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SKIN TEMPERATURE AND EXERCISE PERFORMANCE AFTER PASSIVE REST IN
A COOL ENVIRONMENT

Introduction: Warm-up is a vital process for athletes, that activates muscular and
metabolic activity prior the game. The existing literature indicates that the substitute
basketball players have reduced performance after a “non-specific time” sitting on the
bench. However, there is limited information about the duration of the bench time.
Therefore, the aim of this study was to investigate changes in mean skin temperature and
exercise performance, after 9' and 23' ‘bench time' with and without insulative clothing on
basketball players. Methods: Six high-level professional male basketball players
participated (age: 24.9+4.6 yr.; height: 192.7+7.82cm; body mass index: 25.50+1.84
kg/m?; body fat: 11.53+2.7 %). The players performed four different trials and every trial
started with a 20 min specific warm up. Following that, the players perform specific tests
(randomized) before and after the bench time was applied. In each trial clothing and
bench time for players were randomly changed: a) 9 min bench time + basketball uniform,
b) 9 min bench time + basketball uniform and insulative clothing, c) 23 min bench time +
basketball uniform, d) 23 min bench time + basketball uniform and insulative clothing.
Before and after the end of the protocols the athletes took part, in random order, in
performance tests. During the protocols equipment recorded the basketball arenas
temperature and the skin temperature of the players. Results: Two-way ANOVA
repeated measures, demonstrated a statistically significant main effect in mean Tsk, F
(1.000, 11.000) = 6.845 p<0.05, before and after trial b. Post hoc t tests incorporating a
Bonferroni adjustment demonstrated statistically significant differences between pre-
height (41.7cm = 2.2cm) and post-height (38.9cm * 1.9cm) counter movement jumps at

trial b, as well as, at trial d [pre-height (42.7cm % 2.2cm) and post-height (39.3cm %
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1.9cm)], p<0.05. Conclusion: The present study showed that 23’ bench time reduces
high intensity players’ performance in both conditions of insulative clothing and basketball

clothing only.

KEY WORDS:

skin temperature, bench time, basketball performance, insulative clothing.
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NEPIAHWYH

Eicaywyn: H 1mpoBéppavon eival pia TOAU onuavtiky d1adIKaoia yia TOUG TTAIKTEG
KaAaBoo®aipiong, KaBWG eVEPYOTTOIEITAI N JUIKH dpacTnEIOTNTA TTPIV ATTO TO TraixVidl. H
uttdpxouoa BiBAIoypagia deixvel OTI 0 XPOVOG GTOV OTTOI0 O AVATTANPWUATIKOI TTAIKTEG
KaAaBooaipiong TTOPAPEVOUV OTOV TTAYKO MEIWVEL TNV atmmodoon Toug. Qotdoo,
UTTAPXOUV TTEPIOPIOPEVES BIBAIOYPAPIKEG AVAPOPEG OXETIKA PE TN DIAPKEID TOU XPOVOU
OTOV OTTOI0 TTAPAUEVOUV «EKTOG TTaIXVIOIOU». Q¢ €K TOUTOU, O OKOTTOG TNG TTapoUCag
MEAETNG ATav va digpeuvnoel TIG TOAVEG aAAayEG oTnv Bepuokpacia dEPUATOG Kal TIG
EMTITWOEIS TNG aTTOd00N €VOG OUYKEKPIMEVOU XPOVOU TTOPAMOVAG OTO TTAYKO TWV
QAVOTTANPWUATIKWY TTAIKTWY KaAaBoo@aipiong. MéBodol: ZupueTeixav £€1 eTTAYYEAUATIES
KaAaBoo@aipioTéEG uwnAou emmiTédou (nAIKia 24,9 + 4,6 Twv, Uyog 192,7 + 7,82 cm,
0¢€ikTNG pacag cwpartog: 25,50 £ 1,84 kg / m2, cwpartikd Aitrog: 11,53 £ 2,7%). O1 TTaikTeg
ENapav pEpog oe TEooEPA DIAPOPETIKA TTPWTOKOAAA (A. XpOVOg TTayKou 9 AeTITA + OTOAR
KaAaBooaipiong, B) xpovog traykou 9 AeTTd + 0ToA} kKaAaBoo®aipiong + 1000EPUIKOG
POUXIONOG, M) xpovog TTaykou 23 AeTTTd + OTOA} KaAaBoo@aipiog, A) Xpdvog TTaykou 23
AeTTTd + 0TOA KOAABOOPAIPICAG + 1000EPUIKOG POUXIONOG). Mpiv aAAG Kal PETA TO TTEPAG
TWV TTPWTOKOAAWV o1 aBANTES TTAPAV PEPOG, PE TuXaia O€Ipd, o€ DOKINOTIEG aTTOO0CNG.
Katd 1n didpkela Twv TTPWTOKOAAWY €I0IKOG £EOTTAIOUOG KATEYPAPE TN BEPUOKPATia TOU
OEPUATOG TWV TTAIKTWYV OAAG Kal TwV yNTTEdWV. ATToTeEAéopaTa: H oTaTIOTIKr avadAuon two
way — ANOVA repeated measures €0€1Ee OTATIOTIKA ONPAVTIKI KUPIA ETTiIOpACN OTN
Bepuokpacoia dépparog, F (1.000, 11.000) = 6.845 p <0.05, 1TpIv KAl JETA TO TTIPWTOKOAAO
B. Mepairépw oTamioTikég avaAuoelg (post hoc t- Bonferroni) kat€deicav oTaTIOTIKA

ONMAVTIKEG OIOPOPEG PETAGU TWV OAPATWY (TTPIV: 41,7cm £ 2,2cm) Kal peTd (38,9cm +
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1,9cm) oT1o TTpwTOKOoAAO B, KOBWG Kal aTo TTPWTOKOAAO A (TTpIV: 42.7Cm £ 2.2cm) Kal
META (39.3cm = 1.9cm). 2Zuptrépacpa: H TTapouca PEANETN €0€IGE OTI PETA ATTO 23 AETITA
XPOVOU TTAPAUOVIG OTO TTAYKO N atrodo0n TwV TTAIKTWY OTO AAPA YEIWONKE Kal 0Ta dUo

TIPWTOKOAAQ E 1] XWPIG I00BEPUIKO POUXIOUO.

NEEEIG KAEI0IA:

Bepuokpacia dEPUATOG, XPOVOG TTAYKOU, ATTOD00T, I000EPUIKOG POUXIOHOG.
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INTRODUCTION

Basketball is a popular sport with more than 450 million people players around the world
(Lukosel & Senthilkumar, 2015). On December 21 (1891), Dr. James Naismith published
the first rules for the new game using his idea from a "Peach Basket" (Harris, 2014). After
128 years of history, the way of playing basketball has changed through the years_ (FIBA,
2017). The new rules tend to change the tactics. Thus, basketball over the years
becoming faster (less time to perform an offensive play) and more complicated (Ben
Abdelkrim, El Fazaa, & El Ati, 2007; Hoare, 2000).

