptive innovations in 
healthcare delivery and research. Integrating technology-
based tools into healthcare has tremendous potential to 
drive behavioral change across health and wellness goals, 
from smoking cessation to chronic disease management.  
Indeed, a growing body of research demonstrates the 
acceptability, effectiveness and cost-effectiveness of 
behavioral intervention technologies (BITs) (Mohr et 
al., 2013), indicating that the adoption of technology 
in behavioral healthcare can improve the quality of care 
and minimize implementation barriers that traditional 
behavioural interventions face (e.g., lack of time, lack of 
social support, few incentives for behavioural change) 
(Sucala et al., 2017).

The use of health information technology (IT) in 
a complex adaptive health system has the potential to 
enhance patient care, but it also carries with it the risk of 
unintended effects and the emergence of new difficulties 
(Ash et al., 2004). One of the most pressing problems 
that need to be addressed is ensuring the safety of 
information technology used in medical settings.  In order 
to successfully create, deploy, and maintain a secure new 
digital infrastructure, the scientific community is working 
toward a deeper understanding of the complex interactions 
between people, processes, the environment, and various 
technologies. While recent findings from the hospital 
context suggest that information technology in healthcare 
might make treatment safer, there is evidence to suggest 
that it can cause new safety concerns, some of which may 
not become apparent for a long time after the technology 
has been installed (Sittig et al., 2020).

Technologies used in healthcare
Technology has become an integral part of the healthcare 

sector, completely transforming medical practices.  
Cutting-edge digital technologies have improved surgery 
efficiency and helped maintain patient quality of life. Even 
people with severe medical complexities can maintain their 
health with the help of these technologies (Maksimović & 
Vujović, 2017). The involvement of artificial intelligence 
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(AI), machine learning, the Internet of Things (IoT) and 
blockchain has revolutionized the healthcare sector, and the 
application of these technologies is beyond the expected 
limits. Robotic surgery is the most promising advanced use 
of these technologies, which has proven more effective than 
conventional surgical procedures. Many apps and digital 
devices help healthcare professionals monitor patients’ 
health in real-time, even without visiting them. After years 
of research, these digital devices are much more thoughtful 
and sensitive and work based on the scientist’s algorithm.  
These devices significantly increase patients’ recovery 
rates. The wearable devices manage the daily routines of 
users’ lifestyles. The advancement of digital technologies 
is changing the conceptualization of healthcare in recent 
times. Digital devices mainly work in the healthcare 
process and procedure (Akhtar et al., 2022).

Although the technology and applications are sometimes 
not straightforward, many researchers have developed 
easy-to-use devices to enhance digital technologies related 
to healthcare. Therefore, digital healthcare has dramatically 
altered the present healthcare system, resulting in an easier 
way of life for patients and healthcare practitioners. Even 
though digital technologies are more effective in delivering 
healthcare services, stakeholders have raised several 
significant concerns about using these technologies.  
One of these worries is regarding the confidentiality and 
integrity of patient information. Online access to digital 
health data makes it possible to see extensive information 
and a patient’s medical history, but this accessibility raises 
concerns about the patient’s privacy (Akhtar et al., 2022).

Healthcare services are evolving globally in response 
to an explosion of readily available digital technologies.  
The adoption of digital technologies as a means for 
citizens to access health and social care is accelerating 
at an unprecedented pace, pushing patient-centred care 
towards digital health (Sherman & Grande, 2019). Many 
countries and organizations are paying increased attention 
to digital health, which has seen a surge in the publication 
of health policies and reports, such as the UK’s Digital 
Strategy published in 2012, the European Union’s Digital 
Decade and Digital Europe Programme, the World Health 
Organization’s Draft Global Digital Health Strategy 
(2020-2025), China’s Healthy China Plan 2030. The 
term “digital health” refers to the use of information and 
communication technologies that are easily accessible: 
providing patients with preventative services, treatment, 
and education; promoting the tracking and monitoring 
of diseases; and enabling consumers to participate in 
the provision of healthcare services. Digital health is the 
integration of digital technology and health information to 
increase the efficiency of healthcare delivery and improve 
patient health. Digital health technology is the adoption of 
digital technology in health, examples of which are seen 
in electronic health records, telemedicine or telehealth 
services, robotics and eHealth, and mobile health supported 
by smartphones, wearable devices, mobile apps and various 
monitoring devices (Yao et al., 2022).

E-health has become an integral part of the healthcare 
system as it addresses several challenges in medicine, 
including reducing errors and providing more efficient 
services with more accurate outcomes (Jhamb et al., 2015).  

In this way, the use of electronic health records, in which 
all information pertaining to a patient is saved, helps to 
avoid the wrong administration of medicine during medical 
treatment, as well as ensures that the patient is treated 
swiftly and in an environment that is both comfortable and 
efficient. However, for virtual healthcare to be deployed, 
its deployment must first undergo appropriate planning and 
strategy (da Fonseca et al., 2021).

User acceptability and the kinds of infrastructure, 
systems, and management used all have a role in determining 
whether or not e-health is implemented successfully in a 
nation. Meanwhile, four groups are vested in the outcomes: 
business owners and managers, medical experts, patients, 
and those in charge of setting health insurance and care 
policies (Swinkels et al., 2018). E-health plans must 
be carried out in an integrated fashion for the use of 
information technology in healthcare to be successfully 
implemented. This must also include the creation of rules, 
laws, or regulations. This is true in telehealth, m-health, 
or specialised categories such as electronic health records 
or health literacy e-learning (da Fonseca et al., 2021).  
Telehealth and m-health both fall under this category.

Artificial Intelligence
Many areas of healthcare could benefit from the use 

of artificial intelligence technology. According to a recent 
literature review, artificial intelligence is already being 
used: “in assessing the risk of disease and estimating 
treatment success (prior to) initiation; in attempting to 
manage or mitigate complications; to assist in patient care 
during the treatment phase or active procedures; and in 
research aimed at elucidating the pathology or mechanism 
and/or ideal treatment for a disease” (Becker, 2019). In 
terms of risk, others have summarized several health-
related concerns: the potential for bias in the data used to 
train artificial intelligence algorithms, the need to protect 
patient privacy, potential distrust of digital tools on the 
part of physicians and the general public, and ensuring 
that healthcare personnel handle artificial intelligence in a 
trustworthy manner. Other concerns relate to the physical 
applications of artificial intelligence. For example, while 
robots could help care for the elderly, there are risks of 
reduced human-to-human contact, deception to encourage 
companionship with a machine, and loss of control over a 
person’s own life. Questions have also been raised about 
the extent to which artificial intelligence technologies 
could replace clinicians and, if so, whether the opacity of 
decisions based on machine learning weakens the authority 
of clinicians, threatens patient autonomy, or jeopardises 
joint decision-making between doctor and patient (Bærøe, 
2020).

Artificial Intelligence (AI) includes various 
technologies based on algorithms and advanced learning 
systems. Different terms are used concerning AI, such as 
machine learning, deep learning and conventional neural 
networks (Hashimoto et al., 2018). In addition, there is no 
universally agreed definition of AI, while it is suggested to 
be defined as a system capable of interpreting and learning 
from data to produce a specific goal (Fasterholdt et al., 
2022).

Virtual Reality
Virtual Reality (VR) is seen as an information and 
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education tool and a patient rehabilitation tool. The term 
refers to a set of new technologies, including computers or 
mobile devices with interactive 3D graphics display boards, 
controllers and head-mounted displays (HMDs) embedded 
with position tracking tools (Chow et al., 2021). As this 
technology develops, it will become possible to construct 
virtual worlds that are more engaging and fulfilling, 
which will assist learning, medicine, and healthcare in 
overcoming the limitations that have traditionally been 
imposed on these fields. Virtual reality (VR) has the 
potential to bring about significant advancements in a 
variety of medical treatments. These advancements will 
enable healthcare practitioners to provide patients with 
more pleasant experiences by creating 3D virtual worlds.  
In addition to this, it may assist the employees working 
in healthcare facilities in gathering and exchanging health 
data via simulation systems, which can also play roles in the 
process of medical decision-making and distant learning.  
It would seem that virtual reality has the potential to play 
a significant role in the realization of HC’s Health 4.0 goal 
(Liu et al., 2022).

