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ORIGINAL STUDIES

Regression of food plans quality in Romanian nurseries
under the influence of the SARS-CoV-2 pandemic
Adelina Agavriloaei, Roxana Maria Martin-Hadmaș, Monica Tarcea
Community Nutrition and Food Safety Department, “George Emil Palade” University of Medicine,
Pharmacy, Science, and Technology of Targu Mures, Romania
Abstract
Background. The pandemic brought a major global change. The rules imposed worldwide forced the education system to
step into unknown and unexplored territory without preparing or leaving time for adaptation.
Aims. The purpose of this paper was to analyze the quality of the nurseries’ menus under the influence of the SARS-CoV-2
pandemic.
Methods. A cross-sectional study was conducted over 3 consecutive years, respectively between 2019 and 2021. Food
ingestion was calculated using the national recommendation for food ratio by transforming all complex food products into
simple equivalents.
Results. There was an increase in the amount used in some perishable foods such as meat and derived from meat, milk
and dairy products, or eggs. At the same time, a small decrease in sweeteners was observed, but the values were still high
compared to international or national needs. In the fat category, the values for all 3 years did not show such a large discrepancy
from the legislative values.
Conclusions. Although the pandemic caused disorganization, there were a few positive aspectsand since 2020 the
percentage of foods not recommended for preschoolers such as high-sugar and high-fat foods has started to decrease; however,
dairy products are still insufficiently procured and consumed.
Keywords: nursery, pandemic, nutrition, menu.

Introduction

Material and method

The pandemic has brought a major global change.
Every area has been faced with the problem of having to
stop working, change the principles or modify the usual
activity.
The rules imposed on the globe forced the education
system to step into unknown and unexplored territory in a
short time without preparing or leaving time for adaptation
for both educators and students. The vast majority of
teaching activity moved to an online system, with distance
learning becoming a new educational context. During this
period, digitized methods were adopted by the Ministry
of Education, which put teachers, pupils, and parents
in difficulty. The family played a very important role in
this complex process, often becoming a transmitter of
information between the teacher and the child (Flugelman
et al., 2021; Goudeau et al., 2021)
The purpose of this paper was to analyze the quality
of the nurseries’ menus under the influence of the SARSCoV-2 pandemic.

Research protocol
A cross-sectional study was conducted over 3 consecutive
years, respectively between 2019 and 2021. The year 2020
represents the SARS-CoV-2 quarantine year.
a) Period and place of the research
The study was carried out at an educational and care
institution (nursery) from Vatra-Dornei, Suceava county,
Romania. The chosen period consists of 14 consecutive
days from the same period of each year (January).
b) Subjects and groups
The study group consists of a wide range of children
from the chosen nursery with a minimum age of 3 months
and a maximum age of 3 years. The community is divided
into 2 groups: the small group included children aged
between 3 and 12 months; the large group consists of
children aged between 1 and 3 years.
The virus infection greatly influenced both the number
of children present and the amount of products purchased
by the nursery, therefore the number of subjects was
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variable throughout each year.
c) Applied tests
The analysis used information from the menu archive
provided by the nursery, where the amount of food provided
to children each day was specified. Food ingestion was
calculated using the national recommendation for food
ratio by transforming all complex food products into
simple equivalents. After the transformation, all data were
recorded in 12 major food groups: meat, fruits, vegetables,
total fats, oils, animal fats, eggs, fish, grains, sweeteners,
and beans. The obtained results were compared with
national laws and with international recommendations.
d) Statistical processing
The data were analyzed statistically using the GraphPad
Prism 7.0 software. Descriptive statistical measures used
were minimum and maximum values, means or medians,
and standard deviations.

milk and dairy products, or eggs. At the same time, a small
decrease in sweeteners can be observed, but the values
are still high compared to international or national needs
(Table II).
Table II
Difference from national recommendations for 24h (%).
Food groups
Meat and meat derivatives
Fruit
Animal fat
Total fat
Oils
Milk and dairy products
Vegetable
Eggs
Grains
Sweeteners

Results
In 2019 there was a significant difference from the
national recommendations of the Ministry of
Health for the nursery program for all food groups,
especially for: meat and meat products, animal fats, grains,
and sweeteners (Table I).
In 2020 there were much greater differences in all food
groups; in addition to the above-mentioned, specific groups
are added to the list: total fats, oils, vegetables, and eggs.
At the same time, there was a decrease in fruits, animal
fats, and sweeteners (Table I).

2019
137.29
21.68
145.20
96.53
23.53
47.24
157.48
5.24
197.93
326.78

2020
163.22
0.00
125.86
159.41
209.73
49.73
272.85
19.49
206.36
172.94

2021
148.92
27.27
148.92
121.52
80.41
61.59
60.10
28.39
194.19
127.25

There is an increase in the amount used in some
perishable foods such as meat and derived from meat,

2020
122.42
0.00
94.39
119.56
157.30
37.30
204.63
14.62
154.77
129.71

2021
111.69
20.45
111.69
91.14
60.31
46.19
45.08
21.29
145.64
95.44

From a statistical point of view, it can be observed
that none of the food groups complies with the legislative
percentage of 75% of the daily national and international
needs for the nursery programs (Table III).
Table III
Difference from international recommendations
for nursery program (%).
Food groups
Meat and meat derivatives
Fruits
Animal fats
Total fats
Oils
Milk and dairy products
Vegetables
Beans
Eggs
Fish
Grains
Sweeteners

Table I
Differences from national recommendations
for the nursery program (%).
Food groups
Meat and meat products
Fruits
Animal fats
Total fats
Oils
Milk and dairy products
Vegetable
Eggs
Grains
Sweeteners

2019
102.97
16.26
108.90
72.40
17.65
35.43
118.11
3.93
148.45
245.09

2019
274.58
12.39
128.12
75.42
15.69
67.49
165.36
54.00
15.71
23.64
304.52
1143.73

2020
326.45
0.00
111.05
124.54
139.82
71.05
286.49
4.54
58.47
19.98
317.47
605.29

2021
297.85
15.58
131.40
94.94
53.61
87.99
63.11
48.87
85.16
0.00
298.76
445.37

We noticed that since the start of the pandemic, the
institution has not operated at its maximum capacity (35
children) due to the pandemic, imposing a limited number
of children because of social distancing (maximum 15
children). During this period, no one could predict how
many children will be present the next day.

Fig. 1 – Comparative graphical representation with internationally and nationally recommended values for vegetables and fruits.
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Fig. 2 – Comparative graphical representation with internationally and nationally recommended values for sweeteners.

Fig. 3 – Comparative graphical representation with internationally and nationally recommended values for grains.

The category of food that was closest to both
international and national legislative recommendations
was vegetables in 2019. At the opposite pole, we have
fruits in 2020 (Fig. 1).
In the fat category, the values for all 3 years analyzed
do not show such a large discrepancy with the legislative
values. Thus, in 2020, vegetable fats (oils) reached
the value of 15,73 grams, reaching the value of the
international requirement of 15 grams. Also in this year,
the value of 29,88 grams of total fat was very close to the
value of 32 grams for international recommendations.
Animal fat values for all 3 years analyzed were very close
to international (17 grams butter equivalent) and national
(15 grams butter equivalent) recommendations.
Sugar and sugary products have changed significantly
from 2019 to 2021, managing to reduce as much as
possible high-sugar foods that are not recommended for
preschoolers (e.g. candy, cakes) (Fig. 2).
Cereal products are another specific food group that
has far exceeded legislative requirements, reaching the
maximum value recorded in this analysis in 2020 (Fig. 3).

Discussion
The increase in perishable food consumption may be
due to the very fluctuating number of children present
daily and because all purchases are made in advance. Thus,
during the pandemic period, to ensure a proper supply
for the number of children enrolled, food needs were
overestimated, so perishable food purchased for a large
number of children was redistributed to a smaller number
of children.
National scientific papers have often analyzed
nutritional imbalances in preschool collectives, resulting

in similar situations as in this study: high consumption
of sugary and meat products; low consumption of dairy
and derivatives (Hadmaș et al., 2017). At the same time,
it turned out that the intervention of a qualified nutrition
specialist is very important for the quality of menus in
preschool care institutions (Hadmaș et al., 2018).
In international scientific projects food equivalents
have often been used to group food consumption into food
categories, thus managing to identify more easily which
categories are predominantly used or ingested (Shanthy &
Linda, 2022; Carrie et al., 2021), principle used also in this
study. This evaluation does not include a qualitative analysis
of food products, including only the amount of products
used. In future studies, we recommend a combination of
this type of menu evaluation with a qualitative investigation
and a caloric/macronutrient estimation.
A study conducted in Brazil during the coronavirus
pandemic included 589 children and 720 adolescents,
looking at the impact of the pandemic on their eating
behavior. This study found that home isolation led them to
eat more vegetables, dried legumes, and fruits (Teixeira et
al., 2021). Another study in Norway surveyed the parents
of 144 one-year-old children wanting to reduce food
neophobia, promote and encourage the consumption of
vegetables in institutions, but did not detect any effect on
food neophobia (Blomkvist et al., 2021).
In a nursery in Poland, the analysis resulted in a low fat
intake compared to the current study where statistical values
are close to the legislative recommendations, except in 2020
when they were below international recommendations
(Trafalska, 2014). Thus, it is recommended that the menus
in institutions be lower in fat, but higher in fiber (Crepinsek
et al., 2009).
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A population-based sectional study of children
from kindergartens in Guaratuba, which assessed the
consumption of food groups among children aged 6 to 23
months in daycare centers and at home, turned out that
children had a higher consumption of dairy at home than in
daycares, where their diet was more qualitative (Siqueira
et al., 2022).
Weight deficit and weight excess in children represent
one of Romania’s important problems (Pop et al., 2021).
According to our study, one of the involved factors is
the menu from the nursery, completed by the quality of
the menus from kindergartens, schools, and/or home
meals. One of the possible solutions includes nutritional
education for the staff implied in meal planning (Harton &
Myszkowska-Ryciak, 2021), nutritional national policies
(Wolfenden et al., 2020) and various nutrition education
programs for children (Myszkowska-Ryciak & Harton,
2019).

Conclusions
1. The pandemic has affected the number of children
present in the institution, with fluctuations in both the
number of children present daily and the need for raw
materials.
2. Although the pandemic has caused disorganization
in the nursery, a few positive aspects have also resulted,
and since 2020 the percentage of foods not recommended
for preschoolers such as high-sugar and high-fat foods has
started to decrease.
3. Dairy products are insufficiently procured and
consumed in the institution, the statistical values being
very low compared to the values recommended by national
and international data. Meat and meat products have values
close to the legislative data, but it is unknown whether they
are qualitative or not.
Conflict of interests
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The importance of nutrition care platforms for Romanian
dietitians’ practice
George Vrapcea, Monica Tarcea
Community Nutrition and Food Safety Department, “George Emil Palade” University of Medicine,
Pharmacy, Science, and Technology of Targu Mures, Romania
Abstract
Background. It is essential for dietitians to have a program or software that they can connect to, and easily access data for
proper assessment of nutritional status and food composition.
Aims. Our objective was to design a digital platform for nutritional intervention (named “Nutrition ARTS”) to facilitate
the nutritional care process and pinpoint the benefits it may bring to dietitians.
Methods. The platform has been made available on both desktop or phone, and a total of 58 undergraduate and graduate
students from the university of Targu Mures (GEP UMPhST) were granted access to use all its features. As a research method,
an online survey was distributed to the users through email (also made directly available from the platform).
Results. The platform’s features mentioned in the questionnaire were considered helpful. All the respondents stated that
they intend to use Nutrition ARTS in their professional practice and would be likely to suggest it to other colleagues.
Conclusions. Romanian dietitians have shown a significant level of interest in digital practice, and it is vital that they have
access to a platform with as many facilities as possible to help them with their work and improve professional performance.
Keywords: nutrition platform, meal planner, food database, digitalization.

Introduction
In some countries, appropriate and effective use of
technology in daily practice is a key competency and it is
outlined in dietetics training standards (Rollo et al., 2017).
Mobile Health (mHealth) is a new and rapidly growing
area of e Health, which involves applications and mobile
devices. The total number of health apps is increasing
quickly, with a 284% growth since 2013. More than 25%
of the 100,000 mHealth applications include some sort of
weight management components (meal planner, dietary
recall analyzer, weight tracking etc.). Unfortunately, the
effectiveness for controlling body weight has not been
extensively researched.
Both the European Commission and the Food and
Drug Administration (in the United States) have published
guidelines on mHealth apps in view of the rising interest
in the mHealth industry. However, neither guideline offers
any standards for the quality of app content (Nikolaou et
al., 2017). Even though many meal planning apps try to
embrace the idea of customized nutrition, these current
solutions are still in the early stages in terms of evidencebased content, partly because there is a shortage of
integrated nutrition information (Garcia et al., 2021).

However, the benefits of using an online platform or app
are remarkable, including the reduction of time required to
create a personalized meal plan, the elimination of manual
calculations and increased precision using automatically
executed formulas, improved patient communication
outside of consultations, effective patient data collection
and use of data to enhance real-time nutritional intervention.
Considering the need for digitalization, it is essential for
Dietitians to have a program or software that they can
connect to and easily access data for proper assessment of
nutritional status and food composition (Nicolae, 2017).
Our objective was to design a digital platform for
nutritional intervention (named “Nutrition ARTS”) to
facilitate the nutritional care process and pinpoint the
benefits it may bring to the Romanian Dietitians.