This new way of playing makes the evaluation of the physiological demands of
basketball harder, according to (Hoare, 2000). However, some previous studies
succeeded in enumerating the different motor activities of a basketball player in “real time”
(Mclnnes, Carlson, Jones, & McKenna, 1995). Furthermore, the duration that each player
spends in specific kinetic skill is changing every few seconds (Mclnnes et al., 1995) and
the covered distance during the game varies from 4.5 to 5 km (Crisafulli et al., 2002).
Nonetheless, some researchers also observed anthropometrics and physiological
differences between the tactical players’ position (Ben Abdelkrim et al., 2007; Gonzalez-
Alonso & Calbet, 2003). The rule of unlimited substitutions on basketball proved to be of
great importance. It is a rule that it is not applicable in other sports (e.g. football only
allows a total of three substitutions) and yet it seems to positively influence the winning
team (Gomez, Silva, Lorenzo, Kreivyte, & Sampaio, 2017). According to FIBA rules, a

basketball match duration is divided into four periods, lasting 10 minutes each (FIBA,
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2017). During the match at each rule violation (e.g. travelling or personal foul), the time
stops (FIBA, 2017). The rules define as ‘game time’, the one that appears at the
stopwatch board (4 x 10 minutes) and as ‘real time’ the total duration of the match (FIBA,
2017). Thus, we note that a basketball match lasts more than 40 minutes (Galazoulas,
Tzimou, Karamousalidis, & Mougios, 2012). Some researchers invested effort and energy
in analyzing how the ‘bench time' (the total amount of time that a basketball player spends
sitting on the bench), may affect sport performance (Galazoulas et al., 2012; Mohr,
Krustrup, Nybo, Nielsen, & Bangsbo, 2004). A recent study (Hudge, 2017) has shown
that on average, coaches rotate the players around the 5th "game time", which roughly
translates to ~7 minutes in ‘real time'. On the more extreme side of the spectrum, there
have even been a study where athletes have been left inactive (i.e. on the bench) for
more than 30 minutes ‘real time' (Crowther, Leicht, Pohlmann, & Shakespear-Druery,
2017). Taking all the above into consideration, along with the fact that, according to (FIBA,
2017) rules, the players are not allowed to warm up before any substitution, someone
could argue that prolonged inactivity seems to affect players’ performance (Galazoulas
et al., 2012).

Previous studies have shown that the warm-up process is an essential part for the right
preparation of the athlete in any sport (David Bishop, 2003). The increment of athletic
performance and the reduced possibility of injury are the most common benefits of a
proper warm-up process according to previous study (Karvonen, 1992). The above
statement is applicable to basketball as well, once basketball is a sport that almost the
1/3 of athletes’ total activity includes high-intensity skills (e.g. sprints) (Narazaki, Berg,

Stergiou, & Chen, 2009). Nevertheless, before the game, basketball players have a

10
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specific time-frame to warm up (20 minutes). Considering the above observations, it is
fair to wonder if the spending time on warm-up is enough benefit for the substituted
players.

An increment of 1°C of muscle temperature (Tm) could lead to better performance by 2%-
5% (Racinais & Oksa, 2010). In literature, there are contradicting result concerning the
fact that increased Tm before the game is a critical factor in performance (Oliver, Johnson,
Wheelhouse, & Griffin, 1979; Racinais & Oksa, 2010). This counter-argument mostly
based on the claim that time interruptions (e.g. halftime) can lead to the decrement of Tn,
and performance (Mohr et al., 2004). A previous study on that matter, performed on
Basketball players (12 male and 12 female), presents reduction by 13% on 20-m sprint
run performance after warm-up and decreased body temperature (Galazoulas et al.,
2012).

In conclusion, warm-up seems to be a critical part of the performance in sports especially
at basketball due to frequent interruptions. Finally, it is quite thought-provoking how the
time between the warm-up and the participation in the game leads to the reduction in

performance and the increment of injuries.

Aim
The main aim of this study was to investigate changes in mean skin temperature and
exercise performance, after 9' and 23' ‘bench time' with and without insulative clothing on

basketball players.

11
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Null Hypothesis
e The ‘bench time’ (9 and 23’) will not change the mean skin temperature on
basketball players.
Alternative Hypothesis
e The ‘bench time’ (9’ and 23’) will change the mean skin temperature on basketball

players.

12
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CHAPTER 2: LITERATURE REVIEW

This literature review provides general information about the sport of basketball,
basketball performance and mean skin temperature (Tsk). Furthermore, results from
previous studies are discussed about the effect of warm-up on the human body and sports
performance. To achieve the purposes of the present literature review, one database was
included in the searching procedure: Pub Med. Keywords for the searching procedure
were: basketball, exercise, warm-up (preheating), sports performance, muscle

temperature (Tm), and mean skin temperature (Tsk).

Basketball rules

Basketball game are dividing into four periods, lasting 10 minutes each and, are
consisting of two teams with 12 players roster in each team. Also, five players of each
team can play during the game. Each game is controlled by three referees, the table
officials and a commissioner, if present (FIBA, 2017). Between the four periods exists a
15-minute half-time between the second and third periods and 2 minutes between the 1st
- 2nd and the 3rd - 4th periods. Before every game, the players have the less time limit
(20 minutes) as warm-up period. The winner of the match is the one with the heist score.
According with the (FIBA, 2017)s’ rules, if the teams are rolled up at the end of the last
period, then they have an extra time of five-minute. They can follow countless extra time

periods and they stop when one of the teams score more than the other.

13
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Each coach is able to ask for five time-outs (1 minute each one), 2 for the first two periods
and 3 for the periods after the half-time and for as much substitutions as he/she wants,

during the game.

Physiological demands (aerobic/anaerobic role)

Many studies carried out the last 25 years, trying to investigate the physiological
characteristics of basketball. Researchers are confronted with the nature of the sport,
which enables them to investigate the effects through a series of prolonged factors such
as technique, tactics followed by the coach, frequent player's substitutions and the
changes on the rules during the years. The evaluation and categorization of the
physiological demands of basketball are the main reasons for these investigations (Ben
Abdelkrim et al., 2007). More specifically, a basketball player covering 4.5 — 5 km during
the game (Crisafulli et al., 2002). During the match, the majority of the time is spending
walking (65.8%) while, the rest of the time (34.1%) is spending to perform moderate or
high-intensity motor activities (Narazaki, Berg et al. 2009). Furthermore, high intensity
motors skills like sprint and lay-ups seem to cover only the 1/3 of the total game time
(Narazaki et al., 2009). Previus studies demonstrated that every two seconds a basketball
woman player changes one motor skill and she executes 1.050 kinetic skills during the
game (Ben Abdelkrim et al., 2007). Other studies showed that (Hoffman, Tenenbaum, et
al., 1996) the good aerobic capacity is an essential element in basketball performance
but does not seem to be the main reason (up to 50 ml/kg/min VO2max). In basketball

where most players perform moderate (e.g. defense) and high-intensity skills (e.g.

14
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shooting, rebounding, lay-ups) but for a short time, the bibliography seems to rank the
sport in the category of the anaerobic metabolic pathway (Gonzalez-Alonso & Calbet,

2003; Mclnnes et al., 1995).