The use of VR for therapeutic purposes has garnered the 
most significant interest among all its uses in the healthcare 
industry. Researchers have shown that using virtual reality 
(VR) in treatment may help patients maintain their physical 
and emotional health in several ways. For instance, the 
use of virtual reality (VR) in conjunction with cognitive 
behavioral treatment (CBT) or exposure therapy (ET) has 
been shown to be effective in treating mental diseases 
such as anxiety related to public speaking and driving 
phobias. Virtual reality (VR) sports activities have been 
demonstrated to enhance upper limb motor function and 
everyday independence in stroke survivors (Rodríguez-
Hernández et al., 2021). This pertains to conditions that 
affect the body. In addition, virtual reality (VR) may be 
used as a method of pain management (PM) that does 
not need intrusive procedures. In addition, patients with 
pulmonary illness may experience an improvement in their 
emotions due to virtual reality, which reduces their levels 
of worry and tension. The encouraging information in 
publications that concentrate on various clinical illnesses 
has increased the likelihood that physicians would utilise 
virtual reality simulations in their research and clinical 
trials. Consequently, the use of virtual reality (VR) in 
treatment has emerged as a critically significant component 
of HC and Health 4.0, and VR-assisted therapy has emerged 
as one of the primary uses of VR (Liu et al., 2022).

Use of smartphones
The opportunity to apply smartphones to POC has 

resulted from their large number, rapid worldwide spread 
and improved imaging/diagnostic functions. Even in 
places with limited resources, such as a remote mountain 
community, a smartphone may be used as a tool that is 
part of a system that is small, portable, and inexpensive 
for real-time POC. Using smartphone networks, POC 
community health workers can share information 
about initial diagnostic tests and treatment with expert 
providers at a distance. Enhanced smartphone features 
also promote their use at POC. Smartphones offer various 
software applications with different functions, including 
managing information and time using notes, maintaining 

and accessing medical records, collecting referrals and 
information using manuals, and even monitoring the 
patient using collected clinical data for use at POC 
(Ventola, 2014). Recently, cell phones have been used as 
an imaging modality for illness diagnosis by employing 
visible light, green fluorescent protein (GFP), and near-
infrared (NIR) light. This has allowed for the visualization 
of tissues and even individual cells. This suggests that the 
utilisation of cell phones at points of contact has progressed 
into the “deep water zone.” Nevertheless, no prior work 
has methodically assessed the efficacy of smartphones in 
diagnostics through imaging techniques that have become 
possible through the consolidation of recently advanced 
hardware, such as smartphone spectrometers, or the 
intelligent use of groundbreaking smartphone imaging 
instruments (Huang et al., 2021). This is because no 
previous work has attempted to measure the efficacy of 
smartphones in diagnostics through imaging techniques 
that have transitioned possible.

Several systematic reviews and meta-analyses 
have reinforced the usefulness of mobile phones and 
smartphones (including wireless handheld tablets and 
cell phones) in various health areas. These include the 
application of mHealth technology in care delivery and 
chronic disease management with specific applications 
for hypertension monitoring, medication adherence 
support, obesity and weight loss, diabetes, substance 
abuse prevention, mental health and physical activity, to 
name a few. Apps have also been developed for self-care 
management of asthma, smoking cessation, maternal and 
neonatal care, and stress reduction using mindfulness 
strategies, all including biofeedback provision. Additional 
reviews have concentrated their attention more narrowly 
on mobile applications that are aimed at illnesses that the 
WHO has deemed to be a critical global health priority 
(Martínez-Pérez et al., 2013). These evaluations, for the 
most part, provide support for promising outcomes that 
may have potential health benefits for a wide variety of 
evidence-based therapies for mobile and smartphone 
applications (Hansen & Scheier, 2019).

Exoskeletons and robotic technology
Wearable exoskeletons and robots based on 

exoskeletons are built on a mechanical framework that 
theoretically matches the skeletal structure of a limb or 
other body component that is involved. These devices are 
known as exoskeletons.  In recent decades and still today, 
they are the subject of much research, given the benefits 
they can bring to the end user (Tiboni et al., 2022).

Robotic rehabilitation provides repetitive, flexible and 
customizable exercises that complement the work of the 
physiotherapist, aimed at the functional recovery of patients 
reporting impairments or disorders resulting, for example, 
from stroke, brain or spinal cord injury (SCI), amyotrophic 
lateral sclerosis (ALS), orthopedics, surgery, or cerebral 
palsy (CP) (Amici et al., 2019; Sturza et al., 2023).  Other 
significant advantages are associated with the use of robotic 
devices in rehabilitation. These advantages include, for 
example, repetitive intensive training, performing recovery 
at home with remote control, automatically adjusting 
device support according to the patient’s progressive 
recovery, increasing patient engagement through proposed 
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computerized activities in the form of games, monitoring 
progress by objectively evaluating outcomes, and reducing 
the over aggressiveness of the recovery process.

Kinematic structure and the kind of drive may be 
used to categorize different industrial exoskeletons. Soft 
exoskeletons lack any kinematic structure, whereas rigidly 
structured devices may be divided into anthropomorphic 
and non-anthropomorphic categories according to their 
kinematics. In addition, the construction may vary from 
devices that support the whole body to devices that 
aid just a single joint, which makes them theoretically 
customizable. Actuators may be broken down into three 
categories: passive, semi-active, and active. The force 
needed to aid the activities made by the user is released 
by utilizing the elasticity of the materials (such as torsion 
springs or pistons). However, passive exoskeletons do not 
include actuators or electronic elements such as transducers 
or controllers. Instead, they rely on the flexibility of the 
instruments to provide assistance. Compared to power 
(semi-active and active), this kind offers advantages in 
the form of convenience, economy, and clarity in design.  
These benefits are threefold. Exoskeletons function in 
unison with the wearer, lessening the burden, boosting the 
user’s physical capabilities, and alleviating any ergonomic 
concerns associated with detaining and succeeding with 
instruments (Baldassarre et al., 2022). Due to these unique 
properties, exoskeletons work in this manner.

Conclusions
1.	 Artificial intelligence (AI) technologies are used for 

various healthcare applications.  These technologies have 
been developed to support medical imaging and diagnostic 
services, fight pandemics, provide virtual patient care, 
increase patient engagement and adherence to treatment 
plans, reduce the administrative burden on healthcare 
professionals and monitor patients’ exercise compliance.

2.	 Some cutting-edge technologies, such as AI, 
should be integrated into AR rehabilitation systems as 
they can accurately track patients’ progress.  In addition, 

developing an AR-based system on mobile devices could 
contribute to more benefits, as it can achieve remote patient 
recovery monitoring and provide real-time attention with 
lower costs.  Because it can further boost user motivation, 
augmented reality (AR) systems would also benefit from 
access to additional game-based rehabilitative material 
geared at various groups.

3.	 As technology improves, it will be possible to 
design virtual worlds that are both more interesting and 
more rewarding, which will help education, medicine, 
and healthcare break free of the limitations traditionally 
imposed by these fields.
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Introduction 
Rehabilitation is the care given to people who have lost 

the ability to carry out activities of daily living. Some of 
the most common causes are injuries and trauma, stroke, 
major surgery, severe infections, adverse reactions to 
medical treatment, specific congenital disabilities and 
genetic disorders, disabilities, and chronic pain. Thus, 
monitoring and rehabilitation through physical therapy 
are necessary to improve people’s quality of life. As the 
number of people needing rehabilitation increases, so does 
the demand for therapy (Bae et al., 2012; Sengchuai et al., 
2022).

