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INTRODUCTION

Modern handball is one of the fastest team sport games, characterized by repeated
jumps, sprints, changes of direction, physical contacts at high speeds and specific technical
actions in response to various tactical situations during the game (Karcher & Buchheit, 2014)
and its quality is influenced by factors such as individual efficiency (physical, physiological,
technical), collective efficiency (tactical strategy, social factors) or external factors
(environmental and material conditions).

The strategy of the match, the evolution of the game, the mentality or preferences of the
coaches, the possible injuries or the low performance of the teammates are the situations that
require the exchange or rotation of the players (the on court ones with the substitutes).
Moreover, the numerous physical contacts and the fast playing pace in modern handball, raise
the need to exploit the potential of all players in the team, in order to preserve the optimal
performance capacity and delay the onset of fatigue. In this situation, any player who enters the
match must respond with maximum efficiency to immediate demands (physical, functional and
technical-tactical) on the court, so as to maintain a high playing level and not negatively
influence the evolution of the team until that moment.

The aspect that caught our attention is the period of passive recovery (PP) or inactivity
that follows the warm-up for the match and which applies to substitute athletes. Although re-
warming up, which we call active recovery (PA), is allowed, it must occur behind the benches,
without the ball, and only if the available space allows it.

MOTIVATION FOR THE CHOSEN TOPIC

As a former performance athlete, | can say that my own experience as a player, dealing
with performance fluctuations, numerous injuries or sacrifices, working with different coaches
throughout my career, who had various training methods and game strategies, represent the
struggle and at the same time my inner motivation that challenged me to approach this topic.

In choosing the research topic, | started from a simple observation of the latest trends in the
game of modern women’s handball. What particularly drew my attention was harnessing the
potential of all the players, by their efficient exchange during the matches and the distribution of
an approximately equal playing time, during the European Championship in 2018. The team
that used all its players the most was that of France, which also won the first European title in
the country’s history, after becoming the world champion for the second time a year before’.
Three years afterwards, in a recent interview with the French coach, Olivier Krumbholz, he drew
attention to the danger of using the same players during matches. If we analyze the situation of
the national senior team of Romania, we can see that our country has a long tradition in playing
handball, but lacks the superior achievements obtained in major international competitions.
According to the data, the women’s national team is the only one in the world that has managed
to qualify for all editions of the World and European Handball Championships. However, in
2021, there are very few trophies in the team’s record (only 5).

The professional experience gained over the years, in different teams in the National
Handball League and in Romania’s representative team, at all age levels, allows me to
emphasize the importance of optimal training for effort to ensure a good efficiency in the game
of women’s handball, which most times has a decisive impact on the final result of any
competition.

At present, we have been able to discover very few works that address the strategy of
rotating players during handball competitions. Moreover, the study of the effects of the
passive recovery and the appropriateness of implementing the active recovery are topics
debated mainly in other games or sports and are the subject of research abroad, not in
our country. In addition, the identified sources in handball are made in regards to the male
players, which may not be too relevant for girls, due to different physical, physiological,
technical-tactical and psychological peculiarities.

! “France women's national handball team”. Available at:
https://en.wikipedia.org/wiki/France women%27s_national _handball_team [accessed on 13 July 2021].
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By investigating the factors that influence the ability to achieve performance, we wish to be
able to make a modest contribution to identifying and eliminating any obstacles that may affect
the optimal performance, during competitions, of female handball players. Thus, proposing a
well-documented method of exploiting the full potential of the entire team can provide real
support to both coaches and especially players, in order to improve individual and collective
efficiency in the game.
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CURRENT LITERATURE

In Romania, the scientific interest associated with identifying strategies to maintain the
benefits of warming up in order to optimize performance in the game of handball in general and
in relation to substitute players in particular, is limited. Moreover, the analysis of the evolution of
players during matches or training is an under-utilized area in our country, although worldwide it
is on the list of sports performance success factors. However, general information about sports
measurement and evaluation has been published by authors such as Virgil, T. (2005) or
Risneac, B. (2004).

Because we wanted to carry out the combined evaluation of handball players, the
approach of our bibliographic research was directed towards three main directions: physical,
physiological and efficiency responses in the game, as a result of following the two recovery
protocols (passive and active). We also paid special attention to modern technological devices,
used in current sports training and competitions.

Initially, we identified many studies, from various games and sports, including cycling,
mountaineering or canoeing (Bogdanis et al., 1996; Connolly et al., 2003; Draper et al., 2006;
Mika et al., 2016). However, taking into account the particularities of the handball game
compared to other team sport games, we were guided by the reference study of Bompa (2002),
who made a classification of sports according to effort characteristics and training requirements.
Thus, we noticed that the biological systems and spheres of stress/exertion in the game of
handball are similar to those in the game of basketball, football and volleyball or sports events
such as athletics and they concern neuropsychological, endocrine-metabolic and
neuromuscular aspects.

International scientific research is of particular interest in the monitoring, analysis and
evaluation of physical, physiological and technical-tactical abilities in the game of handball, at all
age levels, both male and female. Particular attention is paid to the differences in particularities
between positions (Cardinale et al., 2017; Havolli et al., 2020; Hermassi et al., 2019; Karcher &
Buchheit, 2014; Karpan et al., 2015b; Manchado et al., 2020; Mohoric et al., 2021; Weber et al.,
2018) and today, through modern technology, researchers can provide accurate information
about the current demands of the modern handball game, specific to each position (Manchado
et al., 2020).

The analysis of the fatigue phenomenon is also of major and continuous interest among
specialists. Overexertion of athletes causes a decrease in the physiological, physical and
efficiency responses of players. The main reason was determined to be the accumulation of a
very long playing time, which led to a decrease in performance, especially in the second half of
the match (Chelly et al., 2011; Michalsik, Madsen, et al., 2013; Ortega-Becerra et al., 2020b;
Povoas et al., 2012, 2014b; Wagner et al., 2014; Wik et al., 2017). For example, two studies
have identified the presence of fatigue in the second half of matches, reporting, in girls, a
decrease of 21.9% in the case of high-intensity running (Michalsik, Madsen, et al., 2013), while
the boys recorded a decrease of 16.2% (Michalsik, Aagaard, et al., 2013). Another possible
reason for the decrease in performance in the second half, in various team sports, was
suggested to be inactivity during the intermission between the halves of the match (Hammami
et al., 2018; Russell et al., 2015; L. M. Silva et al., 2018). The analysis of the 2016 edition of the
Rio Olympic Games indicates that 19% of all injuries were caused by overstressing the athletes
(Soligard et al., 2017). In handball, a recent study conducted during a men’s competitive season
indicates that there is an incidence of 6.0 injuries per 1000 hours of training and matches
(Hammami et al., 2018).

Being a standard procedure performed before any sporting competition, the role of warming
up has been intensely studied since the 1930s (Galazoulas, 2012). As a result, the literature
provides a wealth of information on the importance of warm-up in optimizing performance in
various sports competitions (Anderson et al., 2014; Bishop, 2003a, 2003b; Chen et al., 2021;
McGowan et al., 2015; McMillian et al., 2006; L. Silva et al., 2018; Turki et al., 2012; Zmijewski
et al., 2020; Zois et al., 2015) and in the prevention of possible injuries (McCrary et al., 2015;
Woods et al., 2007).

Although it has been suggested that a player rotation can be an effective strategy for
maintaining optimal effort capacity during matches, it is rarely used and studies on this topic are
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limited. The first and only study of handball on the impact of exchanges between players
investigated the effects of distributing shorter periods of play compared to longer ones (Moss &
Twist, 2015). Players achieved better physical results in short intervals due to lower
physiological demands and the researchers concluded that a good distribution between playing
and recovery periods could reduce the physical and physiological overloads that cause fatigue
and thus decrease the efficiency of players. Therefore, we can say that a good preparation of
the body for effort becomes crucial.

Recent studies provide significant recommendations on the most effective warm-up
protocols for competition in various team sport games and provide reactivation strategies for
players in two situations: in the time interval between the end of the warm-up for the match
and the start of the matches and during the break between halves (Hammami et al., 2018;
Russell et al., 2015; L. Silva et al., 2018).

However, none of the evaluated studies also refers to any strategies applied to handball
players who remain inactive immediately after the start of the match, although they can be
substituted at any time, according to the rules of the game and should perform at maximum
capacity from the first moment of the match.

From our current information, the period following the initial warm-up, in the form of a
passive or active recovery, is insufficiently examined in the game of handball. The literature
presents the effects of passive recovery (PP) during physical activity as often negative on the
subsequent, immediate evolution of athletes. Its greatest benefits come only after the cessation
of physical exertion. Although it is very useful in restoring the biological potential that is
sometimes endangered by exhaustion (Demeter, 1976) PP in a standing or sitting position can
lead to a decrease in muscle tone (Serban, 1983). This situation can negatively affect the
eventual evolution of athletes during basketball competitions (Crowther et al., 2017; Galazoulas,
2012) and may increase the incidence of handball injuries, which has already been reported to
be very high (Wedderkopp et al., 1999; Mdnaco et al., 2019).

The only handball study we were able to identify detected the effects of passive and active
recovery on the process of eliminating lactic acid from the blood, in the case of a men’s team
(Arazi et al., 2012). As the differences in gender peculiarities have been well highlighted over
time (Michalsik, Madsen, et al., 2013, 2015; Michalsik, 2018b; Mdnaco et al., 2019; Pdvoas et
al., 2014b; Wagner et al., 2020; Weber et al., 2018), the results of this study are of limited
relevance to women’s handball.

Concerns about substitute players, their inactivity, and the effects of active recovery in the
substitution area are prevalent in football or hockey games (Arslan et al., 2017; Kilduff et al.,
2013; Lau et al., 2001; Spierer, 2004), or individual sports such as gymnastics, swimming,
athletics or climbing (Buchheit, Cormie, et al., 2009; Draper et al., 2006; Dupont et al., 2003;
Jemni et al., 2003; Signorile et al., 1993; Toubekis et al., 2008). But all this research has yielded
conflicting results. PA has been shown to be beneficial in some research, contrary to other
analyses that have shown that PA has negative effects on subsequent sports activities and
should not be used.

Existing studies generally include the analysis of physical and physiological demands but
do not refer to the effectiveness of the technical actions of the players. We believe that since
many technical actions occur with physical contact, this omission may lead to an
underestimation of the evaluation of athletes, in the modern game of handball.

This research has an innovative character in that it aligns with the technological progress
registered in the sports field, at the level of all disciplines. In our bibliographic approach, we
have identified examples for the use of new technological tools in almost all recent articles,
which have guided us in choosing the research methodology. External stresses can be
measured using global (GPS) and local (LPS) positioning systems, inertial measurement units
(IMUs), or video monitoring systems (Buchheit & Simpson, 2017; Hoppe et al., 2018; Luteberget
et al., 2017; MacDonald et al., 2016; Maric et al., n.d.; Orange et al., 2019; Prieto-Lage et al.,
2018). Internal stresses can be tracked through many portable applications and tools that
provide information on the most important functional parameters such as heart rate (Bélka et al.,
2014; Buchheit, Lepretre, et al., 2009; Navalta et al., 2020), lactic acid (Arazi et al., 2012;
Ortega-Becerra et al., 2020b; Ozsu et al., 2018), skin or muscle temperature (Crowther et al.,
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2017; Galazoulas, 2012; Hills et al., 2020; Mohr et al., 2004; Tong et al., 2019; West et al.,
2016).

At the end of our bibliographic exploration, we found that, in addition to the studies
conducted in the game of basketball, most research has implemented the two recovery
programs (passive and active), as methods of recovery after exertion or as reactivation of the
body during breaks, between the halves and not after the initial warm-up, on the edge of the
court where the official competition takes place.

IMPORTANCE AND AIM OF THE STUDY

The importance of the thesis is given by the high degree of topicality in the research, which
has been thoroughly documented and verified by a large-scale scientific approach. The material
will be of use to coaches and specialists in the field because it offers an innovative way to
harness the potential of the entire team of players. In this regard, we will provide an innovative
and accessible method of optimizing the effort capacity of substitute players, according to the
requirements of the modern handball game, regardless of when they are introduced on the
court. Moreover, we will develop a formula for quantifying the efficiency in the game, according
to each position, which will provide coaches with one of the most objective methods of
evaluating players.

In order to perform the game tasks, athletes must have an optimal preparation of the
body for effort, which ensures the functioning at optimal capacity of the main biological systems
required by the game of handball (cardiovascular system, respiratory system, neuromuscular
system, musculoskeletal system). In our opinion, regardless of the value of the players in
positions, given that their substitution occurs with insufficient training, due to the period of
inactivity on the side line, their immediate performance can affect the collective game by poor
efficiency and can even lead to injuries.

We believe that by replacing the passive recovery and implementing an active recovery
protocol, we will contribute, on the one hand, to optimize the start shape of the substitute
players and, on the other hand, to increase their efficiency in the game. Pairing this innovative
strategy with the current need for player rotation in order to maintain a high level of in-game
performance and reduce fatigue (Karcher & Buchheit, 2014; Michalsik, 2018b), we believe that
our work can be a relevant answer to the attempts of specialists to find the safest ways to
achieve their goals and achieve the best sports performance.

The importance of our work is also established by the research methodology which is
composed of innovative tests and unconventional tools for monitoring the physical and
physiological capacity for effort.

Establishing the performance model in the game of handball is the research interest in
many recent scientific papers and we believe that this minor aspect addressed in our thesis, but
which may have a major impact on the final results of competitions, finds its place on the list of
the most important factors influencing sports performance.

The aim of this paper is to investigate and compare the effects of two recovery
programs (passive and active), implemented immediately after the match warm-up, on the
physical, physiological and efficiency responses in the game, in the case a women’s handball
team in Romania, by using unconventional monitoring means. In this sense, we will develop a
combined assessment matrix, at different times and under different conditions, both in training,
and in training or friendly matches. As the substitution area on the side of the handball court is
small, we will aim to develop a protocol to maintain the body’s readiness for effort, through
efficient means that do not require very large areas of implementation.
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PART I: THE THEORETICAL AND SCIENTIFIC FRAMEWORK OF THE THESIS

CHAPTER 1. SPORT PERFORMANCE AND PERFORMANCE CAPACITY
1.1. Performance factors in the game of handball

Aerobic and anaerobic capacity, the ability to make successive changes of direction,
accelerations and decelerations or high-intensity actions, coordination, strength, flexibility, the
ability to sprint or jump, are the requirements for the best results (Karcher & Buchheit, 2014;
Manchado et al., 2013; Michalsik, 2018b; Michalsik, Madsen, et al., 2013; Moss et al., 2015;
Pdvoas et al., 2012).

Being a team sport game, handball is strongly influenced both by the technical-tactical
aspects of the attack and defense phases, as well as by the social or mental factors inside or
outside the team (Michalsik, 2018b). The model presented in Figure 1. 1 is based on the most
relevant studies in the field and explicitly states the complex conditions required by the modern
game of handball, both individually and collectively.

|  INDIVIDUAL PERFORMANCE |
COORDINATION STRENGHT AEROBIC/ANAEROBIC CONSTITUTION- NUTRITION
Basic: Running, Basic Muscle Basic: constant or intermittent DISPOSITION Allowed Diet, hydration
jumping, pushing, strength, power, exercise, conditioning, high- Genetics and before and during
agility and change of RFD and intensity training and sprinting anthropometry games/training
direction functional Specific: high-intensity Disease, injury and Not allo' llegal
Specific: Team strength exercise and endurance: theraov substangés with
handball techniques Specific On- Game based on court with
e.g. passing, shooting, court timing or without ball handling
dribbling and fakes specific strength
Y EXTERNAL
TEAM HANDBALL PLAYING PERFORMANCE |‘— INFLUENCES
Materials e.g. ball and
+ shoes
Environmental
TEAM PERFORMANCE | conditions
TACTICS SOCIAL FACTORS COGNITION
In offence, in defense and Inside Personality
during transitions the team: cohesion, team Mental skills
efficacy, team leadership, Anticipation
Team, groups and one-to- group team role and Attention |
one Theory and practice coach Decision making
Outside Opponents,
referees the team and
spectators

Figure 1. 1. Individual and collective factors influencing the performance in the game, according to
Michalsik (2018)

1.2. Performance indicators in the game of handball

A recent study has made a hierarchy of success indicators at the 2017 World Handball
Championship, both for women and men (Noustos, 2018). Researchers have identified the
same performance indicators, but with a different weight of influence. Thus, for men, what
mattered most was the level of professional experience and then shot efficiency and the
anthropometric indices, while for women, the combination between the level of experience and
shot efficiency was decisive, the anthropometric factor being less important.

Our own research, conducted following the 2019 World Women’s Handball
Championships in Kumamoto, confirms the results of Noustos (2018), the experience and
efficiency of the players being the main performance indicators in this competition. In Table 1. 1,
we detailed the average values of the differences registered between the Romanian team (12"
place) and the teams on the competition podium, in the case of the performance indicators
followed.
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Table 1. 1. The performance indicators registered by the Romanian team, compared to the winning teams

from C.M. 2019, according to us?

Indicators/Team Netherlands (15t Spain (2™ Russia (3™ Romania (12

place) place) place) place)

zr':/f)t)a:natlonal experience 90.9 716 706 36.7

Goal efficiency (%) 60 62 68 52

Shot efficiency (%) 53 52 57 42

Age (years) 25 28.3 275 25.8

Height (cm) 176 173 178 178

Weight (kg) 71 68 70 70

* the percentage of players with international experience in each team

2 Gheorghe, C., Mereuta, C. (2020). An analysis of the Collective effectiveness of the Romanian National
Team’s Attacks During 2019 Women’s Handball World Championship, Bulletin of the Transilvania
University of Brasov, Series IX: Sciences of Human KinetiC.S. « Vol. 13(62) No. 1 — 2020, pp.17-24, ISSN
2344-2026 (print), ISSN-L 2344-2026 (online), https://doi.org/10.31926/but.shk.2020.13.62.1.2
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CHAPTER 2. EFFORT CAPACITY IN PERFORMANCE SPORT
2.1. Effort in the game of handball

The dynamics of effort intensity in the game of handball change mainly in relation to the
characteristics of the sport and the sports competition and the level of training and performance
of the athletes. Handball players can be continuously active, for 60 minutes, the official period of
a match, to which is added the pre-match warm-up part (30-40 minutes). Specialists in sports
medicine consider that in the game of handball, the effort analyzed from the energy point of
view is a mixed one and it has an anaerobic rate of over 60% compared to the total playing
time, the remaining 40% going in the direction of aerobic capacity (Georgescu, 2002, p. 662).
Mixed effort is characterized by the release of energy on both biochemical pathways (aerobic
and anaerobic) of muscle contraction.

During a handball game, regardless of the level or the opponent, the musculoskeletal
system is responsible for performing all specific motor actions (technical actions) and basic
actions (running, jumping, walking, etc.), while the neuromuscular, cardiorespiratory systems,
ligaments and tendons are subject to variable stresses, ranging from low-intensity actions to
maximum or supramaximal intensity, in very short intervals and under changing conditions.
Adversity, spectators and the numerous physical contacts between players, with the surface of
the court (landings, dives) or with the ball, can also change the intensity of the effort. Other
factors that influence the specificity of the handball effort are gender characteristics (female,
male) or the position held in the team (during the attack or defense phase).

From the point of view of the required biological systems, Bompa (2002) observed the
great amount of activity in the neuromuscular, neuropsychological and endocrine-metabolic
systems. The classification of sports made by the author, according to this criterion, allowed us
to find that the game of handball has similar features to other team sports such as basketball,
football or volleyball or athletics throwing events (Table 2. 1).

Table 2. 1. Biological parameters required by different sports, according to Bompa (2002)3

SPORT PARAMETERS
ATHLETICS
Sprint Neuromuscular, endocrine-metabolic, neuropsychological
Middle-distance Cardiorespiratory, neuropsychological, neuromuscular
Long-distance Endocrine-metabolic, cardiorespiratory, neuropsychological
Jumps Neuromuscular, neuropsychological
Throwing Neuropsychological, endocrine-metabolic, neuromuscular
BASKET-BALL Neuropsychological, endocrine-metabolic, neuromuscular
CANOE Cardiorespiratory, endocrine-metabolic, neuromuscular
FENCING Neuropsychological, neuromuscular, endocrine-metabolic, cardiorespiratory
GYMNASTICS Neuropsychological, neurometabolic, neuromuscular
HANDBALL Neuropsychological, endocrine-metabolic, neuromuscular
ROWING Endocrine-metabolic, cardio-respiratory, neuromuscular
RUGBY Neuropsychological, neuromuscular, cardiorespiratory
FOOTBALL Neuropsychological, endocrine-metabolic, neuromuscular
SWIMMING Cardiorespiratory, endocrine-metabolic, neuropsychological
TABLE TENNIS Neuropsychological, neuromuscular
VOLLEY-BALL Neuropsychological, endocrine-metabolic, neuromuscular

3 Bompa, T. O. (2001). Periodizarea: teoria si metodologia antrenamentului. Editia a IV-a. Constanta:
Editura Ex Ponto, p. 94.
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CHAPTER 3. MEASUREMENT AND EVALUATION IN PERFORMANCE HANDBALL
3.1.The objectives of measurement and evaluation

Recent studies suggest that there is currently a particular concern for the scientific
approach to the process of sports monitoring (Halson, 2014), one of the main purposes of the
evaluation is to highlight the functional changes in the body of athletes, determined by the
influences of training or competition (Hermassi et al., 2019; Scanlan et al., 2014; Weber et al.,
2018).

Dragnea, A. (1996), quoted and supplemented by Tudor, V. (2005)*, argues that the
evaluation activity has the following general objectives:

= knowing the reaction of the athlete’s body to the training efforts and the
particularities of the development of fatigue and recovery processes;

= determining the level of functional capacities for different systems, organs or
functional mechanisms (aerobic, anaerobic, etc.), which have a decisive role in
the efficiency of the competitive activity;

= checking the effort indicators (volume, intensity, complexity, breaks, etc.);

» estimating the capacity of effort adaptation;

= testing the level of development for motor skills, technical-tactical and mental
training;

= scientifically determining the periods and ways of achieving athletic shape;

» knowing the mental capacity of the athlete;

= comparing the results of competitions with the previously established
performance objectives;

= determining the degree of technical mastery and tactical ability;

= highlighting the efficiency of the competitive activity;

» using the results obtained through the evaluation process to scientifically guide
the sports training.

Another advantage of combined assessment is the ability to identify the athletes’ degree of
fatigue. The same volume and/or intensity of effort (distances, playing time, number of
repetitions, power of a jump) may generate different responses of the internal physiological
indices (heart rate, blood pressure, lactic acid, effort perception), depending on the state of
fatigue (Belka et al., 2016; Font et al., 2020; Halson, 2014; Moss & Twist, 2015; Pdovoas et al.,
2014b; Reche-Soto et al., 2019).

Based on the information presented, we can state that both the knowledge of the
external stresses that allow to determine the motor possibilities of an athlete and the
internal stresses (physiological and psychological) play an essential role in assessing
the effects of training and in determining subsequent adaptations.

3.2.Objective indices and methods for biomotor and technical measurement and evaluation, in
handball

Investigations at the place of training or competition consist in recording the physical,
functional, biochemical or technical-tactical indicators, in basal conditions, during effort or after
effort, with the help of which we can assess the state of health, level of physical development,
functional state, effort capacity and efficiency of athletes.

In order to be able to classify the diversity of an athlete’s demands, in terms of effort,
Alexe, N. (1993) makes a clear distinction between the intensity of the stress on the body and
the intensity of the effort (power). The author claims that the stresses on the body express the
price paid inside by the athlete (physiological and psychological) in his/her adaptation to the
demands imposed by the effort. Their quantification is done by monitoring functional indices
such as maximum oxygen uptake (VO:zmax), heart rate (F.C.), blood pressure (TA), respiratory
rate (FR), temperature (T), lactic acid (AL), glucose (G), exhaustion level perception
questionnaires, efc. These are known in the modern literature as internal stresses.
Alternatively, the mechanical work done by athletes (external stresses) is measured
independently of the internal characteristics, by means of power units (watts, kilograms/time),
by speed and space indices, working tempo, number of executions., etc.

4 Tudor, V. (2005). Masurare si evaluare in cultura fizica si sport. Buzau: Editura Alpha MDN, p. 29.
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3.3.Methods and means of measuring and evaluating biomotor parameters in performance
handball

In Romania, there is currently no official testing protocol, mandatory for participation in the
National League, but there are certain control tests proposed by the Romanian Handball
Federation, which, however, no longer comply with current physical and effort requirements
imposed by game. Many teams still use the 30 m sprint trials, 30 m dribble running, zigzag run
around cones, 10x30 m continuous run, double-leg long jump, long-distance handball throwing
or triangular movement.

To determine effort capacity, some teams use the Cooper test to assess cyclic effort,
although the intermittent nature of handball-specific effort involves a combination of cyclic and
acyclic movements, which in turn alternate with longer or shorter periods of recovery time. We
have noticed that there are recent studies that use and recommend as research methodologies
the tests that best simulate the discontinuous effort, with intermittent intensities specific to the
game of handball. Among them, the YO-YO, Beep or 30-15 IFT tests proved to be valid and
accessible (Buchheit, 2008; Buchheit, Al Haddad, et al., 2009; Covié et al., 2016; Papanikolaou
et al., 2019; Valladares-Rodriguez et al., 2017).

If we consider the evaluation of the maximum anaerobic power at the level of the lower
limbs, the most often used test is still the standing long jump. But there are also alternatives
such as vertical jumps, squat jumps or countermovement jumps used successfully in team
sports such as football, basketball, volleyball or baseball, which can provide important
information about the ability of athletes to produce the necessary explosive strength in the
various technical elements and procedures during matches. At the level of the upper limbs, the
maximum anaerobic power can be determined by the medicine ball overhead or side throwing
test.

The equipment used to assess physical performance is very diverse. The researchers
classified the instruments according to the accuracy of the data provided, thus emerging the
concept of “gold standards” in measurement and evaluation. Because, however, many
specialists in the field do not have access to these means of research, especially for financial
reasons, there have been a multitude of commercial devices or applications, which are
affordable, useable and can be worn on the body. The most commonly used portable
electromechanical micro devices are based on the wireless data transmission system and/or the
inertial navigation system (SNI). Due to their portability and accessibility, micro-devices allow
the scientific evaluation of physical, technical, tactical or physiological performance
under competition similar conditions and sometimes even during competitions (Barrett
et al., 2016; T. O. Borges et al.,, 2017; Lima et al., 2019; Reche-Soto et al., 2019). The
collection and rapid analysis of the transmitted data are actions that help specialists in the field
to create a holistic representation of athletes through match analysis (Windt et al., 2020) and to
determine more precisely the factors that influence sports performance.

Due to the technological advancement, which has provided modern measuring
instruments, the current exploratory methodology approaches the functional state of the
body much more effectively. In this sense, by investigating the functional indices,
information can be obtained about the biological systems required by each sport
(cardiovascular, respiratory, neuromuscular, metabolic, neuropsychic, etc.), thus helping
to complete the physiological picture of the effort with accurate and relevant data.
3.4.Methods and means for the technical-tactical measurement and evaluation of players during

handball matches

Technical-tactical developments are generally quantified by match analysis, which
consists of making an inventory of the quantitative and qualitative indicators by classical
(manually completed charts) or modern (processing video recordings using software) recording
means. Performance indicators tracked by specialists are a selection or combination of
variables that quantify the evolution of athletes and have a positive influence on the final results.
They can be classified into: match indicators, tactical indicators, technical indicators and
biomechanical indicators (Hughes & Bartlett, 2002).

Video analysis is one of the most popular methods of monitoring technical, tactical and
physical developments during handball matches, used in studies of the last 15 years, regardless
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of level or age (Belka et al., 2016; Bilge, 2012; Karcher & Buchheit, 2014; Karpan et al., 2015b;
Manchado et al.,, 2020; Michalsik, Aagaard, et al., 2013; Michalsik, Madsen, et al., 2013;
Milanovi¢ et al., 2018; Moncef et al., 2011; Ortega-Becerra et al., 2020a; Prieto et al., 2015b;
Weber et al., 2018).