Material and method
Research protocol
All participants were involved based on the voluntary
consent given before to the creation of the accounts.
Throughout the research, data privacy was preserved.
a) Period and place of the research
The research method used was an online survey
(created in Google Forms), which was distributed to the
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users through email (also made directly available from the
platform). Data collection started in February 2022 and
ended in May 2022.
b) Subjects and groups
A total of 58 undergraduate and graduate students
(attending Bachelor’s Degree in Nutrition and Dietetics or
Master’s Degree in Clinical and Community Nutrition) from
the George Emil Palade University of Medicine, Pharmacy,
Science and Technology of Targu Mures were granted access
to use all platform features.
c) Applied tests
The questionnaire was divided into three sections:
user information, digital competence, and Nutrition ARTS
related questions. 23 open-ended or closed-ended questions
with single or multiple choice were prepared. First, we
collected information on the respondents’ demographics
and the educational activities they are currently or have
previously participated in. Data on openness to technology
and the usage of platforms for dietitian activity was supplied
by the second set of questions. The third set of questions
centered on how the Nutrition ARTS platform was utilized,
the features that were useful, the level of appreciation, the
challenges experienced, and suggestions for upcoming
enhancements.
d) Statistical processing
Using the “Summary” function of Google Forms, the
data collected was organized and represented graphically.
Development of the online platform
The “Nutrition ARTS” platform’s initial development
began in the summer of 2021. The main technologies applied
were back-end (PHP, MySQL) and front-end (HTML,
CSS, JavaScript) programming languages. Using Google
Translate and making the required corrections, the Food
and Nutrient Database for Dietary Studies 2017-2018 was
completely translated into Romanian language, before being
transferred to a MySQL database. It was made available on
both the desktop and the phone.
Calculations were made easier using standardized
formulas, the method for estimating basal metabolic rate
(BMR) was the Harris Benedict equation. The BMR is
multiplied by the physical activity index to obtain the
estimated energy requirement. Body mass index (BMI) is
calculated using the following well-known formula: Weight
(kg) / Height (m)2.
Several sets of questions upon lifestyle, general health,
medical history, eating habits and associated diseases were
used to create online patient medical records. Basic data such
as age, sex, or height (from the medical history) are used for
the calculations available in the nutrition fact sheets.
In the nutritional forms (intended to be filled after each
session with the patient) the estimated energy requirement is
calculated using the values for weight and physical activity
index entered at this point. In addition, using the values
obtained from a body fat scale, the interpretation of body
composition is provided (such as: body fat, visceral fat,
water mass, bone mass and muscle mass). Using a JavaScript
library (Chart.js), data entered can be observed graphically.
In the nutritional intervention sheets, the macronutrients
needs are calculated according to the estimated energy
requirement. During the development of the meal plans,
the information entered at the last nutritional intervention

sheet can be followed or modified. Recommended dietary
allowances and tolerable upper intake levels of other
nutrients (fiber, saturated fatty acids, monounsaturated fatty
acids, polyunsaturated fatty acids, cholesterol, Vitamins A,
B1, B2, B3, B6, B9, B12, C, D, E, K, Choline, Calcium,
Phosphorus, Magnesium, Iron, Zinc, Copper, Selenium,
Potassium, Sodium and water are also tracked according
to the values suggested by the NIH (National Institutes of
Health), depending on age and gender.
The search for foods in the database can be made by
using keywords, selecting a category, or sorting in ascending
or descending order by certain nutrients. In addition, new
recipes, or foods (not found in the database) can be created
and added.
Besides all the features implemented for patients,
there are also others available for institutions (such as
kindergartens). Based on the weekly food inventory and the
number of children present each day, nutritional analyses
can be performed in accordance with the legislative
recommendations for calories, protein, carbohydrates,
lipids, calcium, phosphorus, magnesium, iron and zinc.

Results
The evaluation questionnaire was completed by 48
students (Fig. 1), out of 58 users that had access to Nutrition
ARTS, their ages ranging between 20 and 60 years (Fig. 2).
Respondents unanimously stated that they had no problems
using digital devices.
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Fig. 1 – College degree levels.

Fig. 2 – Age ranges of the respondents.
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Most of them had used the Nutrition ARTS platform
occasionally (79%), others reporting a frequent use (21%).
There was a significant relationship between the origin
of respondents and the frequency of use of the Nutrition
ARTS platform (p < 0.05) (Table I).
Table I
Relationship between the origin of respondents
and the frequency of use of the platform.
Frequency of use of the
Indicator
Nutrition
p-value
ARTS platform
Frequent
Occasional
Origin Urban
11
25
0.0442
Rural
0
12
Table II
Relationship between the understanding
on how to use the website and the high school profile.
Understanding on how
Indicator
p-value
to use the web-site
Yes
No
High
Science
school
32
2
0.0270
profile
Humanities
9
5

Most respondents believed that they were comfortable
with the use of the site (87%) and assigned it an overall
5-star rating (75%).

There is a significant relationship between the
understanding on how to use the website and the high
school profile of the respondents (p < 0.05) (Table II).
All the features of the platform mentioned in the
questionnaire (Fig. 3) were considered helpful, the most
useful in the opinion of the respondents being the patient
records (95.8%) and the meal planner (87.5%).
Regarding the development potential of the platform, the
most important new function that should be implemented
were considered to be the separate saving of meal plans, in
order to be used on other patients (79.2%), followed by the
food suggestions during meal planning (58.3%).
About the patient records (specific to certain diseases)
that should be implemented, most of the respondents
considered necessary to add records for obesity (79.2%),
besides other conditions (in descending order of demand:
cardiovascular disease, food allergies, autoimmune
diseases, high blood pressure, food intolerance,
dyslipidemia, cancer, postoperative complications, gastric
and thyroid diseases).
The simplicity of calculating caloric requirements
(91.7%) and speeding up the creation of a meal plan are
two of the most significant advantages observed by the
users (83.3%) (Fig. 4).
All of the respondents have stated that they intend to
use Nutrition ARTS in their professional practice and they
would be likely to suggest it to other Dietitians.

Fig. 3 – Most useful features of Nutrition ARTS.

Fig. 4 - Advantages observed after using the platform.
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Discussion
Limitations: We had a small sample, but we want
to extend this pilot study, after platform improving.
Unfortunately, the number of those who completed the
evaluation questionnaire (48 people) was lower than the
total number of users (58), some possible causes being the
insufficient promotion of the evaluation questionnaire or
the low number of practicing dietitians (most respondents
were undergraduate students).
Similar studies on this topic (the advantages of using
a nutritional care platform) have been conducted by other
authors. In 2017 a study wanted to examine the benefits
of the Nutritio platform in the work of Nutritionists /
Dietitians. It was stated that there were advantages to
utilize automatic calculations instead of manual ones,
such as lowering the time needed to create a personalized
meal plan and improving accuracy. It was concluded that
software is necessary for Dietitians to easily obtain precise
information on determining nutritional status and food
composition (Nicolae, 2017).
A 2016 study was conducted to evaluate the
MyFitnessPal application for analyzing diets in comparison
to a reference method. The food diaries were completed by
a group of 16 volunteers. The application MyFitnessPal
has a lot of potential, but further research with a larger
selection of participants is required to see whether it can
be used as a tool for nutritional assessment (Al-Hassan,
2016).
In many studies, collected dietary data from food
survey was analyzed in macro- and micronutrients using
nutritional analysis applications, one example being the
Nutritionist Pro software (Tsirimiagkou et al., 2021; Shatila
et al., 2021; Kotsis et al., 2018).
Technology is advancing and new approaches to
dietary assessment have been made possible by recent
developments in the smartphone app industry. Users can
take images of their meals and an application (called Meal
Snap) will calculate the approximative number of calories.
According to a research, Meal Snap and Nutritionist
Pro software, version 4.4.0 indicated similar amounts of
calories (Keeney et al., 2016).
However, most nutrition apps frequently require
manual entry of food items, for example, by asking
users to enter foods and estimated portion sizes using a
sophisticated food database. Numerous users of nutrition
apps reported having trouble entering data, such as issues
finding the right foods in the database, entering the right
portion amounts, or correctly identifying foods, because
of the many alternatives. The European Union eHealth
Action Plan 2012-2020 seeks to improve the efficacy,
usability, and acceptance of web-based health promotion,
including nutrition applications, with the hope that this will
ultimately lead to the achievement of significant health
outcomes (König et al., 2021).
Nowadays, gamification is a common feature of healthrelated mobile apps in an effort to use the motivational
power of games in order to boost user engagement or
promote specific health habits (Schmidt-Kraepelin et al.,
2020). According to study results, using diet or nutrition
apps can lead to changes in eating habits. Therefore, apps

pertaining to food and nutrition that emphasize enhancing
motivation, desire, education, and self-improvement may
be especially helpful. Gamification components or other
similar approaches may be helpful to keep users motivated
and eager to persist in their weight loss attempts. Creators
should think about including relevant theoretical elements
for health behavior modification into the newly created
mobile apps as the number of diet and nutrition related
apps keeps rising (West et al., 2017). Every year, the app
store’s “Health & Wellbeing” category receives over 200
new additions. Regarding their content, diet apps can be
labeled as “fitness and health” or “medical” apps. Apps
like EateryApp, MyFitnessPal, MyMeal-Mate or FatSecret
look promising and can be utilized as supportive aids in
nutritional therapy because they have features like “calorie
counting” and recording meal diaries. However, some
of these apps have significant limitations, such as the
incorporation of inaccurate data and unresolved data safety
issues (both users and manufacturers have significant
challenges when it comes to data protection.). There are
now hardly any set standards for app certification and
review. Since many nutrition applications lack information
regarding data sources and providers, for example,
it is necessary to critically evaluate their authenticity
(Holzmann et al., 2017).
The Eat and Track smartphone app is a new tool for
gathering information on nutritional consumption that was
specially created by a research team. With a specific focus
on the nutrients of relevance while frequently eating out,
namely sugars, saturated fat, and sodium, the Eat and Track
smartphone application is a reliable technique to gather
group nutritional density intake data (Wellard-Cole et al.,
2019).
Another online tool for measuring nutrition and
biometrics called CRON-O-Meter provides information on
more than 60 nutrients and has databases with more than
7500 food items. Within a study, researchers looked at the
nutritional profiles of three different diets and examined
how well they met the Dietary Reference Intakes for
micronutrients. Using the online nutrient tracker CRONO-Meter, 20 micronutrients were evaluated. Authors
concluded that, in order to lower the danger of micronutrient
deficiency, special consideration must be given to foods
high in micronutrients (Engel et al., 2018).
For nutritional intervention in Chron’s disease, in
2019, the ModuLife software, developed in collaboration
with Nestle, was made accessible worldwide. Its primary
goal was to train specialists and spread awareness of the
approach among patients. The patient application has
a recipe/meal database and is highly helpful for daily
diet planning. The medical personnel can encourage the
patients to register to this application, at which point
they can access up to 150 savory and sweet dishes for the
various phases as well as a variety of dietary advice and
lifestyle suggestions (Matuszczyk et al., 2021; HerradorLópez et al. 2020).
For nutritional monitoring and evaluation at a
national or international level, standardized procedures
and internationally recognized indicators are crucial
components. High rates of malnutrition (with a focus on
micronutrient deficiencies), overweight, obesity, and non-
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communicable diseases linked to diet are among the main
public health issues in Europe. Supporting nutritional
surveillance, monitoring, evaluation, and research
initiatives is one of the goals of the WHO European Food
and Nutrition Action Plan. In addition to strengthening and
expanding their nationally representative diet and nutrition
surveys, Member States should prioritize creating national
food composition databases. It should be emphasized that
Member States must have access to the right software
and resources when developing healthy food policies and
action plans to promote nutrition. There is a general lack of
standardized and harmonized food and nutrition techniques
for dietary assessment that follows nutritional guidelines
and data on food composition and intake.
Diet Assess & Plan is a sophisticated nutritional
assessment program, based on computerized versions
of common food intake surveys. This software can also
collect data on general and pre-screening information about
patients, anthropometric and biochemical parameters,
blood pressure readings, supplement intake, and physical
activity. Also, it enables users to perform extensive
computations by merging data from external databases
and nutrient recommendation sources. It makes dietary
planning, food labeling, and detailed evaluation of dietary
consumption possible at the individual or demographic
group levels. This program includes an electronic version
of the Serbian Food Atlas (a book that is used to estimate
food portions and includes photographs of various
portions), it can be used when planning different diets on
a personal level, where anthropometric and other personal
criteria are taken into account while establishing a unique
nutritional plan for a specific period. With regard to specific
daily recommended intakes for population groups such as
those living in elderly homes, hospital catering, elementary
schools etc. it is feasible to determine the nutritional values
of the complete meal or entire menus, for one day or a
longer period of time. Because nutrition and exercising
are closely related, the International Physical Activity
Questionnaire was included into this software. The price
of the scheduled and prepared meals as well as the precise
amount of food required for preparation can be calculated
using this tool. Based on the meals and menus scheduled
for one month, as well as the food options in the public
sector institutions, the purchase of foods can be applied
effectively and controlled (Gurinović et al., 2018).
The large variety of platforms that dietitians use offer a
sizeable portion of the tools required for their professional
activity, but there are some features needed by the
Romanian dietitians which are only available at the newly
developed online platform Nutrition ARTS. Some of the
online application’s innovative features that set it apart from
similar ones include patient records (with vast nutritional
and medical information), micronutrient tracking according
to the Dietary Reference Intakes, nutritional analyzes for
institutions (performed in accordance with the legislative
recommendations for calories, protein, carbohydrates,
lipids, calcium, phosphorus, magnesium, iron and zinc).

Conclusions
1. Dietitians have shown a significant level of interest
in digital practice, and it is vital for them to have access to