The main obstacles to effective physical therapy 
are lack of consistent participation due to insufficient 
training of experts (doctors and physiotherapists), lack 
of motivation to practice, inability to monitor, follow and 
control the rehabilitation programme when patients leave 
the hospital, and inconveniences such as travel.  In addition, 
the number of practical tools, as well as physiotherapists 
and doctors, is insufficient. Physical rehabilitation 
exercises often need to be done where patients can be 
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Abstract
Background. Research into human movement dysfunction is receiving increasing attention as the proportion of older 

adults and the number of obese people in the world’s population continues to rise. Compared to the other joints in the lower 
limb, the knee joint is very delicate and susceptible to injury. Knee deficits are a prevalent physical ailment that substantially 
influences the day-to-day functionality and emotional welfare of those who suffer from them. Supporting the body weight, 
helping maintain lower limb balance, and absorbing shock while the body is in motion are the primary factors contributing 
to these deficits. Movement biomechanics is an essential subfield of biomechanics that investigates how bones, muscles, 
ligaments, and tendons coordinate with one another throughout different types of human movement.

Aims. The purpose of this review is to devise and investigate novel approaches to the use of mobile devices in knee 
rehabilitation. This research investigates how mobile devices like smartphones and tablets are used in rehabilitation. Our 
primary emphasis will be on mobile applications that provide individualized workouts, continuous monitoring, and immediate 
feedback to patients.

Conclusions. Undoubtedly, the technology will continue to develop and grow over time and be integrated with many 
other electronic health systems and devices. As a direct consequence of this advancement, physiotherapists will have more 
opportunities to assist in designing and developing exoskeletons that may be used throughout rehabilitation.

Keywords: new technologies, rehabilitation, knee, pathologies.

monitored and under continuous professional supervision.  
However, rehabilitation activities can be carried out 
outside the hospital if adequate monitoring is provided.  
This could reduce the length of rehabilitation time and the 
frequency of injuries during out-of-hospital rehabilitation.  
Another benefit is the ability to quantify and evaluate the 
effectiveness of each patient’s rehabilitation process. In 
particular, during the COVID-19 pandemic, the amount of 
therapeutic exercise performed in the hospital has decreased 
significantly due to social distancing and hospital safety 
policies. As a result, to meet this requirement, some would 
prefer to do the exercise through a telemedicine system 
(Sengchuai et al., 2022; Kilova et al., 2021).

With the global increase in the elderly population and 
obesity rates, there is a growing emphasis on research 
into human movement dysfunction. The knee joint is 
particularly sensitive and vulnerable to the lower limb 
joints. Knee deficiencies are common physical problems 
that significantly impact people’s daily functioning and 
mental wellbeing. These impairments are primarily 
influenced by supporting body weight, assisting lower limb 
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balance and shock absorption during movement. Movement 
biomechanics, a crucial branch of biomechanics, examines 
the coordination between bones, muscles, ligaments and 
tendons during various human movements. According to 
Chhabra and colleagues’ research from 2001, the knee 
joint is able to sustain significant stresses because of the 
complex interaction that occurs between its component 
parts. According to Zhang et al.’s research from 2020, 
there is a pressing need to investigate the biomechanics of 
the movement of healthy and sick knee joints in order to 
help or rehabilitate human locomotor function.  

In addition, we would like to emphasise the 
significance of incorporating innovative technology into 
physical activities (Szabo, 2021a) in order to facilitate 
the improvement of coordination (Szabo et al., 2021), as 
well as balance (Szabo, 2021b), and overall rehabilitation 
(Szabo, 2022; Szabo & Neagu, 2022).

This review aims to develop and explore innovative 
ways of using mobile devices in knee rehabilitation. With 
this review, we aim to explore how mobile devices such as 
tablets and smartphones are used in rehabilitation. We will 
focus on mobile apps that provide personalized exercises, 
monitoring, and real-time patient feedback.

New approaches to knee rehabilitation
Smart and Connected Health (SCH) refers to digital 

healthcare solutions or systems that are fully connected and 
can operate remotely. The National Science Foundation 
(NSF) and the National Institutes of Health (NIH) in the 
United States started an initiative in 2013 called “Smart 
and Connected Health” (SCH: Connecting Data, People 
and Systems) to ac celerate the discovery and integration 
of novel methods to the use of information technology 
(1). Their goal was to create the next generation of 
interdisciplinary research to facilitate the formation of new 
scientific partnerships and the work of current scientific 
collaborations on breakthrough “smart” concepts (Navaz 
et al., 2021).

The concept of eHealth encompasses various 
applications that use modern information and 
communication technologies (ICT) to provide treatment 
and care to patients.  As such, eHealth is a broad term 
encompassing many ICT-based applications designed 
to process information electronically. Since the medical 
data included on the eHealth card may be conveyed 
straightforwardly, this information can be transferred to 
facilitate the patient’s treatment and care procedures. This 
data contains information about medical emergencies, 
treatment plans, drugs, computerised patient files, and 
telemedicine applications.  The transmission of this medical 
data is carried out employing a telematics network. In a 
nutshell, “a new term used to describe the combined use 
of electronic communications and information technology 
in the health sector” (Safi et al., 2018) is how “e-health” is 
defined.

The use of linked structures, technology solutions, 
and physical places for interaction are all part of recent 
healthcare industry efforts to achieve stability, security, 
sustainability, and high-quality value. Incorporating 
cutting-edge medical technology and digital solutions is 
essential to these forward-thinking designs and models. 

However, the effective implementation of breakthrough 
healthcare technology, particularly digital ones, is 
contingent upon the approval of healthcare professionals 
such as physicians and nurses. These people have direct 
contact with emerging technology and the processes 
involved in their deployment, while patients are seen 
as clients. In order to ascertain whether or not these 
communities stand to gain from these advances, it is 
essential to recognise and lessen any opposition they may 
face. This may be accomplished by increasing public 
knowledge of the technologies in question and persuading 
prospective users of their advantages.

Consequently, introducing new health technologies 
in healthcare settings should also consider psychological 
signs that lead to the growth of acceptance, encouraging a 
scenario in which all parties benefit equally. Both medical 
personnel and their patients should be aware of resistance 
to new treatments or technology. After they have been 
identified, these types of resistance may be conquered 
using treatments that have been carefully designed and 
selected (Safi et al., 2018).

Within the smart cities concept, the application of 
computerized tech, particularly artificial intelligence, has 
represented a focal point of development, and healthcare 
distribution is no omission. According to Deloitte, they 
have linked health services, also known as technology-
enabled care (TEC), including telehealth, telemedicine, 
m-health, digital health, and e-health. Telehealth and 
telemedicine also fall under this category. Therefore, 
“smart connected health” (SCH) is a brand-new and 
exciting field of research that draws from a broad spectrum 
of fields, including medical informatics, public health, big 
data, bioengineering, the telecommunications sector, and 
several others. CHS is adaptable enough to be employed 
in a widespread spectrum of critical health scenarios, 
each of which may need transactions in health that are 
resource-aware, time-limited, structured, and stable 
amongst a wide variety of stakeholders. CHS is flexible 
enough to be employed in these situations because it can 
be utilised in various critical health scenarios. CHS is 
revolutionizing the healthcare structure of the following 
generation, which will have substantial possible privileges, 
such as accelerating procedure and experimenting with 
procedures, lowering the expense of medical visits, 
efficiently responding to a diversity of emergencies and the 
proliferation of pandemics, and strengthening the attribute 
of convalescent healthcare (Chen et al., 2018). CHS also 
has the potential to improve the quality of patient care.  
In addition, several new technologies have substantial 
untapped potential to revolutionise specific wellbeing and 
societal care facets. In addition, the usage of smartphones 
and tablets is becoming more popular all over the globe, 
regardless of age, which has led to significant growth in 
the proportion of opportunities for mobile health apps over 
the last few years, along with a large number of fitness 
and wellness apps. Patients and caretakers now have 
admission to clinical data in real-time due to the advent 
of wearable “biosensing” equipment. These gadgets, 
which include automated blood pressure monitoring and 
glucose sensors, are just two examples of these crucial 
breakthroughs. Therefore, via the utilisation of modern 
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digital technologies, CHS can authorize convalescents and 
healthcare professionals to have more control over their 
wellbeing, conveniently benefit from online information, 
communicate their ideas and worries to their doctors, and 
locate suitable help and action (1). Insufficient funding 
for research and development, especially in translational 
investigation and technology, prevents new technologies 
from emerging on time. The availability of funding through 
programmes such as Small Business Innovation Research 
(SBIR) is conditional on the technology reaching a stage 
where it becomes eligible for such funding. In addition, 
SBIR funding often requires working with small companies 
instead of large companies with more significant resources 
to bring technology to market more efficiently (2).

