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ABSTRACT

Noponen, Perttu 2013. Effects of far infrared warmon recovery in power athletes
during a 5- day training period. Master’s Thesis inScience of Sport Coaching and
Fitness Testing, Department of Biology of Physicactivity. University of Jyvaskyla,
56 pages.

Purpose. Scientific evidences of thermal therapy on perfaroearecovery are limited
and also controversial. It has been shown recdmntliHausswirth et al. (2011) that far
infrared (FIR) therapy accelerates recovery, whils also documented that temperate
water immersion does not improve performance regoyBournot et al. 2011). The
purpose of the present study was to find more @ednformation about the effects of
the thermal therapy and especially the FIR warntherrecovery of the athletes.
Methods. The experimental group consisted of ten nationallenale athletes (22.3 +
4.5 years) from the power events in track and figlannastics and Finnish baseball. The
experimental group was its own control group. 8tgrtorder of the subjects in the
groups was randomized. Training and nutrition wst@andardized during the 5-day
training period. The experimental design consistédperformance tests (isometric
strength tests, countermovement jump and Wingate 8st), questionnaires and the
fasting blood samples (testosterone, cortisol, SHBS&RP and creatinekinase [CK]). In
contrast to the control period, during the expentakperiod the subjects used infrared
bag (FIR65°, U2i / Oy You Two Import Ltd, Oulu, Fand, 40 min / 50 °C) every
evening from Monday to Thursday. Statistical anegyegncluded ANOVA and paired
samples t-test. Level of significance was set & @&

Results. Average power in Wingate 30 s test increased sggmfly (p = 0.015) during
the experimental condition, while during the cohtrondition no significant changes
were observed. There were no significant differenoethe blood variables between the
measurement periods. However, there was a signifinarease in the blood SHBG level
(p = 0.032) between the first and the third day enthe testosterone level (p = 0.023)
between the third and the fifth day during the expental condition. The level of CK
was significantly higher in the second day tharthia first day (p = 0.023) during the
control condition and in the third day than in fivet day during the control (p = 0.007)
and the experimental conditions (0.030). The netatihange in the testosterone/cortisol
ratio between the day one and the day five inceasgnificantly more (p = 0.026)
during the experimental condition than during tle@tool condition. The sensations in
the muscle soreness were milder during the expetaheondition when compared to
the control condition.

Discussion and conclusionsThe present study indicates that FIR warm improves
recovery of the anaerobic performance during thday-training period. The subjective
sensations support the positive effects of the W#Rm on recovery. The changes in the
testosterone/cortisol ratio, CK response, and setestosterone and SHBG levels
indicate probability to the improved anabolic statel accelerated recovery due to the
FIR warm. However, because there were no significdranges in blood variables
between the two conditions, additional studiesraseded considering the effects of the
FIR warm on them. According to this study FIR watlmerapy enhances the recovery
after a short 5- day training period when compaoeithe passive recovery modality.

Keywords: Far infrared warm, recovery, performance, blood vagablsubjective
sensations
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1 INTRODUCTION

Around the world, athletes in different events rirédr developing themselves faster,
stronger and more technical than their rivals. that they need commitment to the hard
and optimal training from themselves as well aspsupfrom their coaches and the
others involved in their lives. Hard training expssathletes to the physical and mental
stress that are essential for improvement, butfegher induce overtraining and even
severe injuries. This may occur if recovery is gofficiently involved in the training

programs.

For accelerating recovery and to enable harderitigj athletes and coaches have tried to
found different recovery modalities. Water immensipcryotherapy, thermal therapy and
active recovery modalities, just to mention a feavdn become a daily or at least a
weekly part of the training and rehabilitation prags. However, scientific evidence that
supports their use is somehow limited, especialienvconsidering the use of thermal

therapy.

Infrared radiation has warming effect, which hagrbeised in infrared sauna or with
infrared bag. Only a few studies have examinedefifiects of the infrared therapy on
health factors or recovery from training. Benefi@#fects of it have been observed on
chronic low back pain (Gale et al. 2006), on thecutar endothelial inflammation (Lin
et al. 2008) and heart and coronary diseases (B2&@9). Using of the infrared sauna
has been also noticed to decrease cortisol levedsbéood pressure and to increase
growth hormone and heart rate acutely (Tornberg02Mantykoski 2010). Thus,
infrared warm could potentially improve the recov&om sports training via increased

blood circulation and a decreased stress stateedidady.