Tactic positions

Great interest was shown in the results of researches in which the data collection was
made either from protocols sensible to the physiological demands of the basketball game
or during the duration of the championship' games. Although the data collection is difficult
for the reasons we mentioned above, there were interesting results of physiological
demands based on the player's (tactical) position. The results of the research have made
clear the empirical coaches' hypothesis that the five different positions (Point, Shooting
Guards, Small - Power Forward and the Center) of the players have different
requirements based on their role in the game. The Guards have the leading role to
organize the game, and score (many times), represent a higher heart rate (190 + 3
beats/min), than the position of Forwards (184 + 6 beats/min) that are responsible for
post-game and rebounding (Gonzalez-Alonso & Calbet, 2003) during the Woman
Spanish International games and the Woman National Spanish Championship.
Differences depending on different playing positions were also presented in the number
of jumps and sprints. Another study performed on professional women basketball players
mentioned that Guards execute more sprints (n=67) than the Forwards (n=56) and the
Centers (n=43, the most power and heavy players), but fewer jumps than the other two

positions (G=41, F=41, C=49) (Ben Abdelkrim et al., 2007).
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Substitutions (Coaches’ role)

In many cases, substitutions are characterized by negative decisions, during the game.
Low performance of the players (e.g. no field score), seems to lead the coaches to
‘decision making’ (Malarranha, Figueira, Leite, & Sampaio, 2013) and do substitution that
will lead the team to victory. But the scientists have a different opinion. According to a few
studies, the substitutions are not a negative element but are characterized as a winning
factor (Ibafez et al., 2008).

The “nature complex” of basketball (Duarte, Araujo, Correia, & Davids, 2012) lead the
basketball coaches to rely on organized strategies that they have to choose to follow
through the whole season (Clay & Clay, 2014). A previous study showed that, rosters'
(the total number of players included in a team), choice seems to be based on some
criteria like the number of the fouls. More specific a player is allowed to do only four
personal fouls and not disqualified from the game (FIBA, 2017). Another main reason is
the ‘home court advantage' which is important, because is the court that they are using
for the practice (Clay & Clay, 2014). Under these situations, the basketball coaches have
less tolerance, in not scoring, and move more easily to substitutions (Clay & Clay, 2014).
However, previous study demonstrates that when the score is the same for both of the
teams, coaches choosing to change the tactic of the match and not the players (Sampaio,
Ibafiez, Lorenzo, & Gomez, 2006). Another previous study showed that the substitutions
during the 1st and the 2nd periods have a primary reason for the winning (Gomez et al.,
2017). Basketball coaches prefer to prepare all the players, especially on the last 10-
minute period, in order to respond on the main situations of the game (Bar-Eli, Sachs,

Tenenbaum, Pie, & Falk, 1996). The choice of a big (use only 9-10 players of the whole
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roster) or a small (5-6 players of the whole roster) rotation strategy, can give to a team,
better performance in defense (e.g. steals and defense efficiency) and offense (e.g. ball-

possessions and better % of shooting), respectively (Clay & Clay, 2014).

Thermoregulation system

The human body tries to keep the functioning of internal organisms (brain, organs and
temperature), stable (Toledo-Pereyra, 2009). The human body tries to keep the
temperature at ~ 37°C. Every minute, the temperature could be changed for many
reasons etc. wind, humidity and the insulation of clothing (Armstrong, 2000). With the
assistance of the skin's sensors, the brain hypothalamus perceives that disturbance and
activates the thermoregulation system (Jessen, 2011).

Thermoreceptors in the skin known as TRP ion channels (Ahern, 2013) detect the
ambient temperature and activating the sympathetic system. It is a complicated system
involving the controlling blood flow and the local structures of subcutaneous tissues
(Kellogg & Pérgola, 2000). In increased ambient temperature conditions, vasodilation
takes place with the increase of blood flow, as opposed to exposure to cold environment
leads to vasoconstriction and blood flow reduction (Wallin, 1990). One method of
measurement of mean skin temperature is using iBUTTON (van Marken Lichtenbelt et
al., 2006), sensors which have been used in animals and humans (Davidson, Aujard,
London, Menaker, & Block, 2003). It is a disk-shaped system (Picture 7), that is
temporarily applied to the skin by using tape and records the temperature and the time.
The skin temperature measurement as a method of evaluating the thermoregulatory

system for medical diagnosis (Hildebrandt, Zeilberger, Ring, & Raschner, 2012), athletic
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performance (Ferreira et al., 2008; Formenti et al., 2013; Sawka, Cheuvront, & Kenefick,

2011), and design of clothing (Fournet, Ross, Voelcker, Redortier, & Havenith, 2013).

Exercise and thermoregulation

Exercise, is an example of disturbing homeostasis of humans’ body by increasing body
temperature. Many studies have pointed out that increased body temperature, is a crucial
factor, through exercise performance (Oliver et al., 1979; Racinais & Oksa, 2010). Over
the past few years, research has been done on the investigation of the muscle physiology
in order to increase sports performance. It has been observed that an increment in
temperature of exercise muscle, is one of these factors and also the most important
(Racinais & Oksa, 2010). Starting from a local point of view (through metabolic pathways)
the muscle, as exercise continues and disrupts the homeostasis of the human organism,
other physiological mechanisms are activated.

During the first 3 seconds of muscle contraction, the production of adenosine
triphosphate, in the mitochondria, highly increases, followed by production of a large
amount of heat at local tissue temperature (Gonzalez-Alonso & Calbet, 2003). As the
exercise continuous, the researchers observed, an inverse relationship between muscle
contractions and an increment in muscle temperature. The elevation of body temperature
leads to a dangerous rise in core temperature, which leads to vasodilatation and sweating
through autonomic nervous system activation in order to maintain heat balance (Flouris,
2011). As a result of exercise, there is an increase in blood flow (via vasodilation) and a
linear relation to the skin temperature has been observed, as an indicator of the

thermoregulation behavior of the human body (Formenti et al., 2013). Previous studies

18
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investigated the impact of the elevating temperature as a positive impact on performance,
but only some of them performed on team sports and even less for basketball sport. In
literature is been mentioned that an increment of body temperature by 1°C can lead to
better performance 2%-5% (Racinais & Oksa, 2010). In another study that conducted in
12 men, who participate in aerobic performance (45 minutes, 80 rpm, 60% HRmax), had

an increased T of 0.7°C (Hildebrandt et al., 2012).

The role of warm-up on sport performance

The warm-up is a standard and widely accepted procedure before the game. During
warm-up, physiological and metabolic mechanisms are activating and that leads to
increasing performance (D. Bishop, 2003).