3.4.1. Technology in handball

Numerous studies of performance handball have resorted to technology, mainly due to the
ease with which fast and relevant data about athletes can be obtained today. Depending on the
objectives pursued, we would like to highlight some relevant studies in the field that have used
modern research methodologies:

¢ the assessment of athletes’ physical development and training (Borges et al., 2018;
Ferragut et al., 2018; Povoas et al., 2012);

e the analysis of physical and/or physiological performance in various sports
competitions (Benson et al., 2020; Buchheit & Simpson, 2017; Fransson et al., 2018;
Galazoulas, 2012; Giblin et al., 2016; Haugen et al., 2017; Karpan et al., 2015b;
Luteberget et al., 2017; Michalsik, Madsen, et al., 2013; Prieto-Lage et al., 2018;
Toubekis et al., 2008);

o the assessment of the research subjects’ physical capacity (Wagner et al., 2016;
Weber et al., 2018)

¢ highlighting the influencing factors of sports performance (Bilge, 2012; Chelly et al.,
2011; Foreti¢ et al., 2013; Hughes & Bartlett, 2002; Manchado et al., 2013; Milanovi¢
et al., 2018);

o the monitoring and analysis of the individual or collective technical-tactical efficiency
(Bilge, 2012; Chelly et al., 2011; Foreti¢ et al., 2013; Manchado et al., 2020;
Michalsik, Madsen, et al., 2013; Pic, 2018).
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CHAPTER 4. CURRENT DEMANDS IMPOSED BY THE GAME OF HANDBALL

4.1. Performance models in women’s handball

After reading the literature, we noticed that most of the research is focused on men’s
handball. The obtained results cannot be transferred to the case of women due to different
anthropometric, physical, physiological, technical-tactical and psychological peculiarities. Many
of these differences are confirmed by a comparative study of women’s handball (Michalsik,
Madsen, et al., 2013) and men’s handball (Michalsik, Aagaard, et al., 2013) conducted during 5
competitive seasons, the data being collected in parallel from the same subjects (Table 4. 1).
Table 4. 1. The differences between men and women, recorded for certain effort parameters, according to

(Michalsik, Aagaard, et al., 2013; Michalsik, Madsen, et al., 2013)

Variables Men (n=26) Women (n=24)

Mean effective playing time (min.) 53.85 + 5.87 50.70 + 5.83
Total distance (m) 3627 + 568 4002 + 551
High-intensity running (% of the total distance) 79+49 25+1.8
Standing still (% of average actual playing time) 36.8 £ 8.6 10.8+3.8
Sideways movement (% of average actual playing time) 74+£27 1.8+1.3
Mean speed (km h™") 6.40 + 1.01 5.31+0.33
Relative workload (% of estimated VOzmax) 70.9+6.0 794+64
High-intensity technical playing actions (number) 36.9 + 131 28.3+11.0
VOzmax (ML O, min~" kg™) 57.0+4A1 49.6 +4.8

The data presented in Table 4. 1, show significant differences in the amount of influence
that energy systems have on the court activity of the two groups investigated. The results of this
thorough research are contrasting and indicate that there are substantial differences specific to
each gender. Boys are involved in more technical actions with maximum effort intensity, based
on strength (anaerobic effort capacity), while girls prefer aerobic actions, managing to run more,
at higher intensities of the maximum effort potential.

4.2. Anthropometric features in women’s handball

From our observations, the most followed anthropometric parameters are: age, body
weight, height, palm opening, arm span, adipose tissue index, etc. In Table 4. 2, we present
some data, identified by us in the literature, which refer to the somatic peculiarities of the
players who play in the elite competitions of international handball.

Table 4. 2. Summary of the somatic characteristics of handball players, from different international

competitions, according to us

. Players Age : q
Study Playing level (no.) (years) Weight (kg) | Height (cm)
(Michalsik, Madsen, et The Danish Handball 24 259+38 703 +74 1742 +5.7
al., 2013) Federation
(Moss et al., 2015) Furopean Mational 29 16.1+1.3 718486 | 1763+6.6
eams
(Karpan et al., 2015b) HC Krim Mercator, 15 228+5354 | 73.7.+7.837 | 180 +6.140
Ljubljana, Slovenia
Royal Spanish
(Ferragut et al., 2018) Handball Eederation 89 26.4+45 70.6+7.8 174377
(Noustos, 2018) World C;g;'}p'ons'“p ] 27.4+35 68.8+44 | 1752+5.0
(Wagner et al., 2020) Champions League 11 25.7+3.6 715194 174+ 0.9

The comparative research carried out by us at the level of the Romanian national team, on
the performances from the European Championship (2018) and the World Championship
(2019) reveals that the somatic aspects were not a major factor influencing the place obtained
at the end of the two competitions, but rather, what mattered was the level of experience of the
players (Gheorghe and Mereuta, 2020). According to the values highlighted in Table 4. 3, we
can see that between the two teams selected for the two competitions there were significant
differences only in the case of the number of international matches and goals scored. We can
say that the low level of experience influenced the ranking on the 12" position at the World
Championship (2019), although a year before Romania had obtained the 4" place at the
European Championship (2018).
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Table 4. 3. Somatic and performance differences concerning the Romanian team, between EHF EURO
2018 and IHF CM 2019

Indicator EHF EURO 2018 | IHF CM 2019
Age (years) 26.8 25.8
?J/E()arnatlonal matches 377 516
Goals scored (n) 73 116
Height (cm) 178 178
Weight (kg) 72 70
Position 4 12

4.3. Biomotor aspects in women’s handball

Adapting to the biomotor stresses (biological or physiological and motor) imposed by
the effort specific to handball matches has always been a topic of interest among specialists. In
2018, 7.81% studies were identified on the topic of physiological adaptation and 7.03% studies
on the measurement of physiological variables, following the extensive review of the literature
(Saavedra, 2018).

Recently, a team of foreign researchers (Wagner et al., 2020), successfully developed and
implemented one of the only tests based on the simulation of an official handball match, after
which they were able to investigate the physical and physiological performance of three target
groups of players, differentiated in value as follows: the first group of 10 elite women players in
the Austrian championship; group 2 of 11 top elite players in the Danish championship and
group 3 of 11 world class players (members of the national team of Denmark).

Table 4. 4. Differences between elite, top elite and world class players, in terms of selected effort

parameters, according to Wagner et al. (2020), adapted by us

Variables Elite Top elite World class
Age (years) 205 24 +3 26+4
Height (cm) 1.69 £ 0.05 1.75 £ 0.06 1.74£0.10
Weight (kg) 63+6 729 72+9
Shot velocity (m-s™) 21.0+1.3 23.0+1.6 234+15
Fast break (s) 4.22 +0.20 4.25+0.22 4.02 +£0.20
Turnover (s) 217 +£0.12 2.29+0.20 2.18+0.15
Acceleration (s) 2.11+£0.09 2.05+0.13 1.96 + 0.09
Jump height (m) 0.30 + 0.06 0.32 + 0.06 0.31+£0.05
Blood lactate (mmol-L™") 99+15 105+27 9.0+29
VOzmax (ML O, min~" kg™) 54.2+2.9 60.06 +4.8 64.3+6.4
FCmax (ppm) 195+ 9 188+ 6 182+ 12

According to the data in Table 4. 4, the shot velocity in the case of the studied athletes
ranges between 21.0 + 1.3 m/s and 23.4 + 1.5 m/s. The average time recorded on the fast
break phases was 4.02 £ 0.20 s in the case of the world class group and on turnover 2.17 +
0.12 s, in the case of the elite group. Regarding the jump (hence the anaerobic power), the best
result was obtained by the players in the middle category (0.32 + 0.06 m).

Regarding lactic acid, the values obtained vary between 9.0 + 2.9 mmol-L™"and 10.5 + 2.7
mmol-L™". Regarding the results of aerobic metabolism (VO2zmax and FCmax), there are significant
differences between the three target groups and we observe a better efficiency of the
cardiorespiratory system in conditions of effort specific to handball matches, in the case of
world-class players (64.3 + 6.4 mL O, min™" kg™).

The identified studies reported averages of intensity during women’s handball matches of
86% of FCmax (Manchado et al., 2013) and of 84.4 + 5.1% FCnmax (Kniubaite et al., 2019), while
the averages of the teams studied for FCnax can reach 191.1+ 8.417 ppm (Karpan et al.,
2015b), 162 + 8 ppm (Michalsik, Madsen, et al., 2013), 195 £ 9 ppm at the elite level, 188 + 6
ppm at top elite level and 182 + 12 ppm at world class level (Wagner et al., 2020).

Some researchers have classified the actions of maximum intensity (AIM) in accelerations,
decelerations and changes of direction and followed their occurrence by positions, during 9
official matches in the Golden League competition of 2014/2015 (Luteberget & Spencer, 2017).
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Table 4. 5. Classification of actions of maximum intensity, according to positions (average and standard
deviation), according to Luteberget & Spencer (2017)

Event Wing Back Pivot Total
Accelerations 0.51+0.28 0.90+£0.35 0.68 £0.16 0.7+04
Decelerations 0.76 £ 0.20 1.22+0.34 1.24 £+ 0.41 23+0.9

Changes of direction 1.97+£0.73 2.90 + 0.65 2.22+0.45 1.0+ 04

It can be seen, according to Table 4. 5 that the court players achieved on average, per
minute, 0.7 = 0.4 acc./min., 2.3 = 0.9 dec./min. si 1.0 £ 0.4 SdD/min. The differences between
the playing positions were substantial, the most stressed positions being the back (0.90 £ 0.35
acc./min., 1.22 £ 0.34 dec./min. and 2.90 + 0.65 SdD/min), followed by pivot (0.68 + 0.16
acc./min., 1.24 £ 0.41 dec./min. and 2.22 + 0.45 SdD/min) and then by the wings (0.51 + 0.28
acc./min., 0.76 + 0.20 dec./min. and 1.97 + 0.73 SdD/min).

4.4. Quantifying the technical-tactical efficiency in the game of handball

Many specialists believe that the individual or collective efficiency in the game, in attack and
defense, is a determining factor in sports performance (Foreti¢ et al., 2013; Grui¢ et al., 2006;
Manchado et al., 2013; Wagner et al., 2014) and depends largely on the factors that influence
the performance of actions during matches: rules of the game, technique, tactics, court size,
time and communication (Manchado et al., 2013).

The methodology for measuring and evaluating the efficiency of players involves first
selecting the most relevant performance indicators from major competitions, which have been
classified into match indicators, tactical indicators, technical indicators and biomechanical
indicators (Hughes & Bartlett, 2002), depending on each phase of the game: positional attack,
transition attack (second phase), positional defense and transition defense (turnover).

Our concerns regarding this subject materialized in an analysis of the collective efficiency
on the attack phase of the Romanian team, at the last edition of the 2019 World Championship,
in Kumamoto, Japan. Therefore, we present in Table 4. 6 a statistical comparison between the
Romanian team and the medal-winning teams of the tournament, in terms of efficiency at
completion and efficiency of attacks.

Table 4. 6. Comparison between the statistical data obtained by the Romanian team and the medal-
winning teams at C.M. 2019

Team Goals/Shots % Goals/Shots %
ROMANIA (12 rank) 52% 42%
NETHERLANDS (15! rank) 60% 53%
SPAIN (2™ rank) 62% 52%
RUSSIA (3 rank) 68% 57%

4.5. Psychological aspects in the game of handball

The analysis of the psychological factor and its influence on sports performance are topics
approached with interest in recent decades, in all sports. In handball, however, there is little
research conducted on the psychological profile of players.

As we have seen, high-performance sports practice has shown that players with motor,
physiological, technical-tactical and mental abilities are successful at an increasing pace, unlike
those who show deficiencies in physical, technical-tactical and even psychological training. Due
to the complexity of the game of handball, a perfect balance between all the influencing factors
seems to be the necessary foundation for reaching athletic shape in the most important
moments of the competition, so as to obtain the best performance.
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CHAPTER 5. ASPECTS CONNECTED TO WARM-UP PROCEDURES BEFORE EFFORT, IN
HANDBALL COMPETITIONS

5.1. The role of warming up the body for effort, before sports competitions

The effects of warming up have been addressed in many specialized works on various
sports (Anderson et al., 2014; Bishop, 2003a, 2003b; Gabbett et al., 2008; Mohr et al., 2004;
West et al., 2016). According to these studies, going through a warm-up program can have the
following physiological and psychological effects on the body of athletes:

- increase in body temperature to values of 38.5 - 39.5 degrees Celsius (°C) and muscle

temperature;

- accelerating metabolic reactions that ensure the availability of O. resources and

protecting anaerobic energy in the first minutes of exercise;

- intensifying the speed of muscle contraction by amplifying nerve impulses;

- increasing the O uptake capacity;

- anincrease in physical performance due to the activation of the large biological systems;

- a reduction of the risk of injury - injuries that occur within a team can remove important

players from the competition, around which the game strategy is carried out.

5.2. Warming up the body for effort, before handball matches

Active warm-up before handball matches involves a set of exercises structured in two
distinct parts: general warm-up and specific warm-up.

The general warm-up specific to the game of handball is composed of exercises without the
ball, and consists in going through some variants of walking and running, which can be
combined with exercises in basic gymnastics, acceleration and sprints over short distances
(Ghermanescu, IK, 1983, p. 219).

The specific warm-up is the one adapted with the ball, which involves the repeated
performance of the main elements, procedures and technical-tactical actions, specific to the
game of handball.

5.3. Aspects related to the start of the match and the break between halves

The official handball matches take place over two halves, lasting 30 minutes, during which
two opposing teams face each other on the court. The two halves are separated by a 10-minute
intermission. During this time, the athletes are involved in various organizing activities (tactical
discussions with the coach or colleagues, hydration, recovery, etc.), they go to the locker room.
The break between the halves is the only opportunity for a re-warming-up of the players who
have not played until then.

5.4. Strategies of re-warming up the body for effort

Performance strategies for the second half became essential as inactivity was associated
with physiological changes (decreased body and muscle temperature, lower blood glucose,
decreased heart rate) that resulted in decreased physical and mental capacity (Arslan et al.,
2017; Lovell et al., 2013; Mohr et al., 2004).

In the literature, there are few studies that address the active recovery as a method of
maintaining the benefits of initial warm-up for effort. The term re-warming up refers to the period
immediately following a period of physical inactivity, in order to reactivate the body for effort.

Starting with 2018, several Japanese researchers set out to study the effects of re-warming
up the body after a period of inactivity, by implementing protocols with different duration and
intensity of effort, during the intermission between halves (Yanaoka et al., 2020, 2021;
Yanaoka, Hamada, et al., 2018; Yanaoka, Kashiwabara, et al., 2018). Extensive research over
the years has led to the conclusion that a one-minute, high-intensity reactivation (90% VOazmax),
resulted in improved speed, increased body temperature, muscle activation, and increased
heart rate without causing fatigue in the second half of matches (Yanaoka et al., 2021).

5.5. Fatigue during the handball match

A recent study by Michalsik et al. (2018) determined that handball players who accumulated
more than 70% of the total playing time, showed signs of fatigue translated in a reduction of the
number of maximum intensity activities by 21.9% between halves (44.9 + 16.8 m in the first half,

compared to 57.5 £ 21.3 m in the second) and a reduction in the average running speed from
5.34+0.36 km-h™", during the first half, to 5.29+0.34 km-h™", during the second. The same study
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reported differences in the total distances covered in the first half (2 010 + 362 m), compared to
the second (1 993 £ 382 m).

These results indicate that fatigue is accumulated progressively throughout the match and
especially towards the end of it. Therefore, many experts recommend that coaches use
effective rotation strategies for players that could delay or reduce excessive fatigue by giving
them time to recover. In this way, efforts of maximum intensity and a high level of efficiency in
the game could be sustained for a longer time.

5.6. Recovery after effort during the game of handball

Research in performance sports has focused mainly on recovery strategies used after the
cessation of physical effort in order to maintain or improve performance from match to match.
Moreover, recovery techniques during sports activities are under-exploited, particularly in the
case of women’s handball.

5.7. Passive recovery and active recovery in performance sports

In the literature, the recovery (active or passive) is also presented as rest, recuperation or
recovery and it is a natural means of restoring the body, which can occur after or during
physical exertion.

5.8. The effects of passive recovery

The effects of inactivity on substitute players have not been sufficiently investigated in
performance handball. By expanding the research, we identified several studies conducted in
the game of football, according to which the passive recovery between halves was associated
with decreased running intensity and increased incidence of injury to players in the second half
(Edholm et al., 2014; Hammami et al., 2018; Lovell et al., 2013; Mohr et al., 2004; Russell et al.,
2015; L. M. Silva et al., 2018).

Studies in the game of basketball have reported conflicting results of passive recovery on
the body of athletes. Two of them identified progressive decrease in the physical and
physiological responses of athletes, following periods of inactivity. The research group Crowther
et al. (2017) reveal that after only 6 minutes of passive recovery, the physiological results
obtained by two athletes subjected to tests, indicated a decrease in body temperature (T¢) by
~0.5°C and abdominal temperature (Ta) by ~2.0°C, a return to baseline values of muscle
temperature and heart rate, and after 20 minutes, the performance of the countermovement
jump test (CMJ) decreased by 15% compared to that obtained after the match warm-up. These
results confirm the 2012 findings of Galazoulas et al., who claimed that after 40 minutes of
inactivity, the performance of athletes was reduced by 20% in the case of jumping and 6% in
the case of running. Results suggest that a passive recovery can have a significant negative
impact on explosive tasks such as jumping and speed acceleration at the beginning of sprints.
Contrary to these findings, another basketball study recommends using the passive recovery
during matches to the detriment of the active one. The results were recorded against the active
recovery, as it was found that pedaling at an intensity of 30% of maximum aerobic capacity
(VO2max) led to decreased agility and faster installation of fatigue perceived by athletes.

5.9. The effects of the active recovery in other sports

Over the years, many researchers have argued that one of the most important benefits of
active recovery after strenuous exercise is the faster elimination of residues from the blood,
such as lactic acid. According to experts, lactic acid accumulated in the blood as a result of
intense exertion can be eliminated by 62% in the first 10 minutes after effort and another 26%
after the next 10 minutes, using moderate-intensity aerobic recovery exercises such as light
jogging (Bompa & Buzzichelli, 2015).

Other older studies in performance sports have also shown positive results after using the
active recovery compared to the passive one. They claim that after submaximal and maximal
exertion, pedaling at intensities between 30-70% of VO2nax reduced the accumulation of lactic
acid in the blood and the development of greater anaerobic explosive strength than by using
passive recovery (Gisolfi et al., 1966; Hermansen & Stensvold, 1972; Dodd et al., 1984;
Ahmaidi et al., 1996).

A study in gymnastics reveals that a combination of active and passive recovery is
beneficial to the elimination of lactic acid and to the performance of gymnasts during
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competitions (Jemni et al., 2003). These results contradict the study on hockey (Spierer, 2004),
which revealed that the active recovery (28% of VO2zmax intensity) did not help the faster
elimination of lactic acid from the blood, the differences being insignificant (2.0 + 0.3 to 14.8
0.9 mmol/I"" active vs. 1.6 + 0.1 to 15.5 + 0.9 mmol/I"'passive).

One of the few studies on handball (Arazi et al., 2012) confirmed that lactic acid is
eliminated more quickly from the blood after exertion, by using various means specific to the
active recovery (running, jogging), at intensities between 55-70% FCmnax. On the other hand,
some researchers point out that the active recovery used at high intensity can compromise the
ability to perform successive runs at high intensity and can lead to muscle deoxygenation in
handball players (Buchheit, Cormie, et al., 2009).

Negative results of the use of the active recovery were also recorded in athletics. It was
found that the active recovery can speed up the time to exhaustion in intermittent runs with
short breaks between them. As a result, active recovery between tests involving successive
maximum effort is not beneficial (Dupont et al., 2003). On the other hand, another study in
athletics identified positive effects in the elimination of lactic acid, through the use of myofascial
massage, foam roller and high-intensity pedaling of 40% FCrmax (Ozsu et al., 2018). Three types
of recovery were used: foam roller massage, active recovery by pedaling and passive recovery
by standing, with the aim of determining the effects of the 3 types of recovery on the elimination
of lactic acid and on the quality of total recovery of athletes. The results are contrasting:
massage and active recovery were more effective in eliminating lactic acid, but a better quality
of total recovery was observed with foam roller massage, than with the other two methods.

Very few studies have investigated the effects of passive or active recovery on the efficiency
in team sports. Most of the research mentioned is focused on the physical and physiological
evaluation of the players and, so far, we have not been able to identify studies that propose an
adequate protocol for evaluating and quantifying the technical-tactical efficiency in the game,
after both recovery conditions, by the court side.
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CHAPTER 6. CONCLUSIONS AND THE NOVELTY OF THE STUDY’S THEORETICAL
ASPECTS

Efficiency in the game (individual and collective) is considered one of the most important
factors in sports performance,

Restoring the body by restoring energy potential and functional capabilities during matches
can only be achieved through an optimal ratio of effort and rest that is possible by the
efficient rotation of players. Therefore, many experts recommend that coaches use effective
rotation strategies of players that could delay or reduce excessive fatigue.

The few studies that evaluated the performance of substitute athletes after the period of
inactivity on the margins, are oriented towards the physical and physiological evaluation of
athletes. These reported significant decreases and even a return to baseline functional
indexes essential for the proper functioning of major biological systems and functions (heart
rate, temperature, anaerobic power), the effects being directly proportional to the duration of
inactivity. Decreased body and muscle temperature is considered to be the main reason for
the regression of athletes’ physical performance in all studies that have investigated the
effects of passive recovery.

Handball studies on the effects of passive recovery and the use of active recovery are very
small and are aimed at men’s handball.

There are no studies in women’s handball that suggest strategies for rotating players in
order to reduce fatigue and maintain performance in the game.

There are very few studies in all team sports in general and women’s handball in particular
that assess the efficiency of players on the court after a period of inactivity.

Very few studies have investigated the effects of passive or active recovery on
efficiency in team sports. So far, we have not been able to identify studies that would
propose an adequate protocol for evaluating and quantifying the technical-tactical
efficiency in the game, after going through both recovery conditions on the edge of
the court.
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PART II: PRELIMINARY RESEARCH ON THE EFFECTS OF THE PASSIVE RECOVERY
AND THE APPROPRIATENESS OF USING ACTIVE RECOVERY ON THE EDGE OF THE
HANDBALL COURT

CHAPTER 7. THE METHODOLOGICAL OPERATIONAL APPROACH OF THE
PRELIMINARY RESEARCH

7.1. Prerequisites for preliminary experimental research

In defining the premises for the preliminary research, we started from an organizational
detail of handball matches, i.e. all players who are not part of the starting teams, are required,
by regulation, to sit on the bench, in sitting position until they are introduced on the court.
Following and analyzing the trends of the modern handball game, to which we add the
theoretical knowledge derived from the specialized literature, in accordance with the proposed
topic, permit us to start the preliminary research starting from the formulation of the following
prerequisites:

e Harnessing the potential of all players on a team is an innovative, current strategy in
modern handball and can be a major factor in influencing sports performance when used
properly.

o Effective management in the rotation of a handball team’s players during matches can
reduce or delay the onset of handball-specific fatigue, so substitute players must be
optimally prepared for these changes.

e The passive recovery imposed on the edge of the court, immediately after the warm up
leads to the diminution and even the cancellation of the effects of the warm up, from a
physical and physiological point of view since the substitute players entering the match
must respond immediately and in an optimal way to the physical and technical-tactical
demands specific to the game of handball.

e The inadequate effort capacity of players entering the game after a period of passive
recovery can negatively influence their technical and tactical evolution and can lead to
low performance in the game.

o Efficiency (individual and collective) is a key factor in high-performance handball, with a
major influence on the evolution of the game, the result at the end of the game and the
place in the ranking of various competitions.

e The experience and training of the responding coaches credit the answers obtained
regarding the effects of the passive recovery and the possibility of replacing it with an
active recovery program and paint a clear picture of the necessity to maintain the
benefits of warm-up for substitute players in the eventuality of their exchange with court
players during the match.

7.2. Objectives of the preliminary experimental research

v' The analysis of the opinion of the specialists in the field of handball, regarding
the need to replace the passive recovery on the edge of the court, with an active
protocol, to maintain an optimal physical condition for entering the court at any
time of the match.

v Determining the maximum effort capacity by relating the value of the maximum
heart rate (FCnax) and the maximum oxygen uptake (VOzmax).

v" Physical, physiological and technical-tactical evaluation through tests and tools
specific to each evaluation, in conditions of passive recovery, during training and
training matches, controlled by us.

v" Investigation of some indicators that refer to the motor performance and to the
technical-tactical behavior of the players, after the implementation of the passive
recovery, in a series of bilateral handball playing sessions, lasting 15 minutes.

v' Optimizing the research methodology by checking the data recording tools.

v Determining a set of methods and means for objectively quantifying the in-game
efficiency of female athletes.

v Investigating the evolution of the values of some physical indices by tests
performed before and after the implementation of the passive recovery, as
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follows: after the warm-up for the match, i.e. before the implementation of the
passive recovery (T1 PP) and after the implementation of the passive recovery
(T2 PP).

v Investigating the evolution of the values of some physiological indices by tests
performed before and after the implementation of the passive recovery, as
follows: before warm up, in the locker room (Tv), after the match warm up, i.e.
before the implementation of the passive recovery (T1 PP) and after the
implementation of the passive recovery (T2 PP).

v Investigating the existence of statistically significant correlations between the
body’s physical and physiological level of preparation for effort and the motor and
technical-tactical performance of the players during handball matches.

v Investigating the link between changes in the values of physical and
physiological indices after physical inactivity and the performance of players on
the court.

v" Processing and interpreting the data recorded after the preliminary study, in
order to perform the primary experiment, leading to the development and
implementation of a protocol to maintain optimal parameters of the body’s ability
to function, in order to improve the performance in the game, of the players who
are exchanged.

v Formulation of conclusions and recommendations.

7.3. The purpose of the preliminary experimental research

The diversity of the proposed tests and the complexity of the preliminary experiment
determined the following aims for the current research:

1.

2.

4.

5.

Identifying the effects of standard match warm-up on physical and physiological indices of
the body, to discover the latter’s level of preparation for subsequent efforts.

Identifying the need for primary experimental research and outlining the course of action
to replace the passive recovery with an active recovery protocol, based on knowing the
effects of inactivity on the benefits obtained by warming up for the match and based on
the opinion of specialists in the field of our research.

Discovering the details related to the performance of the players during the match, when
entering the court after 15 minutes of passive recovery.

Identifying significant associations between the body’s level of readiness for effort and the
performance of court players.

Verifying of unconventional methods and means of calculating and monitoring of players’
results, proposed for use in the evaluation protocols.

7.4. The tasks of the preliminary experimental research

1.

2.

Scientific documentation focused on sources in the field of sports medicine, handball
game methodology, as well as in the field of sports technology.

Identifying the new trends in the game, for performance handball, knowing the criteria
and their applicable limits as well as analyzing the current regulations of the handball
game in Romania.

Selecting the subjects and specialists involved in the research and planning the
research stages.

Learning the weekly training plan established by the team coach and the competition
program proposed by the Romanian Handball Federation.

Determining the premises and elaborating the hypotheses of the preliminary
experimental research.

Elaborating a questionnaire, to investigate the opinions of the specialists in the field,
regarding the topic approached in our research.

Elaborating observation sheets to record the degree of individual and collective
efficiency according to the shot percentage during official matches.

Choosing a method for calculating FCnax, based on information from the specialized
literature and field tests.

Developing protocols for evaluating players through physical and physiological tests,
during training and training matches, controlled by us.
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7.5.

10.

11.

12.

13.

14.

15.

16.

17.

18.
Pre

Choosing a series of unconventional methods and means of evaluation, at different
times of testing, to provide relevant information on the evolution of physical and
physiological indices and their influence on court performance, under conditions of
passive recovery.

Recording the values of the physical indices after the warm-up for the match by
applying the physical evaluation based on specific tests and investigation tools.
Recording the values of the physiological indices before the effort, after the warm-up for
the match and after the period of inactivity, by applying the physiological evaluation
based on the specific tests and investigation tools.

Recording and highlighting the changes effected by 15 minutes of passive recovery on
the values of physical and physiological indices and comparing them with the values
obtained after the match warm-up.

Elaborating a calculation formula that would quantify the overall efficiency in the game,
according to the standardized actions and the individual physiological peculiarities and
that would help provide objectivity to the process of technical-tactical evaluation of the
handball players.

Calculating the efficiency of the players based on the implementation of the developed
formula and compiling a database with the results recorded by the athletes following a
15-minute playing half, under conditions of passive recovery.

Processing and interpreting the data obtained from the social survey.

Processing and interpreting of data obtained from physical and physiological court edge
assessments and from assessing motor and technical-tactical efficiency on the court.
Formulating the conclusions of the preliminary experimental research.

liminary experimental research hypotheses

The hypotheses tested in the preliminary experimental research are as follows:

H1. The application of the opinion poll helps to obtain an information base necessary to
identify the necessity to eliminate the passive recovery and replace it with an active
recovery protocol on the edge of the handball court, given the global trend to exchange
players among them, to avoid physical overload and to maintain a high level of play
throughout the match.

H2. The identification, analysis and comparison of the individual offensive efficiency of
the court players, of the team under study, with the results of the efficiency obtained at
the level of the position and of the team, provides information on the efficiency
differences between on court and substitute players, as well as on the weaknesses of
the team according to position.