a platform with as many facilities as possible to help them
with their work and improve professional performance.
2. The use of the Nutrition ARTS platform showed a
significant positive impact on its users.
3. For further research, it would be favorable to carry
out a similar study on a larger sample of people, involving
Registered Dietitians practitioners, and to develop the
interaction with practitioners and Romanian TeleMedicine
network for nutritional education.
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Abstract
Background. Cornus mas is a plant rich in flavonoids, anthocyanins, vitamins and other important chemicals with
beneficial effects in several pathological situations such as inflammation, hyperglycemia or noxious localized processes.
Numerous studies have shown gold nanoparticles (AuNPs) to be effective drug transporters to the target tissues.
Aims. The present study evaluated the effects of Cornus mas L. extract administration, as a simple solution or as a
functionalizing agent for AuNPs, on the oxidative stress and biochemical parameters in rats with experimentally diabetes
mellitus.
Methods. Streptozocin-induced diabetes mellitus in adult Sprague Dawley female rats was performed after 8 months
of high fat diet that ensured the animal’s body weight increase (600 ± 20g). The animals were randomly allocated in
the following groups: CMC group received carboxymethylcellulose (CMC); Insulin group with Insulin administration;
Pioglitazone group received pioglitazone in CMC solution; AuNPsCM group was treated with solution of gold nanoparticles
functionalized with Cornus mas L. extract (AuNPsCM) and Cornus mas group received solution with extract of Cornus mas.
The parameters of the oxidative stress were evaluated in serum, heart and aorta wall. In addition, biochemical parameters
were investigated from the serum of all rats.
Results. Cornus mas L. extract simple solution produced significant modifications: in aorta wall decreased significantly
malondialdehyde, endothelin 1 and TNF-α; in heart homogenate decreased malondialdehyde, TNF-α and increased GSH/
GSSG ratio; in serum increased GSH/GSSG ratio and decreased C-reactive protein (CRP). AuNPsCM administration
recorded significant modifications: iNOS increases and TNF-α decreases in aorta wall; malondialdehyde, TNF-α decreases
and iNOS increases in heart homogenate; in serum, glucose, HDL and CRP decreases.
Conclusions. Cornus mas L. extract simple solution presented beneficial effects in aorta and heart tissues, decreasing
the oxidative stress and the inflammation that were generated in rats on high fat diet and experimentally induced diabetes
mellitus. AuNPsCM administration showed conflicting inflammatory effects in aorta and heart homogenates but decreased
the glucose levels in serum of rats.
Keywords: Cornus mas, oxidative stress, aorta, heart, gold nanoparticles.
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Biochemical parameters after the administration of Cornus mas L. extract
Introduction
Obesity, hypertension and diabetes mellitus is a
triad well known among the pathological mechanisms
related to human metabolism. Diabetes mellitus alters
the endothelium, diabetic nephropathy triggers the
hypertension (Leon & Maddox, 2015), while overweight
and obesity are linked to diabetes mellitus (Chobot et al.,
2018). Diabetic cardiomyopathy represents a complication
of diabetes mellitus with an increasing prevalence in
population, the heart structure and function being altered
independently of the vascular impairment, modifications
that are represented by oxidative stress and inflammation
(Ritchie & Dale Abel, 2020).
Cornus mas L. is a plant that may provide natural
compounds like vitamins, carotenoids, flavonoids or
anthocyanins with beneficial effects on metabolic and
cardiovascular diseases (Dinda et al., 2016). Cornus mas
L. extract was used as simple solution or as a natural
compound for functionalization of gold nanoparticles in
several studies that investigated its effects in numerous
pathological or physiological conditions (Popovic et al.,
2012; Soltani et al., 2015; Perde-Schrepler et al., 2016;
Lietava et al., 2019).
Among the delivery systems, gold nanoparticles
(AuNPs) were considered safe and efficient for numerous
drug transportation toward the target cells (Zugravu Pop
et al., 2020). AuNPs synthesized with natural extracts
present specific bio-distribution that is determined by
physiochemical characteristics (Tiwari et al., 2011),
being able to diffuse from the administration area and to
influence the tissues functionality (Volkov et al., 2019).
Gold nanoparticles may be cytotoxic (Bhamidipati &
Fabris, 2017) and may produce reactive oxygen species
(Jawaid et al., 2020).
The study was intended to investigate the oxidative
stress and inflammation in aorta wall and heart tissue, and
the biochemical modifications in the serum of rats with high
fat diet and diabetes mellitus, after the administration of
Cornus mas L. solution or AuNPsCM solution. As positive
controls, the authors used insulin, the only hormone
that may decrease the glucose level, and pioglitazone, a
synthetic drug from thiazolidinediones class that increases
the insulin sensitivity.

Hypothesis
The study was based on the Cornus mas L. extract
beneficial effects and started from the hypothesis that
both solution types (simple or AuNPsCM) of this natural
compound may re-establish the impaired antioxidant
capacity of the cardiovascular system that occurs in
diabetes mellitus.

Material and methods
Research protocol
a) Place, period, materials used in the research
The study took place in Physiology Department of
Iuliu Hatieganu University of Medicine and Pharmacy,
Cluj-Napoca, it was approved by the Ethics Committee
of the University (no. 158/11.03.2019) and observed the
Directive 86/609/EEC. The authors used Sprague Dawley

female rats that received for 9 months high fat diet and
during the last month of the study, diabetes mellitus was
induced and the treatment was administered: solution of
Cornus mas L. extract or gold nanoparticles functionalized
with Cornus mas L extract. Pioglitazone, insulin and
carboxymethylcellulose (CMC) were used as positive
controls.
Since the present study is a part of a much more
complex experiment during which the same solutions were
used, the preparation of gold nanoparticles functionalized
with Cornus mas L. extract (AuNPsCM) and of the Cornus
mas L. extract solution could be found in details in our
previous published research (Moldovan et al., 2022).
Carboxymethylcellulose and pioglitazone were purchased
from Merck Darmstadt, Germany and insulin retard was
bought from Cluj-Napoca drug store.
b) Subjects and groups
For the study, 35 Sprague Dawley adult female
rats were used, ages of 5-6 months, weight 300 ± 10 g.
The animals were obtained from Cantacuzino National
Medico-Military Institute for Research and Development,
Bucharest, Romania. The female rats were randomly
allocated into 5 groups (n = 7), kept at standard temperature
(21 ± 2 °C), relative humidity (55% ± 5) and fed for 9
months by gavage with standardized fat rich diet, 20g
/100gbw/day. The diet, sourced from Cantacuzino National
Medico-Military Institute for Research and Development,
Bucharest, Romania (ROB0001), offered 4.75 kcal/g.
Before the induction of diabetes mellitus, blood samples
were taken from the rats for glycemia investigation and the
results showed that all of the animals had normal levels.
During the last 3 days of the 8th month of experiment,
in all rats, diabetes mellitus was induced in the following
manner: streptozotocin was injected intraperitoneally, 30
mg/kg, two times, one day apart. The glycemia levels were
also investigated after streptozotocin administration, all
the rats presented values higher than 250 mg% and were
used for the experiment.
The diabetic rats were treated daily, between 8
a.m. and 9 a.m., for one month (the 9th month of the
experiment), as follows: group CMC -0.6 mL/day of 1%
carboxymethylcellulose solution, through gavage; group
Insulin -0.1 mg/kg of insulin, subcutaneous injection;
Pioglitazone group -0.6 mL/day of pioglitazone solution,
10 mg/kg, through gavage; AuNPsCM group -0.6 mL/day
of gold nanoparticles functionalized with Cornus mas L.
extract (260 μg AuNPs/kg/day), by gavage; Cornus mas
group -0.6 mL/day of Cornus mas L. extract solution
(0.158 mg/mL polyphenols), through gavage.
In the last day of the experiment, under mild anesthesia,
the blood samples were collected and later on, under deep
anesthesia, euthanasia of the animals was performed, aorta
and heart were taken. The serum biochemical parameters
and the oxidative stress from serum, aorta and heart were
analyzed.
c) Applied tests
Oxidative stress investigation
The serum parameters of the oxidative stress
were evaluated as follows: lipid peroxidation through
malondialdehyde (MDA) by using the Conti’s method
(Conti M, 1991), reduced glutathione (GSH) with the Hu’s
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method (Hu, 1994) and glutathione disulfide through Vats’
method (Vats P, 2008). The ratio GSH/GSSG was obtained
to evaluate the antioxidant activity. Inducible Nitric Oxide
Synthase (iNOS) was investigated in aorta and heart with
spectrometer-based ELISA readers (absorbance 450 nm,
37ºC, Magellan data Analysis software).
Tumor Necrosis Factor-alpha (TNF-α), endothelin 1
From the heart and the aorta wall, using spectrometerbased ELISA readers (absorbance 450 nm, 37ºC, Magellan
data Analysis software), the inflammatory factors were
established.
Serum biochemical parameters
BioSystems A15 analyzer, utilizing specific reagent for
every blood element, was used to investigate several serum
parameters: glucose, glycosylated hemoglobin (HbA1c),
cholesterol, triglycerides, high density lipoprotein (HDL),
low density lipoprotein (LDL), gamma GT, C-reactive
protein (CRP).
d) Statistical processing
GraphPad Prism version 5.03 for Windows, GraphPad
Software, (San Diego California USA) was used to evaluate
the modification significance of the measured parameters,
One-way ANOVA followed by the Post-test Tukey. The
threshold significance level was considered at p<0.05.

Results
Gold nanoparticles tissue distribution was investigated
and the presence of AuNPsCM was discovered: in serum
0.074±0.006 mg/L and in the investigated tissues (aorta
wall, heart) 0.020±0.002 mg/g.
The aorta response to the administered treatment was
investigated through malondialdehyde (MDA), iNOS,
endothelin 1 and TNF-α.
Malondialdehyde was significantly increased
by insulin administration (p<0.01) and significantly
decreased by Cornus mas (p<0.05), compared to control
group (CMC group). When compared to Insulin group,
the administration of the other treatments produced
significant decreases of lipid peroxidation (p<0.001) (Fig.
1A).
The levels of inducible nitric oxide synthase were
increased significantly by the gold nanoparticles
functionalized with Cornus mas L. extract, in comparison
with CMC (p<0.001), Insulin (p<0.05) and Pioglitazone
(p<0.05) groups. Compared to AuNPsCM group, Cornus
mas L. solution decreased significantly the iNOS level
(p<0.001) (Fig. 1 B).
Endothelin 1 levels were decreased significantly by
pioglitazone and Cornus mas L. solution (p<0.001),

Fig.1 – The parameters investigated in aorta wall: MDA, iNOS, Endothelin 1 and TNF-α in Sprague Dawley adult female rats with high
fat diet and diabetes mellitus treated for one month with insulin, pioglitazone, gold nanoparticles functionalized with Cornus mas L.
extract (AuNPsCM) or simple Cornus mas L. extract solution, compared to carboxymethylcellulose (CMC) administration.
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compared to those recorded in Insulin group. AuNPsCM
administration increased significantly (p<0.001) the
endothelin 1 levels, compared to pioglitazone treatment.
The greatest reduction in endothelin 1 level was recorded
in Cornus mas group, compared to CMC (p<0.01), Insulin
and AuNPsCM groups (p<0.001) (Fig. 1C).
The levels of TNF-α, compared to CMC group,
were decreased by all treatment types: insulin (p<0.01),
pioglitazone, AuNPsCM and Cornus mas L. solution
(p<0.001). The greatest reduction was obtained in
Cornus mas group, even when compared to Insulin group
(p<0.05) (Fig. 1D).
The effects of the Cornus mas L. extract
administration, as simple solution or in functionalization
of gold nanoparticles, were also investigated in the
heart of rats. Compared to control group (CMC),
malondialdehyde level was significantly increased in
Insulin group (p<0.001) and significantly decreased in
Pioglitazone (p<0.001), AuNPsCM (p<0.05) and Cornus
mas (p<0.001) groups. Insulin administration produced
lipid peroxidation, even when compared with the other
medication types (p<0.001). The lowest level of MDA
was recorded in Cornus mas group, significant decreases
being seen also when compared to pioglitazone (p<0.01)

or with AuNPsCM (p<0.001) administration (Fig. 2A).
The best antioxidant protection was produced by
Cornus mas L. solution, the ratio GSH/GSSG being
increased significantly when compared to all the other
groups: CMC, Pioglitazone and AuNPsCM (p<0.001) or
Insulin (p<0.01). The administration of insulin produced
significant increases, compared to CMC group (p<0.05)
and in comparison with Pioglitazone group (p<0.01) (Fig.
2B).
iNOS levels were increased in a significant manner
by pioglitazone (p<0.05) and AuNPsCM (p<0.001), in
comparison with insulin. AuNPsCM solution produced
the highest increase of iNOS levels, even compared to
control (CMC) group (p<0.01). Cornus mas L. solution
reduced the iNOS levels when compared to all the other
groups, but significantly in comparison with Pioglitazone
(p<0.01) and with AuNPsCM (p<0.001) groups (Fig. 2C).
The levels of TNF-α, compared to CMC group, were
decreased significantly in Insulin (p<0.01), AuNPsCM
(p<0.05) and Cornus mas (p<0.001) groups. Pioglitazone
administration increased significantly the level of TNF-α,
compared to CMC (p<0.01), Insulin, AuNPsCM and
Cornus mas groups (p<0.001) (Fig. 2D).

Fig. 2 – The parameters investigated in rats’ heart: MDA, GSH/GSSG, iNOS, and TNF-α in Sprague Dawley adult female rats with
high fat diet and diabetes mellitus treated for one month with insulin, pioglitazone, gold nanoparticles functionalized with Cornus mas
L. extract (AuNPsCM) or simple Cornus mas L. extract solution, compared to carboxymethylcellulose (CMC) administration.
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Fig. 3 – Oxidative stress parameters in serum of rats: MDA and GSH/GSSG in Sprague Dawley adult female rats with high fat diet
and diabetes mellitus treated for one month with insulin, pioglitazone, gold nanoparticles functionalized with Cornus mas L. extract
(AuNPsCM) or simple Cornus mas L. extract solution, compared to carboxymethylcellulose (CMC) administration.

Fig. 4 – Glycemia and glycated hemoglobin in serum of rats with high fat diet and diabetes mellitus treated for one month with insulin,
pioglitazone, gold nanoparticles functionalized with Cornus mas L. extract (AuNPsCM) or simple Cornus mas L. extract solution,
compared to carboxymethylcellulose (CMC) administration.

The oxidative stress was investigated in the serum
of rats through MDA and the ratio GSH/GSSG. Lipid
peroxidation (MDA level) was not modified in a significant
manner (Fig. 3A). Significant increases of the antioxidant
protection (GSH/GSSG) were seen only in Cornus mas
group, compared to control (CMC) group (p<0.01) and to
Insulin group (p<0.05) (Fig. 3B).
Some biochemical parameters were determined from
rats’ blood, to investigate the effects of the administrated
solutions to the diabetic rats on high fat diet.
The glucose levels were decreased significantly in
Insulin and Pioglitazone groups, compared to CMC,
AuNPsCM and Cornus mas groups (p<0.001). The
administration of gold nanoparticles funtionalized
with Cornus mas L. extract decreased significantly the
glycemia in rats, compared to CMC group (p<0.01) (Fig.
4A).
Glycosylated hemoglobin (HbA1c) percentage from
total hemoglobin was reduced significantly in Insulin

group (p<0.001) in comparison with CMC, AuNPsCM and
Cornus mas groups, and when compared to Pioglitazone
group (p<0.05). Decreases of this ratio (HbA1c/total Hb)
were recorded also in Pioglitazone group in comparison
with CMC (p<0.01), AuNPsCM (p<0.001) and Cornus
mas (p<0.05) groups (Fig 4B).
The lipid profile was also investigated, to analyze the
effects of Cornus mas L. extract administration.
Cholesterol level was significantly increased by
simple solution of Cornus mas L. extract administration,
compared to pioglitazone treatment (p<0.05) (Fig. 5A).
Triglycerides concentration was evaluated and
significant decreases were found in Insulin group (p<0.01)
compared to CMC group but the greatest reduction was
recorded in Pioglitazone group, compared to CMC
(p<0.001), Insulin (p<0.05), AuNPsCM (p<0.001) and
Cornus mas (p<0.001) groups (Fig. 5B).
The levels of HDL were reduced significantly
by pioglitazone compared to CMC (p<0.01), insulin
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Fig. 5 – Lipid profile of rats’ blood: cholesterol, triglycerides, HDL and LDL in Sprague Dawley adult female rats with high fat diet
and diabetes mellitus treated for one month with insulin, pioglitazone, gold nanoparticles functionalized with Cornus mas L. extract
(AuNPsCM) or simple Cornus mas L. extract solution, compared to carboxymethylcellulose (CMC) administration.

Fig. 6 – Gamma-glutamyl transferase and C-rective protein levels in the serum of rats with high fat diet and diabetes mellitus treated
for one month with insulin, pioglitazone, gold nanoparticles functionalized with Cornus mas L. extract (AuNPsCM) or simple Cornus
mas L. extract solution, compared to carboxymethylcellulose (CMC) administration.