Two different major categories-techniques characterize warm-up: passive and active.
Two different methods which each one has different adaptations on the human body (D.
Bishop, 2003). More specific the active warm-up is the most common method in the last
years. The physiological and metabolic adaptations achieved by this method seem to
activate the athlete with more positive adaptations to performance. A higher metabolic
and cardiovascular adaptations achieved through active warm-up than the passive warm-
up. The increasing in Tr is achieved by passive warm-up without the greater involvement
of energy, but it seems no practical and an expensive method. The two major categories
present differences, also, in their perform. Some of the methods they characterize the
active warm-up involves calisthenics, jogging and cycling while the passive warm-up

includes baths and showers (D. Bishop, 2003).
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The increasing on Tm (via active warm-up) affect the performance, increases the
functioning of the central nervous system, the oxygen delivery to muscles (Asmussen,
Bonde-Petersen, & Jgrgensen, 1976) and anaerobic metabolic (Bergstrom, Hermansen,
Hultman, & Saltin, 1967) and constitutes as a prevention factor of injury (Karvonen, 1992).
The active warm-up must include physical skills similar to those of each sport (Karvonen,
1992). An active warm-up which is composed of closed skill movements (e.g.,
callisthenics, running, lunging) improves the sport performance (Fletcher & Jones, 2004).
Such kind of motor skills are involved in team sports (e.g. basketball and football), the
well-developed physical skills and decision-making are components that lead
successfully to the win (Abernethy, 1990). Another study of 10 basketball players
performed a simulated game, the body temperature increased after warm-up (1.9%) and
the 10-meter sprint test improved by 5.5% and the CMJ by 3.8% (Crowley, Garg, Lohn,
Van Someren, & Wade, 1991). Reacting to cognitive stimuli, they perform skills in high
intensity at short time (e.g. sprints, change of direction).

Also, the planning of warm-up is not an easy procedure and requires meticulous design
to avoid adverse effects. On basketball sport, during the warm-up, (Ramsey, Delling, &
Clapham, 2006) observed that the heart rate changes significantly during the different
phases of the process. During the first minutes (Karvonen, 1992), the heart rate increases
very quickly, of strenuous callisthenics or the selected exercises through the warm-up.
In conclusion, the warm-up is beneficial for sports with requiring high-intensity skills
(Gabbett, Sheppard Jm Fau - Pritchard-Peschek, Pritchard-Peschek Kr Fau - Leveritt,

Leveritt Md Fau - Aldred, & Aldred; Galazoulas et al., 2012; Mohr et al., 2004).
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Warm-up after inactivity

The substitutions are many and an essential part for the outcome of the basketball game
(Gomez et al., 2017) presents a long period during which the basketball player coming
from the bench is asked to give 100% of his potential on the court. A recent study (Hudge,
2017), has shown that the coaches choose to make the first substitution, close to the 5th
"clean" time game, which according to another survey corresponds to = 7 'not clean’ time
game. Finally, there have been cases where athletes have been left inactive on the bench
until they have changed more than 30' (Crowther et al., 2017). The basketball players are
not allowed to rewarm-up before the decision-making from the coach (FIBA, 2017).
Studies have shown that the time which the players recovered passively, after warm-up,
has a negative impact on high-intensity skills, like sprints or countermovement jumps
(CMJ). Scientists argue that the reduction in body temperature of the abstain from the
game causes the lowest performance. In accordance with this, (Galazoulas et al., 2012),
found that after 10 and 40 minutes of rest after dynamic specific warm-up for basketball
players, the jumping capacity reduced by 13% and 20%, respectively. Another study
(Mohr et al., 2004), showed that the Tr, decreased during the halftime on a soccer game.
Specifically, the Tm has decreased by 2°C and also the sprint performance, after 15
minutes of passive recovery (was preceded warm-up). The same study concluded that a
re-warm-up period performed the second half, restores muscle temperature to levels
similar to those of the first half-time and maintains performance in the sprint. In a study
conducted to estimate the frequency of muscle temperature after a maximum anaerobic
performance (Wingate test), was observed that for each 1°C the performance decreased

by 4%.
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Hence, the designing of a specific requirements warm-up for each sport, considered as

an essential and beneficial practice before every athletic performance.

Insulative clothing on sport performance

The sports industries, manufacturing clothing specifically for sports activities. The profits
of sales (2.13 billions of euros) of these products from large sports brands indicate the
frequency of use during the exercise (Mokha, Kicklighter, Edsall, & Martin, 2011).
However, the sports clothing helps the body thermoregulation, during exercise?

The main factor for clothing friendly to the human thermoregulation system is not to
impede the heat exchange between the skin temperature and the environment
(Havenith1a, Smith, & Fukazawa, 2008). During physical activity, the body temperature
increases and through vasodilation and the skin temperature too. As the exercise
continues, and the need for thermoregulation is increasing, skin temperature > 37.1°C
(Wingo et al., 2010), the sweating begins. By evaporating the sweat from the skin, the
blood through the systemic circulation is cooled and with blood transfusion decreased the
core temperature. In practicing in cold environments, it is necessary to avoid obsessive
heat loss, as this can lead the athlete to excessive cooling (Havenith1a et al., 2008).
Two different major categories of insulative clothing exist depending on the ambient
temperature of exercises (cold or hot). Some of them cover more body surface and some
other much less. The number of factors to be taken into consideration for the right
selected of the clothing equipment are big and some of them depended on body motion
(Holmér, Nilsson, Havenith, & Parsons, 1999) and the air conditions (Havenith1a et al.,

2008).
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CHAPTER 3: MATERIALS AND METHODS

Participants

Six professional basketball players competing in the Greek Basket League 2017-
2018, A1 Division and A2 Division 2017-2018, (age: 24.9144.6 yr.; height: 192.7+£7.82cm;
body mass index: 25.50+1.84 kg/m?; body fat: 11.53+2.7%) have participated. All the
participants were with no history of chronic health problems, and they were under no
medication and without any muscle injury. Also, a prerequisite for participating in the study
was that the players must participate in a championship of any Greek National Category
defined by the HBF (Hellenic Basketball Federation) or any other Championship defined
by FIBA in the last five years. All participants were informed verbally about the procedures
of the study including possible risks and discomforts. Following their agreement to
participate, they signed a written informed consent and completed a medical history
questionnaire. The study was approved by the University of Thessaly Ethics Review

Board (see Appendix).

Experimental Protocol

The players performed four different trials in four different days: a) 9 min bench
time + basketball uniform, b) 9 min bench time + basketball uniform and insulative
clothing, c) 23 min bench time + basketball uniform, d) 23 min bench time + basketball

uniform and insulative clothing. Every trial started with a 20 min specific warm-up which
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is the most common combination for high-level basketball players. We used non-
probability sampling clusters to create the participant’s group among the research.
Players performed a non-specific combination of performance tests (countermovement
jump, lay-up drill, back-scratch and sit and reach) before and after time’s intervention.
Ambient temperature (Kestrel 5400 Heat Stress Tracker) and skin temperature were
recorded during the whole protocol.

Measurements included anthropometric data (weight, height, BMI) and were
conducted in the morning between 08:00 to 13:30 in basketball arena. Participants were
also available ab libitum water during the protocol. All the measurements were held during

in-season basketball period 2017-2018.

Measurements

Weight, height and body composition. Body weight was measured in light
clothing and shoeless. We measured the height (on the field with a measuring tape), the
percentage of body fat and weight was estimated using bioelectric conductivity (Tanita
Corporation of America, Inc., Arlington Heights, IL, or Body Composition Monitor,
Fresenius Medical Care AG & Co., KGaA D-61346 Bad Homburg, Germany). BMI was
calculated as weight in kilograms divided to the square of height in meters (Hu,

Tuomilehto, Silventoinen, Barengo, & Jousilahti, 2004).