H3. Determining the maximum effort capacity in relation to the value of the maximum
heart rate (Fcmax), using court tests, will provide important data in order to perform the
calculations necessary for the subsequent application of an innovative formula to
quantify the efficiency in the game. At the same time, learning the maximum aerobic
capacity provides the opportunity to correctly direct the intensity of the effort within the
primary experimental research.

H4. Passive recovery in the sitting position on the bench will decrease muscle activity,
which will lead to decreased performance in tests involving explosive physical tasks, an
aspect which is revealed by the physical assessment after 15 minutes of complete
passive recovery in a sitting position, on the substitute benches (moment T2 PP).

H5. The passive recovery will cause the heart rate and body temperature values to
decrease as a result of inactivity in the sitting position on the substitute bench for 15
minutes, which is revealed by the physiological assessment after 15 minutes of
complete passive recovery, in seated position, on the substitute benches (moment T2
PP).

H6. The passive recovery will cause the accumulation of lactic acid in the blood, due to
inactivity in a sitting position on the bench, for 15 minutes, after the end of the physical
effort specific to the match warm-up, aspect revealed by the physiological evaluation
after 15 minutes of complete passive recovery, in a seated position, on the substitute
benches (moment T2 PP).
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H7. The passive recovery following the warm-up for the match will have no effect on the
indices of serum glucose or blood oxygen saturation, an aspect revealed by the
physiological evaluation after 15 minutes of complete passive recovery, in a sitting
position, on the bench (moment T2 PP).

H8. The on court evaluation will provide relevant information about the motor and
technical-tactical potential of the players, when entering the match after 15 minutes of
passive recovery, in a seated position on the bench.

H9. The calculation formula developed to quantify the overall efficiency in the game will
offer the possibility to adapt the evaluation process, to take into account the individual
physiological and technical-tactical potential.

H10. The level of preparation of the body for the effort specific to the game of handball is
significantly associated with the court performance of the players when they enter the
court from the substitute position.

7.6. Research methods used in the preliminary experiment

- Documentation/Literature review.

- Pedagogical observation.

- Social survey.

- Video analysis.

- Experiment.

- Measurement and evaluation.

- Statistical-mathematical analysis.

- Graphical representation.
7.7. Tests performed to determine the maximum aerobic capacity, before implementing the
preliminary experimental protocol

7.7.1. The 30-15 IFT Test

30-15 Intermittent Fitness Test (30—15rt) was applied in our study to identify the maximum
oxygen uptake (VO2zmax) and the maximum heart rate (FCmax), the main indicators used to
assess the maximum aerobic capacity.

The test protocol involves shuttle runs, with a fixed duration of 30 s, interspersed with an
active recovery of 15 s, and the subjects must reach the demarcations placed at 20 m from one
other, on a distance of 40 m. The test starts from a speed of 8 km/h, which increases by 0.5
km/h at each stage (so stage 1 = 8 km/h, stage 2 = 8.5 km/h, stage 3 = 9 km/h, etc.). The start
and stop signals are dictated by the audio system of the program and the subjects run until they
no longer reach the specially placed cones, three times in a row. The last stage also establishes
the maximum running speed (Virr) obtained by the subjects at exhaustion, an essential indicator
for calculating the maximum oxygen uptake.

Buchheit, M. (2005) developed a simple but indirect method of calculating VOamax, Which is
highly valued and used in all sports that involve intermittent effort and is expressed by the
following formula®:

VOymar (Ml - kg™' - min~1) = 28.3 — (2.15 - S) — (0.741 - V) — (0.0357 - G) + (0.0586 - V - V;or + 1.03 - V;zf]

Where:
(ml-kg'-min’?)=milliliters consumed per minute, per kilogram of body weight at maximum
performance;
S= subject gender (female = 2; male = 1);
V= age;
G= weight;
Vier= running speed recorded in the last stage.

5 Buchheit, M., Simon, C., Charloux, A., Doutreleau, S., Piquard, F., Brandenberger, G. (2005). Heart rate
variability and intensity of habitual physical activity in middle-aged persons. Med Sci Sports Exerc, 37,
1530-1534.
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7.7.2. On-court tests through friendly competitive games

One of the directions of our preliminary research was to learn the evolution of individual
heart rate during friendly handball matches, because it has the advantage of putting players in
situations similar or identical to those assumed by official matches.

In this sense, we aimed to identify the values of heart rate by means of Garmin Fenix 5S
smart watches, during the two friendly matches held on the court of the CSM Galati team, in the
company of the Gloria Buzau team. The matches were recorded with the help of a video
camera and the data on the technical-tactical behavior of the players were collected by later
viewing the recordings and scoring them on the individual charts.

The FC monitoring clocks were distributed to the locker room, where the resting FC value
was noted on the individual sheets (Figure 7. 1).

Figure 7. 1. Garmin Fenix 5S watches and registration sheets, ready for distribution, in the locker room of
the CSM Galati team
The data was stored in the internal memory of the clocks, which were then synchronized
with the Garmin Connect application on the laptop we used in the research. Once synchronized,
the data was downloaded and analyzed for this stage of our preliminary experiment.

7.8. The battery of tests used for physical evaluation, during the preliminary experimental protocol

7.8.1. Tests to assess maximum anaerobic capacity, explosive power and acceleration speed
before and after the implementation of the passive recovery protocol

Jump tests are considered relevant methods for determining the neuromuscular function in
the lower limbs. Nowadays, with the help of modern technological measuring instruments,
researchers can capture the performance of athletes in vertical jump tests by monitoring the
various variables of effort. In addition to the classic indices such as jump height or flight time, it
is possible to identify the average and maximum values of the power or speed indices. Another
valuable index is the RSI-reactive strength index which represents the ratio between the height
of the jump and the time of contact with the ground and provides important information about
the degree of adaptation to effort or fatigue (McMahon et al., 2017).

For specialists in the field, tests to assess reactive strength are effective methods for
determining the state of fatigue, starting shape or the athletes’ level of adaptation to training or
competition processes.

The indices analyzed in the anaerobic power assessment tests depend to a large degree on
the test instruments, but, generally, the jump height, flight time, ground contact time, power or
acceleration indices, etc. are monitored.

7.8.1.1. The countermovement jump (CMJ)

CMJ is evaluated with or without additional load and it is used as an exercise in training for
the development of strength in the lower body, but many specialists (coaches, trainers,
researchers) use it as a method in batteries of tests to assess power or level of neuromuscular
fatigue. CMJ is a simple, valid and practical method for measuring power in the lower limbs and
it is also the most used method by comparison to other jump tests.

Its validation and use have been successfully achieved in sports that require players to
have higher reactive strength indices, such as football (Wisloff et al., 2004), rugby (Waldron et
al., 2013), basketball (Crowther et al., 2017; Galazoulas, 2012), volleyball (Charlton et al., 2016;
Lima et al., 2019) or handball (Karcher & Buchheit, 2014; Vukadinovi¢ JuriSi¢ et al., 2020).
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The CMJ jump received its name because the starting position involves performing a
movement, before detachment from the ground, manifested under the form of rapid semi-flexion
(against the movement that follows it), from a standing position with feet apart at shoulder width,
arms on hips (Bobbert et al., 1987).

The CMJ jump variants are numerous but the most often used are CMJ with arms fixed,
CMJ with arm swing, single leg CMJ or RSI 10/5.

7.8.1.2. The squat jump (SJ)

Another test for assessing the reactive strength in the lower limbs is the squat jump (SJ). In
contrast to CMJ, SJ presupposes lowering and holding for three seconds in a semi-squat
position and then detaching from the ground.

Figure 7. 2 gives details about the different body positions during CMJ and SJ. Another
difference between the two types of jumps is the goal. There are researchers who claim that the
CMJ assesses the ability to produce explosive strength during movements that involve both
eccentric and concentric contractions, while the SJ assesses the ability to produce explosive
strength only during concentric movements (Van Hooren & Zolotarjova, 2017).
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Figure 7. 2. Body position during CMJ (a, b, ¢, d) and during SJ (b, c, d), image from Alptekin et al.
(2017)8

7.8.1.3. The reactive strength index 10/5

Another variant for determining the reactive strength in lower limbs is the test of successive
jumps on both legs, RSI 10/5, which was invented by Harper et al. (2011)". For this test,
subjects must perform a CMJ jump, but at the time of landing, instead of stopping, they will
continue to jump successively, 10 times, on both legs. At the end, the best 5 jumps are
averaged and the total score is provided. RSI is expressed as the ratio of jump height (JH) to
ground contact time (GCT) and it is measured in meters per second (m/s).

7.8.1.4. Throwing the 3 kg medicine ball (AMM)

The most important parameter for evaluating performance in AMM is the maximum throwing
velocity (peak velocity- PV), that is recorded when the ball is released from between the hands.

Figure 7. 3 represents the phases of throwing the medicine ball to the wall and recording
the results with the PUSH tape attached to the athlete’s forearm. Athletes will start sitting
sideways against the wall, with their left/right shoulder in front and the medicine ball held in both
hands. An explosive twist of the torso follows and throwing it against the wall. The test is
performed 3 times and the best result is recorded.

6 Alptekin, A, Aritan, S, Harbili, E. (2017). Investigation of Joint Reaction Forces and Moments During the
Countermovement and Squat Jump. Pamukkale Journal of Sport Sciences, 8 (3), 58-71.

" Harper, D.; Hobbs, S.; Moore, J. The 10 to 5 repeated jump test. A new test for evaluating reactive
strength. In Proceedings of the British Association of Sports and Exercises Sciences Student Conference,
Chester, UK, 12—-13 April 2011.
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Figure 7. 3. Medicine ball side throw (screen captures by us), from video sources www.trainwithpush.com

During handball matches, the accuracy of shots at the goal was associated with increased
efficiency in the game, being influenced by factors such as physical and anthropometric
characteristics (Bastiurea et al., 2014; Ferragut et al., 2018; Hermassi et al., 2021; Saavedra,
Kristjansdattir, et al., 2018), balance capacity or the ability to throw accurately under conditions
of explosive strength (Raeder et al., 2015).

7.8.2. The 10-meter acceleration test

We used this test in our research to evaluate the acceleration speed. We chose to evaluate
the performance of the players through this test because, after reading the literature we found
that during a handball match a player is involved in a number of approximately 663.6 + 99.7
actions of different intensity (Michalsik, Madsen, et al., 2013), and the most demanding actions
involve accelerations (acc.), decelerations (dec.) and changes of direction (SdD), over short
distances. Therefore, we believe that this test will be useful in revealing the players’ ability to
accelerate, in similar conditions of play, over short distances, to the detriment of the classic 30m
sprint test in a straight line. For the organization of the 10-meter acceleration test the necessary
materials are composed of chronometer, marker cones, roulette and registration sheets.

7.9. The battery of tests used in the physiological evaluation, as part of the preliminary
experimental protocol

7.9.1. Heart rate investigation (FC)

Heart rate (FC) is often used as an indicator of athletes’ reaction to effort, being just one of
the body’s many reactions to physical activity (Bompa, 2002, p.71). Measuring FCmax is
preferred among researchers in most sports because it is a much simpler procedure than
determining VO2max. The use of FCnax is essential in knowing and determining the intensity of
effort in training programs; there are currently several formulas for estimating it (if it cannot be
determined directly). The best known is the Karvonen formula: FCmax= 220-the age of the
subject (Karvonen et al., 1957). This was developed following an extensive study to measure
FC values during specific tests and a standard deviation of 10-12 ppm is estimated. Other
studies suggest that the Karvonen formula is incomplete as it does not include other important
factors such as the age of the subjects, gender or level of activity (Londeree & Moeschberger,
1982).

In our research we wanted to monitor the internal stresses of the players by recording the
FC values at different times of the experiment: at rest, during the effort and after the effort.

7.9.2. Temperature measurement

An increase in body temperature is one of the first effects of physical exertion and has been
associated with better performance capacity. The body temperature is initially changed by
following the warm-up protocol performed before any sporting activity, reaching normal values,
at rest, of 36.3 - 37.5 degrees Celsius (°C), to values of 38.5 - 39.5°C, after warm-up (Bishop,
2003a).

Increasing muscle temperature is one of the functions of skeletal muscle (Enoiu, 2009) and
it involves the production of heat following the ATP split, in addition to the energy needed for
muscle contraction. Bishop et al. (2003) consider that the benefits of increasing muscle and
body temperature translate into decreased muscle and joint stiffness, increased oxygen supply
to muscles, improved anaerobic metabolism, or optimized speed of muscle contraction.

In performance sports, studies have identified a strong correlation between decreased body
temperature and decreased athletic performance in jumping and speed tests (Galazoulas, 2012;
Mohr et al., 2004).
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7.9.3. Investigation of biochemical parameters: glycemia and lactic acid

Glycemia is the level of glucose in the blood and it is the body’s main source of energy. Its
investigation in sports can be done in order to identify the impact of physical effort on the body
of athletes.

The study of /lactic acid (lactacidemia) is a way to determine the intensity of the body’s
stress in order to direct training. The analysis of lactate can provide accurate information about
the endurance and fatigue of athletes. Lactic acid values below 2 mmol/l are considered to be
low (below 50% of the subject’'s maximum aerobic possibilities), while an increase of up to 4
mmol/l indicates that the maximum aerobic possibilities are reached (anaerobic threshold).

A decrease in the AL concentration in the blood during regular training or competitions
indicates a good adaptation to effort and a better level of training, while an increase in the
concentration of AL for the same type of activity demonstrates a decrease in the athlete’s effort
capacity (Bangsbo et al., 1996).

7.9.4. Investigation of oxygen saturation in the blood (Sp0O3)

This test is important in sports activities to determine the state of fatigue. Normal values
attributed to blood oxygen saturation are concentrations above 95%, but according to a recent
study, a new threshold of normality of 97% is recommended (Elder et al., 2015). Values below
this threshold may suggest certain afflictions or fatigue.

7.10. On-court evaluation (motor and technical-tactical), during the preliminary experimental
protocol

7.10.1. Evaluation of motor performance
7.10.1.1. Total distance covered (km) and running speed (km/h)

The most important effort specific parameters for the game of handball are volume and
intensity. In team sports, such as handball, the volume is estimated by the units of time and
distance and the intensity is measured by exercise, either by the units of power (watt, kilograms/
minute), of speed (meters/second or kilometers/hour), or by the rate/minute of a movement’s
execution. Another method of measuring the intensity of the effort is by using the percentages
of the maximum intensity, where 100% means the maximum potential.

Our research involved recording the total distance covered and the running speed during
the 15-minute fixed sessions using the Garmin Fenix 5S watches.

7.10.2. Evaluation of technical-tactical efficiency

In order to develop a complex and objective method of quantifying the efficiency of the
game, it was necessary to identify, extract and standardize quantitative indicators that reflect
the array of technical-tactical actions of the players, depending on their positions. In addition,
we aimed to identify and standardize the positive actions (Ap.) and the errors (G.) made by
handball players during matches and assign values for these actions according to their
importance in the game economy.

Our model is based on the one proposed by Alexe, N. (1993, pp.142-148) for determining
the global efficiency coefficient (C.G.E.) calculated for standardized means of training, in
freestyle wrestling, according to the following formula:

C.G.E.=C.S.xC.U.

Where C.G.E.= global efficiency coefficient; C.S. = strain coefficient; C.U. = utility coefficient.

Our intervention on this model consisted in calculating the coefficients for standardized
technical actions during the offensive phase during matches (A.T.S.J.) and not for standardized
means during training. In addition, we considered it important to include in the calculation the
standardized positive actions in the game (Ap.S.J.) and the standardized errors in the game
(G.S.J.). All these variables will ultimately reflect the efficiency of a handball player, relative to
the playing time available.

7.10.2.1. Calculating the strain coefficient (C.S.)

The strain coefficient for each standardized technical action in the game (A.T.S.J.) specific
to each player was calculated after recording the heart rate (FC) values during the two friendly
matches organized by us, in the company of the Gloria Buzau team, when the players
participating in the research wore Garmin Fenix 5S watches throughout the game.
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Subsequently, FC values were associated with each A.T.S.J. performed by each player (step 3,
shown below).
Step 1: Creating the list of records by position, based on the logical-pedagogical selection, of
the standardized technical actions that refer to the situations in which the players are in
possession of the ball. Thus, following the professional experience gained and the numerous
viewings of the great international competitions, we identified 7 A.T.S.J. for the wing position
(left and right), 7 A.T.S.J. for backcourt positions (left back and right back, center) and 6
A.T.S.J. for the pivot position.
Step 2: drawing a table (Table 7. 1) with 4 columns as follows:

- in column I- the current number of A.T.S.J.;

- in column lI- standardized technical actions in the game (A.T.S.J.);

- in column Il heart rate (FC) recorded at the time of the respective action;

- in column IV- the values of the strain coefficient (C.S.)

Table 7. 1. Cumulative table of heart rate (FC) and strain coefficient (C.S.) values for C.L. player on the

left wing
Calculating the coefficient of strain LEFT WING- C. L.
No. AT.S.J. FC el
(ppm)
1. A.T.S.J. 1- Shot on the fast break/phase Il (A.C./A.F2); 181 1
2. A.T.S.J. 2- Position angle shot (A.P.) 170 0.94
3. A.T.S.J. 3- 6-meter line breakthrough shot (A.6m) 164 0.91
4. A.T.S.J. 4- Position shot after overtake (A.P.D.) 170 0.94
5. A.T.S.J. 5- 9 m crossing shot (A.1.9m) 171 0.94
6. A.T.S.J. 6- 7-m shot (A.7m) 168 0.93
7. A.T.S.J. 7- Empty net shot (A.P.G) 160 0.88

A.T.S.J.= standardized technical actions in the game; F.C. = average heart rate after 2 friendly matches; C.S.= strain
coefficient.

Step 3: Marking down on the individual sheets the FC recorded by G.F.5.S clocks, at the time
of each standardized technical action in the game. This stage occurred after downloading the
data recorded during the two friendly matches organized by us.

Example 1: The player in Figure 7. 4 is involved in the standard action of shooting from the
position, from an angle (A.T.S.J. 2), at a certain time during the friendly match. By stopping the
video, we identified the moment of the shot (min: 15:47) and associated it with the estimated FC
value in 15:47 minute of the Garmin Fenix 5 S watch (Figure 7. 5) that the player was wearing
on her wrist in this match.
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Figure 7. 4. The C.L. player (left wing), making a position angle shot, in minute 15:57 of the friendly match

®rus Fara suprapunere

\ .

Figure 7. 5. The value of the heart rate estimated by the Garmin Fenix 5S watch in the minute 15:57,
associated with the position angle shot of the C.L. (left wing) player, image taken from the personal
account on Garmin Connect portal
Step 4: After recording the FC associated with the execution of all A.T.S.J., the maximum value
of the FC is highlighted, which becomes a standard in the calculation of the stress coefficient.
The values are filled in the individual sheets created for each player included in the research

(Table 7. 2).

Step 5: Calculating the strain coefficient (C.S.) for each standardized technical action in the
game (A.T.S.J.), in the case of each player included in the experiment, according to the position
occupied, using the formula:

__FCofA.T.S.].given
B FCstandard

Spreadsheet template for the strain coefficient (C.S.), WING
Table 7. 2. The strain coefficient for left wing C.L.

Strain coefficient calculations LEFT WING.- player C.L.

FC

No. Standardized technical action in the game (A.T.S.J.) (ppm) C.S.
1. A.T.S.J. 1- Shot on the fast break/phase Il (A.C./A.F2); 181 1

2. A.T.S.J. 2- Position angle shot (A.P.) 170 0.94
3. A.T.S.J. 3- 6-meter line breakthrough shot (A.6m) 164 0.91
4. A.T.S.J. 4- Position shot after overtake (A.P.D.) 170 0.94
5. A.T.S.J. 5- 9 m crossing shot (A.1.9m) 171 0.94
6. A.T.S.J. 6- 7-m shot (A.7m) 168 0.93
7. A.T.S.J. 7- Empty net shot (A.P.G) 160 0.88

A.T.S.J.= standardized technical actions in the game; F.C. = average heart rate after 2 friendly matches; C.S.= strain
coefficient.

7.10.2.2. Calculating the utility coefficient (C.U.)

The utility function plays an important role in the evaluation of the players subject to our
research, because it solves a complex problem encountered in handball matches, that of
objective classification of standardized actions in the game in terms of their importance in the
game economy, as well as of the strain degree, while also taking into account that they differ
depending on the position held in the team.
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Establishing the values of the utility coefficients can be determined by each

coach/specialist, depending on the potential of the players in the team he/she leads.

Step 1: idem step 1 from the calculation of the strain coefficient.

Step 2: We composed a matrix table with as many rows and columns as A.T.S.J.:

- the first column for entering the serial number of A.T.S.J.;

- 7 columns added to the right, after the last column (of the 7+1 A.T.S.J., specific to the wing
and center back positions, and 6+1 A.T.S.J. specific to the pivot position, respectively).
For wings and center back positions we have 7 A.T.S.J. (Table 7. 3) and then we add:

- Column 8= sum of the + signs.

- Column 9= sum of the - signs.

- Column 10= sum of the ,0” signs.

- Column 11= total negative corrections in column 9.

- Column 12= total negative corrections with ,0” in column 10.

- Column 13= total negative corrections in columns 11+12.

- Column 14= the utility coefficient.

Table 7. 3. Calculation model for the utility coefficient for the wing, center-back positions (to which there
are assigned 7 A.T.S.J.)

Sum of signs . . Total sum of
Total negative | Total negative negative c.U
+ - 0 corrections - corrections 0 gat T
corrections
8 | 91|10 11 12 13 14

*A.T.S.J. = standardized technical actions in the game; C.U.= utility coefficient
Sign value: + =0.166; - =- 0.166; 0 = 0.083 (1/6 = 0.166)

For the p/vot position, we have 6 A.T.S.J. (Table 7. 4) and then we add:
Column 7= sum of the + signs.
- Column 8= sum of the - signs.
- Column 9= sum of the ,0” signs.
- Column 10= total negative corrections in column 9.
- Column 11= total negative corrections with ,0” in column 10.
- Column 12= total negative corrections in columns 11+12.
- Column 13= the utility coefficient.

Table 7. 4. Calculation model for the utility coefficient for the pivot position (to which 6 A.T.S.J. are

assigned)
Sum of signs Total negative | Total negative Tc;t:l Z?i:/neOf c.U
+ - 0 corrections - corrections 0 gatl T
corrections
7 8 9 10 11 12 13

*A.T.S.J. = standardized technical actions in the game; C.U.= utility coefficient
Sign value: +=0.2;-=-0.2;,0=0.1(1/5=0.2)

Thus, Table 7. 3 initially has 7 columns (for the wing, center back positions) and as many
rows, while Table 7. 4 initially has 6 columns (for the pivot position) and as many rows. In row 1,
starting with column 2, the names of the 7 and 6 A.T.S.J. are recorded. The first column will
contain, in turn, the numbers of the same 7 and 6 A.T.S.J., respectively, implying that we know
exactly which of the A.T.S.J. is encrypted under each of the 7 and 6 numbers, respectively.
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Step 3: the assessment of the utility, based on the knowledge of the coach and ours about
A.T.S.J., is made successively, namely:

It is assessed, in pairs, successively, to the right (Table 7. 5), the usefulness of one action
compared to another (of the 7, respectively 6 A.T.S.J.). This utility is marked with the "+" sign for
the action that we consider more useful than its pair, the latter being marked with the ,-” sign.

The first action in row 1 does not compare with the one in column 1, that is, with itself, and
therefore the space is marked in black.

If we encounter situations when it is difficult to express a categorical preference for one
action over another in terms of utility, the two boxes corresponding to the two actions will have
the sign "0" (neutral).

In the end we will consider the most useful A.T.S.J. from the point of view of the coach, as a
standard coefficient in the calculation of the utility coefficient.

Table 7. 5. The direction for comparing the utility of technical actions in pairs

. . Total sum of
Total negative | Total negative .
; . negative
corrections - corrections 0 .
corrections

11 12 13

Step 4: Different values will be assigned to the utility signs (“+”, “-” and “0”) for all A.T.S.J., as
they are required for the final calculation of the C.U. for each of them. Since we have a number
of A.T.S.J. selected for which we calculate C.U. (7 actions, for wing, center back, which
determines 6 comparisons for each action, and 6 actions for pivot, which determines 5
comparisons for each action), the value of a sign (comparisons with all the other 6 and 5 goals
respectively) plus (+) or minus (-) will be obtained by dividing the maximum possible utility
value, 1, by the number of actions taken into account, 6 and 5, respectively, with which the
comparisons were made. Therefore: 1:6= 0.166 (for wing, center-back) and 1:5= 0.2 (pivot).
Thus, each plus sign (+) determines an addition of 0.166 and 0.2 points, respectively, each
minus sign (-) determines a decrease of 0.166 and 0.2 points, respectively, and the equal sign
between A.T.S.J. ("0") will mean an addition of only half the value, i.e. 0.166:2= 0.083, and
0.2:2= 0.1, respectively, amount that we subtract from the maximum value of the utility
coefficient for each neutral sign (,0”).

Step 5: adding in the given matrix, in column 8 (for the wing, center back positions) and in
column 7 (for the pivot position), the sum of the plus (+) signs, for each A.T.S.J..

Step 6: adding in the given matrix, in column 9 (for the wing, center back positions) and in
column 8 (for the pivot position), the sum of the signs with minus (-), for each A.T.S.J.

Step 7: adding in the given matrix, in column 10 (for the wing, center back positions) and in
column 9 (for the pivot position), the sum of the signs with zero (0), for each A.T.S.J.

Step 8: multiplying the total negative corrections by minus (“-”) in column 9 and 8, respectively,
by 0.166 and 0.2, respectively (the score obtained in step 4), for each A.T.S.J. in turn and each
is noted in column 11 and 10, respectively.

Step 9: idem step 8, for column 10 and 9, respectively, of the signs with zero (“0”), will be
multiplied by 0.083 and 0.1, respectively, each A.T.S.J. in turn and each is written separately in
column 12 and 11, respectively.

Step 10: adding in column 13, the signs calculated in columns 11 and 12 (for the wing, center
back positions), and in column 12, add the signs calculated in columns 10 and 11 (for the pivot
position), for each A.T.S.J..

Step 11: the signs calculated in column 13 and 12 are subtracted for each A.T.S.J. from the
maximum coefficient 1 (established in step 3), the rest representing the utility coefficient (C.U.)
which is recorded in column 14 (for the wing, center-back positions), and 13 (for the pivot
position).
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Step 12: The utility coefficient for each item is noted separately: wing (Table 7. 6), center-back
(Table 7. 7) and pivot (Table 7. 8), noting that the center and back positions have the same
A.T.S.J. standardized.

Table 7. 6. Calculating the utility coefficient for wings

Calculating the utility coefficient WING

Sum of signs Total negative | Total negative Total sum of
*AT.S.J. A ; negative C.U.
+ - 0 corrections - corrections 0 .
corrections
0 8 1910 11 12 13 14
1 5|0 1 - - - 1
2 3 |1 2 -0.166 0.166 0.332 0.67
3 2 1 2] 2 -0.333 0.166 0.499 0.5
4 4 |1 1 -0.166 0.083 0.249 0.75
5 1 4 1 -0.644 0.083 0.727 0.27
6 0|5 1 -0.83 0.083 0.913 0.09
71-1-10]-1]-+- 1 4 1 -0.644 0.083 0.727 0.27
*A.T.S.J. = standardized technical actions in the game; C.U.= utility coefficient
Sign value: + =0.166; - =- 0.166; 0 = 0.083 (1/6 = 0.166)
Table 7. 7. Calculating the utility coefficient for center-back
Calculating the utility coefficient CENTRE-BACK
Sum of signs Total Total Total sum of
*AT.S.J. + | 0 negative negative negative C.U.
corrections - | corrections 0 corrections
8 1910 11 12 13 14
5/]0] 0 - - - 1
2 13 1 -0.498 0.083 0.581 0.42
4 11 1 -0.166 0.083 0.249 0.75
04| 2 -0.664 0.166 0.83 0.17
04| 2 -0.664 0.166 0.83 0.17
04| 2 -0.664 0.166 0.83 0.17
4 11 1 -0.166 0.083 0.249 0.75
*A.T.S.J. = standardized technical actions in the game; C.U.= utility coefficient
Sign value: + =0.166; - =- 0.166; 0 = 0.083 (1/6 = 0.166)
Table 7. 8. Calculating the utility coefficient for pivot
Calculating the utility coefficient PIVOT
Sum of signs . . Total sum of
* Total negative Total negative .
ATSJ. + - 0 correctigns - correctigns 0 negat!ve e
corrections
7 8 9 10 11 12 13
2 1 2 -0.2 0.2 04 0.6
2 1 2 -0.2 0.2 04 0.6
5 0 0 - - - 1
1 3 1 -0.6 0.1 0.7 0.3
0 4 1 -0.8 0.1 0.9 0.1
0 0 5 - 0.5 0.5 0.5

*A.T.S.J. = standardized technical actions in the game; C.U.= utility coefficient
Sign value: +=0.2;-=-0.2;0=0.1(1/5=0.2)

Please note that all these values may differ from one team to another, because the
values of the utility coefficients are given by each coach depending on the individual
potential of the players and the tactical strategy of the match that he/she adopts.