(p<0.001) and Cornus mas L. extract (p<0.05)
administration. Gold nanoparticles functionalized with
Cornus mas L. produced significant decreases compared
to CMC (p<0.05) and Insulin (p<0.01) groups (Fig. 5C).
LDL evaluation showed increased levels in Insulin

group (p<0.001) compared to CMC, Pioglitazone and
AuNPsCM groups, but also when compared to Cornus
mas group (p<0.01). In comparison with pioglitazone
administration, the treatment with Cornus mas L. solution
increased significantly (p<0.05) the LDL levels (Fig. 5D).
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Gamma-glutamyl transferase (gamma GT; GGT) was
analysed in serum of rats and significant decreases were
recorded in Insulin group compared to CMC (p<0.01),
Pioglitazone (p<0.05), AuNPsCM (p<0.001) and Cornus
mas (p<0.01) groups. The highest levels were recorded
in AuNPsCM administration, significant increases
being noticed when compared to insulin (p<0.001) and
pioglitazone (p<0.05) administration (Fig. 6A).
C-reactive protein (CRP) concentration was reduced
in all treated groups, compared to control (CMC) group:
Insulin, Pioglitazone and Cornus mas groups (p<0.001);
AuNPsCM group (p<0.01). The administration of
AuNPsCM presented, among the treated groups, the
highest levels of CRP, significant increases in comparison
with insulin and pioglitazone treatments (p<0.01), these
two medications producing the greatest reduction of this
parameter (Fig. 6B).

Discussion
Cornus mas L. extract administration produced
important modifications in the aorta wall, heart and serum
of rats.
In the aorta wall, lipid peroxidation was increased
significantly by insulin administration, results that are
in concordance with those presented by QuiñonesGalvan et al. in their study that showed the effects of
hyperinsulinemia on lipids oxidation (Quiñones-Galvan et
al., 1999). Cornus mas L. extract administration reduced
significantly the lipid peroxidation inside the aorta wall,
effect that is similar with those presented by Haghi et al.
in their study performed in mice with CCl4 administration,
study that showed the obtained decreased MDA levels
in kidneys when Cornus mas L. extract was given as
prophylactic medication or as a treatment (Haghi et al.,
2014). The levels of iNOS in the aorta wall were increased
significantly by the AuNPsCM administration, the same
effect being recorded by the authors in a previous study
realized in rats with only hyperlipid diet (Moldovan et
al., 2022). Endothelin 1, a peptide secreted by endothelial
cells in hyperlipid diet (Idris et al., 2019), atherosclerosis
(Fan et al., 2006) or in inflammations (Tinazzi et al.,
2015), was decreased significantly by the administration
of the simple solution of Cornus mas L. extract, result
that is in concordance with the effects of the anthocyanins
(from Cornus mas) on the vessel walls, effects related
by Mozos et al. in their review (Mozos et al., 2021). The
insulin administration produced non-significant increases
of endothelin 1 levels compared to control group (CMC),
effects that are concordant to those presented by Ferri et
al. in their study realized in type II diabetic patients on
endothelin 1 levels, measured in plasma and urine (Ferri
et al., 1995). In the present study, the diabetic rats on high
fat diet presented significant decreased levels of TNF-α
in all treated groups, the lowest level being produced by
the administration of the simple solution of Cornus mas
L. extract. Insulin administration decreased significantly
the level of this pro-inflammatory cytokine, result that
is similar with the insulin role in the decrease of TNF-α
expression, presented by Sun et al. in their review (Sun et
al., 2014). In our study, the level of TNF-α was decreased
efficiently by pioglitazone administration, effect that is

similar to that obtained by Li et al. in rabbits with high
cholesterol diet (Li et al., 2012). Cornus mas L. extract
administration produced significant decreases of this
pro-inflammatory cytokine, the best reduction of TNF-α
being realized by the simple solution, effects that are
concordant to those presented by Sozanski et al. in their
study performed in rabbits with hyperlipid diet (Sozanski
et al., 2014).
In the heart, lipid peroxidation was increased
significantly by the insulin administration, outcome that
is concordant with the result obtained by Kaefer at al. in
their research performed in diabetic patients that presented
increased levels of MDA in the individuals treated with
insulin (Kaefer et al., 2012). Pioglitazone administration
decreased significantly the lipid peroxidation, protective
effect that is similar to that obtained by Al-Mufazar et al. in
their study performed in rats with high lipid-carbohydrates
diet for 4 months, the last month with oral administration
of pioglitazone 17.5 mg/kg/day (Al-Muzafar et al.,
2021). Both solution types of Cornus mas L. extract
decreased significantly the level of MDA compared to
the control group, the simple solution producing the best
effect similarly to the results noticed by Abbasi et al. in
their research realized in rats with cisplatin-induced
toxicity (Abbasi et al., 2020). The ratio GSH/GSSG was
increased significantly by the administration of insulin
and Cornus mas L. simple solution. Bravi et al. already
demonstrated, in the plasma of type II diabetic patients, the
beneficial effect of insulin administration on GSH/GSSG
ratio (Bravi et al., 2006) and the present study completed
their findings by showing the favourable impact of this
medication on the antioxidant activity in the heart tissue.
Similarly to the results presented by Nowak et al. in liver
homogenates of ovariectomized female rats where Cornus
mas L. extract administration increased the GSH/GSSG
ratio (Nowak et al., 2022), the present study recorded the
same favourable effect of this natural extract but in the
heart tissue. The levels of iNOS in the heart homogenate
increased significantly after AuNPsCM administration,
compared to the control group (CMC), showing the heart
impairment (Wilmes et al., 2020) that is connected with
the aorta modifications recorded in the present study
and is concordant to the results presented by the authors
in the preliminary research realized in rats on a high fat
diet (Moldovan et al., 2022) or in the study performed in
healthy rats with normal diet (Moldovan et al., 2021). The
level of TNF-α was increased significantly by pioglitazone
administration, result that is concordant to that presented
by Sinha and Ghosal in their meta-analysis focused on
pioglitazone needs in type II diabetic patients (Sinha &
Ghosal, 2020). Insulin, AuNPsCM and Cornus mas L.
extract simple solution produced significant decreases
of TNF-α in heart homogenates. Insulin administration
reduced the TNF-α level, effect that is concordant to that
presented by Sun et al. in their review based on insulin
effects on inflammatory mediators (Sun, 2014). Gold
nanoparticles functionalized with Cornus mas L. extract
produced an inhibition of TNF-α production in the heart
of the rats with hyperlipid diet and diabetes mellitus, effect
that is similar with that noticed by Crisan et al. in their
research made in vivo with AuNPsCM in humans with

126

Biochemical parameters after the administration of Cornus mas L. extract
inflamed psoriasis skin (Crisan et al., 2018). The best
reduction of the TNF-α level was recorded in the heart of
rats that received simple solution of Cornus mas L. extract,
result that is concordant with the anti-inflammatory effects
of this natural compound presented by Szczepaniak et al.
in their review (Szczepaniak et al., 2019).
In the serum of diabetic rats with hyperlipid diet,
the lipid peroxidation was not significantly modified
but the antioxidant protection was increased by the oral
administration of simple Cornus mas L. extract solution.
The increased serum antioxidant protection is similar with
that presented by Celep et al. in their experiment with
Cornus mas L. leaves extract performed in CCl4-treated
rats (Celep et al., 2013).
Glycemia and glycated hemoglobin levels were
decreased significantly by the insulin and pioglitazone
administration, the only hormone that decreases the
glycemia (Woerle & Gerich, 2004) and the insulin
sensitizer drug, respectively (Alim et al., 2010). As Makris
and Spanou presented in their study, the relationship
between glycemia and glycated hemoglobin may be
influenced by undetermined factors (Makris & Spanou,
2011), situation that was also recorded in the present study,
variations among the treated groups showing only certain
similarities. Barathmanikanth et al. presented in their
study, performed in diabetic mice treated with AuNPs,
significant decreases of glycemia (Barathmanikanth et al.,
2010), effects that were also recorded in our study in the
diabetic rats with oral administration of gold nanoparticles
functionalized with Cornus mas L. extract. Insulin
administration affected the lipid profile of diabetic rats
with high fat diet: decreased significantly the triglycerides
level and increased significantly the LDL level, compared
to control group (CMC), effects that were mentioned
by Sadur and Eckel in their study, indicating these
types of lipid modifications in obese hyperinsulinemic
patients (Sadur & Eckel, 1983). Pioglitazone decreased
significantly the triglycerides and non-significantly the
cholesterol and LDL levels, compared to control group
(CMC), effects that were mentioned by Nesti et al. in
their review that was focused on this drug mechanisms
in human body (Nesti et al., 2021). In our experiment,
pioglitazone decreased significantly the HDL, result that
is not concordant with the literature data. AuNPsCM
administration in diabetic rats with high fat diet decreased
significantly the level of HDL, an opposite effect to the
one found in our preliminary study performed in rats with
only high fat diet (Moldovan et al., 2022). Cornus mas
L. extract simple solution did not modified significantly
the lipid profile, result that is in contradiction with the
literature data.
Increased serum gamma GT levels are related to an
increased risk of metabolic syndrome and cardiovascular
problems (Lee et al., 2007), levels that in the present study
were significantly reduced by the insulin administration,
showing the protective effects of the insulin (Haidara et
al., 2018). Cornus mas L. extract administration did not
produce significant modifications compared to control
group (CMC), results that are similar with those presented
by Abbasi et al. in their study performed in Wistar rats
with or without cisplatin administration where the hydro-

methanolic extract of this natural compound produced
non-significant increases of gamma GT levels (Abbasi et
al., 2020).
C-reactive protein was decreased significantly by all
treatment types, compared to the control group (CMC).
Insulin administration produced significant reduction of
the CRP level, showing its anti-inflammatory effect in
diabetic rats with high fat diet, C-reactive protein being
increased in these specific conditions, as Stanimirovic et
al. presented in their review (Stanimirovic et al., 2022).
Pioglitazone treatment decreased significantly the level
of C-reactive protein, effect that is in concordance with
that presented by Hanefeld et al. in their trial performed
in humans (Hanefeld et al., 2007). Both solution types of
Cornus mas L. extract produced significant reduction of
the CRP levels, effects that are similar with those recorded
in our previous research performed in rats on high fat diet
(Moldovan et al., 2022).
Diabetes mellitus activates mechanisms that trigger the
oxidative stress and inflammation (Francés et al., 2013) and
in our study, these two processes were enhanced by high
fat diet (Tan & Norhaizan, 2019). Cornus mas L. extract
simple solution produced favorable effects: decreased
oxidative stress, increased antioxidant protection and
reduced the inflammation in aorta wall, heart and serum.
The treatment with AuNPsCM solution produced, in
aorta wall and heart tissue, conflicted results: reduced the
TNF-α, a pro-inflammatory cytokine but increased iNOS
level, enzyme that synthesizes nitric oxide from L-arginine
and is expressed in inflammatory processes. This could
be explained through the inefficiency of these gold
nanoparticles functionalized with Cornus mas L. extract
on antioxidant protection that we recorded in the present
study, being known the role of GSH in the regulation of
iNOS expression (Miralles et al., 2000).
Compared to Cornus mas L. solution, AuNPsCM
administration showed a much more potent effect on
glycemia, decreasing the glucose level. The lipid profile
of the rats that received AuNPsCM solution presented
decreased HDL levels, results that may be explained
through the consumption of this protective cholesterol
type in the reaction with the recorded high levels of iNOS
(Keul et al., 2019).

Conclusions
1. The simple solution of Cornus mas L. extract
had better effects than AuNPsCM, presenting beneficial
outcomes in all investigated compartments (aorta wall,
heart tissue and serum): antioxidant and anti-inflammatory
effects.
2. Related to the glucose level, only AuNPsCM
reduced glycemia.
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Abstract
Background. CrossFit, a sports branch based on complex exercises and functional movements performed at high intensity,
formed the basis of our work, namely HIIT training (High-intensity interval training).
Aims. The main objective of our study was to specify the musculoskeletal level of the human body most easily and
frequently affected. An important aspect was to assess the incidence rate of injuries associated with CrossFit training.
Methods. The present systematic review was designed between October 2021 and April 2022 according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standards using PubMed, Scopus and Web of Science
databases.
Results. The initial search identified 50 titles in the databases described above, of which seven duplicate articles were
automatically removed. The remaining 43 articles were analysed by title and abstract for relevance, resulting in a further 12
studies being removed. After eliminations in the eligibility phase, a total of 12 articles were included in the study.
Conclusions. Studies have shown us that the rate of shoulder injuries ranged from around 40-43% of all injuries. The
lumbar spine and knees are easily affected areas, but there is a (lower) incidence in other joints of the human body.
Keywords: CrossFit, athletes, injuries.