Warm-up
The warm-up designated specifically for basketball pre-game activation. The

players warm-up for total 20 minutes. In particular, the first 5 minutes start dribbling with
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right-hand lay-up (2.5 minutes), likewise with the left hand (2.5 minutes). Dynamic
stretching lasting 7 minutes, and specific warm-up basketball drills lasting 9 min. The
detailed program representing in Picture 1.

Picture 1: Warm-up

2’ right lay-up Dunk
2’ left lay-up
Right 7¢ Dynamic stretching
lay-u
VAR 3’ pass - shoot
4’ high intensity
(dunks, 1vs1)
2’ free throws
Left
lay-up

Two cones were placed on the personal foul line (Picture 2). The basketball players

PASS SHOOTING Free - throw

Lay-up drill

with the ‘Go’ were starting at the height of the personal line (right side) with the right-hand
dribbling and perform right lay-up. After that they were taking the rebound and with the
left-hand, they dribbling as fast as they can in the cone on the left side and make a left
lay-up. The goal is to score as many points as possible in 60 seconds. The in lay-up

recorded as two points and the out lay-up as one point (Bos, 1987).
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Picture 2: Lay-up drill

Countermovement jump

Power is a main factor in so many sports and a reliable measure of power in the
lowers-limbs (Docherty, Robbins, & Hodgson, 2004). It has been associated with the 30-
meter sprint test, and it is believed that who perform better in the CMJ, also perform better
in sprint performance (Docherty et al., 2004). We use the OPTOJUMP next (Microgate
Corp., ltaly) consists of two bars communicated each other (96 LEDs), an optical system
of analysis and measurement. Any interruption the system detects, calculates the time
flight, the height, the number and time of contacts. The participants performed three CMJ
without arm swing, with 30 seconds rest between each jump. The athlete performs the

countermovement action with larger countermovement depths before they jump and must
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keep his hand on the hips until the contact with the floor. During the flight time, it is
essential the extension in the hip, knee and ankle joints and it is also important to land in

the same position his has before the jump (Picture 3).

Picture 3: Countermovement Jump

Sit and Reach test

We use the Sit and Reach test to measure the flexibility of lower back and
hamstrings muscles (Wells & Dillon, 1952). Athletes removed their shoes and sat on the
floor. Their legs stretched out straight ahead, and his soles contact on a specially
designed box (Picture 1,2). Both knees were straight to the floor, not bent. With the palms

looking straight and hands out in front of the ears, the athletes tried to catch as long as
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possible the longest line and hold that position for 2-3 seconds. Two attempts are made

between 10 seconds rest. As much as more centimetres the better the score.

Back scratch

We measured the shoulder range of motion with the Back Scratch, the third
consecutive articulation that injured in men basketball players (Apostolos & Alexandra,
2007). The participant was standing and place one behind the head, the other one back
over the shoulder and try to reaching as far as he can down the middle of his back. The
hand that is over the shoulder placed on the outer palm surface in the middle of the back
and the other one (behind the head) with the outer surface of the palm (Picture 4). If the
fingers overlap estimates as a positive score and we measure (centimeters) the distance
between the tips of the middle fingers. If the middles fingers do not touch each other, we
measured the distance again and estimated as a negative score. After the first two times

of free practicing, we recorded the next two.

Picture 4: Back scratch
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Ambient temperature arena

We measured the ambient temperature arena, using the Kestrel 5400FW (Fire
Weather Pro WBGT, Nielsen-Kellerman Corp., USA) (Picture 5). Before the begging of
the whole protocol, we placed the Kestrel on table officials and commissioner, recording
the ambient temperature per second. Through the Kestrel program, we connected with

the computer in order to analyze and assess the arena temperature.

Picture 5: Kestrel 5400FW

HEAT STRESS TRACKER
T rm——
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Mean skin temperature

The skin surface measured using iIBUTTON sensors (type DS1921H, Maxim /
Dallas Semiconductor Corp., USA). The iBUTTON sensor (Picture 6) is a small disk-
shaped system (16 x 6 mm?) that is temporarily applied to the skin by using a tape strip
adhesive and measures and records the temperature in protected memory. Each sensor
placed on the middle of the quadriceps and the long biceps brachii. Then the time and
temperature data are transferred to a computer to analyze the data to calculate the mean

skin temperature [Tsk (0.47* biceps brachii) + (0.38*quadriceps) + 4.56] (Lund, 1974).

Picture 6: i-buttons

65 (L .
| 5000085 35, 2
' n-/ 6’005’335 .

.\ $> livirme 02

S

Bench time (9 +23 minutes)
We watched a total of 20 games from four different leagues. Specifically, five
basketball games for each ABC Liga, Lega Basket Serie A, Euroleague Basketball and

Greek Basket League period 2017-2018. We calculate the mean “real time” which the
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first substitution occurs in the first period (9') and the second period (23'). We included

only the players who participated as substituted players for the first time in the game.

Clothing

According to FIBA regulations, the basketball uniform consists of a jersey (the
patch of the team, the name, and the number of the player are mentioned), a short and
the athletic shoes with athletic socks. In addition to, the players use to wear a sublimated
warm up or shooting shirt (two different names), during the warm-up and when they are
sitting as substituted players on the bench. In half of the protocol the participants were
wearing the basketball uniform and the shooting shirt (9 and 23 minutes) and 9 and 23
minutes, intervention with insulative clothing. The basketball players were wearing
(picture 7) a black training top shirt (Nike Jordan Training Dry 23 Alpha Sleeveless) and
an orange dry-fit (Jordan 23 alpha men's %) training tights under the usual basketball
uniform and the shooting shirt. The players were wearing as basketball uniform the home

team typically lighter-colored uniform.

Picture 7: Isothermal clothing
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Statistical Analysis

Mixed two-way analysis of variance (ANOVA) was conducted to assess
differences between the two bench time points (9’-23’). Therefore, post hoc t tests
incorporating a Bonferroni was used to assess statistical differences between group
means and the four different interventions. Same analysis was used to determine
statistical mean differences in all parameters (countermovement jump, lay-up drill, back-
scratch, sit and reach, temperature and humidity) between the different time points. We
used (Anova) to assess differences in the mean skin temperature between the last five
minutes of the ‘tests’ period with the whole 23 minutes with and without insulative clothing.
Statistical analysis was performed using Statistical Package for the Social Sciences
(SPSS, Ver. 21.0, International Business Machines Corporation, New York, U.S.) with

significance set at p<0.05.
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Chapter 4: Results

Two way-Anova were conducted to assess differences between the four different
interventions. The results revealed statistically significant differences in mean Tsk
temperature (p<0.05). Post hoc t tests incorporating a Bonferroni adjustment
demonstrated significant statistical difference in mean Tsk, F (1.000, 11.000) = 6.845
p<0.05, before and after the 23 minutes bench time, without insulative clothing.

We observed a decrease in the last five minutes (paired t-tests) mean Tsk right before
the start point of the intervention and a further analysis demonstrated large effect size
(20.8) of the differences between the first five minutes with the last five [F(2,15) = 3.750,

p=0.0.54] (Figure 1).

Figure 1: Mean skin temperature.