7.10.2.3. The global efficiency coefficient (C.G.E.)
The calculation formula is as follows:

C.G.E.=C.S.xC.U.

Where C.G.E.= global efficiency coefficient; C.S.= strain coefficient; C.U.= utility coefficient.

Step 1: we returned to the previously calculated values for C.S. and C.U.

Step 2: for each A.T.S.J. in part (in the case of each of the 12 players included in the research),
the C.S. (calculated based on the FC recorded after each action in part, given in relation to the
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established standard value) with C.U. (established by comparing the pairs between each
A.T.S.J. and the rest of the selected A.T.S.J.). The calculations made provide the estimated
values of the C.G.E., for each player (Table 7. 9).

Table 7. 9. Cumulative table with the values of the strain coefficient (C.S.), the utility coefficient (C.U.) and
the global efficiency coefficient (C.G.E.), for the player in the center position, B.D.

Calculating the coefficients CENTRU- B.D.

No. A.T.S.J. FC C.S. C.U. C.G.E.
1. 9-meter jump shot (A.S.9m) 169 0.92 1 0.92
2. 6-meter line breakthrough shot (A.P.S.) 174 0.95 0.42 0.4
3. Position shot after overtake (A.P.D.) 183 1 0.75 0.75
4. Standing shot (A.P.) 168 0.92 0.17 0.16
5. 7-meter shot (A.7m) 170 0.93 0.17 0.16
6. Empty net shot (A.P.G.) 163 0.89 0.17 0.15
7. Second phase shot (A.F2) 180 0.98 0.75 0.74

A.T.S.J.= standardized technical actions in the game; FC = heart rate; C.S. = strain coefficient; C.U. = utility
coefficient; C.G.E.= global efficiency coefficient

C.G.E. calculations for the standardized technical actions in the game of handball, on the
offensive phase, individually differentiated according to positions, obtained for the other 11
players can be found in Annex 2.

7.10.2.4. The coefficient of standardized positive actions in the game (C.Ap.S.J.)

Following the calculations made for C.Ap.S.J. and presented in Table 7. 10, we identified a
maximum value of importance (1) for Ap.S.J.5, corresponding to the action of obtaining a shot
from 7 meters simultaneously with provoking a suspension of 2 minutes. The lowest value of
C.Ap.S.J. was obtained by Ap.S.J.8 (technical foul).

Table 7. 10. The results of the calculations for the coefficient of standardized positive actions in the game

No. Ap.S.J. C.Ap.S.J.
1. Assist (P.D.) 0.848
2 I(?;f\]ﬂai)ning ball possession after goal save 0.506
3. 7 meter obtained (7M O.) 0.658
4, 2 min. obtained (2M O.) 0.886
5. 7m + 2 min. (7M+2’) 1

6. Lane formation (F.C.) 0.506
7. Successful defensive wall (P.R.) 0.430
8. Technical foul (F.T.) 0.164
9. Shot blocking (B.A.) 0.316
10. Lane close off (I.C.) 0.392
1. Interception (1) 0.544
12. Steal (D) 0.354
13. Ball intercepted/regained on the court (M.R.t) 0.202
14, Efficient turnover (R.E.) 0.278

The complete matrix table and the registration form of the Ap.S.J., specific to all the players
of the CSM Galati team, are included in the Annex section (Annex 3).

7.10.2.5. The standardized error coefficient in the game (C.G.S.J.)

According to Table 7. 11, which includes the results of the calculations performed for
C.G.S.J., we have identified a maximum value of utility (1) for G.S.J.10, corresponding to the
mistake of obtaining the red card, which entails the disqualification of the player from the match.
The slightest mistake was 0.088 in the case of C.G.S.J.13 (unrecovered ball).

Table 7. 11. The results of the calculations for the standardized error coefficient in the game

No. G.S.J. C.G.S.J.
1. Missed pass 0.430
2. Dropped ball 0.164
3. Double dribble 0.506
4. Offensive foul 0.544
5. Steps 0.430
6. No marking (inclusively on 0.316
turnover)
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7. Foot 0.316
8. Lack of lane close off 0.696
9. 2 min. suspension 0.924
10. Red card 1

11. 7 m provoked 0.810
12. Wrong switch 0.430

Ball not intercepted/failure to

13. regain the ball P 0.088
14. 6-meter line 0.430

The registration form for G.S.J. specific to all the players of the CSM Galati team is included
in the Annex section (Annex 4).

7.10.2.6. Elaboration of the formula for the overall efficiency coefficient in the game (C.E.T.J.)

This formula includes both the global efficiency coefficient (which refers to the level of
efficiency of the players in the attack phase, depending on the goals scored and misses), and
the difference between the standardized positive action coefficient and the standardized error
coefficient, all related to the playing time available to the sportswoman.

The calculation formula we devised is as follows:
C.G.E.+(C.Ap.S5.].—C.G.S.].)
T.J.

C.ET.J.=

Where:
C.E.T.J.= the overall efficiency coefficient in the game;
C.G.E.= global efficiency coefficient (C.S.x C.U.) of all A.T.S.J. in the match:

C.S.= the strain coefficient of the A.T.S.J.;

C.U.= the utility coefficient A.T.S.J;
C.Ap.S.J.= the coefficient of standardized positive actions in the game;
C.G.S.J.= the standardized error coefficient in the game;
T.J.= playing time.

The model of the cumulative table of the coefficients required for the calculation of the

above formula is represented in Table 7. 12.

Table 7. 12. Cumulative table model of the coefficients required to calculate the overall in-game efficiency

coefficient
Subiects COEFFICIENT VALUES
) C.G.E. C.Ap.J. C.G.J. CETJ.
Subject 1
Subject 2
AVEi%AGE

The main objective of this stage in our research was to modify the formula for calculating
efficiency proposed by Alexe, N., by incorporating the physiological heart rate index and the
coefficients calculated for positive actions and standardized errors in the game and then
reporting these calculations to the total game time. In this way, the calculation formula for
C.E.T.J. can be a personalized instrument for objective assessment, regardless of age, gender
or level of play.

7.11. Equipment and materials required for preliminary research

The specialized equipment used in the evaluations through tests outside the match or on
the court was both that available in the Human Performance Research Center, within the
Doctoral School for Sport Science and Physical Education, Galati University, and the equipment
purchased from own funds.

7.11.1. The PUSH Band device

PUSH 2.0 (Strength Inc., Toronto, Canada) is a revolutionary micro technological device
(Figure 7. 6), which has the following physical dimensions: height, 77.5 mm, width, 53.3 mm,
depth, 15 mm and weight, 32 g. It allows wireless measurement and reporting of data, over a
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range of 9 meters, thanks to the chip Integrated Bluetooth 5.0. The device also has a built-in
triaxial accelerometer and gyroscope, which each have a data recording frequency of 1000 Hz
and there is also the possibility of merging the two sensors to produce a 200 Hz signal.® The
accelerometer determines the linear acceleration and the gyroscope detects changes in body
position relative to a reference point.

In our research, we used the PUSH band as a tool to evaluate all jump and medicine
ball throw tests.

~ PUSH

v

Figure 7. 6. The PUSH 2.0 device, photo source www.trainwithpush.com
7.11.1.1. PUSH 2.0 device portability

The technology behind PUSH 2.0 allows multiple and even simultaneous testing of athletes
in a relatively short amount of time. Thus, it can be worn in Body Mode or Bar Mode, depending
on the objectives of the research. How to wear the device is presented in Figure 7. 7. When
worn on the forearm, the sensor is inserted into the pocket of an elastic band with adhesive;
when worn on the waist, it is inserted in an adjustable strap.

Figure 7. 7. Ways to wear PUSH 2.0 band correctly, according to the manufacturer

Once turned on, the device can be connected via Bluetooth to the PUSH Pro-Athletic
Training Tracker application, compatible with smartphones or tablets, which have Android or
iOS. Another possibility to connect is directly on the laptop, by accessing the dedicated portal
on the manufacturer’s page®.

8 Rami Alhamad, “Technical Specifications”. Available at:
https://intercom.help/pushcenter/en/articles/741110-technical-specifications [Accessed on 15.09.2020].
% https://app.pushstrength.com/dashboard
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Figure 7. 8. The Push portal, where all applied test results are stored (screenshot from the account used

by the authors)

Regardless of the device used for data sharing, it is necessary to create a personal
account, where the results of all tested athletes can be stored (Figure 7. 8) but the data can also
be provided in real time (Figure 7. 9).

W R e 0v4S D 4 W 000345

TEST - CMJ - ARM SWING & TEST - CMJ - ARM SWING
COUNTERMOVEMENT JUMP - ARM SWING (COUNTERMOVEMENT JUMP - ARM SWING
rowe

"

[ nenw uw

: 1 2 3

Figure 7. 9. Sample data provided by PUSH in real time (screenshot from the account used by the
authors)

The accuracy and reliability of the sensors integrated in this modern inertial measurement
unit have been verified in studies comparing the results obtained by PUSH 2.0 with those
collected by the instruments considered as reference or "gold standards" in monitoring sports
performance, such as strength platforms, contact mats or inductive linear position sensors.
These validation studies followed and evaluated the process of estimating the parameters of the
vertical jump, CMJ (Lake et al., 2018; McMaster et al., 2020) and squat jump, SJ (Orser et al.,
2020).

PUSH 2.0 can determine the values of parameters associated with physical on-court tests,
which assess the ability of aerobic (running) or anaerobic effort (jumping, throwing, lifting
weights).

7.11.2. The Garmin Fenix 5S smart watch (GF5S)

The Garmin Fenix 5S watch (Garmin Ltd, Olathe, KS) is a modern portable device (Figure
7. 10), with dimensions of 47 x 47 x 15.5 mm. It uses a multisensory monitor based on Elevate
™ technology, which involves measuring heart rate directly from the wrist using an optical
sensor, without the user having to use a heart belt. In addition, the integrated Global Positioning
Sensor (GPS) allows you to determine distances, speed, cadence or running pace outside, and
inside, these indicators can be monitored based on the integrated accelerometer.
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This research tool was used in the preliminary experiment at different times, as
follows:

- during the 30-15 IFT test;

- in the friendly matches in the company of the Gloria Buzau team;

- in our interventions for the physiological evaluation, according to the implementation
of the passive recovery protocol;

- in our on-court assessment interventions, on the court, to determine the total
distances covered and the movement speed.

Figure 7. 10. The Garmin Fenix 5S watch, photo source www.buy.garmin.com
To monitor performance, the Garmin Connect™ application must be installed on a laptop or

phone and an account created. This way, all physical activity can be recorded, analyzed,
shared, and even exported to Excel files, for example, for further analysis.

The pairing of the device with the phone is done with the help of wireless technology
through the Bluetooth function, while the data regarding the activity carried out can be
transmitted to the Garmin Connect account, immediately after the end of the activity.

Each watch distributed to the players included in this research was registered on the
individual athlete’s sheet, thus having a clear record of individual physical activity, which was
then downloaded to the special account we created on Garmin Connect.

7.11.3. Accutrend Plus

For the collection of capillary blood samples, the Accutrend Plus instrument is used in
conjunction with test strips for the selected parameter (which come with special codes) and a
puncture device. In our research we used the VivaChek Eco puncture device (Figure 7. 11).

To perform a test (Figure 7. 11), the instrument must be placed on a straight surface,
followed by the dedicated button. The waiting time for results is 60 seconds for lactic acid, 12
seconds for glucose, cholesterol 180 seconds and triglycerides max. 174 seconds

Figure 7. 11. The test kit used in our research

Despite the tendency to overestimate glucose and triglyceride levels, Accutrend Plus is
considered a viable alternative to laboratory testing (Coqueiro et al., 2014), with results from
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capillary blood sampling providing fast and accurate information similar to those from arterial
blood in medical testing centers (Seoane et al., 2013).

This instrument was used at three different times during the physiological
evaluation, before any effort (in the players’ locker room), after the standard match warm-
up (T1 PP) and after the implementation of the 15-minute passive recovery protocol (T2
PP).

7.11.4. The Veroval thermometer

The model used in our research is Veroval DS 22 (Figure 7.12), which gave us the
advantage of a quick measurement of body temperature from the forehead using infrared
technology. The measuring sensor detects the emitted infrared radiation and returns the
measurement result within one second. The body temperature measurement range, in the
forehead mode, is between 34°C - 43°C, with a measurement accuracy of £ 0.3°C in the range
of 35°C - 42°C, the waiting time between measurements of at least 5 seconds and it can store
values of up to 10 subjects.

Figure 7. 12. The Veroval thermometer, photo source, www.helpnet.ro

This instrument was used at three different times during the physiological
evaluation, before any effort (in the players’ locker room), after the standard match warm-
up (T1 PP) and after the implementation of the 15-minute passive recovery protocol (T2
PP).
7.11.5. The IMDK C101A2 pulse oximeter

To estimate the level of oxygen in the peripheral blood, we used the IMDK finger pulse
oximeter, model C101A2, version V1.1, released in April, 2020 (Figure 7. 13). The
measurement of this parameter will give us indications about the state of fatigue of the athletes
in the different moments of testing, organized within our research.

96

Figure 7. 13. The IMDK pulse oximeter and the OLED screen, photo source
https://www.educlass.ro/articole-sanatate/imdk/pulsoximetru-pentru-deget-certificat-
medical/?img=309649

The reason why the pulse oximeter is used on the finger is because in this area the skin
has a higher vascular density compared to the chest area, for example (Mannheimer, 2007).

This instrument was used in three different moments of the physiological evaluation,
before any effort (in the players’ locker room, TV), after the standard match warm-up (T1
PP) and after the implementation of the passive recovery protocol, lasting 15 minutes (T2
PP).
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7.11.6. DJI Osmo Pocket

DJI Osmo Pocket (Figure 7. 14) is an innovative portable photo-video device that has a 3-
axis gimbal offering the possibility of filming in very good mobility and stability conditions.
Because the game of handball is one of the most dynamic team sports, which includes many
actions carried out at a sustained pace, this device allowed the filming of matches organized in
our research at a higher quality. The recordings obtained were stored on a memory card and
subsequently downloaded to the personal laptop, in order to analyze the players’ court
performance.

The dimensions of the device are 121.9 x 36.9 x 28.6 mm, the camera has a 1/2.3” CMOS
sensor, and filming is done in 4K at 60 frames per second.

Figure 7. 14. Photo-video recording device, DJI Osmo Poket, photo source,
https://store.dji.com/product/osmo-pocket?vid=48141

This video device was used in the preliminary experimental research for the
recording of friendly matches in the company of the Gloria Buzau team and for the
recording of the 6 training game sessions, organized during our intervention for the
purpose of motor and technical-tactical evaluation, on the court.
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CHAPTER 8. THE ORGANIZATION OF THE PRELIMINARY EXPERIMENTAL RESEARCH
ACTIVITY

8.1. Sample group, location and details concerning the organization of the preliminary research

The preliminary research included a number of 12 players, members of the CSM Galati
women’s handball team, who during the preliminary experiment activated in Division A of the
Romanian women’s handball championship, succeeding at the end of the 2019-2020 edition to
be promoted to the National League. Only on court players were included in the study, two for
each position (left wing, right wing, left back, right back, center and pivot), goalkeepers being
excluded due to the different effort demands and technical-tactical involvement, specific to the
position. Collectively, the average age is 31.9 + 4.05 years, the average weight is 66.1 + 5.8 kg,
the average height is 173 £ 3.8 cm and the body mass index is of 2.2 £ 0.2.

The locations for the preliminary research were at the Sala Sporturilor (Sports Hall) on
Stadionului Street, no. 1-7, 2-8 and at the Siderurgistul Sports Hall with the address at 2 Closca
Street.

8.2. Stages and strategies specific to the preliminary research

Stage | (October 2018-October 2019) was scheduled to address the specialized
literature.

Stage II: between August 2019 and September 2019 we structured and elaborated the
plan for conducting the preliminary research.

Stage IlI: October 2019 - March 2020, the evolution of the CSM Galati team players was
recorded, as part of the national competition in Division A, the 2019-2020 edition, from a
technical-tactical point of view. The same period was scheduled for the elaboration and
transmission to 24 coaches and specialists in the field of performance sports of an opinion
questionnaire that included 22 questions focused on the topic addressed in our research.

Stage IV: March-June 2020 - quarantine period, dedicated to the bibliographic study and
the elaboration of new research directions adapted to the pandemic period. Also during this
period, we analyzed and interpreted statistically the questionnaire applied to specialists in the
field.

Stage V: July-September 2020 (preparatory period of the first macrocycle) - we recorded
the results obtained by the players in the on-court tests to learn the maximum aerobic capacity.
We carried out the physical and physiological evaluations and we worked on the elaboration of
the calculation formula for the overall efficiency coefficient in the game, which would allow us an
objective technical-tactical evaluation.

Stage VI: October-November 2020- we applied the motor and technical-tactical
evaluation of the players, by organizing the bilateral training games, in conditions of passive
recovery;

Stage VII: November 2020 - statistical analysis and interpretation of the results obtained
by the player in the evaluations applied in conditions of passive recovery.

8.3. General strategy for the implementation of evaluation protocols, in the framework of the
preliminary experimental research, under conditions of passive recovery

The purpose of the evaluations carried out in the preliminary experimental research was to
identify the values of the physical and physiological indices reached after the warm-up for the
match and then to identify the changes caused by 15 minutes of inactivity (passive recovery) on
these indices. In addition, we wanted to know the level of motor and technical-tactical
performance of the players, in the conditions of entering the court after 15 minutes of passive
recovery, from the substitute position. Therefore, three different evaluations were organized
(physical, physiological and on-court), with their own structure, duration, methods and means of
testing.

The scheduling and planning of the evaluation days within the preliminary research was
done both according to the structure of the 2020-2021 competition season and the weekly
training program of the team, established by the coach.

The steps taken to apply the three types of assessment are presented in Figure 8.1.
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PHYSICAL
EVALUATION x T1 PP T2PP

STANDARD PASSIVE
"EVALUATION roi%tgits WARM-UP Ll RECOVERY T2PP
30 MINUTES 15 MINUTES
o | [ x X e

Legend: X= no tests; T1 PP= after warm-up tests; T2 PP= after 15 minutes of passive recovery tests.

Figure 8. 1. The steps taken for the evaluations made in the preliminary research, with the
implementation of the passive recovery

According to the schematic representation in Figure 8. 1, during the physiological evaluation
we performed a number of 3 tests (in the locker room, after warm-up and after the passive
recovery), in the case of the physical evaluation the players were tested twice (after warm-up
and after the passive recovery) and in the case of on-court testing, only one test was performed
after the passive recovery.

8.3.1. Joint organizing activities, within the frame of the evaluation protocols
8.3.1.1. The standard warm-up of the CSM Galati team

This training program for effort represents the standard warm-up for the match, specific to
the team and it lasts 30 minutes. In order not to influence the results of the evaluation tests, we
asked the team coach to keep the same warm up structure throughout the research.

General warm-up consists of individual or collective exercises, without the ball, mainly
under the guidance of the team’s physical trainer.

The specific warm-up is the one adapted with the ball, which involves the repeated
performance of the main elements, procedures and technical-tactical actions, specific to the
game of handball.

8.3.1.2. Passive recovery implemented between tests in evaluation protocols

The passive recovery represents the period of complete inactivity that all the substitute
players go through, regardless of the reason why the athletes are in this position (coach’s
preferences, injury, low performance, etc.). During the handball matches, the passive recovery
involves a seated position on the benches or on the chairs specially placed on the edge of the
court. At the moment, passive recovery (sitting on the bench) is imposed by the Rules for the
organization and staging of competitions, according to the International Handball Federation
(IHF, 2016).

In our preliminary research, the players were instructed to sit on the bench and remain
completely inactive after performing the initial tests, immediately after warm up (T1 PP), as
would happen in an official match, in a seated position for 15 minutes until they are called for
the final test, T2 PP (Figure 8. 2).
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Figure 8. 2. Example of passive recovery applied to players included in the preliminary search (Group 1
on the left of the image, Group 2 on the right of the image)

8.3.2. Planning and organizing the physical evaluation protocol, under conditions of passive
recovery

The 12 players included in the research were subjected to a number of 7 physical tests
focused on assessing the combined qualities of strength-speed and determining the capacity of
anaerobic effort. All the tests performed during the physical evaluation took place during the
preparatory period of the first macrocycle of the 2020-2021 competition season, for a period of
two weeks, from September, on Tuesdays, Thursdays and Saturdays, in the same time interval,
according to the training program detailed in Table 8. 1. Before starting the physical
assessment, we set aside the last week of August to familiarize the players with the tests and
measuring instruments needed for the preliminary experiment.

The team was divided into two groups of 6 players each (group 1 and group 2), in pairs on
the playing positions, the formula being kept throughout the preliminary experiment.

Table 8. 1. Locating our interventions through physical evaluation, in the weekly training cycle

SEPTEMBER 2020- TRAINING PERIOD
PHYSICAL EVALUATION

Date Day Time slot Group Tests conducted
1 September Tuesday 9:00-10:30 Group 1 CMJ AF / CMJ AS
2 September Wednesday 9:00-11:00 - -
3 September Thursday 15:30-17:00 Group 1 SJ/RSI 10/5
4 September Friday 9:00-10:30 - -
5 September Saturday 11:30-13:30 Group 1 AMMD / AMMD / TA 10 m
6 September Sunday Free - -
7 September Monday 15:30-17:30 - -
8 September Tuesday 9:00-10:30 Group 2 CMJ AF / CMJ AS
9 September Wednesday 9:00-11:00 - -
10 September Thursday 15:30-17:00 Group 2 SJ/RSI 10/5
11 September Friday 9:00-10:30 - -
12 September Saturday 11:30-13:30 Group 2 AMMD / AMMD / TA 10 m
13 September Sunday Free - -

CMJ AF= countermovement jump with arms fixed; CMJ AS= countermovement jump with arm swing; SJ= squat
Jjump’ RSI 10/5= reactive strength index; AMMD= medicine-ball right side throw; AMMS= medicine-ball left side throw;
TA 10 m= 10-meter acceleration test

We opted for this strategy because, given that the warm-up ends simultaneously, the time
required for the evaluation would have resulted in a too long waiting period and would have
certainly influenced the results of some players tested towards the end.

The first stage of the physical evaluation involved going through the standard warm-up for
the match, of the whole team, under the close supervision of the head coach who was asked to
make sure that the players responded responsibly to the required efforts. At the end of the first
warm-up stage, the players were called for testing, on the edge of the court, depending on the
group they belonged to (1 or 2). The other 6 players continued training according to the
schedule. On Tuesday and Thursday, the jump tests were performed, and on Saturday, the
medicine ball throwing tests and the 10-meter acceleration test.

For all the jumping and medicine ball throwing tests we used the portable device
PUSH, version 2.0, which allowed the multiple testing of the players.

In the case of jump tests, the measuring instrument was inserted into an adjustable strap at
the belt of the tested athlete, and in the case of throws, the device was inserted into the pocket
of the adhesive tape provided and attached to the athlete’s forearm. The positioning of the
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sensor was followed by the connection of the device, through the Bluetooth function, to the
laptop and the smartphone used in the research. After the first test (T1 PP), each player took a
seat on the bench and remained inactive for 15 minutes, after which she was called back to the
rehearsal area for the second test (T2 PP).

The parameters measured by means of the jump tests were:

= JH= jump height, which was derived from the flight time, by applying the equation
9.81 X flight time %/8;
FT= flight time;
GCT= ground contact time;
RSI 1= reactive strength index: the JH/GCT ratio;
PP= peak power;
» PV= peak velocity.

Each jump was performed 3 times, noting the best values of the parameters provided by the

PUSH application.
The parameters measured by this medicine ball side throwing test were:
= AP= average power,;
= PP= peak power;
= AV= average velocity;
» PV= peak velocity.

As in the case of jumping, the medicine ball side throw was also performed 3 times on each
side, recording the best values obtained for each parameter.

For the evaluation of the 10-meter acceleration speed, we used the stopwatch, although
nowadays the photoelectric cells are used.

As noticeable in Table 8. 2, in the case of the physical assessment, the tests were
performed at two different times: the initial test, immediately after the match warm-up, before
the passive recovery (T1 PP) and the final test, immediately after the passive recovery period
(T2 PP). In this case, it was decided to exclude the tests before the match warm-up, because
we wanted to avoid the risk of injury due to the lack of preparation of the body for effort.

Table 8. 2. Physical assessment model
| 30’ COLLECTIVE WARM UP |

T1 PP- after warm-up (according to group schedule)
CMJ AF, CMJ AS, SJ, RSI 10/5, AMMD/AMMS, TA10 m

15’ PASSIVE RECOVERY

T2 PP- after 15’ of passive recovery (according to group schedule and
tests)
CMJ AF, CMJ AS, SJ, RSI 10/5, AMMD/AMMS, TA10 m

After the standard match warm-up, according to the plan made for each of the two groups,
the players were called, in turn, to the area intended for the test protocol. The test time required
for each player was very short, up to a minute. In order not to lose the effects of the warm-up,
the players who were waiting to be tested were trained to perform some dynamic stretching
exercises.

The jumping and medicine ball throwing tests, included in the physical evaluation are
described in Table 8. 3.
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Table 8. 3. Description of the jumping and medicine-ball throwing tests

Movement type / Test Technical Observations Photographic
Device positioning description representation
- from a standing
position, feet
shoulder width apart, landing on
arms bent, hands on t;NO feet Vﬁ” be
hips, a semi-squat is cushioned by the
quickly performed, :
The followed by 3 shock absorption
countermovement . v with the help of
um explosive vertical the quadricens
jump jumps, as high and quat P
(CMJ AF) . femoris and
as fast as possible. gluteus muscles;
- Thetestaimsto | {he pest result of
evaluate the elastic | the 3 is recorded.
explosive strength at
the level of the lower
limbs.
S~
Technical q Photographi
VEES description ClozpnElone representation
- from a standing
position, feet
shoulder width apart, | landing on two
arms straight and feet ng’” be
parallel to the body, a cushioned by the
Jump semi-squat is quickly shock absorption
—CM J : performed with the help of
with arm swing simultaneously with the quadriceps
(CMJ AS) the arms swinging fer?wris ang
bapkwards, aﬁer gluteus muscles;
which 3 explosive the best result of
vertical jumps are the 3 is recorded
performed, as high )
and as fast as -
possible. :
Technical q Photogfaphic
VEES description ClozpnElone representation

The Squat Jump-
SJ

- from a semi-squat
position arms bent,
hands on hips, an
explosive vertical

jump and a landing in
the initial position.

The jump is executed
3 times with a short

break between
repeats.

- The test aims to
evaluate the
explosive strength at
the level of the lower

- landing on
two feet will be
cushioned by the
shock absorption
with the help of
the quadriceps
femoris and
gluteus muscles;
the best result of
the 3 is recorded.

limbs. 4
g/
Technical q Photographic
Vs description ClozpnElone representation
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RSI (Reactive
Strength Index)

- from a standing
position, arms bent,
hands on hips, 10
explosive vertical
jumps are executed,
as high and as quick

- landing on
two feet will be
cushioned by the
shock absorption
with the help of
the quadriceps
femoris and
gluteus muscles;
RSl is the ratio

10/5 (Stiffness) as possible. between the
RSI 10/5 - The testmeasures | 00 a0 of the
the explosive strength best 5 jumps
of _the legs by . between the
executing 10 dynamic height index (JH)
Jumps. and the ground
contact time
(GCT).
Technical q Photographic
VEES description ClozpnElone representation

Medicine ball wall
toss (to the right)
AMMD

- from a standing
position,
perpendicular to the
wall, right shoulder
facing forwards, the
medicine ball held
with both hands,
explosive turn of the
trunk and throw
against the wall.

- The test aims to
evaluate the
explosive strength of
the medicine ball side
throw with both hands

- thetestis
performed with a
medicine ball of

3kg;
the test is

conducted 3

times and the

best result is
recorded.

Test

Technical
description

Observations

Photographic
representation

Medicine ball wall
toss (to the left)
AMMS

- from a standing
position,
perpendicular to the
wall, left shoulder
facing forwards, the
medicine ball held
with both hands,
explosive turn of the
trunk and throw
against the wall.
The test aims to
evaluate the
explosive strength of
the medicine ball side
throw with both hands

- thetestis
performed with a
medicine ball of

3kg;
the test is

conducted 3

times and the

best result is
recorded.

8.3.3. Planning and organizing the physiological evaluation protocol, under conditions of passive

recovery

The physiological evaluation included a number of 5 investigations, which aimed to
identify the basic values and change them in three different moments: after the match warm-up
and after the implementation of the 15-minute passive recovery. The equipment used was

diverse and adapted according to the measured indices.