Introduction
Movement is known as being the basis of life; in
the contemporary concept, it has a significant role in
maintaining our health and the various balances in the
human body. Any change of place or position, whether we
are talking about the body as a whole or referring only to
its segments, is defined as a movement, which is actually
based on the contraction of skeletal muscles by consuming
energy from different sources.
The word therapy without any prefix or suffix is a broad
concept, as far as the theoretical meaning is concerned.
From radiation therapy to essential oil therapy, we find
every kind of therapy that has some positive effect (short
or long term) on our health.
Many side effects of sports bring health benefits, such
as psychosocial development for both young and old,
personal and sometimes professional development. Adverse
consequences include the threat of breakdown, leading to
impoverished psychological health, risk of injury, eating
disorders, and burnout (a critical negative factor among

performance athletes). Negative aspects are prevalent in
elite-level athletics, in which reaching peak performance is
often the ultimate goal (Malm et al., 2019).
The purpose of training can be different, as well as the
effect of the types of exercise: the main effect of aerobic
exercise is to improve the cardio-respiratory system,
respectively the oxygenation of cells in the body, and
anaerobic exercise is to increase muscle mass. To talk
about examples: types of aerobic exercise (also known
as “cardio”) are treadmill running, swimming, spinning,
aerobic dance - Zumba, epileptic bicycle use, cycling,
rowing, etc., respectively as types of exercise anaerobic we
can list powerlifting, athletics, bodybuilding, barbell sprint,
HIIT training (Chamari & Padulo, 2015).
Various studies have shown the positive effect of
aerobic exercise in reversing and preventing cardiovascular
disease. An interesting study was done in 2002 on adult
female rats, demonstrating the benefits of aerobic training
in the post-ischemic myocardium (Wisløff et al., 2002).
Results demonstrated a 15% decrease in post-infarction
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left ventricular hypertrophy and a 12% and 20% decline in
myocyte diameter and thickness (Patel et al., 2017). Along
with aerobic exercise and its effect on lipid metabolism,
anaerobic exercise has been shown to influence the lipid
profile positively. A European research of 16 obese people
found that an aerobic workout followed by anaerobic
training was more beneficial than aerobic exercise alone.
Subjects which experienced core preparation with aerobic
and anaerobic workouts showed a more significant decrease
in non-esterified fattening acids (Patel et al., 2017).
CrossFit is functional training that combines highintensity exercise with multi-joint functional movements,
and it is one of the world’s fastest-growing modes of highintensity functional training. CrossFit has gained popularity
among the civilian and military fire and police personnel,
as it was initially developed for military strength training.
CrossFit was developed as a core strength and conditioning
program. Its objective is to contribute to an optimization of
general physical competence. One of the main characteristics
of CrossFit is that the exercises are performed quickly and
repetitively while the athlete has little or no recuperation
period between sets (Wagener et al., 2020).
Kellmann and Kallus (Kellmann & Kallus, 2001)
described recovery as a multi-level (e.g., psychological,
physiological, social) method to regain performance
capacities over time. Recovery encompasses a proceedingorientated element, and those self-instituted behaviors
(proactive recovery) can be methodically employed to
optimize conditions and replenish personal resources.
Based on these, we can say that the definition demonstrates
the complexity of post-training recovery and emphasizes the
need for recovery activities.
In the modern world, rehabilitation following athletic
trauma has emerged as a field of experts, and its development
has undoubtedly got the physiotherapist, the sports doctor
and the orthopedic surgeon collaboratively. Critical
elements in accomplished athletics trauma rehabilitation
procedures are applied to cutting-edge rehabilitation
procedures beneath proper guidance, appropriate and
well-timed surgical interventions and judicious usage
of pharmaceutical agents. Injury-specific rehabilitation
protocols are used worldwide but must also be proposed
according to the character of the athletics, depending on
the agility, balance and proprioceptive levels (Sopa, 2015;
Sopa & Szabo, 2015; Sopa & Pomohaci, 2016; Szabo et
al., 2020a; Szabo et al., 2020b; Szabo et al., 2021). What

is often lacking in the developing world (and not only) is
psychological support and a clear understanding by the
athlete of her/his rehabilitation methods (Christakou &
Lavallee, 2009).
From the point of view of the novelty elements present
in the work, we can list CrossFit as a sports branch based
on complex exercises in terms of movement technique,
forming the basis of our work, namely HIIT training (Highintensity interval training). Next to them, we also include
sports injuries that occur during training, the significant risk
factors in the process of producing the injury, notions of
CrossFit concerning the specific exercises, respectively the
auxiliary equipment of the sports branch. With the help of
these elements, we can establish the purpose of our work:
establishing the frequency of injuries during CrossFit
training, respectively listing the significant risk factors
in the occurrence of these injuries. After determining the
factors mentioned above, one of the main objectives of our
study is to specify the musculoskeletal level of the human
body most easily and frequently affected. An important
consideration is assessing the incidence rate of injuries
associated with CrossFit training.

Material and methods
The present systematic review was designed between
October 2021 and April 2022, according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) standards, using PubMed, Scopus and Web of
Science databases, with the following search strategies
(Table I):
a) PubMed: ((the frequency of injuries) OR (most
common injuries) OR (most common injured areas) AND
((in CrossFit) OR (in powerlifting)) AND ((male/female
athletes) OR (and risk factors)).
b) Scopus: ((the frequency of injuries) OR (emergency
injuries) OR (spine injuries)) AND ((in CrossFit) OR (in
competitive CrossFit)) AND ((between teenage athletes)
OR (male/female athletes)).
c) Web of Science: ((injury prevalence) OR (main risk
factors) OR (CrossFit related injuries) OR (injuries)) AND
((in CrossFit) OR (and medical care)) AND ((of the lumbar
spine) OR (beginner or intermediate participants)).
The records identified from the databases with the key
terms mentioned above were saved using the reference
manager software EndNote X9; subsequently, the same
software helped remove duplicate articles.

Table I
Inclusion and exclusion criteria.
Parameters
Population
Intervention
Comparison
Results
Study
design

Inclusion criteria

Exclusion criteria

Athletes who practice CrossFit professionally or regularly
(hobby level) worldwide; after age 18, both sexes.

People who practice sport irregularly or not at all, or athletes from
other areas of physical activity; presentation of the frequency of
injuries in CrossFit in certain nationalities.

Not applicable
Not applicable
Determining the frequency of injuries during CrossFit
training, considering the whole body, i.e., all levels of the
musculoskeletal system, and explaining risk factors.
A systematic review, meta-analysis, case control, crosssectional studies, literature reviews, and case reports.
All articles published after 2013

Determining the incidence of specific musculoskeletal disorders,
focused on a specific area or well-defined level of the human body
in CrossFit; comparing two sports concerning injury frequency.
Expert opinions, letters to the editor, and conference reports.
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Fig. 1 – Flowchart of the study selection process according to PRISMA guidelines.

Data extraction
An Excel form was used to extract the data. From each
article selected and included for review, the following
information was extracted:
- The main objective of the study, namely injuries
occurring during CrossFit training, e.g., easily affected
joints, type of injuries.
- The primary purpose, i.e., to determine the frequency
of injuries among CrossFit athletes, e.g., most frequently
injured body areas, percentage of injuries at different body
levels.
- Types of studies we analyzed: systematic review,
meta-analysis, cross-sectional studies, case-control, case
reports, literature reviews.
- According to the authors, the study sample represents
numbers by gender of participants and by the level of
expertise.

Results
The initial search identified 50 titles in the databases

described above, of which 7 duplicate articles were
automatically removed. The remaining 43 articles were
analyzed by title and abstract for relevance, resulting in
a further 12 studies being removed. The full texts of the
remaining 31 articles were read and analyzed; thus, a further
18 articles were excluded for not meeting the inclusion
criteria defined for the current study (Table I). Studies
were excluded at the screening stage due to non-inclusion
of sports injuries or inadequate study type (n=12). In the
eligibility phase, there were several reasons for exclusion,
namely: theme focusing on sports other than CF (n=8), the
basis of the studies being CF injuries on a specific welldefined level/area(s) of the human body (n=3), presenting
frequency of CF injuries in a specific nationality (n=3),
articles were published in languages other than English
(n=1), those forming a comparison between injuries in CF
and other sports (n=3), those based on a study sample of
only one gender (n=1), resulting in 12 articles included in
the study. Fig. 1 represents the complete PRISMA diagram.

Table II
Details of studies - According to the original authors, the study sample is restricted to CF athletes and classified by performance level(s).
Study details
Reference

(Feito et al.,
2018)

Main objective

Sample
Main purpose

To examine the
incidence of injuries
related to participation
Determine the injury rate
in CF and to estimate
in CF by analyzing athletes
injury rates in a crossover four years.
section with a sample
of CF participants
worldwide.

Gender

F/M

n

Results
Level

Affected area

Beginner
(minimum three
months CF
Shoulders,
1483/ experience),
spine, knees,
1566 intermediate
elbows, wrists.
and advanced
(performance
level).

132

Results obtained

Shoulders, spine, knees, elbows, wrists. Injuries to
the shoulders (39%), spine (36%), knees (15%),
elbows (12%), and wrists (12%) (11 per cent). The
most injuries occurred among individuals who
participated in CF exercise 3-5 days per week.
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Study details
Reference

Main objective

Sample
Main purpose
To examine injury
rates of individuals
involved in CF
training and the risk of
injury associated with
the competition.

(Feito et al.,
2020)

They are determining
the injury rate at the
competitive level.

(da Costa et
al., 2019)

Determine the
prevalence of injuries
They are establishing
associated with CF
baseline prevalences in CF training and assess
training.
the profiles of these
injuries and affected
athletes.

Gender

F/M

F/M

n

Level

Intermediate,
performance
level.

171/
243

Intermediate,
performance
level.

The likelihood of injury for athletes who had
practised CF for more than 12 months was 82.2%,
Shoulders and which was higher than the likelihood in novice
lumbar spine. athletes: the likelihood of injury was five times
higher among competitive athletes than among less
experienced athletes.

296/
589

Intermediate,
performance
level.

Of the 885 participants, 295 (33.3%) were injured.
The most prevalent injuries were to the back
(95/295, 32.2 percent) and the shoulder (61/295,
20.7%). Squats (65/295, 22.0 percent) and deadlifts
(53/295, 18.0 percent) were the most prevalent
exercises that resulted in injury.

Intermediate,
performance
level.

The meta-analysis results show that out of 6169
CF athletes of both sexes, 2063 were injured. The
Shoulders and
prevalence of injuries among male CF practitioners
lumbar spine.
was 58.5%. The prevalence of shoulder injuries was
predominant in studies, averaging 35.2%.

Analyze the effect of CF
training on the human
(Fernandes et body, taking into account
al., 2021)
the injuries that occur
during the practice of this
sport.

Assess the incidence
rate of injuries
associated with CF
training and indicate
the area most affected
by injuries.

F/M

6169

Confirmation or refutation
Determining the
of the following
overall injury rate in
hypothesis: the injury rate
extreme conditioning
(Aune &
in the extreme conditioning
training, i.e.,
Powers, 2017) program is higher than the
identifying the area
injury rate in weightlifting,
most commonly
i.e., most injuries occur to
affected.
the shoulder and back.

F/M

108/
139

Searching for injury
rates during CF
training in beginner/
intermediate athletes.

Identify trends
and associations
between injury rates
(Weisenthal et Determining the injury rate and demographic
al., 2014)
in CF in both sexes.
categories, gym
characteristics, and
athletic abilities of CF
participants.

Search for potential risk
(Toledo et al.,
factors for accidents in
2022)
both sexes.

Checking the
incidence and rate
of joint and muscle
injuries in CF.

Review
systematic.

F/M

F/M

Determining the most
Existing literature was
Hülsmann et
commonly affected region reviewed to determine
al., 2021)
of the body in CF.
injury rates in CF.

(BarrancoRuiz et al.,
2020)

150/
231

87/97

Examining injury
epidemiology and risk
factors for injury in
CF athletes.

A total of 132 injuries were recorded; the shoulder
Shoulders and
or upper arm was the most frequently injured area,
upper limbs.
accounting for 38 injuries (15% of athletes).

Beginners/
intermediate.

Shoulders
and knees
(in beginner
athletes).

Beginner and intermediate CF participants
demonstrated a moderate level of injury.

Beginners/
intermediate.

Shoulders,
lumbar
spine,
knees.

The injury rate in CF was about 20%. Men were
more likely to suffer an injury than women. The
involvement of coaches in training participants
in their form and guiding them during training
correlates with a decrease in injury rate.

Shoulders,
elbows and
wrists or
lumbar spine
deltoid muscle,
upper back
muscles,
quadriceps
femoris,
gastrocnemis

Of the participants, 38.6% reported some type of
injury (joint and/or muscle). Gender, experience,
frequency of training per week and previous injuries
were significant risk factors.

Spine,
shoulders,
knees.

A prevalence of 30.3% and an incidence of
3.20/1000 training hours were calculated for
musculoskeletal injuries in CF.

Upper body
and spine.

The injury ratio in the included studies was 2.13.1/1000 training hours, and the percentage of
injured participants was 73.5%. Comparison of CF
with other sports in terms of injury rate should be
made with caution: the sports have different basic
methodology and training protocols.

Beginners/
intermediate.

Review systematic.

To investigate the
occurrence of injuries
Determine which body
in training modalities
parts are most vulnerable such as CF, Cross
Review systematic.
to harm in people with CF. Training, and HighIntensity Functional
Training.

Determine the location,
(Montalvo et severity and number of
al., 2017) injuries in CF over six
months.

F/M

Results obtained

3049

Identify the
most common
musculoskeletal
injuries sustained
during CF training
among athletes at
different levels of
expertise.

Determining the most
(Zecchin et al.,
affected area in CF
2021)
training.

Affected area

All participants, regardless of competition, had
a similar incidence of injury. For those who
competed, the incidence of injury was 0.210.54/1000 training hours; who did not compete,
the injury rate was 0.39-1.30 injuries/1000 training
hours.

Distribution of specific
injuries with training
associated with risk
factors: baseline
(Alekseyev et
demographics, regional
al., 2020)
differences, training
intensity and level of
expertise at the time of
injury.

F/M

Results

Beginner,
intermediate
and advanced
(performance
level).

Umeri,
Intermediaries
genunchi
97/94 and performance
și coloana
level.
lombară.
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Athletes at the performance level were more likely
to have accidents. Important risk factors are years
of CF practice, training hours/week, height, and
body mass.
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Discussion
This paper analyzes from the perspective of a systematic
review the frequency of injuries among CF athletes of
different levels, highlighting the musculoskeletal area
most effortlessly and often affected. On the other hand, it is
worth mentioning that most of the included studies listing
the significant risk factors either refer to factors related to
the athlete (age, body mass, previous injuries) or talk about
factors related to equipment and sports hall. However, a
note must be made towards the difficulty in analyzing data
from studies, as there are some differences associated with
authors and study sample in terms of determining the body
level most affected in CF: most of the studies state that
the shoulder joint is most exposed to injury (Feito et al.,
2018; Feito et al., 2020; Weisenthal et al., 2014) but the
lumbar spine (Alekseyev et al., 2020; Hülsmann et al.,
2021) also appears first in the conclusions, together with
the knee (Zecchin et al., 2021), and in 12 articles included
in the study muscle injuries are also mentioned (Toledo et
al., 2022). Another critical factor that may influence the
data variability between studies is when data collection
occurred (e.g., before or after the competition season in
competitive athletes). The reviewed studies were organized
into two axes: major risk factors and the most commonly
affected musculoskeletal body level to better understand
the determinants of injury occurrence in CF.
- Risk factors: When sports injuries come up in
our discussions, we automatically think of the causes of
injury, i.e., risk factors. This study also includes articles
looking for significant risk factors for injury in CF. After
reviewing the studies, it appears that previous injuries and
the time practised in CF are primary risk factors, as it is
proven in athletes with more than 12 months of experience.
The probability of injuries is 82.2% higher than in novice
athletes (CF experience < 12 months), which means that
there are differences at different levels of this sport; the
probability of injuries at the competitive level is five times
higher than in novices. Intermediate athletes (recreational
level) are two times higher than novices (da Costa et al.,
2019). Given the “constantly varied” nature of CF it makes
sense that those with the least experience may be more
prone to injury due to strength and/or flexibility issues that
may hinder their ability to complete some basic exercises
(Feito et al., 2018). With the high intensity and fast
pace associated with CF training, loss of form can occur,
causing excess stress placed on, for example, the thoracic
and lumbar spine, which would increase the risk of injury,
therefore lack of concentration along with loss of form
and motor technique of movement is a significant factor
given the injuries that occur during training (Alekseyev et
al., 2020). Most of the included studies state that gender
is an essential factor in injury defence: men are more
prone to sports injuries than women (Alekseyev et al.,
2020; Fernandes, 2021; Weisenthal et al., 2014; Toledo et
al., 2022). In addition, physical activity outside of CF has
been significantly associated with injuries. A 2017 article
published in the Journal of Sports Science and Medicine
states that over 30% of those who participated in outdoor
physical activity reported injuries in the past six months,
while only 15% of those who did not engage in outdoor