23 MINUTES "BENCH TIME"
L | ++§ O} 1§

" l l % o1
a | |

28

33 + Control

MEAN SKIN TEMPERATURE °C

27

TESTS 0-5 5-10 1015 15-20 20-23
NOTE: * Statistical significant differences for ‘control 23' with 'Tests'

t Statistical significant differences for ‘insulative' with 'Tests'
§ Statistical significant differences berween ‘control 23' and 'Tests'
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No statistical differences were found of ambient temperature between the three
basketball arenas (Figure 2) and the ambient temperature before and after the

corresponding interventions of the protocol (p>0.05).

Figure 2: Mean ambient temperature during the three basketball arenas.

The results showed that CMJ was significantly influenced by 23’ bench time with

and without insulative clothing F (1000, 20.000) = 17,319, p<0.05 (figure 3).
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Figure 3: Countermovement before-after (23 without insulative clothing).
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Non-significant statistical differences were observed between the two time points
and the two interventions in Sit and Reach F (1.000, 19.856) = 0.187 p>0.05, lay-up drill
F (1000, 20.000) = 2.806, p>0.05 (Figure 4) or Back Scratch F (1.000, 20.000) = 0.163

p>0.05 (Figure 5).
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Figure 4: Mean scoring in Sit and Reach and Lay-up tests at all interventions.
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Figure 5: Back scratch score at all interventions.
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Chapter 5: Discussion

The aim of this study was to investigate changes in mean skin temperature and exercise
performance, after 9' and 23' ‘bench time' with and without insulative clothing on
basketball players. CMJ was significantly influenced by 23’ bench time with and without
insulative clothing. The bench time didn’t affect the flexibility of the shoulder girdle or the
lower back and hamstrings muscles. Also, the mean skin temperature increased during
the 23’ bench time without insulative clothing.

In this study the CMJ decreased after 23’ bench time without insulative clothing by
21%. Similar with these results, (Galazoulas et al., 2012) study, showed a decrease in
CMJ, 13% at 10 min of rest to 20% at 40 min of rest. Also, another study (only two subjects
participated on a real game) observed a decrease in CMJ (~13%) after 20 minutes bench
time (Crowther et al., 2017). The reduction CMJ resulting from inactivity is justified by the
correlation between the temperature of the muscle and the ability of the muscle to
contraction (Binkhorst, Hoofd, & Vissers, 1977). The performance could be increased by
2%—-5% just with a variation of 1°C T (Racinais & Oksa, 2010). The dynamic exercise
(eccentric contraction) is more depended on temperature than lowest exercise (isometric
contractions) (Bergh & Ekblom, 1979). The reduction in specific high-intensity skill (sprint)
is confirmed also by (Mohr et al., 2004), with a lowered sprint capacity by 2.4%, corelated
with the decline in T (39.4 £ 0.2°C to 37.4 + 0.2°C) after 15 minutes passive recovery.

In addition, the CMJ after 23’ bench time with insulative clothing reduced less by
7.9%. The smallest percentage reduction in the case of players wearing insulative
clothing is most likely to be applied to the fabric of the garment we used (84% polyester).

According to previous research (Ruckman, 2005) polyester is the best clothing
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manufacturing material demonstrates the best permeability, after better adaptation on
ambient temperatures (Keighley, 1985), helping the thermoregulation system balance the
body temperature. Also, (Kraemer et al., 1998) observed that ‘compression enhances
proprioception and joint position sense’ as prophylactic effect reduces ‘muscle oscillation
after intensity exercise performance’ (Doan et al, 2003; Kraemer et al, 1998). The use of
garments seems to reduce the soreness of muscles (Kraemer et al., 2010), leading to
faster recovery of force production (Kraemer et al., 2001) and reducing the risk of a
muscle injury (Kraemer et al., 2010).

The flexibility of the shoulder girdle or the lower back and hamstrings muscles did
not influence by bench time. The flexibility requires both the ability of the joints to perform
a large kinetic range as well as the strength of the muscles involved in the movement
(Zakag, 2003). Also, the time of our bench time protocol couldn’t affect the flexibility of
the shoulder girdle or the lower back and hamstrings muscles due to the low muscle
contraction. The stretching during the test, caused low intensity muscle contraction and it
is not caused some reflex activity of the muscles, restoring a greater amount of elastin
(Nordez, McNair, Casari, & Cornu, 2009). In addition, the increasing elasticity generated
by heat production due to exercise is 20% higher in hamstrings than quadriceps (Ciccone,
Bratton, Weinstein, & Elias, 2006). At the time of the tests, (23 minutes without isotherm
clothing), a decrease in the mean skin temperature was observed. This assumption is
due to the low intensity of exercise (during the tests vs the lasts minutes of warm-up) and
as a result on a decreased of metabolic heat production (Kenny et al., 2003). In addition,
we suspect that the change in body position, during the test (e.g. sit and reach), had

changed the muscle contraction and redistribution of blood flow.
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We surprisingly found an increase of skin temperature during the 23 minutes bench

time (i.e., after the initial warmup and tests) without insulative clothing. This increase may
be due to the heat exchange between the core, the tissues and the residual heat load of
muscle (Kenny et al., 2003). Previous studies observed an increase on esophageal
temperature at post exercise (0.4 — 0.5°C) after dynamic exercise (Thoden, Kenny,
Reardon, Jetfe, & Livingstone, 1994; Veicsteinas, Ferretti, & Rennie, 1982). Previous
authors (Kenny et al., 2003), suggested that convective heat exchange during rest “is
significantly influenced by convective heat transfer between muscle and core”. Also, the
redistribution of blood flow after exercise from the muscle to peripheral (Clark, Mullan, &
Pugh, 1977) may is another reason of increase on peripheral temperature. In addition,
the increase in arena ambient temperature during this specific intervention of the protocol
(before protocol: 17.65°C, after protocol: 18.02°C, effect size: 0.72) may prevent the
athletes from thermoregulating as the ambient temperature had increased.
Our study presents some limitations. The three different basketball arenas which were
used demonstrated considerable differences in temperature. Another limitation in our
study involves the issue of the season’s goals (of major importance games) of the high-
level teams that participated in this study, extended the time period of the research into
the end of March, leading to better weather conditions.

To our knowledge, this is the first study of includes high-level basketball players
through in-period season, in one of the biggest Basketball Championship in Europe. In
conclusion, it would appear that a specific designed basketball warm-up doesn’t seem to
be positive effected during the whole real time of the game. More than 20 minutes bench

time of a basketball player, influence the high intensity skills with or without insulative
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clothing but not the low intensity skills. In addition, skills which include technical elements,
as lay-up, seems to be unaffected by the bench time. Importantly, our results provide

evidence for the role of insulative clothing during the game.
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MANENIZTHMIO OEZZAANIAZ

TMHMA ENIZTHMHZ ®YZIIKHI ATQrHI KAl AOAHTIZMOY

NMPOTAZH EPEYNAZ

Mpog: Tnv Ecwrepik EmiTpoTrr) Acovroloyiag Tou TuRuatog EmoTtiung Puaoiknig Aywyng
ka1 ABAnTIouoU, Tou Mavemiotnuiou @ecoaliog

Tithog: H emidpaon Tou KpUou TrEPIBAAAOVTOG O€ KUPIEG KIVNTIKEG OeCIOTNTEG TNG
KaAaBoo@aipiong.