Thus, for the investigation of the heart rate (FC), we used the smart watches of the Garmin
Fenix 5S brand. The temperature was recorded with the Veroval infrared thermometer.
Biochemical parameters (lactic acid and serum glucose) were measured using the Accutrend
Plus device. Blood oxygen saturation was measured using a pulse oximeter.
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According to Table 8. 4, the players were tested on 15 and 22 September 2020 (Tuesday).
Three days before the actual experiment, we held a session to familiarize the players with the
methodology used and at the same time the players were instructed that in the morning of the
tests, they should not eat or drink coffee, but only water.

Table 8. 4. Locating our interventions through physiological evaluation, in the weekly training cycle

SEPTEMBER 2020- TRAINING PERIOD

Date Day Time slot Group Tests performed
15 September Tuesday 9:00-10:30 Group 1 FC/Tc/AL/G/SpO:
22 September Tuesday 9:00-10:30 Group 2 FC/Tc/AL/G/SpO:

FC= heart rate; TC= body temperature; AL= lactic acid; G= serum glucose; SpO»= oxygen saturation in the blood.

Because it is recommended that lactic acid be harvested 3 minutes after the end of
exercise, during this time we recorded the values of FC, Tc and SpO.. For the analysis of the
two biochemical indices (AL and G) we decided to collect the blood sample required for AL first
because the analysis time of the Accutrend Plus device for this index is 60 seconds, an interval
that allowed us to collect the second blood sample, necessary for serum glucose, this
parameter being analyzed in just 12 seconds. All data was noted on individual sheets and then
we created databases in Microsoft Excel for further analysis.

Table 8. 5. Physiological evaluation model

Locker room testing (according to group schedule)
FC/Tc/AL/G/SpO.

30’ COLLECTIVE WARM-UP

T1 PP- after warm-up (according to group schedule)
FC/Tc/ AI?G | SpO;

15’ PASSIVE RECOVERY
R T S T [T %7

e

T2 PP- after 15’ of passive recovery (according to group schedule)
FC/Tc/AL/G/SpO;

The evaluation model is presented schematically in Table 8. 5. In the case of the
physiological evaluation, in addition to T1 PP and T2 PP, we wanted to perform an additional
test, before any physical effort, in the players’ locker room, in order to learn the basic values of
all physiological indices chosen for investigation, for further analysis.
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The instruments used for each physiological test are presented in Table 8. 6.

Table 8. 6. Presentation of physiological investigation tools

Measured
physiological Measuring device Meastil:; tzment Photographic representation Observations
index
Garmin Fenix 5S
- The FC value is
1. Heart rate : displayed on the clock
instantl
(FC) y screen, being measured
every 5 seconds.
Test Measuring device Photographic representation Observations
mﬂ_@uk‘lﬁ I
Veroval thermometer
2. Bod A - For accurate
temperatur)é(Tc) Q/. 5 seconds measurement, the players’
0 foreheads had to be dry.
Test Measuring device Observations
Accutrend Plus
0 - Inthe T1 PP and T2
3. Lactic acid A PP tests, the sample was
/ 60 seconds ’
(AL) (S taken 3 minutes after the
‘ /) y end of the effort.
~
Test Measuring device Observations
Accutrend Plus
. - Blood samples for this
parameter were collected
from the same insertion for
4. Serum
glucoseu(G) 12 seconds AL. However, there were
cases when an additional
puncture was needed due
to insufficient blood.
-~
Test Measuring device Photographic representation Observations
Pulse oximeter ®
- ltis used on the finger
5. Oxygen because in this area the
saturation 5 seconds skin has a higher vascular
(SpO2) density compared to the

chest area.

8.3.4. Planning and organizing the on-court evaluation protocol, under conditions of passive

recovery

The evaluation of the players on the court presupposed recording the motor performance
and the technical-tactical efficiency, during six sessions of bilateral friendly play between the
two groups formed at the beginning of the preliminary experiment, with a fixed duration of 15
minutes, organized on different days. The motor evaluation involved recording the total distance
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covered and the speed of movement, values recorded with the help of Garmin Fenix 5S
watches, which were distributed to the players before the start of the match warm-up. All watch
data was stored in the account created on the Garmin Connect application, installed on the
laptop used in the research. The technical-tactical efficiency was quantified with the help of the
overall efficiency coefficient in the game (C.E.T.J.), calculated with the help of the formula
developed by us, following the replay of the 6 matches and the collection of all necessary
quantitative indicators. The 6 bilateral matches were organized and planned together with the
team coach, during the competition period of the first macrocycle of the 2020-2021 competition
season, for a period of two months (October and November), only on Saturdays, as can be
seen in Table 8. 7.

Table 8. 7. Planning the 6 bilateral matches, organized for motor and technical-tactical evaluation, on the

court
OCTOBER 2020- COMPETITION PERIOD
Date Day Time slot Group Tests performed
3 October Saturday 9:00-10:30 Both groups Distanceh/ngt:;e; ICETJ
17 October Saturday 15:30-17:00 Both groups Distancel\/ngtpc:ej ICETJ
31 October Saturday 11:30-13:30 Both groups Distancel\/ngt:;eg ICET.J
NOVEMBER 2021- COMPETITION PERIOD
Date Day Time slot Group Tests performed
7 November Saturday 9:00-10:30 Both groups Distancel\/ngt:;eg ICET.J
21 November Saturday 15:30-17:00 Both groups Distanceh/ngtpc;eg/C ETJ
28 November Saturday 11:30-13:30 Both groups Match 6

Distance / Speed/C.E.T.J.
C.E.T.J.= the overall efficiency coefficient in the game.

The stages covered by the players on the days of the on-court evaluation are represented
schematically in Table 8. 8.

Table 8. 8. On-court evaluation model in preliminary research

15’ PASSIVE RECOVERY

T2 PP- after 15’ of passive recovery

Bilateral game - Distance, speed, C.E.T.J.
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CHAPTER 9. THE RESULTS OF THE PRELIMINARY EXPERIMENTAL RESEARCH
9.1. The interpretation of the data collected following the application of the social survey method

24 coaches were interviewed, with an experience of between 10 and 30 years in the field.
The 22 proposed questions were structured in 5 sections and the opinion of the coaches was
requested on:

1. Women’s handball in Romania (HFR).

2. The evolution of players in matches (EJM).

3. Passive recovery (PP).

4. Active recovery (PA).

5. Match strategy of Romanian coaches (SMAR).
Construct 1 (C1): The effects of the passive recovery, on the edge of the court, during the
matches, in the opinion of the Romanian coaches

Evaluating this construct, we obtained an average score of 3.72. This shows that the
Romanian coaches are somewhat in agreement with the effects of the passive recovery,
but they are not entirely convinced that these effects exist (Figure 9. 1).

9

8

Frequency

e -lIlIE

2,33 3 3,33 3,67 4 4,33 4,67

The effects of the passive recovery, on the edge of the court, during the
matches, in the opinion of the Romanian coaches

7
6
5
4
3
2
1
0

Figure 9. 1. Graphic representation C1

Construct 2 (C2): The appropriateness of using active recovery in the opinion of the
Romanian coaches

On a scale of 1 to 5, where 1 means that the coaches do not agree at all with the
appropriateness to use the active recovery, and 5 means that they largely agree with its
appropriateness, we obtained an average score of 4 (Figure 9. 2), thus demonstrating that the
Romanian coaches consider, to a large extent, opportune the use of the active recovery.
12
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8

4

2 I

o L 1l - . i

2,33 3,33 4,33 4,67 5

The appropnateness ofusing actlve recovery in the opinion of the
Romanian coaches

Frequency
[}

Figure 9. 2. Graphic representation C2

The relationship between the appropriateness of using the active recovery in the opinion
of Romanian coaches (C2) and the actual use of the active recovery (PA4)
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Although in the opinion of the Romanian coaches the use of the active recovery is
appropriate to a large extent, the existence of this fact is not accompanied by an application, to
the same degree, of the active recovery programs (Figure 9. 3).

6

»
*
*
*
*

*PA4

The actual use of the active recovery
w £
*
*
*
*

T < T < T - < \
2 2,5 3 3,5 4 45 5 55
The appropriateness of using active recovery in the opinion of the Romanian coaches

Figure 9. 3. The relationship between the appropriateness of using active recovery in the opinion of
Romanian coaches and the actual use of the active recovery

The relationship between the effects of the passive recovery (C1) and the
appropriateness of using active recovery (C2)

As noticeable in Figure 9. 4, the more the coaches believe in the effects of the passive
recovery on the substitute players, the more they consider appropriate the use of active
recovery.

55
5 > *
45
4 *

35 *

3

* 4 & 9 o 9 o

25 *

The effects of the passive recovery on the substitute players
.

Figure 9. 4. The relationship between the effects of passive recovery and the appropriateness of using
active recovery

The relationship between the effects of the passive recovery, on the edge of the
court, during matches, in the opinion of the Romanian coaches (C1) and the actual use of
the active recovery (PA4)

According to Figure 9. 5, the result of the statistical analysis does not show a statistically
insignificant relationship (rho=-0.093; p=0.667), therefore we cannot conclude that the opinion
of the Romanian coaches regarding the effects of the passive recovery on the players on the
sidelines is consistent with the effective use of active recovery programs, focused on
maintaining the optimal functioning of the athletes’ body.
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Figure 9. 5. The relationship between the effects of the passive recovery, on the edge of the court, during
matches, in the opinion of Romanian coaches and the actual use of the active recovery

9.2. Comparison of the individual FCmax values, recorded after the two on-court tests

Diferences between FC,,,, 30-15, and FC,,,, during the two friendly
matches
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Figure 9. 6. Graphical representation of the different FCmax between the 30-15irt Test during the two
friendly matches

Table 9. 1. Statistical results obtained for the 30-15irt Test and the two friendly matches

Test X SD Min. Max. Cv%
FCmax 30-15 IFT 186 4.45 179 194 2.39
FCmax Friendly matches 176.5 4.96 170 187 2.81

Although the 30-15 rr test simulates the intermittent effort, specific to the game of handball,
according to the data in Table 9. 1, we can see that the players have reached lower values of
the FCmax during the friendly matches. Only one player recorded identical values of FCmax (187
ppm), after both on-court tests. Analyzing Table 9. 1 and Figure 9. 6 we notice a difference of
9.5 ppm between the average of the team obtained after the test (186 + 4.45 ppm) and the one
obtained after the friendly matches (176.5 + 4.96 ppm). The lowest stress level was reached at
170 ppm during friendly matches, while the maximum stress level was reached during the.30-15
iFr test (194 ppm).

9.3. The processing and statistical interpretation of data collected during physical assessment,
under passive recovery conditions
9.3.1. Jump tests
9.3.1.1. The countermovement jump — arms fixed: CMJ AF
Table 9. 2. Statistical comparison of the subjects’ performance in the implementation of the passive

recovery protocol between the initial and the final testing, concerning the indices of the countermovement
jump — arms fixed test (CMJ AF)

Sig Average of indices for the CMJ AF test for passive
t | 2-tailed recavery
T1 PP (N=12) T2 PP (N=12)
Jump height (JH) 1.38 | 0.180 34.57 33.00
RSI1 index 2.88 | 0.009 0.43 0.35
Peak jump power (PP) 2.24 | 0.039 2.71 2.55
Peak velocity of the jump (PV) 1.20 | 0.242 2.39 2.46
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Legend: t = value of t; sig. (2-tailed) = t's level of significance, which must be less than 0.05 for the differences
between T1 PP and T2 PP to be statistically significant

The mean obtained for the RSI1 index, in the countermovement jump — arms fixed test
(CMJ AF) is highly significantly lower (t = 2.88, p. <0.01) in the final testing, when compared
to the initial one. The mean obtained for the index of peak jump power (PP), in the
countermovement jump — arms fixed test (CMJ AF) is significantly lower (t = 2.24, p. <0.05) in
the final testing, when compared to the initial one (Table 9. 2).

9.3.1.2. The squat jump (SJ)

Table 9. 3. Comparison of the subjects’ performance in the implementation of the passive recovery
protocol between the initial and the final testing, concerning the indices of the squat jump test (SJ)

Average of indices for the SJ test for passive
Sig. recovery
t | 2-ailed
T1 PP (N=12) T2 PP (N=12)
Jump height (JH) 1.07 0.298 29.99 28.50
RSI1 index 3.88 0.001 0.90 0.79
Peak jump power (PP) 2.28 0.033 2.49 2.32
Peak velocity of the jump (PV) 1.81 0.084 2.31 2.40

Legend: t = value of t; sig. (2-tailed) = t's level of significance, which must be less than 0.05 for the differences
between T1 PP and T2 PP to be statistically significant

The mean obtained for the RSI1 index, in the squat jump test (SJ) is highly significantly
lower (t = 3.88, p. <0.01) at the final test, compared to the initial one. The mean obtained for the
index of peak jump power (PP) in the squat jump test (SJ) is significantly lower (t = 2.28, p.
<0.05) at the final test when compared to the initial one (Table 9. 3).
9.3.1.3. The medicine-ball right/ left side throw (AMMD/AMMS)

Table 9. 4. Comparison of the subjects’ performance in the implementation of the passive recovery
protocol between the initial and the final testing, concerning the medicine-ball right hand throw (AMMD)
and left hand throw (AMMS) tests

Average of indices for the AMMD and
) Sig. AMMS tests for passive recovery
zaled | r1pp(N=12) | T2PP(N=12)
AMMD — peak throw power (PP) 0.42 0.682 10.59 9.97
AMMD - peak throw velocity (PV) -0.13 0.894 6.77 6.83
AMMS — peak throw power (PP) 1.27 0.219 9.63 8.36
AMMS — peak throw velocity (PV) -1.31 0.204 6.15 6.69

Legend: t = value of t; sig. (2-tailed) = t's level of significance, which must be less than 0.05 for the differences
between T1 PP and T2 PP to be statistically significant

Analyzing the data in Table 9. 4, we observe that there are no significant differences
in the physical performance of the subjects during the implementation of the passive
recovery protocol between the initial and the final testing, for any of the 2 indices of the
medicine ball right (AMMD) and left throwing tests (AMMS).

9.3.1.4. The 10-meter acceleration test

Table 9. 5. Comparison of the subjects’ performance in the implementation of the passive recovery
protocol between the initial and the final testing, for the 10 m acceleration test

10 m acceleration test for passive
Sig. recovery
t | 2-ailed
T1 PP (N=12) T2 PP (N=12)
| 10 m acceleration test -1.25 .223 2.14 2.19

Legend: t = value of t; sig. (2-tailed) = t's level of significance, which must be less than 0.05 for the differences
between T1 PP and T2 PP to be statistically significant

Analyzing the data from Table 9. 5, we find that there are no significant differences in
the physical performance of the subjects obtained in the 10 m acceleration test, in the case of
applying the passive recovery protocol between the initial and the final test.
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9.4. The processing and statistical interpretation of data collected during the physiological
evaluation, under conditions of passive recovery

Following passive recovery, the subjects recorded a regression of physiological values
in the case of 4 indices out of the 5 investigated. Thus, the heart rate (FC) recorded an average
value of 121.75 ppm after the warm up part, which corresponded to the time of the initial test
(T1) and, after 15 minutes of inactivity, the FC value decreased to 87.58 ppm. Blood lactic
acid (AL) levels dropped from an average of 1.72 mmol/L (T1) to 1.57 mmol/L (T2) and the
concentration of blood glucose dropped from 89.58 mg/dL to 88.17 mg/dL. Also, in the case of
body temperature one may notice a decrease from 37.73°C registered after the match warm-
up, to a value of 36.09°C, registered after the total inactivity on the substitute benches. The
values recorded for blood oxygen saturation show a slight increase from an average
concentration of 98.67% after T1 and of 98.75% after T2.

The averages of all physiological indices recorded decreased in value between the
initial test that took place after the match warm-up and the final one, which was
performed after 15 minutes of inactivity. Statistical interpretation based on the t Student
test is presented in Table 9. 6.

Table 9. 6. Comparison of the physiological indices of the subjects in the implementation of the passive
recovery protocol between the initial and the final testing

. Average physiological indices for passive
Sig. recovery
t 2-

tailed T1 PP (N=12) T2 PP (N=12)
Heart rate (FC) 11.10 | 0.001 121.75 87.58
Lactic acid (AL) 0.97 | 0.342 1.72 1.57
Serum blood glucose (G) 0.84 | 0412 89.58 88.17
Body temperature (Tc) 18.84 | 0.001 37.73 36.09
Oxygen saturation in the blood (S O,) -0.43 | 0.670 98.67 98.75

Legend: t = value of t; sig. (2-tailed) = t's level of significance, which must be less than 0.05 for the differences
between T1 PP and T2 PP to be statistically significant

We find that there are significant differences in the implementation of the passive
recovery protocol between the initial and the final test, in terms of 2 of the 5 physiological
indices, namely: heart rate (t = 11.10, p < 0.01) and body temperature (t = 18.84, p < 0.01).

9.5. The processing and statistical interpretation of data collected during on-court assessment,
under passive recovery conditions

9.5.1. The results of the motor test, on court, under conditions of passive recovery
The individual results recorded by the players following the motor assessment (distance
covered and speed), after the 6 sessions of bilateral training game are presented in Annex 10.

Table 9. 7. Cumulative table with the averages of the results of the motor indices specific to the on-court
evaluation, after 6 training matches, from the preliminary experiment

Average distance covered (km) Average movement speed (km/h)
SUBJECTS T2 PP T2 PP
AVERAGE 1.99 7.62
SD 0.14 0.77
min. 1.79 6.6
max. 2.22 8.8
Cv% 7.06 10.09
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The results obtained by the player in the motor evaluation, on court, after the
implementation of the passive recovery protocol
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Figure 9. 7. The results obtained by the player in the motor evaluation, on court, after the implementation
of the passive recovery protocol

According to Table 9. 7 and Figure 9. 7, the average distance covered after the 6 sessions
of 15 minutes of training match, is 1.99 £ 0.14 km, and the average movement speed is 7.62 +
0.77 km/h. The maximum distance covered is 2.22 km and the minimum is 1.79 km while the
speed reaches a maximum of 8.8 km/h and a minimum of 6.6 km/h. The values of the
coefficient of variability indicate a high degree of homogeneity within the group both for the
distance covered (7.06%) and for the speed of movement (10.09%).

9.5.2. The results of the technical-tactical testing, on the court, under conditions of passive
recovery

The technical-tactical on-court testing materialized in the quantification of the individual and
collective technical-tactical efficiency, by calculating the coefficient of overall efficiency in the
game (C.E.T.J.), with the help of the formula elaborated by us.

The results of all the coefficients required for the calculation formula of the C.E.T.J. are
presented in the Annex section, as follows:

= the cumulative (individual and collective) observation and calculation sheets for
the global efficiency coefficient (C.G.E.), under passive recovery conditions, are
presented in Annex 11;

» the cumulative observation and calculation sheets (individual and collective) for
the standardized positive action coefficient in the game (C.Ap.S.J.), under
conditions of passive recovery, are presented in Annex 12;

= the cumulative (individual and collective) observation and calculation sheets for
the standardized in-game error coefficient (C.G.S.J.), under conditions of passive
recovery, are presented in Annex 13.

Following Figure 9. 8, we can observe that the average C.E.T.J. for the whole team, after
the 6 sessions of 15 minutes organized by us in the preliminary experiment, has a
negative value of -0.22 * 0.19 points and varies between a minimum efficiency of -0.52 points
obtained by the substitute player on the position of left back and by the on-court player on the
right back. The maximum value of the C.E.T.J. is of 0.06 points, being obtained by the on-court
player from the center position.
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The results of the technical-tactical efficiency quantified by the coefficient of
overall efficiency in the game (C.E.T.J.), on the court, after the implementation of
the passive recovery protocol
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Figure 9. 8. The results of the technical-tactical efficiency quantified by the coefficient of overall efficiency
in the game (C.E.T.J.), on the court, after the implementation of the passive recovery protocol

9.6. Analysis of the correlations between the data collected following the evaluations, under
conditions of passive recovery

For the correlation analysis, we included only variables whose changes had significant
differences between initial and final testing (identified by t tests) and sought to identify
statistically significant links between physical and physiological index values recorded before
the match and the performances of the athletes on the court, in the conditions in which they
entered the effort after a period of complete inactivity.

For the correlation analysis we calculated the Pearson coefficient and the hypothesis
tested was that the body’s level of preparation for the specific effort of the handball game is
significantly associated with the on- court performance of the substitute players.

9.6.1. Correlations between physical and physiological index values recorded before entering the
court and on-court performance

Table 9. 8. Correlations between the values of the variables that underwent significant changes between
the initial and final testing, and the performance of the players on the court

1 2 3 4 5 6 7 8 9
1 Heartrate
2 Body temperature 0.93**
3 CMJ AF Reactive force index 0.87** 0.71*
4 Peak power of the CMJ AF 0.94** 0.91** 0.82**
5 SJ Reactive force index 0.96** 0.92** 0.79** 0.96**
6 SJ Maximum power 0.94* 0.97** 0.83** 0.98** 0.95**
7 Distance covered 0.96** 0.94* 0.78** 0.94** 0.99** 0.93**
8 Movement speed 0.34 0.43 0.13 0.34 0.38 0.3 0.41
g Technicaltactical efficiency in the 0.96* 0.94* 0.77* 0.94" 098" 095 0.97* 033

game (C.E.T.J.)

**The correlation is significant at a threshold of significance of 0.01 (2-tailed).

Following the multilevel correlation analysis, based on the Pearson r correlation
coefficient, it was found that there are statistically significant positive correlations, at a
significance threshold p <0.01 between variables that quantify the level of preparation of
the body for effort and the performance of on-court players. However, according to the data
in Table 9. 8, we can see that, although the running speed has correlations with all the other
variables, they are not strong enough to be statistically significant.

9.6.2. Correlations between the evolution of the values of the physical and physiological indices
between the initial and the final test and the performances on the court

Another objective of our research was to investigate the existence of a link between
changes in the values of physical and physiological indices and the performance of players on
the court, after the implementation of the passive recovery protocol.
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We started from the assumption that a more pronounced decrease in the body’s level of
readiness for effort (quantified by physical and physiological indications) as a result of 15
minutes of inactivity during the passive recovery is consistent with a lower level of performance
on the court (motor and/or technical-tactical), in matches that are preceded by the passive
recovery.

Table 9. 9. Correlations between the decrease in the values of the physical and physiological indices and
the efficiency in the game, after the implementation of the passive recovery protocol

1 2 3 4 5 6 7 8 9
1 Evolution of the FC values
2 Evolution of the T, values 0.52
3 \If;/lcsjlgélon of the RSl 1 CMJ AF 03 051
4 Evolution of the PP CMJ AF values 026 -0.27
5 Evolution of the RSI 1 SJ values -0.15 -0.24 0.02 -0.02
6 Evolution of the PP SJ values 0.38 0.60* -0.52 -0.24 0.02
7 Distance covered on the court ‘ -0.68* | -0.86** | 0.37 -0.04 049 -0.53
8 Movement speed -0.21 -0.33 0.39 019 045 -0.41 0.41
9 CETJ.PP | 072" | -091" | 041 004 040 | -058 | 097" | 033

** The correlation is significant at a threshold of significance of 0.01 (2-tailed).
* The correlation is significant at a threshold of significance of 0.05 (2-tailed).

According to the data in Table 9. 9, there are significant correlations between the
decrease in the values of physical and physiological indices caused by the period of
inactivity on the edge of the handball court and the efficiency of the players on the court,
which was assessed in the matches preceded by the passive recovery.

9.6.3. Correlations between the coefficients measured for the quantification of the technical-
tactical efficiency on the court, after the implementation of the passive recovery protocol

In the present study we aimed to find out the relationship between the coefficients
calculated to quantify the various technical and tactical actions involving players on the court
and their overall efficiency, which was calculated based on the innovative formula designed in
our research.

The hypotheses we want to test through correlation analysis are as follows:

- Players who get a higher global efficiency coefficient tend to get a higher overall
efficiency coefficient in the game.

- Players who get a standardized positive action coefficient in the game tend to get
a higher overall efficiency coefficient in the game.

- Players who get a lower standardized error coefficient in the game tend to get a
higher overall efficiency coefficient in the game.

Table 9. 10. Correlations between the coefficients calculated to quantify the efficiency of the players,

during the technical-tactical evaluation on the court, after the implementation of the passive recovery
protocol (PP)

1 2 3 4
1 Global efficiency coefficient (C.G.E.)
2 Coefficient of standardized positive actions in the game 013
(C.Ap.S.J.) '
3 The standardized error coefficient in the game (C.G.S.J.) 0.05 0.33
4 Overall efficiency coefficient in the game (C.E.T.J.) 0.66* 0.13 -0.57*

The correlation is significant at a threshold of significance of 0.05 (2-tailed).

We observe in Table 9. 10, that there is a statistically significant positive correlation (r=0.66,
p<0.05), between the global efficiency coefficient (C.G.E.) and the overall in-game efficiency
coefficient (C.E.T.J.), but also a statistically significant negative correlation, between the
standardized error coefficient in the game and the C.E.T.J. (=0.57, p< 0.05).
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CHAPTER 10. CONCLUSIONS OF THE PRELIMINARY EXPERIMENTAL RESEARCH, THE
NOVELTY AND PROPOSALS FOR PRIMARY RESEARCH

10.1. Preliminary research findings

1)

2)

The information base obtained from the opinion questionnaire determined the identification
of the need to replace the passive recovery with an active recovery protocol on the edge of
the court, during handball matches, specially designed for substitute players.

Identifying the maximum values of the heart rate by means of modern technological devices,
used during friendly matches, is a valid and reliable method for estimating the maximum
effort capacity, in similar conditions to those in official competitions. This aspect provides us
with the opportunity to direct the effort from the primary experimental research by referring
to the individual FCnax values obtained in the friendly matches organized by us.

The regression of performance in the case of CMJ AF and SJ is statistically significant and
exceeds the regression in the case of the AMM and TA 10 m tests, where the results
between the two tests did not show statistically significant differences. This suggests that
inactivity has had a more severe impact on tasks involving explosive power in the
lower limbs, such as vertical jumps, than in the upper limbs, such as throwing or
those involving speed, such as short-distance, 10 meter accelerations.

The passive recovery implemented between the two tests determined, on average, the
decrease of the subjects’ heart rate values by 28%, which represents an indicator of the
regression of their performances. Thus, the H5 hypothesis of the preliminary
experimental research is confirmed.

The passive recovery implemented between the two tests determined, on average, the
decrease of the subjects’ body temperature values by a percentage of 4%, which
represents an indicator of the regression of their performances. Hypothesis 15 of the
preliminary experimental research is confirmed.

The capillary lactate index (AL) decreased from an average of 1.72 mmol/L (T1) to 1.57
mmol/L (T2), but did not show statistically significant differences (t = 0.97, p = 0.342> 0.05).
The average values recorded by the players in the case of investigating the dynamics of
capillary lactate between the initial and the final test, fall into the category of normal, resting
values (1-1.8 mmol/l), which means a low synthesis of lactate. The explanation lies in a very
good level of physical training of the players subject to our research and/or a low intensity of
effort during the standard match warm-up that does not cause the accumulation of lactate in
the blood, above normal values. However, because the passive recovery did not cause the
accumulation of lactic acid in the blood, hypothesis H6 is rejected.

The on-court assessment involved observing the motor performance and the level of
technical-tactical efficiency in the game, after a passive recovery of 15 minutes, in the
case of all 12 players included in the preliminary research. This approach gave us the
opportunity to create a database needed to compare the results that would be obtained by
the players in the primary experimental research.

The main finding of our preliminary study refers to the significant association between the
body’s level of preparation for the subsequent physical effort, specific to the game of
handball, and the motor and technical-tactical performances of the players on the court. The
more the values of the physical and physiological indices decreased after the passive
recovery of 15 minutes, the less we noticed a lower value of the motor and technical-
tactical performances of the players on the court.

The effort reached after the match warm-up (69% of FCmax) is an intermediate one,
but, after 15 minutes of passive recovery, the value of FC decreased drastically, by
28% below the level reached after warm up, at 87.58 ppm, which means an intensity of
49% of the FCmax, Which falls into the category of low-intensity efforts.

10) In our research, the match warm-up resulted in a body temperature of 37.73 °C, but the

passive recovery determined the decrease of the values by 4% below the initial
optimal level attained, reaching an average value of 36.09°C. Reducing the temperature
by one degree Celsius causes a 3% decrease in performance (Sargeant, 1987), a fact
supported and demonstrated by the results of our research. In conclusion, we can state that
the decrease in physical performance in the jump tests of the handball players after
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the passive recovery can be associated with the concomitant decrease in the
physiological body temperature index. Our results are consistent with those obtained in
other basketball and football studies that have identified a strong correlation between
decreased body temperature and decreased athletic performance in jumping and speed
tests (Galazoulas, 2012; Mohr et al., 2004). In addition, the analysis of the correlations
between body temperature, heart rate and the performance of on-court players has
statistically significant links, which supports the above statements and confirms the results
of studies in the game of basketball and football.