physical activity reported injuries (Barranco-Ruiz et al.,
2020).
- Most commonly affected body areas: Most of the
articles included in the study state that the upper body,
especially the shoulder, is the most commonly affected
joint during CF training (Feito et al., 2018; da Costa et al.,
2019; Zecchin et al., 2021; Weisenthal et al., 2014; Toledo
et al., 2022; Barranco-Ruiz et al., 2020; Montalvo et al.,
2017, Aune & Powers, 2017). CF training can place the
shoulders in positions that stress structures in the joint.
Athletes may experience shoulder injuries such as torn
labrums, rotator cuff tears, and subacromial impingement
syndrome, in which the rotator cuff tendons become
compressed. Overuse of the joint, i.e., overtraining, can
also irritate and inflame the tissues. Better posture and
strengthening the rotator cuff can increase mobility and
reduce shoulder injuries. The shoulders were the most
affected by the joint injuries, and this incidence result
appears to be related to shoulder overuse. CF is a program
that uses a lot of overhead weights in exercises, i.e.,
shoulder hyperflexion and gymnastic movements that are
from hanging on the barbell or rings; these can potentially
increase shoulder injuries because they require more
body control, in addition to men having more incredible
difficulty with joint mobility (Toledo et al., 2022).
Among the affected joints, the spine, especially the
lumbar spine, received second place (Feito et al., 2018; da
Costa et al., 2019; Weisenthal et al., 2014; Montalvo et al.,
2017). Bending from the trunk and lifting weights can lead
to back injuries, especially lifting weights with poor form.
Lumbar strain, sciatic pain or disc herniation are some
back injuries that CF athletes might experience.
Three of the articles reviewed also mentioned the knee
as an injury-prone joint (Zecchin et al., 2021; Toledo et
al., 2022; Barranco-Ruiz et al., 2020). Movements such as
squatting or jumping strain the knees. Injuries vary widely
(meniscus injury, ligament tear). During exercises, the
athlete must have control over the knees (and not only),
preceding the valgum positions when genuflecting, e.g.,
for correct posture and position.
Based on the articles detailing muscle injuries, the
local distribution of injuries of muscular origin can be
established: upper train - deltoid muscle, trapezius muscle,
biceps and triceps brachii, pectoralis major and upper
back muscles, and lower train - gastrocnemius muscle,
quadriceps femoris. Men differed from women regarding
muscle injuries, i.e., they had a lower prevalence (three
injury sites) than women (eight injury sites) (Toledo et al.,
2022).

Conclusions
1. Given all the review criteria of the included studies,
firm conclusions can be drawn regarding injury frequency
among CrossFit athletes. First, at a skeletal level, the
shoulder joint is the most prone to injury during the
practice of this sport.
2. Studies have shown us that the shoulder injury rate
ranges from around 40-43% of all injuries. The lumbar
spine and knees are easily affected, but there is a (lower)
incidence in other joints of the human body. An essential
aspect worth mentioning is that men are much more prone
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to injury than women.
3. In all the articles presenting risk factors, the
following appear almost the same in the list: time practiced
in CF, several training sessions per week, level of practice,
and presence of previous injuries: the probability of injury
increased with the period of practice and the level of
competence of the athletes.
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Abstract
Background. How patients are rehabilitated following anterior cruciate ligament (ACL) surgery has changed significantly
in the last years. Clinicians have shifted from extreme immobilization and no muscle activity to minor ROM limits and rapid
muscle activation after surgery.
Aims. This study aims to examine the post-operative healing of anterior cruciate ligaments in competitive athletes,
emphasizing novel and established methodologies, techniques, and procedures in the literature through a systematic review.
Methods. Following the recommendations established by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) organization, this systematic review was carried out during the months of November 2021 and
June 2022. The databases PubMed, Physiopedia, and Google Scholar, were used in this study.
Results. After going through the evaluation process, we discovered that out of the 44 initially retrieved papers, we
eliminated around 30 for various reasons, leaving 14 articles that were suitable for the study.
Conclusions. The pre-operative phase plays an essential role in post-operative ACL recovery, acting synergistically with
the post-operative phase to accelerate the healing process after surgery and permit more remarkable rehabilitation of lost
functions.
Keywords: Post-operative rehabilitation, anterior cruciate ligament, athletes, injuries.

Introduction
It is essential to take precautions while treating sports
injuries since the types of injuries that might occur in sports
depend on the mechanism and circumstances of the event.
Since many people play team sports like football, handball,
and basketball, e.g., it is only natural that a significant
number of people become hurt while participating in these
activities. As a result of the intense use of the lower limbs,
particularly the knee, in certain sports, it is expected for
the knee to sustain the majority of injuries, most of which
involve the anterior cruciate ligaments. As a result, there
has been an increase in the demand for surgical treatment
and post-operative recovery of anterior cruciate ligaments.

The physiotherapist, the sports physician, and the
orthopedic surgeon have unquestionably collaborated in
the development of the area of rehabilitation after sporting
injuries in the contemporary world. Under adequate
direction, suitable and well-timed surgical interventions,
and judicious use of pharmaceuticals, the essential
components of successful sports trauma rehabilitation
treatments are applied to cutting-edge rehabilitation
techniques. Injury-specific rehabilitation regimens are
employed globally, but they must also be tailored to the
nature of the sport based on the athlete’s agility, balance,
and proprioception levels (Sopa, 2015; Sopa & Szabo,
2015; Sopa & Pomohaci, 2016; Szabo et al., 2020a; Szabo
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et al., 2020b; Szabo et al., 2021). In the developing world,
psychological support and a thorough grasp of the athlete’s
recovery procedures are often missing, though not always
(Christakou & Lavallee, 2009).
Physical therapy, which has been shown to be essential
for both surgical and non-surgical recovery, is still the
most effective intervention that clinicians prescribe to
patients to regain strength, range of motion, and patient
satisfaction (Bogunovic & Matava, 2013; Paterno, 2017;
Filbay & Grindem, 2019; Paterno et al., 2019), which is
and interesting finding. In recent years (Filbay & Grindem,
2019; Paterno et al., 2019; Andrade et al., 2020; Forrester et
al., 2019), a substantial amount of research effort has been
directed toward the optimization of physical rehabilitation
regimens for patients who have undergone surgical
procedures as well as for those who have not. To be more
specific, the time, length, number of treatment modalities,
and aims of therapy have all been the subject of much
discussion, and alternatives have been rapidly expanding
(Forrester et al., 2019; Giesche et al., 2020; Balki et al.,
2016; Wright et al., 2019; Jenkins et al., 2022).
In recent years, many studies have asked if the attempt
to align any knee mechanically may create specific issues
connected to ligament imbalance. These concerns might
explain the almost 20% incidence of unsatisfied patients,
as emphasized in some papers. Indeed, the patient and the
surgeon have different expectations regarding the postoperative period; nevertheless, we need to keep in mind
that there is a significant difference between normal knee
kinematics, prosthetic knee kinematics, and arthritic knee
kinematics. Recent advances in knee surgery have led to the
development of a technique known as kinematic alignment,
which aims to enhance patient knee function and pain
management while reducing any surgical gesture focused
on ligament balance. The clinical findings demonstrate
that it is a method of measuring bone excision, which is
crucial to establish good kinematic alignment (Schiraldi et
al., 2016).
After having surgery on their anterior cruciate ligament
(ACL), patients have undergone considerable changes in
the manner in which they are rehabilitated throughout the
course of the previous several decades. During this time,
physicians have progressively shifted their approach,
moving away from complete immobilization and avoiding
any kind of muscle activity in favor of limited range of
motion (ROM) limitations and rapid muscle stimulation
after surgery (Beynnon et al., 2005; Keays et al., 2007;
Linden et al., 2007; Pinczewski et al., 2007; Risberg
et al., 2007). Despite the fact that ACL post-operative
rehabilitation has constantly been developing, relatively
little published literature is available that outlines the
precise nature of ACL rehabilitation. The authors of this
article have devoted their whole clinical practice to treating
knee injuries, and as a result of this concentration, they
have devised a novel approach to ACL rehabilitation called
the Knee Symmetry Model (Biggs et al., 2009).
A damaged ACL almost always requires surgical
restoration before an athlete may go back into competition.
However, the findings of a recent systematic study
indicated that only sixty per cent of non-elite athletes
could return to the same level of competition they had

achieved before their injuries after undergoing ACL repair.
Post-operative rehabilitation needs to be started as soon
as possible and should be individualized according to the
patient’s functional features. The primary objective is to
return the knee that was operated on to its function level
before the accident. Specialized regimens may hasten and
improve a person’s recovery to their pre-injury level of
athletic performance. There is a standard protocol as well
as an accelerated protocol. The accelerated protocol offers
quicker improvement but is often geared toward persons
with a high degree of past sports achievement.
Nevertheless, determining whether it is safe to resume
athletic activity after having an ACL repair is a crucial
choice. There have been a number of different efforts made
to identify an appropriate schedule for a return to sport
after anterior cruciate ligament surgery, using a range of
subjective and objective indicators. These approaches have
been successful in some instances; however, none of these
attempts has been validated to the extent that is desired
(Rambaud et al., 2017; Zduński et al., 2015).
Post-operative recovery of anterior cruciate ligaments
arose out of a need, so considerable progress has been
made in this area over the last few decades. Sports are being
splashed all over the media, thus gaining popularity and
becoming an essential source of entertainment for people
at home who watch competitions eagerly. This article aims
to discuss the post-operative recovery of anterior cruciate
ligaments in competitive athletes, highlighting new and
established methods, techniques and procedures in the
literature from the perspective of a systematic review.

Material and methods
This particular systematic review was designed between
November 2021 and June 2022 to adhere to the guidelines
set by Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). PubMed, Physiopedia, and
Google Scholar were the databases that were used for this
study, and specific search keywords were used as search
phrases (Table I):
a) PubMed: (anterior cruciate ligament) OR
(anterior cruciate ligament reconstruction) OR (athletes
return to preinjury sport) AND (rehabilitation) OR (after
anterior cruciate ligament reconstruction) AND (male/
female athletes) OR (return to sports after anterior cruciate
ligament reconstruction);
b) Physiopedia:
(rehabilitation
after
ACL
reconstruction) AND (male/female athletes) AND
(athletes’ return to pre-injury sport); OR (anterior cruciate
ligament) OR (anterior cruciate ligament repair) AND
(return to sports after ACL reconstruction);
c) Google Scholar: (reconstruction of the anterior
cruciate ligament) OR (athletes returning to their sport
after injury) OR (reconstruction of the anterior cruciate
ligament) AND (rehabilitation) OR (after reconstruction of
the anterior cruciate ligament) AND (male/female athletes)
OR (return to sports after anterior cruciate ligament
reconstruction).
The records identified from the databases with the key
terms mentioned above were saved using the reference
manager software EndNote X9, which subsequently was
used remove the duplicate articles.
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Table I
Inclusion and exclusion criteria.
Parameters
Population
Intervention
Comparison
Results

Study
design

Inclusion criteria
Exclusion criteria
Athletes practicing professionally or regularly any sport (even at
People who practice sport irregularly or not at all.
hobby level); both genders.
Not applicable
Not applicable
Determining the rate of return to the sport of performance
athletes after ACL reconstruction
Determining the autonomy rate of sedentary people after
Investigated the effects of strength training protocol on thigh
ACL reconstruction.
musculature.
Expert opinions, letters to the editor, and conference
Systematic review, meta-analysis, case-control, cross-sectional
reports.
studies, literature reviews, case reports.
All articles published after 2009.
Articles published before 2009.

Data extraction
From each article selected and included for this review,
the following specific information was extracted using an
Excel form:
- The primary objective of this study is the postoperative recovery of anterior cruciate ligaments among
competitive athletes;
- The main aim is to establish a conclusion on postoperative anterior cruciate ligament recovery protocols

among performance athletes;
- Typology of studies reviewed in this paper:
systematic review, cross-sectional studies, meta-analysis,
case-control, case reports and literature reviews;
- The study sample comprises athletes practicing
professionally or regularly, regardless of the gender of the
athlete.

Results

Fig. 1 – Flowchart of the study selection process according to PRISMA guidelines.

Following the first database search, we identified 44
articles possibly suitable for our research. Arriving at the
sorting phase, we noticed that:
a) Nine articles were duplicates.
b) Eleven articles did not follow the theme.
c) Five articles dealt with the topic of the collateral
ligament.

d) Four articles had only the abstract available.
e) One article presented only surgical concepts.
Following the review process, out of the 44 initially
found, we dropped approximately 30 articles for the
reasons listed above, leaving 14 eligible articles. Fig. 1
represents the complete PRISMA diagram.
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Table II
Details of the identified studies.
Study details
Reference

Main objective

Sample
Main purpose

Football players who have had their
Effects of a strength training routine
(Welling et
anterior cruciate ligaments (ACLs)
on the strength of the quadriceps and
al., 2019)
rebuilt had their strength training
hamstring muscles are being investigated.
outcomes compared.

(White et
al., 2013)

Evaluating the effects of neuromuscular
training after surgery on knee joint
loading, gait biomechanics, and clinical
outcome measures for athletes.

Develop future treatment plans
to maximise short- and long-run
operational consequences following
anterior cruciate ligament restoration.

Estimate the time required to
calculate the return to sports
Calculate anterior cruciate ligament graft rates, calculate graft rupture rates,
(Lai et al.,
breakage prevalence and assessment of and anterior cruciate ligament
2018)
post-surgical athletic performance.
reconstruction, assess post-surgical
athletic performance, and identify the
determinants of return to sports rates.
Comparison of functional results in
a sample that completed further preoperative therapy two years after ACL
surgery. This additional rehabilitation
included gradual enhancing and
neuromuscular exercise following
resolution of deficits.

Two years following ACL
replacement, the group that was
treated with significant pre-operative
rehabilitation would have higher
functional results.

Comparison of pre- and post-operative
patient-reported outcomes (PROs)
(Grindem over a period of two years in patients
et al.,
undertaking progressive pre- and post2015)
operative rehabilitation at athletics
medicine hospital as opposed to those
receiving conventional treatment.