EmoTtnpovikwg YmeuBuvog: Avdpéag GAouprg, Emitipog Aiddokwyv atn PucioAoyia Tou
AvBpwou oto TpApa EmotApng ®Puoikig Aywyhg kai ABAnmiopol Ttou [Mav/piou
©@eooahiag kai ETiokémtng KaBnyntrig otnv MepiBaAlovTikA latpikr oTn EXoAr ETOTARWY
Yyeiag Tou Mav/piou Tng Ottawa oTov Kavadd.

Zxéon pe 1o Mpoypappa Zroudwy Tou TEQAA:

MetatrTuyiakn epyacia Tng Apetng Katvidg @oititpiag Tou NMMZ «Aoknon kai Yyeiay,
SEDAA, MO

1. ZKOTTOG TNG £pEUvag

ZKOTTOG TNG €peuvag eival va egeTdoel dv o1 Bepuokpaoieg TTou eTTIKpATOUV 0t KAEIOTO
FupvaoTApio KoAaBoogaipiong emnpedlouv Tnv ammédoon Twv avatmTANpwHaTIKWY
aBAnTwv KaAaBoo@aipiong o€ BACIKES KIVNTIKEG BECIOTNTEG TOU ABARUATOG.

2. INPavTIKOTNTA TNG £PEUVAG

Me Bdon Ta ammoteAéopara Tng £€peuvag Ba eKTIMACOUNE TIG BEPUOKPATIES TTOU ETTIKPATOUV
oe éva KAeloté mredo KaAaBoo@aipiong kai yia Tov av n Bepuokpagia emnpeddel Tnv
amodoon Twv kaAaBooaipiIoTwy-oTpIwy. Ta amoteAéopata Ba d€ifouv av ol TTpoTTovNTEG
Kal ol abAntéc-Tpieg KaAaBoo@aipiong TTPETTEl va UIOBETHOOUV OTPATNYIKEG VIO Tn
dlatpnon TG BEPUOKPATIAG TOU OWHATOG (0€ CUYKEKPIUEVES TIMEG) KATA Tn SIGAPKEIQ TOU
aywva.

3. Eicaywyn kai avackomnon tng BiAloypagiag

H &iadikaoia NG mpobépuavong ecival éva TTOAU ONUAVTIKO KOMMWATI yia Tn owoTh
€VEPYOTTOINDN TOU aBANTH-TPIaG KahaBoo@aipiong Trpiv atd Tov aywva'. ‘Eva d8Anua oav
autd TG KahaBoo@aipiong, 61rou ol aAAay£g eival TTOAAEG Kal onUavTIKEG yia TRV €KBaon
evoc aywva?, Tapoucialovtal  deydAa  Xpovikd dlaoTAUATa  KAatd Ta OTroia O
KOAaBoOo@aIPIOTAG-OTPIa EPXOMEVOG-N aTTd TO TTAyko KaAeitar va dwaoel 1o 100% Twv
SuVATOTATWY TOU OTOV AYWVIOTIKO XWpo. OI TTpoTToVNTEG PAiVOVTAI QVEKTIKOI OTA TTPWTA
AETITG TOu aywva KaBwg Trpdo@arn épeuva TTou TrpaypaToTrolidnke® £€8&1e OTI o1 idiol
€MAEYOUV va KAVOUV TN TTPWTN aAAayr], KOVTa 010 5° «kaBapou» aywva KATI TTou cUP@wvVa
pe GAAN épeuva avTioTolxei 0 = 7° guvoAikoU Trépag aywva®. TEAOG, £XOUV TTOPOUCIAOTE
KQlI TTEPITITWOEIG OTTOU ABANTEG TTAPEPEIVAV AVEVEPYOI OTO TTAYKO, HEXPI VA Yivouv aAAayn
TTEPICOOTEPO attd 30°5.

H Beppokpacia TTupfva kal dépuatog augdvovTal Katd Tn dIGpKEIa TNG TTPoBEpuavong Kai
uTopoUV va PeiwBouv aTo nuixpovo katd 0.5°C5. ‘H cuvoAikr] Bepuokpacia Tou SépUaTog
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peTd amd 11" adpdveiag oe kahaBoo@aipioTr (TrponyRBnke TTPoBEépuavaon) PEILONKE
éwg Kkal 2 °C5. Autf n peiwon TNg Bepuokpaciag Tou avepwITIVOU CWHATOG Oev
€TTNPEACEI OVo TNV A1TGd00N TOU TTAIKTN-TPIAG AAAG PTTOPET va TOV 0dNyroEl Kal o€
TPAUPATIOMOUGS 6,
4. MeBodoAoyia
Eicaywyn: MNa tnv ekmmoévnon tng £peuvag Ba xpnoihoTroindei €181kOg eEOTTAIOUOG yIa TN
péTPNOoNn TOu TTEPIBAAAOVTA XWPOU KAl TOU avOPWTTIVOU OWHATOG, EIBIKOG aBANTIKOG
POUXIOHOG Kal BEPUAIVOUEVEG KOURBEPTEG
Aciypa: 25 abAnTEG 1) aBAATPIEG KaAaBoogaipiong Ba atroTeAéoouv To deiypa TNG
€peuvag pag. To deiyua pag Ba XwploTei o€ 3 uTTo-0uAdeG: control group, n opdda
«€I0IKOU» POUXIOWOU Kal N ouada TTou Ba XpnoIPOTTOINCE TIG BEPUAIVOUEVEG KOUPBEPTEG.
Kuopiog pépog:
Mivakag 1. Opyavoypauua épeuvag. O1 dokipalouevol Ba atmraoxoAnBouv o€ TPEIG

ETTIOKEWYEIG.
2" gmiokeywn 3" griokeyn
1" emmiokeyn (7’ “peikToU” (21" “peikTol”
aywva) aywva)
ENHMEPQsH d
ANOPQIMOMETPIKA v
XAPAKTHPIZTIKA
EmavaAappBavoueva v v
GAparta 30°
KATAKOPY®O v v
ENITONIO AAMA X2
AOKIMAZIA v
EYZTOXIAZ v
X2
AOKIMAZIA v
AMYNAZ v
X2
Karaypaen v
Bepuokpaaiag 4
MepiBdAAovTog
Karaypaen v
Bepuokpaaiog v
OépuaTog
Kataypaen v v
BepuoKpagTiag HUdS

o ENHMEPQZH: O1 eBehovTég Ba evnuepwBOUV yia TIG AETITOPEPEIEG OXETIKA PE TNV
OUMMETOXA Toug OTn €peuva Kal Ba amavinBouv ammd TOUG €EPEUVNTEG TOU
TTpoypAaupaTog BavOV atTopieg OXETIKA We T Sladikagia TG épeuvag.

o  AVOPWITOMETPIKA XUPOKTNPIOTIKA: Oa PeTpAcOUNE TO UWOG (avaoTNUOUETPO) , TO
Bdapog (Tanita) kabuwg kai To TToooaTd AiTroug Tanita Twv eBeAOVTWYV. ZUuyKeKPIPEVAQ,
TO TT0000TO OWHOTIKOU AiTToug Ba exTIuNBei pe TN XprAon TNG PBIONAEKTPIKAG
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aywyiuétnTag (Tanita Corporation of America, Inc, Arlington Heights, IL, r} Body
Composition Monitor, Fresenius Medical Care AG & Co., KGaA D-61346 Bad
Homburg, Germany). ©a utroAoyiobei o AME.
Baoikég Ae€i61nTeg KaAhaBoogaipiong

e EmavoAappavopeva dApara 30°': Zuvexopeva emToTa GApaTa AT TOUG
£0eAoVTEG (Me ywvia aykwva 90°) Ba ekteAeaTouyv yia 30° og @opnTd duvapoddrmedo
(Optojump).