The dynamic shift in demographics and advances 
in critical care treatment in the United States has led to 
a growing demand for solutions that facilitate wellness 
management and rehabilitation outside traditional clinical 
settings. To be effective, interventions targeting wellness 
and rehabilitation must be comprehensive, addressing 
biological functions at the cellular level and incorporating 
community support at the individual level. Delivering 
successful rehabilitation programs has become increasingly 
complicated due to the growing number of people with 
multiple medical conditions and disabilities and limited 
access to healthcare providers (Ma et al., 2014). However, 
recent technological advances, such as wearable sensor 
systems, have the potential to significantly increase the 
effectiveness of rehabilitation interventions and help 
reduce health disparities (Rodgers et al., 2019).

Virtual reality therapy
The knee joint is complex and significant in the human 

body.  When a knee joint injury occurs, it directly impacts 
the functional abilities of the knee joint, resulting in limited 
motion and muscle atrophy around the knee joint, known 
as arthrogenic muscle inhibition (AMI) (Reddy et al., 
2021).  The injury can lead to the accumulation of fibrous 
adhesions due to the deposition of serous fibrous exudate 
and fibrin in the knee joint cavity. Prolonged immobilization 
may further contribute to problems such as muscle atrophy, 
osteoporosis, nutritional disorders, atrophy and fibrosis of 
the articular cartilage. Immobilization also causes drying 
and adhesion of the synovial sacs, leading to stenosis in 
the joint cavity. Clinical studies have confirmed a negative 
correlation between the duration of joint immobilization 
(1 to 3 months) and recovery of knee flexion function.  
Unfortunately, many patients may not benefit from early 
rehabilitation after surgery or joint trauma, leading to a 
high incidence of knee joint dysfunction. Post-operative 
immobilization of the lower extremities is the leading cause 
of knee joint adhesion, and this dysfunction significantly 
affects the patient’s ability to perform daily activities (Li, 
2022). 

The importance of early functional training after injury 
surgery has gained recognition in the rehabilitation field 
in recent years. However, traditional rehabilitation training 
systems based on virtual reality technology can lead to 
patient anxiety due to the need to face a different virtual 
world daily, limiting their effectiveness. In response to this 
challenge, augmented reality (AR) has been introduced 

to the rehabilitation field. AR systems offer advantages 
such as three-dimensional registration, the combination 
of virtual and natural elements and real-time interaction, 
making them widely used in various industries and fields 
such as the military, cultural heritage preservation and 
gaming. By integrating AR technology with the principles 
of rehabilitation medicine, a complex scenario of virtual 
and real environments can be created for the patient 
based on the physiological structure and movement of 
the knee joint, facilitating the recovery of damaged joints.  
In rehabilitation therapy, repetitive movement training 
based on the patient’s daily activities can stimulate the 
involvement of residual function neurons, encouraging the 
brain’s nerve center to correct and improve the quality of 
movements repeatedly. This contributes to the structural 
and functional recovery of injured joints. In addition, 
rehabilitation training and assessment can reinforce each 
other. By analyzing the patient’s training data, underlying 
behaviors can be identified, and an intelligent assessment 
of the patient’s training effectiveness and rehabilitation 
progress can be provided. This information serves as 
a reference and basis for formulating the next step of 
the training plan. In short, AR technology has great 
potential for post-operative bone and joint rehabilitation. 
Some researchers have successfully applied RA-based 
rehabilitation assessment and training systems for specific 
joint injuries, such as ulna-radial deviation of the wrist joint 
(Plancher et al., 2020). However, there is limited research 
on the application of RA in ankle rehabilitation training, 
warranting further investigation in this area (Li, 2022).

Virtual Reality (VR) is an engaging and motivating 
tool that can be used to modulate neural behaviour 
in rehabilitation. It offers the ability to create virtual 
environments, ranging from simple two-dimensional 
visuals to more complex three-dimensional games and 
functional environments, which can be enhanced with 
haptics, electromyography, electroencephalography and 
fMRI. These virtual environments can potentially address 
the need for effective rehabilitation training strategies 
that improve functional skills and real-world interactions.  
Efforts have been made to investigate whether motor 
learning in VR can be transferred to the physical world, 
vital for setting measurable goals in VR interventions.  
However, it is essential not to focus only on reducing motor 
deficits without considering the influence of perceptual 
factors in the virtual environment. Neglecting these factors 
may hinder task transfer and the overall rehabilitation 
process. Increasing evidence suggests that VR facilitates 
the integration of information from different sensory 
pathways and involves executive processing, allowing the 
perception of multimodal information (Keshner & Fung, 
2019). Therefore, VR can be designed as a rehabilitation 
tool to target the perception-action system, which plays 
a vital role in motor planning, learning, performance and 
execution. By considering the perception-action system 
and incorporating it into VR interventions, we can harness 
the potential of VR as a powerful tool to enhance the 
rehabilitation process and support motor skill development 
(Keshner & Lamontagne, 2021).

VR technology has also proven to be a promising tool 
for improving rehabilitation outcomes. When various 
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technical devices (e.g. head-mounted displays, desktop 
computers, motion capture and tracking systems, motion-
sensing gloves) are implemented, it can provide, through 
different levels of immersion, realistic experiences by 
creating and interacting with virtual environments (VE) 
that closely resemble everyday environments. To date, a 
wide range of studies have tested and demonstrated the 
effectiveness of, for example, VR-based treadmill training 
for the lower extremities to reduce fall risk and improve 
gait and balance (Zanatta et al., 2023).

Electric current therapy
Immobilization or range of motion (ROM) limitation 

can induce joint contracture due to pain.  This contracture 
can be influenced by two anatomical components around 
the joint: arthrogenic and myogenic components. It 
is believed that arthrogenic components, particularly 
those of the joint capsule, play an essential role in the 
development of joint contractures. Previous research has 
revealed that joint capsule fibrosis and overexpression of 
type I collagen may develop and advance after one week 
of immobilization. Additionally, myofibroblast increase 
has been linked to this fibrosis (Zhou et al., 2018), notably 
in the posterior knee capsule (Rodríguez-Sanz et al., 2020).

The field of rehabilitation has made use of several 
physical treatments that are founded on electrical or 
electromagnetic stimulation. In physical rehabilitation, the 
treatment known as capacitive-resistive electrical transfer, 
or CRet, has been utilized to repair injuries to muscles, 
bones, ligaments, and tendons. Applying electrical currents 
with radio frequencies ranging from 300 kHz to 1.2 MHz 
is the basis for the CRet treatment modality, a non-invasive 
kind of deep electrothermal therapy. This treatment has 
the potential to enhance haemoglobin saturation as well as 
create warmth in deep muscular tissues. The physiological 
consequences connected with this kind of physiotherapy 
are generated by applying an electromagnetic field with 
a frequency of around 0.5 MHz to the human body. This 
type of physiotherapy is known as transcranial magnetic 
stimulation (TMS). This method has been connected to 
better profound and inconsequential blood circulation, 
vasodilation, greater temperature, removal of excess 
fluid, and heightened cell proliferation (Hernández-
Bule et al., 2014). Other effects include increased cell 
proliferation. Other responses, such as more significant 
cell proliferation, are thought to be primarily connected to 
current flow (Rodríguez-Sanz et al., 2020). On the other 
hand, other backlashes, such as increased blood perfusion, 
are understood to be correlated with higher temperatures.