The purpose of this study was to examine effecti@far infrared warm on the selected
physiological variables such as hormones, creatiask and C-reactive protein as well
as sensations and performance of power athlet@sgdais- day training period. By this
design we tried to define effects of the far inichrwarm on power athlete’s recovery
from the sport training. We hypothesized based m@vipus investigations that the far



infrared warm accelerates the recovery in maxirrahgth (Hausswirth et al. 2011) and
in speed strength (Mantykoski 2010), but it does have effects on anaerobic
performance (Pournot et al. 2011). We hypothesaled no changes in fasting serum
concentrations of testosterone, cortisol, SHBGatimekinase or hsCRP (Ahtiainen et al.
2005), but improvements in the perceived sensatmnsthletes (Gale et al 2008;
Hausswirth et al. 2011; Oosterveld 2008).



2 RECOVERY AFTER PHYSICAL TRAINING

2.1 Performance

Training induces fatigue and because of that masetduntary activation and able to

contract decreases. Hakkinen and Pakarinen (19@2BAhktiainen et al. (2005) observed
that isometric force production can decrease far tweven three days after the single
strenuous hypertrophic strength training. Accordimgainuddin et al. (2005) isometric

torque was still significantly lower seven dayseafhypertrophic strength training and
recovered to the pre-exercise values in ten dagsi 1). The reason can be found from
decreased instant energy source levels of the musblanges in anabolic hormone
concentrations, increased muscle lactate concemtraind breakdown of the muscle
structures, that induces muscle soreness and fgléat the performance temporarily.

(Ahtiainen et al. 2005; Hakkinen 1990, 45 — 47; &laset al. 2002.)
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Figure 1. Changes in maximal voluntary isometric torquenfrdaseline (pre),
immediately after (0) and for 1 to 14 days postreise in massaged and control arms
(Zainuddin et al. 2005).

Training with high movement velocities (eg. speaad speed strength training) seems to
increase initial firing rates of the fast motor tsrand decrease their activation thresholds
(Van Cutsem et al. 1998). Because of these neulabtations athletes and coaches

should take into account the effects of speeditrgiand speed strength training to the



neural system when considering the recovery afterttainings. Fatigue can be also
result of decreased muscle- and liver glycogerestokccording to Fairchild et al. (2003)
high-intensity exercise of three minutes inducenisicant decrements (46 %) in muscle
glycogen stores. However, it was observed that haugtycogen contents was

replenished significantly already during 90 minutesovery.

2.2 Muscle soreness

Muscle soreness has been observed to be greatestebel — 3 days after hypertrophic
strength training and it may not be fully recoveredil 7 — 10 days after the work-out
(Nosaka et al. 2002). Uchida et al. (2009) investd effects of different intensities
strength work-outs on the muscle soreness andetbtiat muscle soreness was greatest
48 hours after the work-outs. It was also obsentBdt concentration of the
creatinekinase enzyme and prostaglandin (tissuadmg) increased during the next few
days after the training. Because there were nafgignt differences in creatinekinase,
prostaglandin and muscle soreness between theetiffentensities training groups, the
authors suggested that more prescriptive factons lmeathe training volume rather than

the intensity.

In addition to the training volume also the typetbé training affects to the muscle
soreness. Willoughby et al. (2003) observed greatzeases in muscle soreness after
eccentric strength training than after concentfiergyth training. Muscle soreness
recovered to the baseline levels in 48 hours #fieconcentric training, while it was still
significantly elevated 48 hours after the eccerttaming. In addition to strength training
muscle soreness occurs also in the other exer@spscially in those that contains large
eccentric component. Eston et al. (1996) obsenigdifeant increases in muscle
soreness after downhill running, that achievegdak values 48 hours after the training

session and recovered to the baseline values dimimglays.



2.3 Hormones

Concentrations of the serum growth hormone, testose and cortisol have been
observed to increase acutely after the hypertroginength training protocol. (Ahtiainen
et al. 2005; Hakkinen & Pakarinen 1993; Kraemeaile1998.) Also after the endurance
training serum testosterone and cortisol conceatrsthave been observed to elevate
significantly (Vuorimaa et al. 2008). After hypenhic strength training blood
testosterone, cortisol and growth hormone level® ieeen observed to decrease back to
the pre-exercise values in 60 — 90 minutes (Kraezhat. 1998). The same is observed
with testosterone and cortisol after the endurdrairing session (Vuorimaa et al. 2008),
and cortisol and prolactin after the interval tragn(Gray et al. 1993). Further, after the
endurance training session cortisol and testostesmem to decrease even below the
resting values after 24 hours recovery (Daly e2@05).