e Aokipacia guoToxiag: Oa TTPAYPATOTTOINOOUV OOUT aTTO TTEVTE OIAQOPETIKA
onueia,Ta oTroia gival opIoPEVA, Yia éva AETTTO ouvexoueva. KaBe emmituxnuévo KaAdol
Ba peTpnBei yia duo TTOVTOUS Kal KABE AoTOXO KAAGO! yia £éva TTOVTO’ .

e Aokipacia auuvag: O1 eBeAovTéG Ba TTPAYUATOTTOINCOUV AUUVTIKG YAIOTPAKATA JE
péyioTn TaXUTNTA OTn TTEPIOXN TNG POKETAG ATTO €§1 OUYKEKPIYEVO Onueia Tou

ynmédou’.
ENAPZH ATQNA
2" eTTiokeEWn
Baoikég
REST | MPOGEPMANZH | Aeggi6tnTeg 10 AEKAAENTO 20 AEKAAENTO
20’ (1n
péTpnon)
AAPANEIA
7’ “peikToU” aywva
‘Evapén teoT (2" uétpnon)
ENAPEH AT'QNA
‘ 2" Avbepupo TEPLOdV ‘
3N emmiokewn
10 AEKAAEMTO 20 AEKAAEMTO
REST | NIPOGEPMANZH Baoikég
20’ AeggloTNTEG

(1n pérpnon) *AAPANEI Y

G

23’ “peikTol” aywva
‘Evapén teoT (2" yétpnon)

MeTprioeig Oepuokpaaiag

e Ogppokpacia dEpUaTog: Tuykekpipyéva, Ba peTpnBei n Bepuokpacia dEpUATOG PE
™ Xpenon aiodnmipwv iBUTTON (type DS1921H, Maxim/Dallas Semiconductor
Corp., USA)® o1 omoiol éxouv XpnoigotroinBei o {wa kai oe avBpwtoug. O
aio0nmpag iIBUTTON cival éva pikpd (16 x 6 mm2) cloTnua o€ oxAua diokou 1o
OTTOI0 EQAPUOLETAI TTPOCWPIVA OTO BEPUA PE XPHON KOAANTIKAG TAIVIOG HIAG OWEWGS
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(tape) kai peTpd Kal Kataypd@el TNV BepUOKPATia O €va TTPOCTATEUNEVO TURMA
MVAUNG. ZTNV OUVEXEI, Ta OedOPEVA YIa TO XPOVO Kal Th BEpUOKPATia HETaPEPOVTAI
O0€ UTTOAOYIOTH yia TNV avAdAuon Twv OeBOPEVWIV.

Mérpnon Oegppokpaciag déppartog pe aiodnTipeg dépuarog: H Bepuokpaacia
Oéppatog Ba aglohoyeital CUVEXWGS HECW TNG XProng €I8IKWV aiodnTApwyY SEPUATOG
(Mon-a-Therm, probe 400 TM) o1 otroiol e@apuolovTal TTPOoWPIVA 0TO OEPUa UE
XPAon KOAANTIKAG Taviag piag dwewg (tape). O1 Bepuokpaaieg Ba karaypd@ovTal o€
Mo @opnTA povada kal Ba atrobnkevovTal o€ £va uttoAoyioTr) (Smart Reader 8 Plus,
ACR Systems, Surrey, BC, Canada). H pyéon 6epuokpacia d€puatog utroAoyileTal
wg €&NG: dikEParog Bpaxioviog * 0.3 + peiwyv Bwpakikdg * 0.3 + TeTpaké@alrog * 0.2
+YQOTPOKVAUIOS * 0.2.°

e Aveon Kal aiocOnon Beppokpaciag TePIBAAAOVTOG: ZUYKEKPIPEVA, N AVECT) KAl N
aiobnon Tng Oeppokpaciag TepIBAAAovTog Ba aflohoynBei pe TN Xprnon
TUTTOTTOINUEVWY £pWTNUaTOAOYiwV'O,

e Métpnon Beppokpacia pudg: n Yérpnon Tng Beppokpaciag Tou Puodg Todiolu Ba
TpaypatotroinBei péow TNG TEXVIKAG Tou IDISK oUp@wva pE TUTTOTTOINUEVEG
di10dikaoieg. H Bepuokpacia Tou pudg Ba aflohoyeital ouvexwg HECTW TNG XPAONG
e1d1Ikou aiodntipa dépparog (Mon-a-Therm, probe 400 TM) o oTroiog epapuoddeTal
TTPOoWPIVA GTO dépua Ue Xpron KOAANTIKAG Taiviag piag owewg (tape). Mavw atréd
Tov aIoOnTAPa £pappoletal diokog neoprene e dIAUETPO 5 cm Kal TTAXog 4.8 mm.
O diokog e@apudleTal TTPOCWPIVE OTO SEpUa PE XPAON KOAANTIKAG Talviag pIoag
oyewg (tape). O1 Bepuokpacieg Ba kataypdgovtal o€ pia eopnTthH pHovada kal Ba
amroBnkevovTal o€ éva uttohoyioTh (Smart Reader 8 Plus, ACR Systems, Surrey,
BC, Canada)'.

5. ATraiToUpEVN £€YKPIOT OTTO QPOPEIg

‘Eykpion amd Tnv EcwTepikr EmiTpotrA deovioAoyiag Tou ZEDAA MO.

6. Kpitipia Zupperoxng otn MeAétn

O1 guppeTéxovTeg Ba TTPETTEl va gival uyigig aBANTEG-TpIEG KaAdaBoo@aipiong atrd 18 éwg 40
ETWV KAl Ba CUPPETATXOUV €BEAOVTIKA.

7. Kpitiipia ATTokAEICHOU ZUPHETOXNAG

A@oU yivel €AeyX0G TOU 10TOPIKOU uyEiag (MECW TNG CUUTTARPWONG TOU £pWTNUATOAOYiOU
UYEIAG) TwV UTTOWN@IWV CUPPETEXOVTWY, Ba aTTOKAEIOTOUV aTTd TNV £pEUva 0001 £XOUV
XelpoupynBei Toug TeAeutaioug 12 pnveg.. Emiong amapaitntn mpoUmobeon yia TN
OUMMETOXN OTNV épeuva gival 0TI ol aBAATPIEG TTPETTEI VO OUMUETEXOUV OF€ TTPWTABANUCO
oTToIa00N\TTOTE KaTnyopiag opiopévo atod Tnv EOK ta teAsuTaia TévTe Xpovia.

8. EykaraoTdosig

KAeiotd TupvaoTthpia oOTa  OTToiad  TTPAYMATOTTOIOUVTAl  TTPOTTOVACEIG KOl OYWVEG
KaAaBoogaipiong.
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