Neuromuscular electrical stimulation, often known 
as NMES, is a treatment method that is used to address 
quadriceps weakness after surgical procedures. As a 
therapeutic method for aiding strength restoration, 
neuromuscular electrical stimulation has shown varied 
efficacy. When referring to rehabilitation after ACL repair, 
it has been discovered that NMES seizures lasting between 
four and six weeks benefit the recovery of quadriceps 
strength and functional performance compared to therapy 
that does not include NMES (Snyder-Mackler et al., 1995).  
However, other trials connected to the ACL found that 
NMES therapies applied at comparable time intervals did 

not result in any post-operative strength benefits. In every 
one of the experiments mentioned above, the researchers 
employed variable treatment settings that might affect the 
results (Conley et al., 2021).  

Several studies on patients with patella-femoral pain 
syndrome have recognized the efficacy of EMG-BF in 
combination with conventional quadriceps muscle training 
for improving symptoms and muscle strength (Conley et 
al., 2021). Studies also indicate increasing recovery of 
knee extension and range of motion and more outstanding 
EMG production using biofeedback after knee surgery 
(Wise et al., 1984).

Biofeedback is an instrument that uses myoelectric 
signals to help retrain muscles and, relying on the diagnosis, 
could be applied to reduce or improve muscle activity 
(Bonnette et al., 2020). Many studies have endorsed 
biofeedback for rehabilitating neural and musculoskeletal 
systems over the past decade.  In early studies, researchers 
spotlighted the quadriceps, head and knee. However, 
there is ample evidence that biofeedback is used for other 
orthopedic injuries in various settings. In 1990-1991, 
Drapper and Ballard studied the effect of EMG-BF on 
quadriceps muscle function after ACL reconstruction and 
reported that biofeedback was more effective than ES 
alone in facilitating recovery of knee extension (Wise et 
al., 1984).

Exoskeletons and robotic technology
A robot exoskeleton is a mechanical device that can be 

worn on the limbs of the human body. It consists of links or 
segments that are attached to the limbs to provide support 
and assistance (Nycz et al., 2016). Recent research on 
lower limb exoskeletons has demonstrated their potential 
applications in various fields, particularly in rehabilitation 
and power-assisted exercise. These devices have shown 
promise in assisting people with their physiological 
activities and can potentially become valuable assistive 
devices in improving human capabilities (Changcheng et 
al., 2022).

Exoskeletons made of robotic material have the 
potential to improve human mobility by enhancing 
the capacity to apply torques to the joints of the lower 
extremities in a manner that is suitably timed and scaled.  
Exoskeletons have been made for people who are healthy 
to wear to enhance their gait economy and help them carry 
burdens, and they have also been designed for persons with 
impairments to assist mobility and improve rehabilitation.  
Exoskeleton-assisted gait rehabilitation research has 
primarily been conducted on adults after a stroke or spinal 
cord injury; however, motorized exoskeletons may provide 
a novel option to the therapies now available for gait 
abnormalities in children with cerebral palsy (Lerner et al., 
2017).

A robot exoskeleton’s passive user control mode 
involves transmitting forces to actuate the lower limbs, 
allowing individuals who cannot walk without external 
assistance to follow a planned rehabilitation trajectory 
slowly, smoothly and safely (Yan et al., 2015). The control 
mechanism for this mode uses pre-planned gait patterns, 
which can be based on recorded data or the typical gait of 
a healthy individual. These specified gait patterns serve as 
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desired trajectories for the robotic exoskeleton during gait 
training.  Effective control strategies are crucial for achieving 
consistent and repetitive gait training. Position-tracking 
controllers are commonly used in robotic exoskeletons in 
passive mode for rehabilitation. For example, a lower limb 
orthosis can use position patterns derived from clinical gait 
analysis of healthy individuals, implementing a PD control 
strategy to restore a natural gait. A hierarchical control 
system can be used, combining a low-level PID controller 
for setting the desired torque and a high-level controller 
for generating torque references. However, linear PD/PID-
based controllers designed for error tracking can affect the 
performance of nonlinear robotic exoskeleton systems.  
A fuzzy neural controller based on a robust quadratic 
linear controller has been proposed for passive assist gait 
training to overcome the challenges generated by external 
disturbances and inertial uncertainties. Simulation results 
showed promising gait tracking results using this approach 
(Changcheng et al., 2022).

The use of assistive exoskeletons and robotic devices 
in rehabilitation and therapeutic training is widespread, 
especially for people with neuromuscular diseases or 
those recovering from conditions such as stroke. These 
devices play a crucial role in maintaining and regaining 
limb function. However, a significant limitation of current 
devices is achieving proper joint alignment and fit.  Joints 
are complicated and complex structures, and their axes of 
rotation change throughout the range of motion. Traditional 
joint modelling techniques are based on measured motion 
kinematics muscle and bone contact forces (Jayaraman 
et al., 2020). However, these modelling approaches 
often simplify assumptions that may not hold in medical 
practice. In addition, diseases, conditions and injuries can 
lead to variations or abnormalities in joint kinematics, 
muscle responses and reaction forces, further complicating 
joint motion modelling. The effectiveness of exoskeletons 
and wearable robotic devices relies on achieving proper 
alignment and fit between anatomical joints and those of 
the device. A misalignment brought on by illness or injury 
may bring about strain on the soft tissues and potential 
dislocation of the joints. Even though the knee joint’s axis 
rotates concerning the knee joint’s angle, it is usual practice 
to construct a revolution or hinge joint for an exoskeleton 
that spans the knee joint. This is done even though the 
knee joint itself is mobile. It is possible to experience pain 
and even sustain an injury if the complicated mobility 
of the joint in the exoskeleton’s design is not respected. 
As a result, it is of the utmost importance that future 
exoskeleton systems are capable of executing the intricate 
three-dimensional motions shown by the anatomical joints 
that correspond to, such as the knee joint.

The difficulty still exists today in ensuring that the 
exoskeleton’s design is compatible with the anthropometric 
features of the people wearing it.  Methods such as passive 
gliding may be used to obtain correct alignment between 
the exoskeleton and the anatomical joints. Quantitative 
performance measurements have also been used to study 
the interaction between humans and devices. Assessing 
kinematic compatibility may be accomplished, for 
instance, by measuring the relative motion of the human 
and the exoskeleton during gait and formulating a 

prediction methodology for human joint motion in terms 
of exoskeleton angular motion.  Both of these methods are 
helpful. In order to achieve precise measurements using 
this method, it is often necessary to do marker insertion, 
post-processing, and matching with human body models.  
Task-based therapy training has also benefitted from 
robotic equipment, further highlighting the significance 
of appropriate joint alignment and fit in reaching good 
rehabilitation results (MajidiRad et al., 2022).

In human-robot interaction (HRI), computational 
models of active orthoses have evolved as an option to 
lessen the hazards associated with direct human exposure 
to robot counterparts. This has occurred as a result of the 
increasing complexity of human-robot interactions. These 
models have shown encouraging results in assisting knee 
mobility while HRI is being performed. The functional 
range of motion of the lower extremities may be determined 
by employing musculoskeletal models, which makes 
this identification feasible. The synthesis process may be 
optimised with the use of this information, and the proper 
exoskeleton measurements, segments, and joints can be 
determined using that knowledge. The use of computational 
models enables the replication of measurable limb motions 
without the need to align a human joint to the equivalent 
joint of an exoskeleton. This is one of the advantages of 
utilizing computational models. This is especially helpful 
for the knee joint, which is challenging to articulate and 
is susceptible to damage. Researchers can investigate the 
impact of exoskeletal joint misalignment if they construct 
a musculoskeletal model tailored particularly for the 
knee joint. Analytical and magnetic resonance imaging 
(MRI) methods have been used in previous research to 
analyze biological joints and pin-based exoskeletal joints.  
Different motion trajectories have been used to analyze 
these systems’ kinematics. Although there are studies that 
have been conducted on the axis of motion of the knee 
joint in a variety of people, further study is required to get 
a complete knowledge of the sensitivity of exoskeleton 
design and to build more dependable coordination between 
the human exoskeleton (MajidiRad et al., 2022).