Hakkinen et. al. (1985) observed that during tweméeks of heavy resistance training
cortisol concentrations decreased and testostexantisbl ratio increased significantly
indicating more anabolic-androgenic activity at #med of the training period. When
training was continued four weeks further testastefcortisol ratio reached a plateau
that could have been consequence of overtrainibhghé same time isometric strength
between the weeks 20 — 24 did not increase. Alsg-term (20 weeks) speed strength
training induced significant increases in testaster concentration and
testosterone/cortisol ratio. However, it is alsoyveommon that serum testosterone —and
cortisol concentrations do not change during stietrgining period, if the volume of the
training is constant (Hakkinen 1990, 74 — 82).
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3 RECOVERY MODALITIES IN SPORT

Adequate passive rest and sufficient sleep arentbst obvious methods to enhance
recovery and avoid fatigue. The amount of requsiedp varies between individuals, but
general advice is to sleep the amount of time thaieeded to feel wakeful during the
day. Persistent sleep loss can have negative ingpaitte general well-being and quality
of training. (Meeusen et al. 2013.) However, itrsedhat even a total sleep deprivation
(30 h) does not affect on anaerobic performandbefithletes in a short-term, although

it induces anxiety (Vardar et al. 2007).

In addition to passive recovery (rest between thaing sessions and sleep) different
recovery modalities have been developed to actelesaovery after training. If they are
in use, a recovery period between the trainingisessconsists of chosen recovery
modality/modalities and passive rest. According Rournot et al. (2011) recovery
modalities such as cold water immersion and contexsperate water improved the
recovery of the performances significantly morentlp@assive recovery modality alone

(Figure 4). This is supported also by Versey ef2111).

In addition to sufficient rest between the trainisgssions nutrition is a basic element
considering the recovery. For example, replenishmémuscle glycogen stores can be
enhanced with nutrition. It is recommended to ta&ebohydrate immediately after the
exercise (1.2 g / kg body weight / hour) to assishuscle glycogen synthesis. Further,
additional protein or amino acids does not increasscle glycogensynthesis rates when
carbohydrate intake exceeds the recommended antdawever, protein ingestion (0.2
— 0.4 g / kg body weight / hour) and carbohydratake (0.8 g /kg body weight / hour)
seems to result in similar glycogen repletion ammemended carbohydrate intake after
the exercise. In addition, protein is recommendetbke after the exercise to stimulate
protein synthesis, inhibit protein breakdown andbval net muscle accretion. To
maximize muscle protein-synthesis rates during ficirs after the exercise 20 g protein
is recommended to consume immediately after thecesee (Beelen et al 2010.) As it
can be seen from Figure 2, nutrition has also tffecthe recovery of serum testosterone
levels after the hypertrophic strength trainingg&mer et al. 1998).
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Figure 2. Serum testosterone concentrations during the thag's hypertrophic training
period in the nutrition supplement group and placgioup. Testosterone levels declined

to the resting values or below them during 60 masutcovery. (Kraemer et al. 1998.)

3.1 Active recovery

Active recovery with light exercise is a more effee post-exercise recovery modality
than passive recovery. It has been showed rectvatiyafter treadmill running at 90 % of
VO2max the decrease in accumulated blood lactateoie effective when the intensity
of the active recovery is between 80 — 100 % ofitlokvidual lactate threshold than at
lower exercise intensities or in passive recovéMenzies et al. 2010.) Also other
researches support the finding of the benefithefdctive recovery. Vaile et al. (2008)
demonstrated that five minutes cycling at the isitgnof 40 % of VO2peak is more
effective than cold water immersion strategies whensidering the lactate clearance
after the intensive 30 minutes cycling performaroeaddition, Monedero and Donne
(2000) noticed active recovery to be more effecthan massage to remove blood lactate
after 5 km cycling. The duration of the optimalieetrecovery after the performances
needs some further investigation.
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Despite the positive effects of the active recovenythe lactate clearance rate, it has
been noticed (Vaile et al. 2008) that cold watemension after the 30 minutes intensive
cycling performance maintains performance bettan thctive recovery. This observation
is based on the finding that cold water immersioduced a significantly lower
percentage decline in work between the first aredscond cycling bout. In addition,
active recovery impairs muscle glycogen resynthibsis can further moderate recovery
(Fairchild et al. 2003).