Recuperation of knee function and
muscular strength utilising functional
landmarks and repeated testing
preoperatively, six months, one year,
and two years after surgery.

Examining the consequences of a four(Kim et al., week pre-operative training implication
2015)
on knee toughness and function after
surgery.

A pre-operative exercise program
would improve post-reconstruction
functional outcomes of the anterior
cruciate ligament.

(Failla et
al., 2016)

(Shaarani
et al.,
2013)

The group concluded a six-week
exercise program at the gym and at
home. Assessments included single-leg
examination; quadriceps and hamstring
maximum torque cross-sectional area,
and magnetic resonance imaging

Restoring as much range of motion as
possible in
(Zduński et the studied joint, as well as the regular
al., 2015) gait pattern,
muscle strength and proprioception
throughout the limb.

A pre-operative exercise program
would improve post-operative
consequences following anterior
cruciate ligament reconstruction
A Lysholm and Gillquist scale
investigation of the efficacy of preoperative physical therapy for patients
who will be having arthroscopic
repair of the anterior cruciate
ligament.

The film dressing would produce
(Yonetani improved subjective patient outcomes
et al., and decreased post-operative bleeding
2022) compared to conventional gauze dressing
with bandages.

A comparison of the clinical efficacy
of cryotherapy proceeding ACL
restoration utilizing two distinct
wound dressings: transparent
semi-permeable polyurethane film
dressings and standard post-operative
gauze dressings.

Ten physiotherapy sessions were
provided to the group. These sessions
(Hartigan included gradual quadriceps strength
et al., preparation as well as specialised
2009) neuromuscular exercises that included the
methodical translation of weight-bearing
surfaces.

Pre-operative training would
help people with anterior cruciate
ligament tears who complain of knee
instability regain quadriceps strength
and walk normally after ligament
reconstruction.

(de Valk et Single-beam arthroscopic techniques
al., 2013) affect post-operative rehabilitation.

Determining patient factors and
trauma elements before anterior
cruciate ligament reconstruction
affects post-operative rehabilitation.

Determine pre-operative characteristics
that may accurately predict how well
(Eitzen et
a knee will function two years after
al., 2009)
having the anterior cruciate ligament
reconstructed.

The essential factor in predicting
knee function two years following
reconstructive surgery would be preoperative quadriceps strength.
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Gender

n

M

68

Results
Level

Results obtained

Beginner.

Seven months following surgery, the
damaged limb’s quadriceps and hamstrings
were no weaker than those of the dominant
leg in the control group.

F/M

40
/
40

Performance
level.

Subjects receiving accelerated care will
demonstrate symmetrical knee joint loading,
symmetrical motion patterns, improved
clinical and functional outcomes, and
improved knee function compared to subjects
receiving standard care.

M

10

Performance
level.

The anterior cruciate ligament graft breakage
prevalence was 83%. 5.2% suffered a graft
rupture.

F/M

105
/
87

Performance
level.

The group that was given different
pre-operative therapy, which included
neuromuscular training and progressive
strengthening, in addition to a criteria-based
post-operative rehabilitation program, had
higher functional results.

Intermediate
1345/ and
1429 Performance
level.

Two years after surgery, participants in
a prospective cohort who had received
both standard treatment and progressive
rehabilitation at athletics medicine hospital
reported better results.

80

Intermediate
level.

Four weeks of pre-operative exercise may
have several beneficial consequences after
reconstructive surgery, including a quicker
recovery of knee extensor strength and
function, as indicated by the ability to hop
on one leg.

M

23

Intermediate
level.

Knee function was improved after six weeks
of gradual prehabilitation for patients having
anterior cruciate ligament repair, as measured
by the single-leg hop test and self-assessment
using the modified Cincinnati score.

F/M

17
/
13

Patients with total anterior cruciate
ligament rupture participating in a preoperative rehabilitation programme led by
a physiotherapist achieved more excellent
functional status than the control group.

F/M

41
/
19

Film dressing increased the impact of
cryotherapy in terms of pain management,
wound drainage, and inflammation
immediately after surgery in comparison to
the usual elastic-coated gauze dressing.

F/M

M

F/M

M

M

13
/
6

40

60

Beginners.

Performance
level.

Quadriceps strength indices have improved
over time. Disruptive training increases
movement and decreases muscle contractions
in the involved limb during the weightbearing phase of walking to potential
copers after anterior cruciate ligament
reconstruction.

Performance
level.

Better functional outcomes for male patients
under 30 years of age
patients with anterior cruciate ligament
reconstruction within three months of injury
and high initial activity level.

Intermediate
level.

Pre-operative quadriceps muscle toughness
debts and meniscus damages significantly
negatively affect long-term functional
consequences following anterior cruciate
ligament reconstruction.
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Study details
Reference
(Lepley &
PalmieriSmith,
2016)

Main objective
This article discusses the proactive
strategy physicians may use before
surgery to reduce quadriceps weakness
after the procedure.

Sample
Main purpose
Exploring the connection between
pre-operative and post-operative
quadriceps activation in order to
better understand the relationships
between the two.

A goniometric measurement of the
patient’s range of motion was taken one Anterior cruciate ligament (ACL)
day before surgery and six weeks and
repair may lead to a significant loss
(Quelard et
three months after the procedure. The pre- of mobility, thus, it’s essential to
al., 2010)
operative magnetic resonance imaging
understand what variables could have
revealed that there was some bone bruise contributed to this loss before surgery.
(MRI).

Discussion
In this section, we will focus on some of the components
of this systematic review that relate to the post-operative
healing of anterior cruciate ligaments among performance
athletes. These ligaments are often injured during athletic
competition.
We begin by describing the fundamental goal of
this research, which is to identify the approach that will
be most successful in reintroducing the athlete to the
competitive environment of the professional sports circuit.
Concurrently, the emphasis will be placed on regaining lost
skills to the greatest extent possible, up to one hundred per
cent if possible.
Some authors (Rambaud et al., 2017; Zduński et al.,
2015) believe that the athlete performs best following
an accelerated recovery plan. This accelerated recovery
plan is divided into 3 phases, each with its goals and
recommendations. The accelerated recovery phases are
a sum of procedures, techniques and methods designed
to relieve pain, strengthen joints and give the athlete
confidence in their recently operated lower limb because a
competitive athlete needs, in addition to a well-developed
body, a strong mentality so that they can cope with all the
pressure they feel on their shoulders.
After extracting and studying the articles in the
literature, which have a common goal and purpose, we
have divided the discussions into two broad categories:
those related to the pre-operative phase of recovery and
those associated with the post-operative phase of recovery:
• During the pre-operative period, this group includes
articles which have:
o A common objective (Failla et al., 2016; Grindem
et al., 2015; Kim et al., 2015; Eitzen et al., 2009; Lepley et
al., 2016; Quelard et al., 2010): they aim at:
- Comparison of functional outcomes at two years
following ACL reconstruction in a cohort undergoing
additional pre-operative rehabilitation;
- Comparison of 2-year pre-operative and postoperative patient-reported outcomes of patients undergoing
progressive pre-operative and post-operative rehabilitation
at athletics medicine hospital compared to usual care;
- Examining the consequences of a 4-week preoperative training implication on knee strength and
function after surgery;
- Understanding the counteractive method doctors
should utilize preoperatively to reduce post-operative

Results

Gender

n

Level

Results obtained

F/M

23
/
31

Beginners.

F/M

21
/
7

Major risk factors for complicated
Beginners and rehabilitation following ACL repair include a
intermediate limited pre-operative range of motion as well
level.
as characteristic bone bruising of the lateral
femoral condyle and tibial plateau.

Individuals with a higher level of quadriceps
activation before the operation had a higher
activation level after the procedure.

quadriceps weakness;
- Identifying pre-operative predictors of knee function
two years following reconstructive ACL surgery.
o A common purpose (Failla et al., 2016; Grindem et
al., 2015; Kim et al., 2015; Eitzen et al., 2009; Lepley et
al., 2016; Quelard et al., 2010): they aim at:
- Two years following ACL replacement, the group of
patients who were treated with significant pre-operative
rehabilitation would have better functional results;
- a pre-operative exercise program would improve
post-reconstructive ACL functional outcomes;
- a pre-operative exercise program would improve
post-operative outcomes after ACL reconstruction;
- determine if there is a correlation between the
strength of the quadriceps before surgery and how well the
knee functions two years following reconstructive surgery;
- evaluate the efficacy of pre-operative physiotherapy
in patients who are scheduled for arthroscopic ACL
reconstruction;
- pre-operative training to help people with ACL rupture
who complain of knee instability to regain quadriceps
strength and walk normally after reconstruction;
- the strongest predictor of knee function two years
following reconstructive surgery would be pre-operative
quadriceps strength;
• During the post-operative period - this group
includes articles which have:
o A common objective (Grindem et al., 2015;
Yonetani et al., 2022; de Valk et al., 2013; Lepley et al.,
2016): these aims at:
- comparison of 2-year pre-operative and postoperative outcomes reported in patients experiencing
enlightened pre-operative and post-operative rehabilitation
at athletics medicine hospital compared to usual care;
- film dressing would produce improved subjective
patient outcomes and decreased post-operative bleeding
compared to conventional gauze dressing with bandages;
- Single beam arthroscopic techniques affect postoperative rehabilitation;
- the counteractive approach that clinicians should
use preoperatively to alleviate post-operative quadriceps
weakness.
o A common purpose (Grindem et al., 2015; Yonetani
et al., 2022; de Valk et al., 2013; Lepley et al., 2016): these
aims at:
- comparison of the clinical efficacy of cryotherapy
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following ACL reconstruction employing two different
wound dressings, conventional gauze dressings
postoperatively
and
transparent
semi-permeable
polyurethane film dressings;
- comparison of the regaining knee function and
muscle strength using functional landmarks and repeated
testing before surgery and at six months, one year, and two
years postoperatively;
- comparison of the regaining knee function and
muscle strength using functional landmarks and repeated
testing before surgery and at two years postoperatively;

Conclusions
From all the articles studied to develop this scientific
paper, two essential aspects of post-operative ACL
recovery among competitive athletes could be emphasized
as conclusion:
1. The pre-operative stage plays a significant role in
post-operative ACL recovery, which acts synergistically
with the post-operative phase to speed up the healing
process following the surgical procedure and facilitates
a more generous percentage of rehabilitation of lost
functions.
2. The second conclusion drawn relates only to the
post-operative stage of the anterior cruciate ligament
rupture. When talking about this stage, we can list a
wide range of processes and procedures used, but the
accelerated recovery protocol must be highlighted.
The accelerated protocol, unlike the traditional one,
is more physically demanding for the patient, but
its effects on knee rehabilitation are far superior.
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Abstract
In this paper we would like to share the results of the first edition of this educational partnership project, which was
implemented in two different stages, with the participation of students from five schools from Cluj County. Based on remedial
sport activities, this educational project aims to involve pupils from primary/junior high school who are often the target of
isolation and lack of communication due to the mistrust of others in their abilities.
Through the individual skills sports competitions organized for this group of beneficiaries, we wanted to demonstrate
to families and members of close communities that these people can and want to do sports, even if they are not capable of
performing, and that through these remedial sports activities self-esteem and confidence in their own strengths increases
considerably. Among students with special education needs who have higher physical abilities and who come from foster
homes, special schools, or are integrated into mainstream schools, there are athletes who have a higher degree of independence
and social skills, who can do team sports and interact with those around them more easily, but who need movement to
maintain a healthy lifestyle and interaction with members of their communities to demonstrate the qualities and skills acquired
through regular training and participation in sports competitions. Social integration, belonging to a group, collegiality, team
spirit, increased self-esteem, the pleasure of moving in an organized environment and taking part in a sport competition are
among the major effects that this project had on the students.
Keywords: sport, remedial activities, special education needs.

Introduction
Sport effects
Sport is considered important in the formation of
individuals. It helps an individual much more than in the
physical aspects alone. It builds character, teaches and
develops strategic thinking, analytical thinking, leadership
skills, goal setting and risk taking (Ghildiyal, 2015), and
is seen as an increasingly important socializing factor in
modern society. Both the biological development and the
psychological traits shaped by the socialization process
continue throughout life as new social roles are added
and exercised and new experiences assimilated. If the
acquisition of one or other of these developmental tasks
fails, a number of negative effects result, including social
maladjustment, increased anxiety, social disapproval and
inability to perform other tasks.
Effects of socialization through sport and physical

activity
Socialization through sport is equally about the
individual and the group. Individual socialization is
achieved when the individual assimilates attitudes, values,
concepts or behavior patterns specific to the sport group or
community in order to adapt and integrate. Socialization
of the group, by increasing the number of individuals
practicing sport, contributes to the development of the
branches of sport and thus of the system. Socialization
through sport means the extent to which attitudes, values,
skills and rules learned in sport are transferred and
manifested in other social spheres.
Children and young people are the main beneficiaries of
physical education and sport. Early childhood is the period
when motor activity is of vital importance for socialization.
In the early stage of life, the child is sensitive to cognitive
and moral development, he assumes different roles, learns
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that he is different from others and, above all, learns
to build relationships with others. Sport proves to be an
excellent tool to foster the social integration of vulnerable
target groups. However, there is an under-representation
of children from these groups in sports clubs and sports
activities in general. Due to their living conditions, the main
point of contact of these target groups with the mainstream
community is schools. For this reason, there is a need to
increase contacts and cooperation between schools and
local communities (including sports clubs) through the use
of sport and to increase the capacity of intermediary bodies
to promote these contacts in a sustainable way.
Sport and physical activity influences on man and society
are complex, especially because they produce effects on
health maintenance, training and personality development.
Time has validated the positive effects of physical activity
and sport on self-concept, self-esteem, anxiety, depression,
tension and stress, self-confidence, energy, mood, efficiency
and wellness (Turcu & Todor, 2010).
Sports competitions
Sports competition has been considered positive
leisure involvement because of its contribution to
developmental outcomes for a healthy lifestyle. Through
exposure to sports early in life, sports participation can
bring sound behavioral development. In addition to the
physical domain, psychosocial benefits can result from
sports participation. For example, youth sports provide an
arena for the development of moral attitudes and social
behaviors, including cooperation and healthy competition
(Branta et al., 1996; Holt, 2011).
Sports competition is analyzed in terms of applying
behavioral, psychological, social, and physiological
capacities and its consequences. It also included positive,
negative, or neutral feedback for future use (Baker et al.,
2009; Scanlan, 2005; Watson, 1984; White & McTeer,
2012).
Sports competition can play an important role for
children because it contributes to developmental outcomes
for a healthy lifestyle. Through sports competition, children
can learn about physical, social, and cognitive skills. Sports
competition can be either positive or negative in terms of
development, depending on how experiences are perceived
by children and how competitions is designed (Choi et al.,
2014).
When children engage in associative play during
Piaget’s preoperational stage, they participate in games
with rules (Piaget, 1963). They organize themselves
collectively for play activities in the concrete operational
stage. Games and sports are the primary context for
children to learn organizational skills such as the ability
to manage and cope with a diversity of perspectives,
adjudicate disputes, and work for collective goals (James,
2001; Light, 2010). Through trial and error in play and
the constant repetition of practice for sports competition,
children can increase their self-esteem and self-confidence
(Schumacher Dimech & Seiler, 2011; Singer & Gerson,
1980; Weiss, 2008). Thus, sports competition provides
excellent opportunities to strengthen children’s character.
In the concrete operational stage, adolescents further
develop the ability to use propositional, inductive, and
deductive logic (Piaget, 1963).