Using smartphones
Recently, mobile apps have started to play an essential 

role in monitoring and motivating patients to engage in 
their health (Higgins, 2016). Mobile Health (mHealth) apps 
aim to improve patient engagement and self-management 
capabilities in patient-centered healthcare models (Stauber 
et al., 2020).

Barriers to adherence are multifactorial, and patients 
often underestimate the importance of rehabilitation due 
to inadequate education or poor communication. This 
is problematic because patients are expected to exercise 
independently for most of the rehabilitation period (Jack et 
al., 2010). Patients from low-income households may face 
more significant barriers to rehabilitation due to limited 
access to rehabilitation facilities, inability to manage co-
payments and low health literacy. Accessibility is also a 
struggle for patients with high family or work responsibil 
ities who live alone and/or experience turning off amounts 
of pain. Finally, psychological barriers such as poor self-
efficacy, fear avoidance behaviors, and stress can also 
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prevent adherence (Bell et al., 2019).
Physiotherapy rehabilitation is usually recommended 

to support the recovery or long-term management of a 
musculoskeletal condition. Standard care for rehabilitation 
of knee conditions involves exercise programs and the 
provision of information. However, current rehabilitation 
delivery methods struggle to keep up with high patient 
volumes and the length of treatment required to maximize 
recovery. Therefore, the development of new interventions 
to support self-management is strongly recommended.  
Such interventions should include information provision, 
goal setting, monitoring, feedback and support groups, but 
the most effective delivery methods are poorly understood 
and require further research. Finally, treatments need to be 
personalised, i.e., targeted to individual needs, to improve 
the prospects for rehabilitation (Spasić et al., 2015).

With the development of technology, more people 
are using their smartphones to record measurements 
because they are easy to carry around. In recent years, 
several different applications for measuring angles have 
been created for use on smartphones. These encompass 
accelerometers, gyroscopes, magnetometers, and (photo) 
snapshots that calculate joint angles. Their validity 
and reliability have all been well investigated. The 
Japanese mobile application “Grid Line Photography 
App Professional” (APP, Naradewa Inc) was created to 
measure angles in 2017. Taking a picture of the scene 
with a smartphone and locating three spots at random 
on the picture allows one to calculate the angle between 
two parallel lines. It is simple to use because of its 
familiarity since taking a snapshot near a joint and finding 
its three points is comparable to the common practice of 
measuring joint angles using a UG. This is because the two 
processes are similar. Nevertheless, the reliability of the 
measurements produced by the APP depends on the image 
being taken in a direction perpendicular to the plane that 
contains the axis of movement of the joint. In inclusion, 
the evaluation will be off if the three locations necessary to 
estimate the joint angle precisely are not precisely detected 
on the image (Ishii et al., 2021).

Smartphone motion sensors can passively capture 
steps taken and other mobility values and can present a 
reliable means of assessing patient recovery after total hip 
or knee arthroplasty (THA or TKA) or other orthopaedic 
procedures (Case et al., 2015). Potential advantages over 
traditional pedometers include better compliance with 
use, greater ease, and the ability to collect data over more 
extended periods in larger cohorts. Smartphones also offer 
the possibility to collect other relevant information such 
as distances covered, steps taken or duration of activity 
(Lyman et al., 2020).

With the advancement of electronic technologies and 
their integration with wearable devices, core systems have 
been widely applied in medicine, especially for tracking 
rehabilitation actions. A study conducted by Bahadori et al. 
(2018) indicated that both an accelerometer and gyroscope 
were used in five of the studies that were conducted in order 
to examine the evidence of wearable devices supporting 
their usefulness in facilitating rehabilitation following 
total hip replacement and TKR surgeries. Friedman et al. 
employed a wearable sensor device (magnetometer) to 

correctly record daily wrist and finger usage to objectively 
evaluate the long-term rehabilitation process for 
cerebrovascular illness (such as stroke). This allowed them 
to examine the rehabilitation process for cerebrovascular 
disease objectively. Wireless inertial sensors were fitted 
to shoes by Mariani and colleagues in order to quantify 
the distance between the heel and the toe for gait analysis.  
They developed separate 2-D and 3-D models for motion 
sensing and three additional models for predicting patient 
gait rehabilitation information, and they did so without 
being constrained to a particular site and experimental 
setting for data collecting (Huang et al., 2022).

In recent years, inertial measurement units, sometimes 
known as IMUs, have seen increased use to identify human 
postures and gaits. The sensors can be readily integrated 
with various wearable devices and the Internet of Things 
for various applications due to their cheap cost, simplicity 
of use, and lightweight. IMUs can potentially be used to 
detect posture for applications ranging from athletics to 
healthcare (Huang et al., 2022).

Patient-reported outcome measures (PROMs) can also 
be efficiently collected using smartphones. It is possible to 
conduct surveys whenever necessary and at any frequency 
when using a website or application that is compatible with 
mobile devices (Lyman et al., 2020).

Knee replacement patients now have access to a newly 
created instructional software specifically designed to 
help them while they are undergoing treatment. The app 
provides information regarding the post-operative recovery 
period, such as advice on good food and physical exercise 
following surgery, as well as information about medicines.  
In addition to that, the app has the PROMIS® measurements 
of physical function as well as pain interference. Patients 
are given the opportunity to react to these measurements at 
the times that have been pre-defined for the measurement.  
Currently, PRO scores are only displayed in the health 
professional dashboard. Utilizing this information, we 
can follow individual patients’ and groups of patients’ 
progress during the healing period. Patients could access 
and monitor their PRO scores if the app included a PRO 
feedback report and was integrated within the app. This 
information might make patient participation easier and 
increase communication with medical experts; moreover, 
the PRO feedback report could assist patients in addressing 
health problems and concerns based on PRO ratings 
(Fischer et al., 2020; Santana et al., 2014).

Patients who use the app can have an automatically 
created PRO feedback report made for them, and patients 
can also check their PRO findings instantly through 
their smartphones. This raises problems concerning the 
kind of information that patients might find helpful and 
the structure that a report needs to take to be simple to 
comprehend and assess (Fischer et al., 2020).

Use of Artificial Intelligence
Compared to other industries, healthcare has relatively 

slowly adopted artificial intelligence. The delivery of 
healthcare depends on a large number of factors, of 
which the most difficult to replicate is the experience and 
intuition of the physician and the logical interpretation 
of the patient’s condition by correlating the available 
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clinical examination with radiology and other investigative 
reports. The diagnostic process is so complex that we 
never hope to reproduce it in a machine. The incredible 
complexity of healthcare delivery is, strangely enough, 
what makes it such fertile ground for the application of 
artificial intelligence. Nevertheless, technology is now 
changing how doctors interact with their instruments, how 
the instruments provide information to doctors, and how 
the resulting interpretation is used to help the doctor and 
patient make an appropriate treatment choice (Woodson, 
2019; Poduval et al., 2020).

In medicine, AI can be applied either virtually using 
computers or physically using robots.  In the last decade, the 
development of AI applications in orthopaedics has focused 
primarily on diagnosis, mainly image interpretation. In 
a recent research, conducted by Chen & Asch (2017), it 
was proven that a convolutional neural network (CNN), 
which is an example of a machine learning algorithm, 
outperformed general orthopaedic surgeons when it came 
to identifying and categorising proximal humeral fractures, 
while performing comparably to specialised shoulder 
surgeons. In a similar investigation, a CNN was developed 
to interpret hand, wrist and ankle radiographs with an 
accuracy equal to that of senior orthopaedic staff (Corban 
et al., 2021).