11) The efficiency of the players, which was quantified by means of the overall efficiency
coefficient in the game (C.E.T.J.) depends to a large extent on the players’ goal efficiency
following the standardized technical-tactical actions in the game, for each position. The
better the goal efficiency and the fewer standardized errors in the game, the higher
the overall efficiency at the end of the matches.

Based on the analyzed data, we can conclude that the passive recovery protocol,
implemented after the initial testing performed immediately after the match warm-up (T1 PP)
diminishes the performance and the optimal level of preparation of the players for the
specific effort of handball matches, as demonstrated by their final testing (T2 PP), as well as by
the physical evaluation jumps tests (CMJ AF and SJ) and by the tests for the investigation of the
physiological parameters (heart rate and body temperature).

10.2. The novelty

We had the opportunity to simultaneously record the results of the players, in a very short
time, the accuracy of the data obtained being credited by validation studies of all portable
technological devices used. The use of these technological innovations is an element of
novelty due to the unique way in which information is collected, processed and transmitted to
specialists, coaches or athletes, in real time and/or a relatively short time. Due to their portability
and accessibility, micro devices have allowed us to scientifically evaluate physical, technical,
tactical or physiological performance under competition-similar conditions.

The tests used in each evaluation protocol to identify changes in the neuromuscular and
cardiorespiratory systems after the passive recovery were chosen in accordance with current
requirements for handball players from the first minute of official matches, as identified following
the study of the specialized literature.

Another novelty was the biochemical investigation by collecting blood samples, in the
various test moments of our preliminary research, to identify any changes that occurred after
the handball players’ period of inactivity.

The elaboration of the formula for quantifying the overall efficiency in the game
(C.E.T.J.) is an element of novelty proposed by our preliminary research, because it aimed at
lending objectivity to the process of the handball players’ technical-tactical evaluation, which is
often done superficially, only by recording the ratio between the total number of goals and the
total number of shots. The results collected at this stage of our research are useful for creating
the database that will be used in primary experimental research.

10.3. Proposals for the primary experiment

We aim to maintain the same investigative tools used in the preliminary research because
we believe that their variety, accessibility and accuracy have contributed to increasing the
interest of female athletes in scientific research, by providing a unique experience of assessing
their own performance.

We aim to maintain the same sample of players in the primary experiment, as we intend to
perform a comparative analysis of the individual results obtained in both evaluation conditions
(passive recovery and active recovery conditions).

As the space on the side of the handball court is small, we will aim to develop an active
recovery protocol that contains accessible, efficient and easy to implement means in small
spaces.
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PART lll: THE PRIMARY RESEARCH ON THE DEVELOPMENT AND IMPLEMENTATION
OF THE ACTIVE BREAK PROTOCOL ON THE EDGE OF THE HANDBALL COURT, IN
ORDER TO MAINTAIN THE EFFECTS OF THE MATCH WARM UP ON THE BODY

CHAPTER 11. THE METHODOLOGICAL OPERATIONAL APPROACH OF THE PRIMARY
EXPERIMENTAL RESEARCH

11.1. The prerequisites of the primary experimental research

During handball competitions, fatigue is the consequence of the stresses imposed by the
game specific effort and it is accumulated progressively throughout the match, especially
towards the end of it.

Restoring the body by restoring energy potential and functional capabilities during matches
can only be achieved through an optimal ratio of effort and rest that is possible by the
efficient rotation of players. The unlimited exchanges allowed in the game of handball, allow
the coaches to control the times during which the players evolve or rest and an effective
ratio between the two situations can optimize the individual or collective performances
during the matches.

The efficient rotation of the players presupposes both a high value homogeneity on positions
and an optimal level of the body’s preparation for the subsequent effort in the case of the
substitute players, which can be obtained only by going through a warm-up program.

The requirements to which the exchange players are subjected, refer to the fast adaptation
to the rhythm of the game and to the resolution with maximum efficiency of all the stresses
imposed from the first seconds of the game.

In order to maintain the physical and physiological potential for effort of the players who do
not enter the game from the first minute, it is necessary to continue warming the body on the
edge of the court. Handball coaches are greatly interested in this aspect, considering that
the active recovery is highly appropriate for maintaining the physical and mental state at an
optimal level for entering the court.

Continued warm-up on the court edge can contribute to optimizing the performance of the
substitute players on the court when the opportunity arises for them to enter the match.
Decreased values of the heart rate and body temperature physiological indices due to
inactivity, slow down the metabolic processes of providing the necessary ATP and PC
resources to the neuromuscular system and, consequently, the power and speed of muscle
contraction in the lower limbs decreases.

Physical activity strategies implemented during the transition periods, between the end of
the warm-up and the beginning of the match for the substitute players, can help maintain or
attenuate the percentage of physical and physiological performance regression caused by
the passive recovery, imposed by regulation, on the edge of the handball court.

11.2. Objectives of the primary experimental research

The elaboration of the methodology necessary for the implementation of the active recovery
protocol on the edge of the handball court, by selecting and adapting the course of action, in
full correlation with the physical and functional particularities of the players, identified
following tests and the statistical analysis of their results, from the preliminary experimental
research.

Choosing the appropriate method of calculating the maximum heart rate (FCnax), for each
player, in order to direct the intensity of the effort from the active recovery, towards
maintaining aerobic capacity, at a level of 60% of 60% of FCrax.

Identifying the values of the physical and physiological indices before and after the
implementation of the active recovery protocol (at the time of T2 PA testing) and observing
their evolution between the two tests (T1 PA and T2 PA), through statistical analysis.
Maintaining the heart rate at 60% of the maximum aerobic capacity, intensity established
based on the recommendations in the specialized literature, but also on the results obtained
in our preliminary research.

Maintaining the values of the physical indices specific to the effort anaerobic power, from the
level of the lower limbs, in optimal parameters, through the intensity of effort proposed in the
active recovery protocol.
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Maintaining the physical indices specific to the explosive power required for jumping and
throwing, at values similar to those obtained after the standard match warm-up.

Maintaining body temperature at values similar to those obtained after standard match
warm-up.

Achieving superior performance in the technical-tactical evolution of the players, quantified
by the coefficient of overall efficiency in the game.

Increasing the technical-tactical efficiency of the players in the standardized actions in the
game, increasing their involvement in the standardized positive actions in the game and
reducing the number of standardized errors in the game, so that the overall efficiency
coefficient in the game increases significantly compared to the values obtained after
implementing the passive recovery protocol.

11.3. The purpose of the primary research

The aim of the primary research is to develop and implement an active recovery protocol on

the edge of the handball court, focusing on maintaining the benefits of match warm-ups, which
will increase the players’ performance on the court, thus replacing complete inactivity on the
bench, prior to the specific effort of handball matches.

11.4. Tasks of the primary experimental research

The development of a strategy to replace the passive recovery after the match warm-up with
an active recovery protocol, which would include a physical activity program on the edge of
the handball court, for all players included in the research.

Choosing a method for determining the optimal intensity of effort during the active recovery
program, based on information from the specialized literature and using the database
collected in the preliminary experiment.

The choice of accessible means, which can be used in small spaces, necessary for the
active recovery program.

The implementation of player evaluation protocols in organization and testing conditions
identical with those of the preliminary experiment.

Recording the players’ results using the same methods and unconventional means of
evaluation from the preliminary experimental research, at different times of testing, which
provide relevant information about the evolution of physical and physiological indices and
their influence on court performance, under active recovery conditions.

Implementation of the active recovery protocol, according to the functional features specific
to the players included in our research.

Recording and highlighting the changes made by 15 minutes of active recovery on the
values of the physical and physiological indices and comparing them with the values
obtained after the match warm-up.

Completing the individual sheets for calculating the efficiency with the help of the C.E.T.J.
formula, in view of the video analysis of all the 6 sessions of the bilateral training match,
organized by us in order to evaluate the players on the court.

The processing and interpretation of data obtained from physical and physiological
evaluations on the edge of the court and from the evaluation of motor and technical-tactical
on-court efficiency.

Comparing of the impact of the two recovery protocols’ implementation (passive and active),
by analyzing the existence of statistically significant differences between the players’
performances obtained in the initial tests (T1 PP with T1 PA), in the final tests (T2 PP with
T2 PA) and between the evolution of these performances (T2-T1 PP with T2-T1 PA), in
terms of specific indices of jumping, medicine ball throwing and the values obtained in the
10 m Acceleration Test, as well as the FC, AL, G, Tc and SpO- physiological indices.
Analyzing of the existence of some significant differences between the performance of the
players obtained in the case of the implementing the passive recovery protocol and the
active recovery protocol (PP with PA), regarding the motor and technical-tactical evaluation
tests on the court.

Formulating the conclusions of the primary experimental research.
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11.5. Primary experimental research hypotheses

The general hypothesis of the research is based on the assumption that the motor
performance and technical-tactical efficiency on the court of substitute handball players can be
improved by replacing inactivity on the edge of the court with an active recovery protocol, which
involves pedaling stationary bicycles at an intensity of FCmax and thus contributes to maintaining
or mitigating the decrease in physical and physiological benefits on the body of the standard
match warm up.

The specific hypotheses tested in the primary experimental research are as follows:

H 1.1. Unlike the inactivity specific to passive recovery, the implementation of the active
recovery protocol, after the standard match warm-up, based on methods and means
adapted to the individual peculiarities of the players, determines the maintenance or
attenuation of the decrease in the level of performance with physical tasks and tests.

H 1.2. The choice, set up and use of the technological devices according to the individual
characteristics of the players, allow the monitoring of effort parameters and their
maintenance within the limits established by our research methodology.

H 1.3. Physical activity at an intensity of 60% of FCnax will speed up the elimination of lactic
acid from the blood.

H 1.4. Establishing the intensity of the effort, at an average value of 60% of the FCpax, will
allow the active recovery program to be carried out in conditions of real balance between the
requirements and the oxygen supply, without the appearance of the state of fatigue.

H 1.5. Unlike the inactivity specific to passive recovery, optimizing the level of effort during
the active recovery, by setting the intensity of the effort at 60% of the maximum aerobic
potential, determines the maintenance or attenuation of the decrease in body temperature
values obtained after the standard match warm-up.

H 1.6. Following the active recovery protocol, the players will run longer distances and at
higher speeds than those recorded after the period of inactivity.

H 1.7. Compared to the inactivity specific to passive recovery, maintaining the effort capacity
at 60% of the maximum individual potential, by using the active recovery protocol on the
edge of the handball court, determines an increase in the technical-tactical efficiency on the
court, of the handball players.

11.6. Battery of tests and investigations used in the primary experimental research

In the primary experimental research, we used the following physical tests, focused on
assessing the combined quality of strength-speed, both in the lower limbs and in the upper
limbs. All these tests were also used in the preliminary research.

The physiological investigations for the primary experimental research consisted of
monitoring and analyzing functional and biochemical indices, as follows: heart rate, body
temperature, lactic acid, serum glucose and blood oxygen saturation.

The on-court assessment consisted of identifying the total distances covered, the
movement speed and the values of the overall efficiency coefficient in the game.

11.7. The equipment and materials necessary for the primary experimental research

In order to fulfill the objectives and tasks proposed in the primary experimental research, we
decided to use all the research devices and tools used in the evaluation protocols in our
preliminary approach and we supplemented the material base with new research equipment
and applications, which will be presented below.

11.7.1. The stationary exercise bike, Progressive SX2000

The Progressive SX2000 bike (Figure 11. 1) is a model of bicycle with friction resistance,
which means that it has brake pads (of felt) that are connected to a 15 kg flywheel and the
resistance is adjusted by the control lever, intuitively placed under the handlebars.

The construction of the bike is compact and it has the following physical dimensions: height,
115 cm, width, 50 cm, depth, 115 cm and weight, 27 kg. The saddle is adjustable in two
directions, up-down (range 75-99 cm) and back-front, the handlebar can be adjusted vertically,
up-down (range 99-112) and for good stability, you can adjust the feet height.

The reason why we chose to include the stationary bike in the organizing methodology of
the active recovery protocol is the accessibility with which it can be used and the small size that
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allows placement in narrow spaces. In addition, our goal of keeping players active on the edge
of the court can be achieved by working in one place without leaving the area.

Min 99 cm
Max 112 cm

Figure 11. 1. The dimensions of the stationary training bike Progressive SX2000, photo source,

https://beprogressive.ro/products/sx2000

The technology of this training device allows the tracking of effort parameters through the
LCD monitor placed on the handlebars or by establishing a connection to the tablet or phone,
devices that can be placed on the special support. This way, the activity can be monitored in
real time, the data on time, speed, distance, calories, cadence and pulse, being displayed on
the smart interface of the bike’s digital monitor or on the screen of the connected device.

The bike has modern features because it can be connected via Bluetooth or directly via
cable to mobile applications such as Kinomap, Zwift, FitShow, compatible with smartphones or
tablets, which have Android or iOS operating systems. Regardless of the device used for data
sharing or the chosen mobile application, it is necessary to create a personal account, where
the parameters of the effort can be tracked in real time or stored in the history of the activities
performed.

sSouLE

A
Skandika

Figure 11. 2. The necessary steps to connect the Progressive SX2000 bike to the Kinomap mobile
application (setting personal data, choosing the equipment used, choosing the brand of the equipment
used, and the identification of the equipment by the application)

In the primary experimental research, we chose to share data recorded during activities on
Progressive SX2000 bikes to the Kinomap mobile app, the 2.30.4 version, from 2021. For the
Kinomap app to identify and connect to a specific device, it is necessary to activate the
Bluetooth function of the phone, at which point the bike model is recognized and the available
sensors are connected. The necessary steps for connecting the Progressive bike are shown
graphically in Figure 11. 2.

68



Doctoral candidate: Gheorghe Carmen
DOCTORAL THESIS: The Combined Evaluation of Efficiency and Biomotor Parameters, Using
Unconventional Devices to Monitor the Evolution of Handball Players in Competitions

11.8. Sample group, location and stages of the primary experimental research

In order to carry out a unitary comparative analysis, the same 12 players who participated in
the preliminary experimental research were included in the primary experimental research. As in
the case of the preliminary research, the primary experiment was a longitudinal one, taking
place during the second leg of the 2020-2021 competition season. The experimental approach
was carried out both in the “Danube” Sports Hall on Stadionului Street, no. 1-7, 2-8, Galati, as
well as in the “Siderurgistul” Sports Hall with the address on 2 Strada Street, Galati.

The primary experiment was started in December 2020 and was completed in June 2021, a
period that corresponded to the second leg of the women’s handball competition season, 2020-
2021 edition.

The stages of the primary experimental research were the following:

Stage I: (2 — 12 December 2020) was scheduled to continue and supplement the sources
from specialized literature.

Stage llI: in the interval (14 - 23 December) the structuring and elaboration of the plan for
carrying out the primary experimental research.

Stage lll: January 5 - February 16, 2021, we carried out the physical and physiological
evaluations, in conditions of active recovery;

Stage IV: March 6 - May 31, 2021 - we implemented the on court evaluation (motor and
technical-tactical) of the players, by organizing bilateral training games, in conditions of active
recovery;

Stage V: June 1 - September 1, 2021:

- analysis, interpretation and statistical comparison of the results obtained by the players
in the evaluations implemented in both recovery conditions (passive and active);

- formulating conclusions and recommendations;

- writing the doctoral thesis.
11.9. Development, organization and implementation of the active recovery protocol, specific to
the primary experimental research

11.9.1. Choosing the type of physical activity from the active recovery protocol

Given that the passive recovery implemented in our preliminary research has led to a
significant decrease in the values of physical indices in jump tests, we considered that pedaling
on stationary bikes could be the most effective means of action, because it is focused primarily
on the muscles of lower limbs.

Another aspect that we took into account in choosing the activity of pedaling on stationary
bikes was the possibility to predetermine the intensity of the effort and to control in real time the
parameters of effort, by modern technological means.

The ratio of the effort intensity on stationary bicycles to the maximum aerobic capacity was
based on the recommendations from the specialized literature, the upper limit of the
recommended intensity for the effort made during the active recovery periods being 60%
(Yanaoka, Hamada, et al., 2018).

11.9.2. Determining the intensity of the effort on stationary bikes

The methods and means used to determine FCnax are accessible, minimally invasive,
involve lower costs and do not require authorized personnel and, therefore, FCmax determination
is preferred among researchers in most sports.

11.9.3. Choosing the calculation method for the maximum heart rate (FCmax)

The choice of the most appropriate method for determining the maximum heart rate was a
task that involved both the study of the literature and the analysis of the databases collected
from the on-court tests in our preliminary study (the 30-15 |t test and the two friendly matches).

The studies identified in the literature propose numerous calculation formulas for estimating
the maximum value of the heart rate. We decided to submit to analysis 3 of them: the one
proposed by Karvonen et al. (1957), the one proposed by Londeree & Moeschberger (1982)
and the one proposed by Shargal et al. (2015). Because we wanted to reduce the risk of
indirectly influencing the results by applying general formulas (such as those suggested by the
literature), we also included in the process of choosing the method for calculating effort intensity
the results obtained by us in the preliminary research, obtained by players in the on-court tests
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(the 30-157 test and the two friendly matches). Unlike the estimation by calculation formulas,
the determination of FCnax based on the on-court tests was done using Garmin Fenix 5S
smartwatches.

Individual FC,,,, , values, obtained for each player, following the application of the 5 indirect calculation
200 methods
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Figure 11. 3. Graphical representation of FCmax, values, obtained for each player, following the application
of the 5 indirect calculation methods
Figure 11. 3 provides a clear picture of the calculations made to determine the maximum
values of the individual heart rate, in the case of all 12 players included in our experimental
research. Thus, we can observe that the 3 mathematical calculation formulas provide data
similar to those obtained after the 30-15,rr Field Test but the data recorded after the two friendly
matches show much lower values of FCnax for 9 of the 12 players. After analyzing all 5 methods
of calculating the maximum aerobic capacity by reference to the heart rate index, we decided
that the values obtained from the two friendly handball matches are the most suitable data that
we can use to determine the intensity of effort, in the primary experiment.
11.9.4. Organizing and implementing the active recovery protocol

In our research, we used the stationary bike, in order to maintain the benefits of the match
warm up, by continuous pedaling, for 15 minutes, at an effort intensity of 60% of the maximum
aerobic potential, this being previously established by reference to the heart rate frequency
(FCmax), recorded during the friendly handball matches.

Figure 11. 4, shows our intervention, which meant replacing the passive recovery on the
bench with a stationary bike pedaling program, which we called the active recovery.
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Figure 11. 4 Photographlc representahon of the d|fferences between the passwe recovery and the active
recovery

In order to familiarize the players with the work procedures, we carried out a training
session during which the use of the necessary devices and devices was detailed. At this stage
of our research, the athletes were trained to control the intensity of the effort when cycling, by
monitoring the heart rate index on the screen of the Garmin Fenix 5S watch, a device already
known and used since the preliminary research. At the beginning of the active recovery
program, the indoor cycling activity was set from the activity menu displayed on the watch
screen and, in this way, the heart rate data could be monitored in real time.

Once the value of the tracked heart rate stabilized, the players cycled for 15 minutes and
with the Kinomap application, we were able to track and record the following parameters of
effort on the bike: pedaling power (watts), rotations per minute (rpm) and pedaling speed
(km/h). It is important to note that all the sportswomen used their own phones to connect the
bikes via Bluetooth to the Kinomap application, for which individual accounts were created. In
this way, each player was able to monitor on the phone screen, in real time, the parameters of
the effort made during the 15 minutes of cycling. The power, cadence and speed parameters
were adjusted by adjusting the brake pad control lever, according to the oscillation of the heart
rate index, monitored by the Garmin Fenix 5S watches.

During the 14 interventions in the primary experimental research, which included evaluation
protocols in active recovery conditions, we kept the same instructions as during the
familiarization bikes training, and the players were encouraged to follow the recommendations
to maintain the parameters of cadence, power and speed, within the limits necessary to
maintain the heart rate at 60% of the maximum value.
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Figure 11. 5. Necessary steps to connect the Kinomap mobile app to the Progressive SX2000 stationary
bike

Figure 11. 5, shows the steps taken to connect the Kinomap mobile app to the Progressive
SX2000 stationary bikes. Initially, an account is created based on the e-mail addresses of the
athletes and then the application is opened. From the user profile settings, the type of activity,
fitness level, gender, weight, height, age and desired metric system are chosen. After
establishing these settings, the type of equipment used and the model are chosen, and then the
connection via Bluetooth is made and the bike is recognized. Thus, data sharing begins.

Figure 11. 6. Monitoring the parameters of effort during the active recovery, by means of technological
devices

In Figure 11. 6, we exemplified the working procedure by combining the methods of
monitoring all the effort parameters, during the pedaling activity, applied during our
interventions, from the primary experiment. Thus, the heart rate could be monitored on the
screens of the Garmin Fenix 5S watches, which were set to the “indoor pedaling” activity, while
the pedaling time, power, speed and cadence were monitored via the Kinomap application,
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installed on players’ phones, which were also connected to the Progressive SX2000 stationary
bikes.
11.10. General strategy for the implementation of evaluation protocols, in the framework of the
primary experimental research, under conditions of active recovery

Our intervention consisted in the implementation of the active recovery protocol instead of
the inactivity imposed on the edge of the court, according to the regulations for the organization
and conduct of handball competitions, and it took place in the second leg of the 2020-2021
competition season.

Table 11. 1. Locating our interventions, according to the structure of the 2020-2021 competition season,
in the National Women’s Handball League

MACROCYCLE 1 | MACROCYCLE 2
JUNJJUL] AUG | SEP | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY
Competition Transition Training

Training period Competition period

period period period

As it can be seen in Table 11. 1, our interventions coincided with the second training period
and the second competitive period, specific to the 2020-2021 championship edition. The middle
of November and December were devoted to bibliographic study and discussions with the
team’s coaches in order to plan further activities. Moreover, during this period, we participated
in the training of the players and we provided additional explanations related to the purpose of
the primary experimental research. Between January and May 2021, we carried out the 3 types
of evaluation, under the conditions of the active recovery protocol implementation.

In order to attain a clear picture of the effects of replacing the passive recovery with the
active recovery, we considered it necessary to apply the same approach used in the preliminary
experimental research, for the implementation of all evaluation protocols. The test times,
samples and investigations applied are schematically represented in Figure 11. 7.

CMJ AF | CMJ AS/
PHYSICAL SJ/ RSI 10/5
EVALUATION X T1PA T2PA AMMD | AMMS
TA10m
STANDARD ACTIVE
In the THear( rate
PHYSIOLOGICAL " emperature
locker T1PA T2 PA Lactic acld
EVALUATION room tests WARM-UP RECOVERY Serum glucose
Oxygen saturation
30 MINUTES 15 MINUTES
Distance
ON-COURT On-court
EVALUATION X X game :2’;‘1

Legend: X= no tests; T1 PA= after warm-up tests; T2 PA= after 15 minutes of active recovery tests. CMJ AF= countermovement jurnp with arms
fixed; CMJ AS= countermovement jump with arms swing; SJ= squat jump; RSI 10/5= reactive strength index; AMMD= medicine ball wall foss (to the
nght); AMMS= Medicine ball wall toss (to the left); C.E.T.J.= the overall efficiency coefficient in the game.

Figure 11. 7. The steps taken in the case of evaluations made for the preliminary research, under the
conditions of the active recovery’s implementation

Analyzing Figure 11. 7 we can note that, as in the preliminary research, the physiological
evaluation consisted of three testing moments, the physical one was implemented in two testing
moments and the on-court test consisted in the analysis of bilateral games on the court.
11.10.1. Planning the physical, physiological and on-court assessments, under active recovery
conditions

The scheduling and planning of the evaluation days within the preliminary research was
done both according to the match schedule established for the second leg of the 2020-2021
competition season, and the weekly training program of the team, established by the team
coach.
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Table 11. 2. Locating our interventions through physical evaluation, within the primary experiment

JANUARY 2021 - PREPARATORY PERIOD + COMPETITION PERIOD
PHYSICAL EVALUATION

Date Day Time slot Group Tests performed
11 January Monday 9:00-10:30 Group 1 CMJ AF / CMJ AS
13 January Wednesday 15:30-17:00 Group 1 SJ/RSI 10/5
15 January Friday 9:00-10:30 Group 1 AMMD / AMMD / TA10 m
18 January Monday 9:00-10:30 Group 2 CMJ AF / CMJ AS
20 January Wednesday 15:30-17:00 Group 2 SJ/RSI 10/5
22 January Friday 9:00-10:30 Group 2 AMMD / AMMD / TA10 m

FEBRUARY 2021-COMPETITION PERIOD
PHYSIOLOGICAL EVALUATION

Date Day Time slot Group Tests performed
9 February Tuesday 9:00-10:30 Group 1 FC/Tc/AL/G/SpO,
16 February Tuesday 9:00-10:30 Group 2 FC/Tc/AL/G/SpO-

MARCH 2021-COMPETITION PERIOD
ON-COURT EVALUATION

Date Day Time slot Group Tests performed
. . Both Match 1
6 March Saturday 11:30-13:30 groups Distance / Speed/C.E.T.J.
. ) Both Match 2
20 March Saturday 11:30-13:30 groups Distance / Speed/C.E.T.J.

APRIL 2021-COMPETITION PERIOD
ON-COURT EVALUATION

i . . Both Match 3

3 April Saturday 11:30-13:30 groups Distance / Speed/C.E.T.J.
i . . Both Match 4

17 April Saturday 11:30-13:30 groups Distance / Speed/C.E.T.J.

MAY 2021-COMPETITION PERIOD
ON-COURT EVALUATION

. . Both Match 5

8 May Saturday 11:30-13:30 groups Distance / Speed/C.E.T.J.
. . Both Match 6

29 May Saturday 11:30-13:30 groups Distance / Speed/C.E.T.J.

According to Table 11. 2, it can be seen that the physical evaluation occurred in January
2021, when the players were in the training period during the first part of the month, the official
matches resuming with the second half of the month. During this period, we also carried out the
training for purposes of familiarization and to establish the values of the effort parameters that
needed to be achieved during the activity on bicycles, during the primary experiment itself.

The physiological evaluation occurred in February and corresponded to the competitive
period of the championship second leg.

Both during the physical assessment and the physiological assessment, the players were
tested according to the groups established in the preliminary experimental research. We used
this group assessment system to reduce the risk of influencing the results with a too long
waiting time between the end of the active recovery protocol and the actual testing of the
players.

In the case of the evaluation on the court, after the standard match warm up, all the players
went through the active recovery protocol at the same time, and after 15 minutes of cycling on
stationary bikes, both groups were tested on the court, by means of the bilateral handball game,
lasting 15 minutes.
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CHAPTER 12. RESULTS OF THE PRIMARY EXPERIMENTAL RESEARCH

In the primary experimental research, the players were tested following, in general, the
same evaluation structure as in the preliminary experimental research. The main difference was
that the passive recovery between the two test moments was replaced by an active recovery
protocol, implemented instead of the substitute benches.

12.1. Processing and statistical interpretation of data collected following the physical evaluation,
under active recovery conditions

All the results obtained by the 12 players in the physical tests, namely the
countermovement jump - arms fixed (CMJ AF), countermovement jump with swinging arms
(CMJ AS), the squat jump (SJ), the RSI 10/5 jump, the medicine-ball side throw (right and left)
and the 10 m Acceleration Test are presented in Annex 15.

12.1.1. The jump tests
12.1.1.1. The countermovement jump - arms fixed: CMJ AF

Following the analysis of the t test, there are no statistically significant differences in the
physical performance of the subjects in the case of applying the active recovery protocol
between the initial and the final testing, for any of the 4 indices of the countermovement jump -
arms fixed test (CMJ AF).

12.1.1.2. The squat jump (SJ).

There are no significant differences in the physical performance of the subjects
when applying the active recovery protocol between the initial and the final testing, for any of
the 4 indices of the squat jump test (SJ).

12.1.2. The medicine-ball right/left side throw (AMMD/AMMS)

There are no significant differences in the physical performance of the subjects in
the case of the implementation of the active recovery protocol between the initial and the final
testing, for either of the 2 indices of the medicine-ball right hand (AMMD) and left hand throw
(AMMS) tests.

12.1.3. The 10-meter acceleration test

There are no significant differences in the physical performance of the subjects
obtained in the 10 m acceleration test, in the case of applying the active recovery protocol
between the initial and the final testing.

12.2. The processing and statistical interpretation of data collected following the physiological
evaluation, under active recovery conditions

The individual results obtained by the players in the physiological evaluation in all three
tests performed in the primary experimental research are presented in Annex 16. The statistical
analysis of the physiological data was performed only for the post-match-warm-up test (T1 PA)
and for the one after the implementation of the passive recovery (T2 PA).