Interaction with others while playing can be beneficial
for the development of normal social behavior. One of the
most important social functions of sports competition is
enabling the children to learn proper social communication
(Light, 2010). During competitive sports, children can
learn patterns of social cooperation without exceeding
certain limits of aggression (Russell, 2007). Playing with
other children is perhaps the major context for learning
social skills, and it is regarded as an important factor in
social integration.
Adjusted development through sport
Adjusted development maintains that sports
competition allows for a respite from the developmental
pressures and stresses of life (Kleiber, 1999). Kleiber
believed that people can learn valuable lessons through
negative life events. Since individuals likely perceive
various constraints (intrapersonal, interpersonal, and
structural components) differently, they adopt distinctive
patterns of negotiation to continue participation in sports
(Crawford et al., 1991; Hwang & Choi, 2012). To be
engaged in sports competition, children must successfully
utilize negotiating strategies to overcome the effects
of constraints by acquiring information, altering the
scheduling of games, and developing specific sport skills
(Scott, 1991; Jackson & Rucks, 1995; James, 2001).
The role of cognitive development and socialization in
the initial empirically examined various approaches of
negotiation strategies in sports participation among high
school students. When adolescents confronted constraints,
they used various negotiation strategies such as cognitive
resources (e.g., ignore problems, be positive, and have
fun) and behavioral resources (e.g., modifying time and
commitments, acquiring skills, changing interpersonal
relations, improving finances, undergoing physical therapy,
and changing leisure aspirations). Because constraints
are connected to sports competition, adolescents often
negotiate a specific constraint by implementing negotiation
strategies related to that particular constraint (e.g.,
engaging in sports with people of similar age to overcome
interpersonal constraints). Different populations with
chronic disabling conditions also experience constraints
when they participate in physical activities (Henderson et
al., 1995; Lyu et al., 2013). Individuals who participate in
any given sport repeatedly implement various strategies to
alleviate the effects of constraints, either by altering their
sport or modifying other aspects of their lives (Hwang et
al., 2009).
Sport-recreational activity has broadened its scope of
participation from young to old, from men to women, from
school to leisure, from hobby to profession, succeeding
through physical exercise to shape human physiognomy
and behavior. Its wide representation proves that it is a
mass phenomenon capable of producing fundamental
changes in the global social landscape. This evolutionary
process has been due to the attention that sport has paid to
the individual human being regardless of his or her social
position, regardless of age or gender, regardless of ethnicity
or religion, leaving aside all discrimination and drawing
into its sphere all social categories, some as practitioners,
others as spectators. This protagonist/spectator dualism
has allowed the shaping of character and provided new
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motivations, some idealistic, others material. Even if the
reasons for taking part in sport are diverse, sport also makes
room for those who want to perform and those who want
to win, and is an ideal means of expressing concerns and
desires. Sport as a recreational activity creates relaxation,
is an ideal means of making contact with other people and
establishing new relationships, a means of using up energy,
but can also lead to a different aesthetic sense. Through
its great integrative character it becomes an ideal medium
for manifestation and expression, for self-discovery
(Brândescu, 2010).
Social benefits included positive relationships with
coaches, making new friends, and developing teamwork
and social skills. Personal benefits included children being
emotionally controlled, enjoying exploration, having
confidence and discipline, performing well academically,
managing their weight and being ‘kept busy’ (Holt et al.,
2011).

Remedial education
The aim of remedial education: preventing school
drop-out and improving school success rates for children
from disadvantaged groups.
Through such activities the aim is to change the attitude
of teachers, parents, pupils (Abdul Ghani Kanesan Abdullah
et al., 2011) and representatives of local and county public
institutions towards the communities and disadvantaged
groups. Due to low attendance and other difficulties, pupils
find it difficult to achieve the framework objectives in
various subjects. Children have poor imaginations and a
mechanical memory, become passive and wait to be asked,
have limited communication skills and sometimes find it
difficult to integrate into the group. Because of the difficult
conditions at home they are irritable, unable to concentrate
for a longer period of time, tending to run away from
classes or find other interests (Sörqvist, 2015). Motivation
for learning is very low. Self-image is poor; children are
insecure, and even when they perform acceptably in one
area, they are not aware and convinced of their success
(Doom et al., 2020); they have difficulty being honest and
fair with others and are often aggressive when relating to
others. They have a poor personal experience due to their
background.
Education is, for any society, the vector for sustainable
development and a healthy society. Remedial education
is part of a child’s education which aims to encourage
the completion of statutory education and improving
school success rates for children in disadvantaged groups.
Organizing a remedial program has an impact school
life, with the aim of making a difference in attitudes
towards each pupil who may have at some point learning
difficulties. In remedial education classes, children
are supported in doing their homework, in remedial
activities and improvement of learning difficulties (AlSheikhly, 2020). For remedial education activities to be
several aspects are addressed: diversity, accessibility
and aesthetics of the teaching material presented; the
framework environment personalized to the pupils’ work
or changing the work location; the application of learning
strategies through as methods to promote social harmony;
perception and feedback from parents during the course of

the remedial activities. Remedial education is necessary to
applied at both group and individual level. Individualized
intervention involves: identifying the points strengths and
weaknesses; setting learning priorities; choosing the most
appropriate methods and strategies; recording evaluating
the intervention. Organizing a remedial program has an
impact on school life, with the aim of making a difference
in the attitude towards each pupil who may have at some
point learning difficulties.
Project objectives
The project aims to provide access to remedial social
integration activities through sport to a large number of
children with intellectual/physical disabilities or ESCs in
the county and people from their close communities and
facilitate their integration into society.
Objective 1: Organization of sports events for pupils
(local, county).
Objective 2: Exchange of experience/examples of good
practice between teachers from rural and urban schools
on personal ways of approaching and adapting to working
with pupils in physical education classes and counselling
and guidance, training of parents, volunteers and members
of close communities on the benefits of such activities.
Objective 3: To increase public awareness of the
importance of social inclusion for these pupils.
Target group
Pupils in primary, secondary education of partner
schools- pupils from disadvantaged categories (pupils
with special educational needs in special education,
integrated in mainstream education, children from singleparent families, children in foster care, children brought
up by relatives, children from poor communities, isolated
communities, parents abroad).

Results
Our team, composed of school inspectors of sport and
special education, head teachers of the partner schools,
physiotherapy and physical education and sport teachers
from the six partner schools in urban and rural areas,
initiated and implemented this sports education partnership
project for a period of two years, with the possibility of
extension. The first edition was carried out in two stages,
each ending with a sports competition: “Relay of Colors”
in the first stage and “Sports Relay” in the second. These
competitions took place in the last month of school activity
for pupils in the school years 2020-2021 and 2021-2022.
In order to achieve the objectives proposed in the
project, the first stage was organized by the initiating
school of this project - Transilvania Baciu Special
Secondary School - a school for children with severe
neuromotor disabilities and associated disorders, located
in rural areas. The competition was implemented as an
extracurricular activity as follows: each partner school
participated with five pupils. Four mixed teams were
created, with different color names, consisting of one pupil
from each partner school. The participants participated in
turns running through an applicative trail consisting of
challenges in athletics, gymnastics, basketball, football
elements, designed to develop motor skills and abilities
such as endurance, speed, balance, reaction speed and
manual dexterity (Table I).
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Table I
First edition June 2021. First stage of the 1st Edition.

Teams establishment

Competition route

Crossing under obstacles

Speed development

Dribbling between obstacles

Challenge of skills

Climbing

Student rewards

Student rewards
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Table II
Second edition-June 2022. Second stage of 1st edition.

Teams establishment

Competition route

Challenge of skills

Dezvoltarea vitezei

Running between obstacles

Passing under obstacles

Student rewards
Climbing

Carrying objects

147

Maria-Sofia Baias et al.
The second stage was organized by the “Ion
Agârbiceanu” Gymnasium School in Cluj-Napoca - an
urban school, where the activity took place in its sports
hall. This time, the four pupils from each partner school
were divided into two mixed teams, which, along the
length of a basketball court, crossed the obstacles of a
route, consisting of elements taken from basketball,
gymnastics and handball elements through which skills,
mobility, accuracy, attention, and spatial orientation can
be developed. Being the last stage of the first edition, the
degree of difficulty has been slightly increased (Table II).
During the two competitions, the students from each
team supported their teammates, encouraged each other
and enjoyed their individual and group successes. Each
of the participating students went beyond their physical
disabilities, giving their best. The smiles, the bonds of
friendship, the collegial support, the team spirit and the
increased self-esteem of each participant made us, the
coordinators, willing to disseminate the results of this
project in many ways and to become a source of inspiration
for other schools that will take up and implement this
project in the years to come.

Conclusions
1. In order for remedial education physical activities
to be effective, several aspects are considered: diversity,
accessibility and aesthetics of teaching material.
2. Personalized environmental setting with students’
work or change of work location.
3. Application of cooperative learning strategies as
methods to promote social harmony.
4. Parents’ perception and feedback during the course
of remedial activities.
5. Involvement of the school mediator in the smooth
running of the remedial education activity.
6. Sport remedial activities change the way of
thinking and perception of trainers/teachers involved in
such programs, related to the educational act inside and
outside the school.
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The annual meeting of veteran athletes of the „U” Cluj Club (26)
This year’s meeting was attended by 11 veterans. The
main topic of discussions was related to the rehabilitation
of the monument dedicated to Dr. Ion Arnăut and the
veteran athletes of the “U” (University) Club. The repair
work of the monument has been delayed because of the
increasing costs of construction materials and insufficient
budget, therefore inauguration was postponed for the next

event of 2 September 2023. All the approvals have been
obtained for the access of machinery and water-energy
supplies. The project was discussed in detail, namely the
constructor credentials and especially the budget required.
Traian Bocu
traian_bocu@yahoo.com

The first veterans arrived at the meeting
From right to left: Vasile Bogdan - decathlon; Rusu Agepsina - shot put,
Ioana Ciupeiu-Dobrău - hurdles; Draga Comșa-Crișan - high jump; Traian Bocu - pole vault.

Monument to be rehabilitated.
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RECENT PUBLICATIONS
Book reviews
Talent Development. A Practitioner and Parents
Guide. 2nd Edition
Editors: Dave Collins and Aine MacNamara

Publisher: Routledge, June 10, 2022
272 pages; Price: £ 29.99 (Paperback), $37.95 (kindle), or
RON 200.60 (Paperback)

It is more than obvious - a truism in fact - that the
process of talent development is essential to success in
any sport, as also in many other fields of activity, and that
the interest for this topic has recently skyrocketed all over
the world. In this situation and taking into consideration
that every year there has been an exponential growth in
this area - an expansion that has even spawned a new
type of sport scientist, the so called ”talent scientist” - the
book we will present this time can be considered a much
waited and really welcomed one, even if it comes after
only four years from its first edition.
The provocative text of the new edition represents the
result of a laudable collaborative effort, and it draws on
the latest evidence and a considerable experience base of
both the authors and the two editors. Dispelling myths
about talent development and outlining the real and
proved truths, it offers both theoretical foundations and
practical advice on the talent development pathway, from
the pre-school age and novice condition of the future
athlete to the elite level. Having the above mentioned
qualities and pluses explains why the book will be of real
usefulness to all those the authors intended to address coaches, scientists, administrators, educators, students,
parents, policymakers and senior development athletes –
, facilitating them the access to a modern, evidence-based

and efficient vision and practice on talent identification
and development in sport.
The 16 chapters are distributed into eight parts. Of
them the first, the penultimate and the last are made up of
only one chapter each, while the rest of the parts contain
two or three chapters plus an explanatory introduction.
To facilitate the reading and for making it easier to be
understood the book is also equipped with 19 figures and
13 tables.
The first chapter is a purely theoretical one and is set
out in the key sequence of the entire work. Within about
16 pages this chapter brings out the weaknesses of the past
talent identification programs, which didn’t prove very
effective at detecting and identifying young people with
a potential to develop into successful senior performers.
These weaknesses originate in focusing on the snapshot
characteristics or once-off performances at “trials”,
instead of giving the necessary attention to the factors
that underpin the capacity of a young athlete to finally
realize his/her potential. The underlying explanation of
these weaknesses consists in fact in viewing talent as an
individual’s innate collection of abilities, in conjunction
with little consideration for the process of development;
a process without which the respective abilities cannot
be converted into expertise. That is why the talent has
to be viewed as a developmental construct, whose rate
of progress is influenced by three significant catalysts:
chance factors, intrapersonal factors and environmental
factors.
The second part consists of three chapters, and
teaches us how to put the bases in sport. In other words
it refers to the pre-school preparation of those children
who later can continue or not to go on the long and
difficult path of developing their aptitudes and interest
for the field. Other three chapters constitute the third
part, which logically is dedicated to “the next level” of
involvement and preparation in sport. It is the so-called
pre-academy level, i.e. the period before the moment
when the child will select his/her preferred sport. And
as in the evolution/development of the child these period
raises more complex and specific problems to both the
parents and coaches, the authors provide these categories
of stakeholders with some special considerations.
Entering the Pathway is the title of next part. It
consists of two chapters and addresses to the actual start
of the children professionalization into the secrets of their
selected sport. Of course, the young athlete’s journey
starts with passing through the recruitment process
(Ch. 8), a process which has to be structured and put
into the practice in such a way as to result into the most
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objective and pragmatic decisions for both the candidates
and academies. Then, once s/he went into the academy
the specific sport preparation must comply with certain
principles and meet certain standards (see chapter 9),
because only under such conditions could one talk about
a good and efficient athletic preparation. Making the most
of the academy apprenticeship (Part V) will be possible
only if the relationship between coach and athlete makes
the latter fly (Ch. 10), and the parents and performers
fully support the academy (Ch. 10).

The penultimate part is dedicated to some essential
management considerations which the athletes, their
parents and coaches must know and exploit very well
for designing and operating a pathway of success. While
the last part entitled Conclusions comes with other
information and tips which are intended and proved to
really help the athletes in their desire to permanently stay
ahead.
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