In orthopedic sports pathology, nearly half of all 
injuries involve the knee. Of these injuries, anterior cruciate 
ligament (ACL) tears are expected, with non-contact ACL 
injuries accounting for up to 78% of all sports-related knee 
pathologies. Although common, diagnosing clinically 
significant ACL injuries can be challenging for clinicians. 
ML can facilitate this by addressing the variability of 
specific clinical tests, such as pivot shift while improving 
the diagnostic accuracy of magnetic resonance imaging 
(MRI). However, along with improving diagnosis, AI can 

provide more robust solutions to other issues related to ACL 
tear management. Specific issues are well suited to machine 
learning methodologies, such as accurately predicting people 
at risk of ACL injury or damage, recognizing complicated 
anatomical landmarks intraoperatively, and improving post-
operative pain management and rehabilitation regimens 
(Corban et al., 2021).

Conclusions
1.	 Smartphones are finding a growing number of 

applications in rehabilitation, including treating and 
recovering knee diseases. There is reason to be optimistic 
about using technology to strengthen rehabilitation 
programs for knee diseases. It is vital for the whole area 
of rehabilitation and recovery, particularly in terms of a 
better knowledge of long-term recovery, and it may be 
helpful to individuals of all ages, particularly children and 
adolescents.

2.	 It has lately found standard practice in many 
therapeutic specialties, such as neurology, orthopedics, and 
gerontology, to use exoskeletons to assist patients directly 
as they work toward recovery.

3.	 There is no question that, over time, technology 
will continue to evolve and advance and become connected 
with many other electronic health systems and gadgets.  
Physiotherapists will have more possibilities to be/become 
involved in the design and evolution of exoskeletons for 
application in the rehabilitation process as an outcome of 
this development.

4.	 Telemedicine enables doctors and other medical 
professionals to devise individualized patient treatment 
plans more swiftly.

5.	 Mobile health applications allow patients to take 
control of their care and enhance the quality of their 
experience.

Fig. 1 – New approaches to knee rehabilitation.
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The autobiographical book published by Emil Pîrțoc last 
year was well received by the sports community of Cluj. 
Emil Pîrțoc is an intelligent, ambitious and resilient man, as 
both author and persona of the book, but mainly as in day-to-
day life as the mayor of the commune of Iclod, Cluj County. 
A former rugby player, referee, graduate of the Faculty of 
Physical Education, president of the Central Committee of 
Referees of the Romanian Rugby Federation, his life has 
been marked by the passion for rugby.

With great talent, humor and sincerity, the author 
describes important moments in his life, times when he 
was at crossroads, people who influenced his career and 
destiny. Young Emil Pîrțoc left his native village Iclod to 
study at the Railway Industrial School, where he had the 
unique and extraordinary chance (in his words) to meet the 
School Director, Professor Engineer Mircea Rusu, a legend 
of Romanian rugby, 23 times component of the Romanian 
National Rugby team. He was the man who forged his 
character and oriented him to this sport, which became his 
passion and “chance to succeed in life”.

The story is a praise for this wonderful, manly sport, a 
team game that confers confidence and teaches one that there 
is no victory without a joint effort, without the force of the 
whole team. The passion for rugby, friendship and people 
encountered while he was a player, then a referee, was the 
spur and a guarantee for the decisions made. Emil Pîrțoc 
proves real qualities of a story teller and journalist when 

he recalls the period when he was President of the Central 
College of Referees in the Rugby Federation, happening, 
meetings and discussions with important personalities of 
national and international rugby. The love of rugby, the 
chance to be both player and referee, the understanding 
of the rules meant to guard against hazards, accidents that 
might harm players brought him wide appreciation. The 
postface of the book includes brief tributes to the Man, Chief 
Referee and Mayor Emil Pîrțoc. Here are just three of the 
more than 50:

-	  “When you get tired of politics, come back to 
refereeing, we need you so much” - Patrick Robin, manager 
of the referees, Amateur Rugby International Federation 
(ARIF) and Rugby Europe.

-	 “I am glad to have had the chance to meet, learn from 
each other, and I am sure we forged a lifelong friendship” - 
Donald Courtney, Referee Manager EPCR Dublin.

-	 “Besides rugby, he had the honor to be elected mayor 
of his home town, a wonderful confirmation for the man and 
leader. People know they are lucky to have such a man in 
their midst” - David Mc Hugh – referee manager Georgia 
Federation.

I truly enjoyed the last chapter of the book, “A change of 
destiny”, in which he makes a confession of faith.  Returned 
from Dublin, after a meeting of the chief referees in Europe 
(2012), he pays a short visit to Iclod and sadly realizes the 
differences in infrastructure and living conditions compared 
to Ireland. As he confesses, he had the revelation of his duty 
“to give something back to my home town, something from 
my experience, from what I learnt through my efforts, from 
the people I met during the 35 years I was gone”. Encouraged 
by his wife, he decided to give up his sports functions and 
embrace public administration, as a candidate for mayor. 
Due to his outgoing, sincere nature, a gift of public speech, 
he won over the community, people being convinced that 
their Emil would not betray their expectations. The Mayor 
Emil Pîrțoc, now at his third mandate, surpassed himself, 
transforming Iclod into a modern commune with paved 
streets, school, cultural center, water supply, sewage system. 
His passion for sports and rugby materialized as a modern 
stadium, with stands and changing rooms, adequate for any 
competition. In the end of the book, he makes a confession 
from the heart: “It doesn’t matter who stands in front of 
you, what matters is who stands beside you”, which reflects 
what rugby truly represents, “a sport of ruffians practiced 
by gentlemen”, as Pierre de Coubertin said, himself a rugby 
player, meaning that what happens in rugby also happens 
in life.

Dan Drăghiciu
draghiciu.dan@yahoo.com
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Annual meeting of veteran athletes of the „U” Cluj Club (27)

Copyright © 2010 by “Iuliu Hațieganu” University of Medicine and Pharmacy Publishing

The meeting of the veteran athletes of Cluj took place 
on September 2, 2023, at the athletics oval of the Iuliu 
Hațieganu Sports Park. Following the tradition, the former 
athletes of the “Universitatea” Sports Club gathered in 
front of the monument raised in the memory of the two 
giants of Cluj athletics, dr. Ion Arnăut și Ion Moina. During 
these meetings the participants share their memories and 
thoughts about the times when they were young, training 
and playing on the running course and grounds of the 
stadium. These are occasions that take us back in time, 
remembering sporting events and adventures with great joy, 
warming the hearts of everyone, even the most introvert. 
The meeting of this year (2023) was attended by 10-11 
veterans, the same number as last year. Most of them are 
60-65 years old, some of them older, like Vasile Bogdan, 
the multiple decathlon national champion, born in 1950. 
Another veteran participant this year was the coach Prof. 
Dumitru Oltean, who will be 90 years old in January 2024. 

All of us, Draga Crișan-Comșa (high jump), Ioana 
Dobrău-Ciupeiu (sprint), Mariana Sîmplăcean-Nedelcu 
(fences), Agepsina Rusu (shot put), Mioara Cornea-Bodea 
(sprint), Maria Marta (jump), Dumi Oltean (coach) and 
Vasile Bogdan (decathlon), enjoyed a wonderful meeting, 
forgetting all our age differences, with Dumi being 89, 
while Ioana much younger.

In fact, this is what sports does, it brings people together, 
they run together, some lose, others win, but they forget 
failures and mistakes, gaining in exchange an everlasting 
friendship.

You won? Continue! You lost? Continue! (Pierre de 
Coubertin)

Traian Bocu
traian_bocu@yahoo.com

Vasile Bogdan
bogdanvasi.vb@gmail.com
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Some of the veterans who participated in the meeting, 
from left to right: Draga Comșa-Crișan, Ioana Ciupeiu-
Dobrău, Vasile Bogdan, Mariana Nedelcu-Simplăcean, 
Maria Marta, Agepsina Rusu, Mioara Cornea-Bodea.