According to the results presented in Figure 12. 1, the averages of the physiological indices
recorded different values between the initial testing which occurred immediately after the match
warm-up and the final one, which occurred after 15 minutes of pedaling at an effort intensity of
60% FCmax. The statistical interpretation based on the t Student test is presented in Table 12. 1
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Comparison of the averages obtained in the physiological tests, with the
implementation of the active recovery protocol, between the initial and

140,0 -

120,0 - 105,9

100,0 -

94,50

98,50 98,75

80,0 +
60,0
400

20,0 -

1,69 2,48
o —

/

0,0

FC (ppm) ' AL (mmol/l)

G (mg/dL) ‘

=T1PA =T2PA

Te (°C)

S 02 (Sp02)

Figure 12. 1. Comparison of the averages obtained in the physiological tests, with the implementation of

the active recovery protocol, between the initial and the final testing

Table 12. 1. Comparison of the subjects’ physiological indices with the implementation of the active
recovery protocol between the initial and the final testing

Sig. Average physiological indices in
t 2- case of active recovery
tailed T1 PA (N=12) T2 PA (N=12)
Heart rate (FC) 8.83 0.001 123.5 105.90
Lactic acid (AL) -3.37 | 0.003 1.69 2.48
Serum glucose (G) -3.64 | 0.001 89.42 94.50
Body temperature (Tc) 2.89 0.008 37.75 37.37
Oxygen saturation in the blood (S 02) 1.25 0.223 98.50 98.75

Notes: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the
differences between T1 PA and T2 PA to be statistically significant

Analyzing the data in Table 12. 1, we find that there are significant differences in the
implementation of the active recovery protocol between the initial and final testing, in
terms of 4 of the 5 physiological indices, respectively: heart rate (FC), lactic acid (AC), serum
glucose (G) and body temperature (T).

The mean of the heart rate (FC) physiological index is highly significantly lower (t =
8.83, p. <0.01) at the final testing compared to the initial testing. The active recovery
implemented between the two tests determined, on average, a decrease in the heart rate of the
subjects, but the average value of the team, 105.9 ppm reached after completing the active
recovery protocol is the one we followed in the primary experiment and, therefore, we
cannot state that the subjects recorded a decrease in performance, but rather maintained
the FC values at the optimal level calculated by us, for entering effort. The value of 105.9
ppm corresponds to the effort intensity of 60% FCax.

The average of the lactic acid (AL) physiological index is highly significantly higher (t
= -3.37, p. <0.01) at the final testing, when compared to the initial one. The active recovery
implemented between the two tests determined, on average, the increase of the subjects’
lactic acid values.

The mean serum glucose (G) physiological index is highly significantly higher (t = -
3.64, p. <0.01) at the final testing, when compared to the initial testing. The active recovery
implemented between the two tests determined, on average, the increase of the subjects’
serum glucose values.

In the case of body temperature (T.), the mean is highly significantly lower (t = 2.89,
p. <0.01) at the final testing when compared to the initial one. The active recovery
implemented between the two tests determined, on average, the decrease of the subjects’
body temperature values.
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Based on the analyzed data, we can conclude that the active recovery protocol,
consisting of 15 minutes of warm up at an effort intensity of 60% of FCnax, implemented after the
initial testing performed after the match warm-up (T1 PA), significantly modifies the
physiological responses of the players, but maintains the body’s level of preparation for the
effort specific to handball matches, in optimal parameters, as shown by their final testing (T2
PA), namely, by the physiological indicators related to heart rate, lactic acid, serum glucose and
body temperature.

12.3. The processing and statistical interpretation of data collected following on-court
assessment, under active recovery conditions
12.3.1. The results of the motor testing, on the court, under conditions of active recovery

The individual results recorded by the player in the motor assessment (distance covered
and speed), after 6 sessions of bilateral training game, played in the primary experiment, are
presented in Annex 17.

Table 12. 2. Cumulative table with the averages of the results of the motor indices specific to the on-court
evaluation, after 6 training matches, from the primary experiment

Average distance covered (km) | Average movement speed (km/h)
SallEers T2 PA T2 PA
AVERAGE 2.25 7.78
SD 0.16 0.76
min. 2.05 6.8
max. 2.56 8.8
Cv% 7.11 9.77

The results obtained by the players in the motor assessment, on the court, after the
implementation of the active recovery protocol
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Figure 12. 2. The results obtained by the players in the motor assessment, on the court, after the
implementation of the active recovery protocol
Analyzing Table 12. 2 and Figure 12. 2, we notice that after implementing the active
recovery protocol, the average distance covered in the 6 sessions of 15 minutes each of the
training match is 2.25 + 0.16 km, and the average speed is 7.78 £ 0.76 km/h. The maximum
distance covered is 2.56 km and the minimum 2.05 km while the speed reaches a maximum of
8.8 km/h and a minimum of 6.8 km/h.

12.3.2. The results of the technical-tactical testing, on the court, under active recovery conditions

The individual results obtained by each player are presented in Figure 12. 3. Thus, we can
observe that the average C.E.T.J. for the whole team, after the 6 sessions of 15 minutes played
after the implementation of the pedaling protocol for 15 minutes, has a positive value of 0.12 +
0.17 points.
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Using

The results of the technical-tactical efficiency quantified by the overall in-game
efficiency coefficient (C.E.T.J.), on the court, after the implementation of the active
recovery protocol
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Figure 12. 3. The results of the technical-tactical efficiency quantified by the overall in-game efficiency
coefficient (C.E.T.J.), on the court, after the implementation of the active recovery protocol

12.4. Comparison of the passive recovery protocol’s efficiency with that of the active recovery
protocol

12.4.1. Comparison of the physical evaluation protocol results
12.4.1.1. The countermovement jump - arms fixed: CMJ AF

Table 12. 3. Comparison of the jump height index (JH) values for the countermovement jump - arms fixed
test (CMJ AF), obtained in the initial and final testing and the evolution of these values, with the
implementation of the passive recovery and active recovery protocols between the two tests

Si JH averages for the CMJ AF test
¢ 2'9_] Passive Active
, recovery recovery

tailed

ane (N=12) (N=12)
JH of the CMJ AF test at the initial tests(T1) 0.18 0.863 34.57 34.73
JH of the CMJ AF test at the final tests (T2) 1.60 0.124 33.00 34.82
iJ_II_-IZ-eTv’Ic;Iutlon of the CMJ AF test between the two tests 3.31 0.007 457 0.09

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Analyzing the data in Table 12. 3, we find that the average evolution of the jump height
index (JH) for the countermovement jump with arms fixed (CMJ AF) test, from the initial test to
the final one, is highly significantly higher (t = 3.31, p < 0.01), with the implementation of the
active recovery protocol, than with the implementation of the passive recovery protocol,
between the two tests (T2-T1). The active recovery determined a much better evolution of
the JH index in the CMJ AF sample, reflected in an average progress of + 0.09 cm between
the two tests, compared to the passive recovery, which determined an average decrease of

- 1.57 cm between the two tests.

Table 12. 4. Comparison of the RSI1 index values for the countermovement jump with fixed arms test
(CMJ AF), obtained in the initial and final testing and the evolution of these values, with the
implementation of the passive recovery protocol and the active recovery protocol, between the two tests

Sig. RSI1 average for the CMJ AF
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
RSI1 of the CMJ AF test for the initial tests (T1) 0.26 0.796 0.43 0.43
RSI1 of the CMJ AF test for the final tests (T2) -3.06 | 0.007 0.35 0.43
Evolution of the RSI1 of the CMJ AF test between the | _ 4.35 0.001 -0.08 0.01
two tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between

PP and PA to be statistically significant
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According to Table 12. 4, the average of the RS/1 index, CMJ AF, obtained in the final
testing (T2), is highly significantly higher (t = - 3.06, p <0.01), with the implementation of the
active recovery protocol before this test, than with the implementation of the passive recovery
protocol. The active recovery led to obtaining an average value of the RSI1 index of 0.43
cm/s at T2 PA, much higher compared to the passive recovery, which led to obtaining an
average value of the RSI1 index of 0.35 cm / s at T2 PP.

The evolution mean of the RSI1 index, CMJ AF, from the initial to the final testing, is
highly significantly higher (t = - 4.35, p <0.01), with the implementation of the active recovery
protocol, than with the implementation of the passive recovery protocol, between the two tests
(T2-T1). The active recovery determined a much better evolution of the RSI1 index in the
AF CMJ test, reflected in an average progress of + 0.01 cm/s between the two tests,
compared to the passive recovery, which determined an average decrease of - 0.08 cm/s
between the two tests.

Table 12. 5. Comparison of the peak power index (PP) values for the countermovement jump with fixed
arm test (CMJ AF), obtained in the initial and final testing and the evolution of these values with the
implementation of the passive recovery and the active recovery protocols between the two tests

Sig. PP averages of the CMJ AF test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PP of the CMJ AF test for the initial tests (T1) -0.09 | 0.933 2.71 2.71
PP of the CMJ AF test for the final tests (T2) -2.50 | 0.023 2.55 2.72
Evolution of the PP of the CMJ AF test between the -3.25 | 0.008 -0.16 0.01
two tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

The data in Table 12. 5, the average of the peak jump power index (PP), CMJ AF,
obtained in the final testing (T2), is significantly higher (t = - 2.50, p <0.05) with the
implementation of the active recovery protocol before this test, than with the implementation of
the passive recovery protocol. The active recovery led to an average PP index of 2.72 w at
T2 PA, much higher than for the passive recovery, which resulted in an average PP index
of 2.55 w at T2 PP.

The evolution of the peak jump power index (PP), CMJ AF, from the initial test to the
final one, is highly significantly higher (t = - 3.25, p <0.01), when implementing the active
recovery protocol, than with the implementation of the passive recovery, between the two tests
(T2-T1). The active recovery determined a much better evolution of the PP index in the
CMJ AF test, reflected in an average progress of + 0.01 w between the two tests,
compared to the passive recovery, which determined an average decrease of - 0.16 w
between the two tests.

Table 12. 6. Comparison of the peak jump velocity index (PV) values for the countermovement jump with
fixed arms test (CMJ AF), obtained in the initial and final testing and the evolution of these values, with
the implementation of the passive recovery and the active recovery protocols between the two tests

Sig. PV averages of the CMJ AF test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PV of the CMJ AF test for the initial tests (T1) -1.91 0.069 2.39 2.50
PV of the CMJ AF test for the final tests (T2) -0.54 | 0.596 2.46 2.49
Evolution of the PV of the CMJ AF test between the 7.24 0.001 0.06 -0.01
two tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Following Table 12. 6, we find that the evolution average for the peak jump velocity index
(PV), CMJ AF, from the initial testing to the final one, is highly significantly better (t = 7.24, p
<0.01), when implementing the active recovery protocol, than with the implementation of the
passive recovery protocol, between the two tests (T2-T1). The active recovery determined a
much better evolution of the PV index in the CMJ AF test, of - 0.01 m/s between the two
tests, compared to the passive recovery, which determined an average increase of 0.06
m/s between the two tests.
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12.4.1.2. The squat jump - SJ

Table 12. 7. Comparison of jump height index values (JH) for the squat jump test (SJ), obtained in the
initial and final testing and the evolution of these values, with the implementation of the passive recovery
and the active recovery protocols between the two tests

Sig. JH averages of the SJ test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
JH of the SJ test for the initial tests (T1) -0.01 0.992 29.99 30.00
JH of the SJ test for the final tests (T2) -1.01 0.325 28.50 29.90
Evolution of the JH for the SJ test between the two -4.89 | 0.001 -1.49 2011
tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant
Analyzing the data in Table 12. 7, the decrease average in the jump height index (JH),

SJ, from the initial to the final testing, is highly significantly lower (t = - 4.89, p <0.01), when
implementing the active recovery protocol, than with the implementation of the passive recovery
protocol, between the two tests (T2-T1). The active recovery resulted in a much lower
regression of only - 0.11 cm between the two tests, compared to the passive recovery,
which resulted in an average decrease of - 1.49 cm between the two tests.

Table 12. 8. Comparison of the RSI1 index values for the squat jump test (SJ), obtained in the initial and

final testing and the evolution of these values, with the implementation of the passive recovery and the

active recovery protocols between the two tests

Sig. RSI1 averages of the SJ test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
RSI1 of the SJ test for the initial tests (T1) 0.40 | 0.690 0.90 0.89
RSI1 of the SJ test for the final tests (T2) -3.09 | 0.005 0.79 0.90
Evolution of the RSI1 for the SJ test between the two | _ 5.65 | 0.001 -0.11 0.01
tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Analyzing the data in Table 12. 8, we find that the average of the RSI1 index, SJ,
obtained in the final testing (T2), is highly significantly higher (t = - 3.09, p <0.01), when
implementing the active recovery protocol before this test, than with the implementation of the
passive recovery protocol. The active recovery determined an average value of the RSI1
index of 0.90 cm/s at T2 PA, much higher compared to the passive recovery, which
determined an average value of the RSI1 index of 0.79 cm/s at T2 PP.

The evolution average of the RSI1 index, SJ, from the initial to the final testing, is highly
significantly higher (t = - 5.65, p <0.01), when implementing the active recovery protocol, than
with the implementation of the passive recovery protocol, between the two tests (T2-T1). The
active recovery determined an average progress of + 0.01 cm/s between the two tests,
compared to the passive recovery, which determined an average decrease of - 0.11 cm/s
between the two tests.

Table 12. 9. Comparison of the peak power index (PP) values for the squat jump test (SJ), obtained in the
initial and final testing and the evolution of these values, with the implementation of the passive recovery
and the active recovery protocols between the two tests

Sig. PP averages of the SJ test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PP of the SJ test for the initial tests (T1) -0.09 | 0.931 2.49 2.50
PP of the SJ test for the final tests (T2) -2.62 | 0.015 2.32 2.51
Evolution of the PP for the SJ test between the two | _ 6.64 | 0.001 0.18 0.01
tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between

PP and PA to be statistically significant

According to the data in Table 12. 9, the average of the peak jump power index (PP), SJ,

obtained in the final testing (T2), is significantly higher (t = - 2.62, p <0.05), when implementing
the active recovery protocol before this test, than with the implementation of the passive
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recovery protocol. The active recovery resulted in an average PP value of 2.51 w at T2 PA,
much higher compared to the passive recovery, which resulted in an average PP index of
2.32 w at T2 PP.

The evolution average of the peak jump power index (PP), SJ, from the initial to the final
test, is highly significantly higher (t = - 6.64, p <0.01), when implementing the active recovery
protocol, than with the implementation of the passive recovery, between the two tests (T2-T1).
The active recovery determined a much better evolution of the PP index in the SJ test,
reflected in an average progress of + 0.01 w between the two tests, compared to the
passive recovery, which determined an average decrease of - 0.18 w between the two
tests.

Table 12. 10. Comparison of the peak jump velocity index (PV) values for the squat jump test (SJ),
obtained in the initial and final testing and the evolution of these values, with the implementation of the
passive recovery and the active recovery protocols between the two tests

Sig. PV averages of the SJ test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PV of the SJ test for the initial tests (T1) -0.09 | 0.931 2.31 2.32
PV of the SJ test for the final tests (T2) -1.87 | 0.075 2.40 2.48
Evolution of the PV for the SJ test between the two 4.72 0.001 0.10 0.01
tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Table 12. 10, contains data according to which the evolution average of the peak jump
velocity index (PV), SJ, from the initial testing to the final one, is highly significantly better (t =
7.24, p <0.01), with the implementation of the active recovery protocol, than when implementing
the passive recovery, between the two tests (T2-T1). The active recovery determined a much
better evolution of the PV index in the SJ test, reflected in an average increase of only
0.01 m/s between the two tests, compared to the passive recovery, which determined an
average increase of 0.10 m/s between the two tests.

12.4.1.3. The medicine ball right/left side throw (AMMD/AMMS)

Table 12. 11. Comparison of the peak throwing power index (PP) values of the medicine ball right hand
throw (AMMD), obtained in the initial and final testing and the evolution of these values, with the
implementation of the passive recovery and the active recovery protocols between the two tests

Sig. PP averages of the AMMD test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PP of the AMMD test for the initial tests (T1) 0.01 0.998 10.59 10.59
PP of the AMMD test for the final tests (T2) -0.39 | 0.699 9.97 10.56
Evolution of the PP for the AMMD test between the -218 | 0.041 -0.62 -0.03
two tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

According to Table 12. 11, the decrease average in the peak throwing power index (PP),
AMMD, from initial to final testing, is significantly lower (t = - 2.18, p <0.05), when implementing
the active recovery protocol, than with the implementation of the passive recovery protocol
between the two tests (T2-T1). The active recovery resulted in a much better evolution of
the PP index in the AMMD test, reflected in an average decrease of only - 0.03 w between
the two tests, compared to the passive recovery, which determined an average decrease
of - 0.62 w between the two tests.

Table 12. 12. Comparison of the peak throwing velocity index (PV) values for the medicine ball right hand
throw (AMMD), obtained in the initial and final testing and the evolution of these values, with the
implementation of the passive recovery and the active recovery protocols between the two tests

Sig. PV averages of the AMMD test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PV of the AMMD test for the initial tests (T1) -0.76 | 0457 6.77 7.23
PV of the AMMD test for the final tests (T2) -0.60 | 0.556 6.83 7.20
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Evolution of the PV for the AMMD test between the two

tests (T2-T1) 0.40

0.700 0.60 -0.03

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Analyzing the data in Table 12. 12, we find that there are no significant differences
in the values of the peak throwing velocity (PV) index for the medicine ball right hand
throw test (AMMD).

Table 12. 13. Comparison of the peak throwing power index (PP) values for the medicine ball left hand

throw (AMMS), obtained in the initial and final testing and the evolution of these values, with the
implementation of the passive recovery and the active recovery protocol between the two tests

Sig. PP averages of the AMMS test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PP of the AMMS test for the initial tests (T1) -0.01 0.999 9.63 9.63
PP of the AMMS test for the final tests (T2) -1.22 | 0.234 8.36 9.57
Evolution of the PP for the AMMS test between the -4.28 | 0.001 1.27 -0.06
two tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

In Table 12. 13, the decrease average in the peak throwing power index (PP), AMMS,
from initial to final testing, is highly significantly lower (t = - 4.28, p <0.01), when implementing
the active recovery protocol, than with the implementation of the passive recovery, between the
two tests (T2-T1). The active recovery resulted in a much better evolution of the PP index
in the AMMS test, reflected in an average decrease of only - 0.06 w between the two tests,
compared to the passive recovery, which determined an average decrease of - 1.27 w
between the two test sets.

Table 12. 14. Comparison of the of the peak throwing velocity index (PV) values for the medicine ball left

hand throw (AMMS), obtained in the initial and final testing and the evolution of these values, with the
implementation of the passive recovery and the active recovery protocols between the two tests

Sig. PV averages of the AMMS test
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
PV of the AMMS test for the initial tests (T1) -1.711 0.101 6.15 7.13
PV of the AMMS test for the final tests (T2) -0.66 | 0.514 6.69 7.08
Evolution of the PV for the AMMS test between the 2.70 0.021 0.55 -0.04
two tests (T2-T1)

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

The evolution average of the peak throw velocity index (PV), AMMS, from the initial to
the final testing, is significantly better (t = 2.70, p <0.05), when implementing the active recovery
protocol, than with the implementation of the passive recovery, between the two tests (T2-T1).
The active recovery resulted in a much better evolution of PV in the AMMS test, reflected
in an average decrease of - 0.04 m/s between the two tests, compared to the passive
recovery, which determined an average increase of 0.55 m/s between the two tests (Table
12. 14).

12.4.1.4. The 10-meter acceleration test

Table 12. 15. Comparison of the 10 m acceleration test values, obtained in the initial and final testing and
the evolution of these values, with the implementation of the passive recovery protocol and of the active
recovery protocol, between the two tests

Sig. 10 m acceleration test averages
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
10 m acceleration test values at initial tests (T1) -0.11 0.918 2.14 2.14
10 m acceleration test values at the final tests (T2) 1.39 0.178 2.19 2.13
Evolution of values in the 10m acceleration test
between the two tests (T2-T1) 9.61 0.001 0.05 - 0.01

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between

PP and PA to be statistically significant
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According to Table 12. 15, the evolution of the values in the 10m acceleration test, from
the initial to the final testing, is highly significantly better (t = 9.61, p <0.01), with the
implementation of the active recovery protocol, than in the case of the passive recovery protocol
implementation, between the two tests (T2-T1). The active recovery resulted in a much
better evolution of the 10 m acceleration test values, reflected in an average decrease of -
0.01 s between the two tests, compared to the passive recovery, which determined an
average increase of 0.05 s between the two tests.

12.4.2. Comparison of the physiological evaluation protocol results

Table 12. 16. Comparison of the heart rate (FC) physiological index values, obtained in the initial and final
testing and the evolution of these values, with the implementation of the passive recovery protocol and
the active recovery protocol, between the two tests

Sig. FC averages
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
FC values at initial tests (T1) -0.60 | 0.558 121.75 123.50
FC at the final tests (T2) -8.37 | 0.001 87.58 105.90
_II-Z_}]I)qutlon of the FC values between the two tests (T2- | _ 4.51 0.001 -3417 -17.60

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

The data in Table 12. 16, demonstrate that in the final testing (T2), the average heart
rate (FC) is highly significantly higher (t = - 8.37, p <0.01), with the implementation of the active
recovery protocol before this test, than in the case of the passive recovery protocol. The active
recovery resulted in an average FC index of 105.90 ppm at T2 PA, much higher than the
passive recovery, which resulted in an average FC index of 87.58 ppm at T2 PP.

The decrease average in heart rate (FC) from initial to final testing is highly significantly
lower (t = -4.51, p <0.01) when using the active recovery protocol than when applying the
passive recovery protocol, between the two tests (T2-T1). The active recovery resulted in a
much better evolution of the FC index, reflected in an average decrease of - 17.60 ppm
between the two tests, maintaining its value at an optimal level of 105.9 ppm, compared
to the passive recovery, which determined an average decrease. of - 34.17 ppm between
the two tests.

Table 12. 17. Comparison of the of lactic acid (AL) physiological index values, obtained in the initial and
final testing and the evolution of these values, with the implementation of the passive recovery protocol
and of the active recovery protocol, between the two tests

Sig. AL averages
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
AL values at initial tests (T1) 0.14 0.893 1.72 1.69
AL at the final tests (T2) 4.31 0.001 1.57 2.48
_II-Z_}]I)qutlon of the AL values between the two tests (T2- | _ 6.93 | 0.001 -0.15 0.79

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

The average lactic acid (AL) index, obtained in the final testing (T2), is highly
significantly higher (t = 4.31, p <0.01), with the implementation of the active recovery protocol
before this test, than in case of the passive recovery protocol implementation. The active
recovery resulted in an average AL value of 2.48 mmol/L at T2 PA, much higher
compared to the passive recovery, which resulted in an average AL index of 1.57 mmol/L
at T2 PP.

The evolution average of the lactic acid (AL) index, from the initial to the final testing, is
highly significantly higher (t = - 6.93, p <0.01), with the implementation of the active recovery
protocol, than in case of the passive recovery protocol implementation between the two tests
(T2-T1). The active recovery determined an evolution of the AL index, reflected in an
average increase of 0.79 mmol/L between the two tests, compared to the passive
recovery, which determined an average decrease of - 0.15 mmol/L between the two tests.
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Table 12. 18. Comparison of the serum glucose (G) physiological index values, obtained in the initial and
final testing and the evolution of these values, with the implementation of the passive recovery protocol
and the active recovery protocol, between the two tests

Sig. G averages
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
G values at initial tests (T1) 0.11 0.916 89.58 89.42
G at the final tests (T2) -4.13 | 0.001 88.17 94.50
_Ia/)olutlon of the G values between the two tests (T2- | _ 348 | 0.002 1.42 5.08

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

The value of serum blood glucose (G), obtained at the final test (T2), is highly
significantly higher (t = - 4.13, p. <0.01), with the implementation of the active recovery protocol,
than in case of the passive recovery protocol implementation. The active recovery resulted in
an average G index of 94.50 mg/dL at T2 PA, much higher compared to the passive
recovery, which resulted in an average G index of 88.17 mg/dL at T2 PP.

The evolution average of the serum glucose (G) physiological index, from the initial to
the final test, is highly significantly higher (t = - 3.48, p <0.01), with the implementation of the
active recovery protocol, than in case of the passive recovery protocol implementation between
the two tests (T2-T1). The active recovery resulted in a much better evolution of the G
index, reflected in an average increase of 5.08 mg/dL between the two tests, compared to
the passive recovery, which resulted in an average decrease of - 1.42 mg/dL between the
two tests.

Table 12. 19. Comparison of the body temperature (Tc) physiological index values, obtained in the initial
and final testing and the evolution of these values, with the implementation of the passive recovery
protocol and of the active recovery protocol, between the two tests

Sig. T averages
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
T, values at initial tests (T1) -0.24 0.811 37.73 37.75
T, at the final tests (T2) -10.64 0.001 36.09 37.37
_II-Z_;/)qutlon of the T values between the two tests (T2- -9.95 0.001 -1.63 -0.38

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

The average body temperature (Tc), obtained in the final testing (T2), is highly
significantly higher (t = - 10.64, p <0.01), with the implementation of the active recovery protocol
before this test, than in case of the passive recovery protocol implementation. The active
recovery determined an average value of the T. index of 37.37°C at T2 PA, much higher
when compared to the passive recovery, which determined an average value of the T.
index of 36.09°C at T2 PP.

The decrease average in the body temperature (T.) physiological index, from the initial
to the final testing, is highly significantly lower (t = - 9.95, p <0.01), with the implementation of
the active recovery protocol, than in case of the passive recovery protocol implementation
between the two tests (T2-T1). The active recovery resulted in a much better evolution of
the T. index, reflected in an average decrease of - 0.38°C between the two tests,
maintaining its value at an optimal level of 37.4°C, when compared to the passive
recovery, which determined an average decrease of - 1.63°C between the two tests.

Table 12. 20. Comparison of the oxygen saturation in the blood (S O2) physiological index values,
obtained in the initial and final testing and the evolution of these values, with the implementation of the
passive recovery protocol and the active recovery protocol, between the two tests

Sig. S O, averages
t 2- Passive Active recovery
tailed | recovery (N=12) (N=12)
S Oy values at initial tests (T1) 0.80 0.430 98.67 98.50
S Oy at the final tests (T2) 0.00 1.000 98.75 98.75
_lE_}]/;JIutlon of the S O, values between the two tests (T2- -108 0.296 008 0.25
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Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Regarding the oxygen saturation in the blood (S O), physiological index, there are no
significant differences from the values obtained in the initial testing (T1), performed before the
implementation of passive recovery or active recovery protocols. Nor are there statistically
significant differences in the evolution of the oxygen saturation in the blood
physiological index, from the initial to the final testing (T2-T1), with the implementation of the
passive recovery protocol or active recovery between them.

12.4.3. Comparison of the on-court evaluation protocol results

Table 12. 21. Comparison of the motor and technical-tactical on-court evaluation test values, measured
after the implementation of the passive recovery protocol and the active recovery protocol

Sig. Averages of on-court
t 2. assessment tests
tailed Passive Active recovery
recovery (N=12) (N=12)

Average distance covered -4.30 | 0.001 1.99 2.25
Average speed -0.53 | 0.599 7.62 7.78
Overall efficiency coefficient in the game
(C.E.T.J) -4.71 | 0.001 -0.22 0.12

Legend: t = value of t; sig. (2-tailed) = significance level of t, which must be less than 0.05 for the differences between
PP and PA to be statistically significant

Analyzing the data in Table 12. 21, we find that there are significant differences in
the performance of the subjects following the implementation of the passive recovery
and the active recovery protocol, in two of the three on-court assessment tests, expressed in
average values, after 6 training matches, namely: the average distance covered and the
overall efficiency coefficient in the game (C.E.T.J.). These differences are shown graphically
in the figures below.

The average distance covered on the court, measured with the Garmin Fenix 5S watch,
is highly significantly higher (t = - 4.30, p <0.01) when applying the active recovery protocol than
when applying the passive recovery protocol. The active recovery resulted in an average
value of the distance covered on the court of 2.25 km, much higher when compared to
the average value obtained after the passive recovery, of 1.99 km (Figure 12. 4).