This year we also met coach Prof. Dumitru Oltean (third from the right), 
who will be 90 years old next January.
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The subject of the journal 
The journal has a multidisciplinary nature oriented toward biomedical, health, exercise, social sciences fields, applyable in 

activities of physical training and sport, so that the dealt subjects and the authors belong to several disciplines in these fields. The 
main rubrics are: “Original studies” and “Reviews”.

The Journal is aimed at adapting the profile of the journal to scientific contemporaneity in the field of medical and pharmaceutical 
sciences and interdisciplinary integration with health, physical activity and biopsychosocial rehabilitation.

The journal will have the same contents: editorials, original articles, review articles, case reports, recent publications, events. 
The journal is open for publication to all members of the national and international scientific community and offers the possibility 
to promote young people involved in research, along with top researchers in the above mentioned fields.

Regarding “Reviews” the main subjects that are presented are: oxidative stress in physical effort; mental training; psycho-
neuroendocrinology of sport effort; physical culture in the practice of the family doctor; extreme sports and risks; emotional 
determinatives of performance; the recovery of patients with spinal column disorders; stress syndromes and psychosomatics; 
olympic education, legal aspects of sport; physical fitness/exercise in the elderly; psychomotricity disorders; high altitude sportive 
training; fitness; biomechanics of movements; EUROFIT tests and other evaluation methods of physical fitness; adverse reactions 
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education; methodology in sport gymnastics; the selection of performance sportsmen.
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The authors of the two rubrics are doctors, professors and educators, from universities and preuniversity education, trai¬ners, 
scientific researchers etc.

Other rubrics of the journal are: the editorial, editorial news, reviews of the latest books in the field and others that are presented 
rarely (inventions and innovations, universitaria, preuniversitaria, forum, memories, competition calendar, portraits, scientific 
events).

We highlight the rubric “The memory of the photographic eye”, where photos, some very rare, of sportsmen in the past and 
present are presented.

Articles signed by authors from the Republic of Moldova regarding the organization of sport education, variability of the cardiac 
rhythm, the stages of effort adaptability and articles by some authors from France, Portugal, Canada must also be mentioned.

The main objective of the journal is highlighting the results of research activities as well as the permanent and actual dissemination 
of information for specialists in the field. The journal assumes an important role regarding the achievement of necessary scores of 
the teaching staff in the university and pre university education as well as of doctors in the medical network (by recognizing the 
journal by the Romanian College of Physicians), regarding didactic and professional promotion.

Another merit of the journal is the obligatory publication of the table of contents and an English summary for all articles. 
Frequently articles are published in extenso in a language with international circulation (English, French).

All the content of the journal is available immediately upon publication and is Open Access.
The Editorial Board of the Health, Sports & Rehabilitation Medicine journal informs its collaborators and readers that access 

to the journal is open and free. The journal does not have article processing or submission charges.
The journal is published quarterly and the works are accepted for publication in English language. The paper is sent by e-mail 

at the address of the editorial staff. The works of contributors that are resident abroad and of Romanian authors must be mailed to 
the Editorial staff at the following address: 

Health, Sports & Rehabilitation Medicine
Chief Editor: Prof. dr. Traian Bocu
Contact address: hesrehab@gmail.com or traian_bocu@yahoo.com
Mail address: Clinicilor street no. 1 postal code 400006, Cluj-Napoca, România
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Objectives 
Our intention is that the journal continues to be a route to highlight the research results of its contributors, especially by 

stimulating their participation in project competitions. Articles that are published in this journal are considered as part of the process 
of promotion in one’s university career (accreditation that is obtained after consultation with the National Council for Attestation 
of Universitary Titles and Diplomas).

We also intend to encourage the publication of studies and research, that include original relevant elements especially from 
young people. All articles must bring a minimum of personal contribution (theoretical or practical), that will be highlighted in the 
article.

In the future we propose to accomplish criteria that would allow the promotion of the journal to superior levels according 
international recognition. 

THE STRUCTURE AND SUBMISSION OF ARTICLES 
The manuscript must be prepared according to the stipulations of the International Committee of Medical Journal Editors 
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The number of words for the electronic format:
– 4000 words for original articles;
– 2000 words for case studies;
– 5000-6000 words for review articles.
Format of the page: edited in WORD format, A4. Printed pages of the article will be numbered successively from 1 to the 

final page.
Font: Times New Roman, size 11 pt.; it should be edited on a full page, with diacritical marks, double spaced, respecting equal 
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Illustrations:
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with SPSS or EXCEL  programs, and sent as distinct files: „figure 1.tif”, „figure 2. jpg”, and at the editors demanding in original 
also. Every graphic should have a legend, written under the image.

The tables should be numbered consecutively in the text, with roman numbers, and sent as distinct files, accompanied by a 
legend that will be put above the table. 

PREPARATION OF THE ARTICLES 

1. Title page: includes the title of article (maximum 45 characters), the name of authors followed by surname, work place, 
mail address of the institute and mail adress and e-mail address of the first author. It will follow the name of article in the English 
language. 

2. Abstract: For original articles a summary structured like this is necessary: (Background, Aims, Methods, Results, 
Conclusions), of maximum 250 words, followed by 3-8 key words (if is possible from the list of established terms). All articles 
will have a summary in the English language. Within the summary (abstract) abbreviations, footnotes or bibliographic references 
should not be used. 

Background, Aims. Description of the importance of the study and explanation of premises and research objectives.
Methods. Include the following aspects of the study: Description of the basic category of the study: of orientation and applicative. 

Localization and the period of study. Description and size of groups, sex (gender), age and other socio-demographic variables 
should be given. Methods and instruments of investigation that are used.

Results. The descriptive and inferential statistical data (with specification of the used statistical tests): the differences between 
the initial and the final measurement, for the investigated parameters, the significance of correlation coefficients are necessary. The 
specification of the level of significance (the value p or the dimension of effect d) and the type of the used statistical test etc are 
obligatory.

Conclusions. Conclusions that have a direct link with the presented study should be given.
Orientation articles and case studies should have an unstructured summary (without respecting the structure of experimental 

articles) to a limit of 150 words. 
3. Text 
Original articles should include the following chapters which will not be identical with the summary titles: Introduction 

(General considerations), Hypothesis, Materials and methods (including ethical and statistical informations), Results, Discussions 
results, Conclusions and suggestions. The conclusions should be formulated briefly, without comments extracted from the research, 
and numbered. Other type of articles, as orientation articles, case studies, Editorials, do not have an obligatory format. Excessive 
abbreviations are not recommended. The first abbreviation in the text is represented first in extenso, having its abbreviation in 
parenthesis, and thereafter the short form should be used.

Authors must undertake the responsibility for the correctness of published materials. 
4. References 
The references should include the following data:
For articles from journals or other periodical publications the international Vancouver Reference Style should be used: the name 

of all authors as initials and the surname, the year of publication, the title of the article in its original language, the title of the journal 
in its international abbreviation (italic characters), number of volume, pages.

Articles: Pop M, Albu VR, Vişan D et al. Probleme de pedagogie în sport. Educaţie Fizică şi Sport 2000; 25(4):2-8.
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Starting with issue 4/2010, every article should include a minimum of 15 bibliographic references and a maximum of 100, 

mostly journals articles published in the last 10 years. Only a limited number of references (1-3) older than 10 years will be allowed. 
At least 20% of the cited resources should be from recent international literature (not older than 10 years). 

Peer-review process 
In the final stage all materials will be closely reviewed by at least two competent referees in the field (Professors, and Docent 

doctors) so as to correspond in content and form with the requirements of an international journal. After this stage, the materials will 
be sent to the journal’s referees, according to their profiles. After receiving the observations from the referees, the editorial staff shall 
inform the authors of necessary corrections and the publishing requirements of the journal. This process (from receiving the article 
to transmitting the observations) should last about 4 weeks. The author will be informed if the article was accepted for publication 
or not. If it is accepted, the period of correction by the author will follow in order to correspond to the publishing requirements.
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