Comparison of the average distance covered for both
test protocols (passive recovery and active recovery)
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Figure 12. 4. Comparison of the average distance covered for both test protocols (passive recovery and
active recovery)

The average of the overall efficiency coefficient in the game (C.E.T.J.) is highly
significantly higher (t = - 4.71, p <0.01), with the implementation of the active recovery protocol,
than with the passive recovery protocol implementation. The active recovery resulted in an
average value of the overall efficiency coefficient in the game of 0.12, much higher when
compared to the average value of this coefficient, obtained after the passive recovery, of
- 0.22 (Figure 12. 5).
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Comparison of the overall efficiency in the game after the
implementation of both recovery protocols (passive
recovery and active recovery)
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Figure 12. 5. Comparison of the overall efficiency in the game after the implementation of both recovery
protocols (passive recovery and active recovery)

Based on the analyzed data, we can conclude that the active recovery protocol,
consisting of 15 minutes of warm up at an effort intensity of 60% of FCmax is much more efficient
when compared to the passive recovery, consisting of 15 minutes of complete inactivity, in
seated position on the bench, since it maintains the players’ optimal physiological level of
training and it improves their physical performance, motor performance and technical-tactical
efficiency on the court.

12.5. Analysis of the correlations resulting from the evaluations in the primary experimental
research
12.5.1. Correlations between changes in the performance of players on the court, after the
implementation of the active recovery protocol

The hypothesis tested in the primary research is that maintaining or attenuating the
decrease in the body’s level of readiness for effort through the active recovery implemented on
the edge of the court, leads to an increase in the performance of handball players in matches,
when they enter the court from the substitute position.

Table 12. 22. Correlations between changes in court performance, recorded after the implementation of
the active recovery protocol

1 2 3
1 Modification of the distance covered on the court
2 Modification of the movement speed 0.41
3 Modification of the overall efficiency coefficient in the game 0.83" 0.09

** The correlation is significant at a threshold of significance of 0.01 (2-tailed).

According to the Pearson correlation coefficient presented in Table 12. 22 there are
links between the analyzed variables and we can observe a significant positive correlation (r =
0.83, p <0.01), between the change in the distance covered and the change in the overall
efficiency coefficient in the game. This means that the players who recorded the largest
differences between the distance covered after the passive recovery and the distance covered
after the active recovery also obtained the largest increases in technical-tactical efficiency on
the court.

12.5.2. Correlations between the changes in the coefficients measured for the quantification of the
technical-tactical efficiency on the court, after the implementation of the active recovery protocol
Table 12. 23. Correlations between the change in the values of the coefficients calculated for the
quantification of the technical-tactical efficiency of the players, after the implementation of the active
recovery protocol

1 2 3 4
The increase in the global efficiency coefficient (C.G.E.)
2 The increase in the coefficient of standardized successful 018
actions in the game (C.Ap.S.J.) :
The decrease in the standardized error coefficient in the game
3 -0.1 -0.05
(C.G.S.J.)
4 ;I'gtlazlr_}c‘;e)ase in the overall efficiency coefficient in the game 0.59* | 0.55* | -0.55*

* The correlation is significant at a threshold of significance of 0.05 (2-tailed).

86



Doctoral candidate: Gheorghe Carmen
DOCTORAL THESIS: The Combined Evaluation of Efficiency and Biomotor Parameters, Using
Unconventional Devices to Monitor the Evolution of Handball Players in Competitions

The Pearson correlation analysis, from Table 12. 23 describes a statistically significant
positive relationship (r = -0.59, p <0.05) between the global efficiency coefficient (C.G.E.) and
the overall in-game efficiency coefficient (C.E.T.J.), which means that through the protocol
to maintain the level of preparation of the body for effort, the players have improved their
technical-tactical performance on the court and their efficiency in solving the
standardized technical-tactical actions in the game is related to the overall efficiency
quantified at the end of the matches. In addition, there is a clear correlation between the
standardized successful action coefficient in the game and the C.E.T.J. (r = -0.55, p>
0.05), as well as a negative correlation between the standardized error coefficient in the
game and the C.E.T.J. (r = -0.55, p> 0.05), but these associations are not statistically
significant.

12.6. Conclusions of the primary experimental research

The primary experimental research was conducted as a result of identifying the necessity to
replace the passive recovery on the edge of the handball court, on the basis of both the opinion
of specialists in the field and the results of our preliminary research. We considered that the
implementation of an active recovery program established at a correct intensity of the effort will
help maintain an optimal level of body’s preparation for effort and in this way will contribute to
increase the efficiency of the players on the court, when they are introduced in the match, as
substitutes.

Regarding the results of the physical evaluation obtained in the jump tests, in conditions
of active recovery, the conclusions are the following:

v' Through the active recovery, the players managed to maintain the values of all
performances in the jumping tests, from the initial test, T1 PA (testing immediately after the
match warm-up), to the final one, T2 PA (testing after 15 minutes of active recovery).

v' Compared to the passive recovery, the active recovery resulted in a much better evolution
of all the indices specific to the jump tests, a fact demonstrated by the analysis of the results
obtained in the final tests and the evolution between the initial and final testing. This
confirms the effectiveness of this newly implemented active recovery protocol in maintaining
the physical performance of the players between the two tests.

These results reveal the effectiveness of the active recovery protocol implemented in
the case of the handball players and confirm the specific hypothesis H 1.1. of the primary
experimental research for jump tests (CMJ AF, SJ).

Regarding the results of the physical evaluation obtained in the medicine ball side throw
test, on the right (AMMD) and on the left (AMMS), in conditions of active recovery, we can state
the following:

v/ Statistical analysis indicates that there are no significant differences in the physical
performance of the subjects when applying the active recovery protocol between initial and
final testing, for either of the 2 indices of the medicine ball right-handed (AMMD) and left
handed (AMMS) throwing tests.

v After comparing the efficiency of the active recovery protocol with that of the passive
recovery protocol by analyzing the results obtained in the final tests and the evolution
between the initial and final testing, we can say that the active recovery determined a much
better evolution of the indicators specific to the AMMD and AMMS tests, which confirms the
effectiveness of this newly implemented active recovery protocol in mitigating the reduction
of players’ physical performance between the two tests.

These results reveal the effectiveness of the active recovery protocol implemented in
the case of the handball players and confirm the specific hypothesis H 1.1. of the primary
experimental research for the medicine ball right side (AMMD) and the left side (AMMS)
throwing tests.

Regarding the results of the physical evaluation obtained in the 10-meter acceleration
test, in conditions of active recovery, we can state the following:

v The active recovery resulted in a much better evolution of the 10 m acceleration test values,
reflected in an average decrease of - 0.01 s between the two tests, compared to the passive
recovery, which determined an average increase of 0.05 s between the two tests.
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The results obtained by the players after the 10 m acceleration test confirm the
effectiveness of the active recovery protocol, thus, the specific hypothesis H 1.1. of
the primary experimental research is accepted in this case as well.

Regarding the results of the physiological evaluation obtained in the case of the heart

rate (FC) index, investigated under active recovery conditions, the conclusions are as follows:

v' The analysis of the heart rate index (FC) records an average value of 123.5 ppm at the
initial test (T1 PA), with a coefficient of variation of 6.6%, within the high homogeneity
threshold. After implementation of the active recovery protocol, at the final testing (T2 PA)
the FC value decreased by 17.6 ppm (105.9 ppm) compared to the initial testing, but it
should be remembered that these results were followed and determined directly by our
methodological intervention.

v After comparing the efficiency of the active recovery protocol with that of the passive
recovery protocol by analyzing the results obtained in the final tests and the evolution
between the initial and final tests, in the case of FC, we identified statistically significant
differences both in terms of the heart rate physiological index values, obtained in the
final testing (T2), performed after the implementation of the passive recovery or active
recovery protocol, as well as regarding the evolution of this index, from the initial to the
final test (T2-T1), with the implementation of the 2 recovery protocols between them.

- During the 15 minutes of cycling, the use of modern technological devices helped
maintain physical activity at 60% FCmax, Which was also the percentage of effort intensity
we pursued. The active recovery resulted in an average FC value of 105.9 ppm at T2 PA,
much higher compared to the passive recovery, which resulted in an average FC index of
87.58 ppm at T2 PP. Although the average heart rate (FC) physiological index is highly
significantly lower (t = 8.83, p. <.01) at the final testing, compared to the initial one, the
decrease is one controlled by our direct intervention in research.

The specific hypothesis H 1.2. is confirmed in what regards the efficiency of the
correct monitoring of the effort parameters, by using the technological devices,
according to the individual particularities of the players.

Regarding the results of the physiological evaluation, obtained by the players in the
analysis of the biochemical parameters, in conditions of active recovery, we can state the
following:

v After the pedaling program applied during the active recovery, the level of capillary lactate
(AL) increased from an average value of 1.69 mmol/L (T1 PA) to 2.48 mmol/L (T2 PA) and
it is highly significantly higher = - 3.37, p. <0.01) at the final testing, when compared to the
initial one. The active recovery implemented between the two tests determined, on
average, the increase of the capillary lactate values of the subjects.

v After comparing the efficiency of the active recovery protocol with that of the passive
recovery protocol, we identified statistically significant differences both in terms of the lactic
acid physiological index values, obtained in the final tests (T2), performed after the
implementation of the passive recovery or active recovery protocol, as well as regarding the
evolution of this index, from the initial to the final testing (T2-T1), when implementing
the 2 recovery protocols between them. The active recovery resulted in an average AL index
value of 2.48 mmol/L at T2 PA, much higher compared to the passive recovery, which
resulted in an average AL index value of 1.57 mmol/L at T2 PP (t = 4.31, p <0.01). The
active recovery resulted in a much higher evolution of the AL index, reflected in an average
increase of 0.79 mmol/L between the two tests, compared to the passive recovery, which
resulted in an average decrease of -0.15 mmol/L between the two tests (t = - 6.93, p <0.01).
The results obtained by the players following this investigation do not confirm the

specific hypothesis H 1.3., however, lactate values correspond to the aerobic/anaerobic

threshold and thus confirm the specific hypothesis H 1.4. of the primary experimental
research.

v The active recovery resulted in an average G index of 94.50 mg/dL at T2 PA, much higher
than for the passive recovery, which resulted in an average G index of 88.17 mg/dL at T2
PP (t = - 4.13, pp. <0.01). This indicates that the impact of physical exertion on the players’
bodies during the active recovery did not lead to fatigue.
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Results obtained by the players following this investigation, confirm the specific
hypothesis H 1.4. of the primary experimental research.

Investigations of the body temperature (T.) physiological index allow us to draw the
following conclusions:

v Following the pedaling program applied within the active recovery protocol, at an effort
intensity of 60%, the average of the body temperature (T.) physiological index is highly
significantly lower (t = 2.89, p <0.01) in the final testing, when compared to the initial one.
The active recovery implemented between the two tests determined, on average, the
decrease in the players’ body temperature values.

v After comparing the efficiency of the active recovery protocol with that of the passive

recovery protocol by analyzing the results obtained in the final tests and the evolution
between the initial and final tests, in the case of T, statistically significant differences both in
terms of the body temperature physiological index values obtained in the final tests
(T2), performed after the implementation of the passive recovery or active recovery protocol,
as well as regarding the evolution of this index, from the initial test to the final test (T2-
T1), with the implementation of the 2 recovery protocols between them. The active
recovery resulted in an average value of the T. index of 37.37°C at T2 PA, much
higher when compared to the passive recovery, which resulted in an average value of
the T. index of 36.09°C at T2 PP (t = - 10.64, p <0.01). The active recovery resulted in a
much better evolution of the T. index, reflected in an average decrease of - 0.38°C between
the two tests, maintaining its value at an optimal level of 37.4°C, when compared to the
passive recovery, which determined an average decrease of - 1.63°C between the two tests
(t=-9.95, p <0.01). This confirms the positive influence of the active recovery protocol on
the attenuation of the decrease in body temperature by the time of the final testing.
The results obtained by the players following this investigation, confirm the specific
hypothesis H 1.5. of the primary experimental research, according to which, unlike
the inactivity specific to the passive recovery, the optimization of the effort level
during the active recovery by setting the effort intensity at 60% of the maximum
aerobic potential, determines the maintenance or the attenuation of the decrease in
body temperature values recorded after the standard match warm up.

v" The values recorded for blood oxygen saturation show a slight increase from an average
concentration of 98.50% after T1 PA and 98.75% after T2 PA. In this case, there were no
statistically significant differences (t = 1.25, p = 0.223> 0.05). This index is the only one that
did not show statistically significant differences in any of the comparative statistical analyses
performed between the two types of recovery implemented in our research. Blood oxygen
saturation results support specific hypothesis H 1.4.

According to the data obtained in the on-court assessment, after recording the motor
performance, the conclusions are the following:

v Following the comparison of the efficiency of the active recovery protocol with that of the
passive recovery protocol, in the case of on-court motor performance, we identified
statistically significant differences in the case of the total distance covered. The active
recovery resulted in an average distance of 2.25 + 0.16 km at T2 PA, much higher when
compared to the passive recovery, which resulted in an average value of 1.99 + 0.14 km at
T2 PP. Thus, the average distance covered on the court is highly significantly higher (t = -
4.30, p = 0.001, <0.01), in the case of the implementation of the active recovery protocol,
than in the case of the implementation of the passive recovery protocol. This, the specific
hypothesis H 1.6. is confirmed in terms of an increase in running distances.

v Following the comparison of the efficiency of the active recovery protocol with that of the
passive recovery protocol, in the case of the motor performance on the court, we identified
positive evolutions of the running speed. Although the active recovery resulted in an
average value of 7.78 £ 0.76 km/h at T2 PA, which is higher than the passive recovery,
which resulted in an average value of 7.62 + 0.77 km/h at T2 PP, these results are not
statistically significant (t = -0.53, p = 0.599> 0.05) and, thus, the specific hypothesis H 1.6
is not confirmed in the case of running speed.

According to the data obtained from the on-court evaluation, after recording the technical-
tactical efficiency, the conclusions are the following:
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v" The average overall efficiency coefficient in the game (C.E.T.J.) for the whole team,
after the 6 sessions of 15 minutes played after the implementation of the bicycle
pedaling protocol for 15 minutes, has a positive value of 0.12 £ 0.17 points and varies
between a minimum of efficiency of -0.14 points obtained by the substitute player from
the right wing position and the maximum value of C.E.T.J. which is 0.45 points, being
obtained by the titular player from the center position;

v' Following the statistical comparison of the active recovery protocol with that of the
passive recovery protocol efficiency, in the case of the technical-tactical efficiency of the
players, we can state that the active recovery determined an average value of the
overall efficiency coefficient in the game of 0.12 points, much higher when
compared to the average value of this coefficient, obtained after the passive
recovery, of - 0.22 points.

Thus, the specific hypothesis H 1.7. is confirmed, according to which, when
compared to the specific inactivity of the passive recovery, maintaining the effort
capacity at 60% of the maximum individual potential, by using the active recovery
protocol on the edge of the handball court, determines the increase of the handball
players’ technical-tactical efficiency on the court.

Through the newly implemented protocol to maintain the body’s level of preparation for
effort, the players have improved their technical-tactical performance on the court and their
efficiency in solving standardized technical-tactical actions in the game is related to the overall
quantified efficiency at the end of matches.

In addition, through the active recovery protocol, we identified an increase in the
coefficient of successful actions (C.Ap.S.J.) concurrently with a decrease in the coefficient of
standardized errors in the game of handball (C.G.S.J.). The analysis of the correlations between
the change in the values of these coefficients after the implementation of the active recovery,
identified the existence of a positive connection between the increase of C.Ap.S.J. and C.E.T.J.
(r =-0.55, p> 0.05), as well as a negative association between C.G.S.J. and C.E.T.J. (r = -0.55,
p>0.05).

The general conclusion of the primary experimental research is that, based on the
confirmation of all specific hypotheses (except the one concerning running speed), the
effectiveness of the newly implemented active recovery protocol is confirmed in maintaining the
physical performance of the players between the two tests, by comparison with the adverse
effects caused by the inactivity specific to the passive recovery.

Based on the analyzed data, the main hypothesis of the research is accepted,
according to which: The motor performance and the technical-tactical efficiency on the court, of
the substitute handball players, can be improved by replacing the inactivity on the edge of the
court with an active recovery protocol, which involves pedaling stationary bicycles at an intensity
of 60% of the FCrax and which thus contributes to maintaining or mitigating the decrease in the
physical and physiological benefits brought to the body by the standard match warm up.
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CHAPTER 13. GENERAL CONCLUSIONS AND PROPOSALS
13.1. Theoretical conclusions

The theoretical substantiation of this paper was made in accordance with the
multidisciplinary aspect of the chosen topic and it cumulates a significant amount of information
on the factors influencing sports performance and performance models, game trends and
physical, physiological and technical-tactical demands imposed by the current handball
competitions, on the role of technology in the process of measuring and evaluating effort
capacity and sports performance.

The theoretical originality of the paper lies in the fact that it highlights a new approach to
the organization of time on the edge of the handball court by implementing an active recovery
protocol that includes methods and means of warming up the body for effort, which significantly
contributes to mitigating the negative effects of complete inactivity on substitute benches. The
data provided refer to the use of objective methods and means of assessing the physical and
technical-tactical potential of athletes, male and female, having applicability in all team sports, at
all age levels.

The cumulative individual record sheets provide the possibility to note all the standardized
actions during a match and the calculation tables for all the coefficients are necessary to
determine all the variables necessary for the calculation formula of the overall efficiency
coefficient in the game (C.E.T.J.). In this way, any coach can determine for each player, the
degree of strain and utility of each standardized technical-tactical action in the sport practiced,
as well as the importance of positive actions and the severity of errors made, all related to
playing time.

The calculation formula of C.E.T.J. must be adapted by each coach to the physical
potential of his players (by determining the coefficient of strain based on individual heart rate),
to the standardized actions in his team’s game and their utility (by determining the total number
of standardized technical-tactical actions and assigning values), to the standardized positive
actions in his team’s game (by determining the total number of standardized positive actions
and assigning values) and to standardized errors in his team’s game (by determining the total
number of standardized errors and assigning values). The last step that completes the process
of lending objectivity to the evaluation is to relate all these actions to the athletes’ total playing
time.

13.2. Methodological conclusions

Due to the technological advance, which has provided portable measuring instruments, the
exploratory methodology of this paper addresses more effectively the physical and functional
state of the body.

Regarding the research methodology, we can draw the following conclusions:

1) Monitoring the effort on bicycles with the help of modern technology contributed to
maintaining the effort parameters (heart rate, power, cadence and pedaling speed), at the
aimed for intensity, during the entire active recovery program.

2) The content of the standard match warm-up program remained unchanged throughout the
experimental research. The comparison of the results obtained in the initial tests (after warm
up) does not show significant differences, which certifies the correct organization and
completion of the standard match warm-up program, the effects on the body’s level of
preparation for effort being similar, both in preliminary research and in the primary one.

3) In addition to the FC monitoring, we considered that during pedaling it is necessary to follow
and observe the external effort parameters that refer to the pedaling power, cadence, and
speed. For this reason, during the training to familiarize the players with stationary bikes, we
identified the values that needed to be reached and maintained for all these parameters, so
that the heart rate may correspond to a percentage of 60% of the maximum aerobic
potential (FCrmax).

4) 4) The intensity of the effort during the standard warm-up for the match remained constant
throughout all our interventions and, according to the scale of effort intensity, proposed by
Harre (1982) quoted by Bompa (2002, p. 67), it fell into the category of intermediate efforts
(69% of FCmax). If, after 15 minutes of passive recovery, the level of effort decreased to 49%
FCmax, through the active recovery, we managed to maintain it at 60% FCnax, the reduction
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5)

of heart rate being a controlled and directed action, so as for it not to fall below the threshold
of intermediate efforts (50-70% FCmax).

Vertical jumps have been accepted as valid methods for assessing neuromuscular function/
maximum anaerobic power in the lower limbs (Markovic et al., 2004). Power is seen as the
most important attribute in most sports and it is defined as the amount of work done in a unit
of time (Tudor, V., 2005, p. 111).

Monitoring lactacidemia allowed us to assess the adaptive metabolic changes induced by
the effort specific to the active recovery and certified the correct choice of exercise intensity
that corresponded to slightly higher lactate values above baseline (2.48 mmol/l),
corresponding to the aerobic/anaerobic threshold (4 mmol/l). This aspect indicates both the
optimal use of the effort intensity and a very good level of physical training for the players
subjected to our research that occasioned a low synthesis of the capillary lactate.

13.3. Conclusions drawn from the experimental research

1)

2)

The information base obtained from the opinion questionnaire, doubled by the results
obtained in the preliminary experimental research, determined the identification of the
necessity to replace the passive recovery with an active recovery protocol on the edge of
the court during handball matches, especially designed for substitute players.

The explanation for the handball players’ decrease in physical performance in jumping tests
after the passive recovery can be associated with a significant, concurrent decrease in the
body temperature physiological index, while the values obtained after the implementation of
the active recovery can be the result of attenuating the decrease in the T index.

3) In contrast to the negative consequences of the passive recovery, the effectiveness of the
newly implemented active recovery protocol is reflected in maintaining or mitigating the
decrease in all physical indices specific to jump tests (CMJ AF and SJ), medicine ball
throwing tests (AMMD and AMMS) or to those concerning acceleration speed (10 m
acceleration test).

Maintaining the intensity of the pedaling effort at 60% of the maximum aerobic potential
caused an increase in the level of lactic acid in the blood, when compared to that identified
immediately after match the warm-up, but the values obtained at the end of the active
recovery program do not indicate a surpassing of the anaerobic threshold, of 4
mmol/l. Such a situation would have meant that the players would have been subjected to
exhausting efforts. The mean values of 2.48 + 0.7 mmol/l identified by the analysis of blood
samples after 15 minutes of cycling, confirm the information provided by the specialized
literature and certify the correct use of effort intensity at 60% of maximum aerobic potential
in our primary experiment.

The passive recovery resulted in a significant decrease in T. values, by 4% below the
initial level attained, reaching an average value of 36.09°C. According to the studies, the
reduction of temperature by one degree Celsius causes a decrease in performance by 3%
(Sargeant, 1987), a fact supported and demonstrated by the results identified especially in
the jumping tests. Our results are consistent with those obtained in other studies on
basketball and football, that have identified a strong correlation between decreased body
temperature and decreased athletic performance in jumping and speed tests (Galazoulas,
2012; Mohr et al., 2004). The active recovery, although it caused a significant decrease in
Tc values, from a value of 37.75°C to 37.37°C, the regression is of only 1.01%, and in this
case the physical performance connected to jumps was maintained.

Both for the technical-tactical actions in the offensive phase and for the positive ones or for
standardized errors in the game, the coach is the one who appreciates the utility of one
action against another, by comparing them successively, in pairs, using matrix tables. In
other words, we can state that this process reflects the technical-tactical strategy of the
team, as it is designed by the coach. The major advantage in this case is making the players
aware of the demands and requirements of each coach in connection to their evolution on
the court.

The most important aspect revealed by the primary experimental research is that the active
recovery has led to an increase in the players’ motor performance and technical-tactical
efficiency, since it maintained the physical and physiological indices at values similar to
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those obtained after the standard match warm up. Although the coefficient of overall
efficiency in the game (C.E.T.J.) has improved following the implementation of the active
recovery protocol, we must keep in mind that the technical-tactical efficiency is also
influenced by other factors besides the body’s level of preparation for effort before entering
the court, among the most important being the individual technical-tactical level and the
relations among teammates in the game.

Based on the analyzed data, we can conclude that the passive recovery protocol,
implemented after the initial testing performed immediately after the match warm-up (T1
PP), diminishes the players’ performance and the optimal level of preparation for the
effort specific to handball matches. The active recovery is an effective alternative to maintain
the positive effects of warming up on the body of handball players, significantly contributing to
the optimal functioning of the cardiovascular and neuromuscular systems. Thus, we can state
that the active recovery protocol, consisting of 15 minutes of warm-up at an effort
intensity of 60% of FCnax, is a useful alternative to maintain the body’s level of readiness
for effort in optimal parameters and to improve handball players’ motor and technical-
tactical performance on the court.

13.4. Elements of originality

So far, we have not identified any study that would conduct a comparative investigation of
the effects of passive and active recovery on the body of handball players, when they are in
substitute position, which lends our research originality and novelty.

The main element of originality brought by our intervention was the implementation of an
active recovery program on the edge of the handball court, after the match warm-up, which
consisted of pedaling on stationary bikes for 15 minutes at an effort intensity of 60% FCnax.
This program aimed to maintain the benefits of the match warm-up on the major functions and
systems of the body, directly involved in the effort specific to the handball game, thus allowing
an increase in the motor and technical-tactical efficiency in the game.

Our scientific approach brings a series of elements of novelty and originality as early as the
preliminary experimental research, in terms of the physical, physiological and on-court
evaluation (motor and technical-tactical) of the handball players, using unconventional
methods and means of testing, measuring and monitoring, that were chosen while taking
into account both the individual characteristics of the athletes and the demands imposed by the
modern game of handball.

The judicious choice and the correct implementation of the measurement and evaluation
protocols led to obtaining precise data on the physical, physiological and efficiency capacity of
all 12 players, in the different testing moments designed for our research. The use of these
technological innovations is an element of novelty by the unique way in which information is
collected, processed and transmitted to specialists, coaches or athletes. With their help, we
were able to demonstrate that the recovery period (passive or active) is a factor influencing the
performance on the court, of handball players.

The tests used in each evaluation protocol to identify changes in the neuromuscular and
cardiorespiratory systems, after the implementation of the passive and active recovery, were
chosen in accordance with current requirements for handball players from the first minute of
official matches, as were identified in studying the specialized literature.

Another novelty concerns the biochemical investigations by collecting blood samples, in
the different testing moments of our experimental research, to identify any changes that
occurred both after the period of inactivity and after the implementation of the active recovery.

The elaboration of the formula for quantifying the overall efficiency in the game
(C.E.T.J.) is a novelty element proposed by our research, because it aimed to lend objectivity to
the process of the handball players’ technical-tactical evaluation, which is often done
superficially, only by recording the ratio between the total number of goals and the total number
of shots. This formula can become a very useful tool in the process of evaluating their own
players, male or female, for coaches only under the conditions of standardizing all actions in the
game, specific to their own tactical strategy, and under the conditions of prior knowledge of
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heart rate values (internal stresses) imposed by the execution of all these actions (external
stresses).

The players’ level of efficiency included in the research, quantified by the implementation
of this innovative formula, which includes all the actions performed during the rounds of the
bilateral training match, is impossible to compare with other studies, because we could not
identify an identical or similar method of evaluation, in women’s handball.

13.5. Methodological proposals

1) We recommend using the passive recovery when the rest interval on the edge is shorter
than 2-3 minutes (Buchheit & Laursen, 2013). If this duration is exceeded, but especially in
the case of substitute athletes, who remain on the sidelines after the start of the match, we
recommend using the active recovery so that the benefits of the warm-up are maintained
and the athletes respond effectively to all subsequent strains on the court when they are
introduced into the game.

2) Determining the effort intensity during the active recovery requires rigorous documentation
and prior physical testing to determine the maximum exercise capacity by reference to the
maximum heart rate (FCmax) or the maximum oxygen uptake (VOzmax). We propose that
setting the intensity of the active recovery program should not exceed an effort of more than
60% of the maximum aerobic potential.

3) With regard to body temperature, although the active recovery resulted in the maintenance
of a significantly better value of 37.37°C after 15 minutes of pedaling, when compared to the
passive recovery (36.09°C), the decreases from the values obtained after the match warm-
up, although minor, are statistically significant. For this reason, we recommend a
combination of active warm up strategies on the edge of the court with passive warm up
strategies, such as wearing thermal equipment, allowed by regulation (high neck
tops/sweatshirts, calf sleeves, wristbands, etc.).

4) We recommend the development of strategies for exchanging the players, depending on the
physical training, health and value level of the available group. The chances that the pace
and quality of the collective game will be affected are less in the case of an efficient
management of the rotation between the players.

5) Highlighting the strengths and weaknesses of each player evaluated based on the
calculation formula introduced in our study, allows coaches to develop physical or technical-
tactical training programs tailored to individual needs identified during competitions.

13.6. Research directions

1) We aim to identify the incidence of injuries due to a poor preparation of the body for effort
and then to test the influence of the active recovery in reducing the risk of injury for
substitute players, when they are introduced for the first time in the match.

2) Because the physical and physiological stresses during matches are specific to each playing
position (Belka et al., 2016), we aim to identify the existence of statistically significant
differences following the implementation of the active recovery protocol between players
undergoing this research.

3) In order to simplify the evaluation process based on the coefficients proposed in our
research, we will follow the transposition of all calculation formulas into an automated
software for monitoring and recording all actions during matches, which can provide
statistical data both during competitions and subsequently for further analysis of each
player’s evolution.

4) Although it was not on the list of our study’s main objectives, it would be interesting to follow
the evolution of physiological indices by statistically comparing the data recorded in the
three testing moments: in the locker room (before warm up), immediately after warm up and
at the end of the passive/active recovery.

5) Another direction of research will be the comparative analysis of the effects of passive
recovery and active recovery on the mental capacity of substitute players, by applying
specific tests to assess the level of concentration, motivation, anxiety, etc., before entering
the match.
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