3.2 Massage

Massage has been observed to increase clearacceatihekinase and decrease muscle
soreness and swelling after the eccentric exefZiamuddin et al. 2005). There are also
evidences that muscle tone decreases immediatedy afassage (Callaghan 1993).
Muscle tone is defined as the stiffness or restgtaf the muscle to passive movement
(Knutson & Owens 2003). However, changes in botlsaleuarchitecture and muscle

tone need some further work.

Despite the possible benefits athletes should itetkeconsideration that massage affects
to the following performance. Hunter et al. (20G6und out that acutely after the
massage force production of knee extensors decteliges also been shown that lower
limb massage impaired explosive and high speed muaipacities acutely. Impairments
were significant in 10 meter acceleration, 30 meisreleration and vertical jump and
they were similar as after a stretching protocaAtabaci 2008.) Hunter et al. (2006) did
not find significant changes in electromyographye@fmassage and concluded that
decrease in force production after massage is majdee to changes in muscle
architecture affecting the length-tension relatiopsAlso Barlow et al. (2007) found no

differences in electromyography in submaximal ispio&nee extension after massage.
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3.3 Temperature based modalities

3.3.1 Cryotherapy

Pournot et al. (2011) investigated the effects loé wifferent temperature water
treatments on the recovery from the exhaustivenmteent anaerobic exercise. Recovery
modalities they used were cold water immersionhe tvater temperature of 10 °C
(CWI), temperate water immersion (TWI) in the watemperature of 36 °C, contrast
water immersion (CWT) and passive recovery withibet water immersion. The length
of all recovery modalities was 15 minutes. Maxiwalluntary isokinetic strength (MVC),
countermovement jump (CMJ) and power in the 30+4sg¢aowing test (P30) decreased
significantly immediately after the exhaustive exse. However, results indicated that
only in the cold water immersion group MVC and CMére not lower than the pre-
exercise values 1 hour after the exercise. Alser dfte 24-hours recovery period the
values in the CWI and CWT groups in MVC test wer# significantly lower when
compared to the pre-exercise values. In the otfmrpg the values were still lower after
24 hours recovery. The results of the performaaststare shown in figure 3. During the
recovery period the CWI group was the only grouperehplasma creatinekinase
concentration did not increase significantly. Thesuits of this study indicates faster
recovery of the performance after using the coltewenmersion than after using other
recovery modalities, what is supported also by Asee et al. (2011) and Vaile et al.
(2008).
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Figure 3. Mean + S.D. Maximal isometric voluntary contracti (MVC), counter-

movement jump (CMJ) and mean power during 30 sexafiebut rowing performance
(P 30 s) for temperate water immersion (TWI), colgter immersion (CWI), contrast
water temperature (CWT) and passive (PAS) conditiofhere were no significant
differences between the groups for all values. rslte represents significant difference

to pre-exercise values (P<0.05). (Pournot et dl120

In contrast to the previous findings Peiffer et (@009) observed significantly worse
recovery in isometric contraction torque after gs® minutes of cold water treatment
compared to the control condition. This was notiagith and without the superimposed
electrical stimulation during the contraction, ahe results indicate negative effect on
neuromuscular function. Preceding training befteerecovery intervention consisted of
90 minutes cycling and 16,1 km time trial in thehé\nyway, in this research there was
only 25 minutes rest before the isometric testspammg to the previously described
research done by Pournot et al. (2011) where thieleagth was 45 minutes. Also the

cold water immersion length was 5 minutes longer.
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Altogether, cryotherapy induced faster performaneeovery after the training than
thermal therapy or passive recovery modalities Bou(not et al. 2011). This is
supported also by Ascensao et al. (2011) and \4ilal. (2008), who observed more
beneficial effects of the cryotherapy than thermh&rapy or the active recovery on the
recovery of the performance. Anyway, active recgvesr more effective to reduce
accumulated lactate after the performance thantlveyapy (Vaile et al. 2008), and use
of cryotherapy can not be recommended too neaneofdllowing performance (Peiffer
et al. 2009). Thus, cryotherapy should be used #fie training day or at least there
should be a long break between the training sessidren it is used. In the tournaments
active recovery should be used instead of cryofheifatime-period between the games

is short.

3.3.2 Thermal therapy

Beneficial effects of the heat treatment appeaffiect on the level of the skin (1 — 2 cm
deep) and the effects unlikely reach the deepsudis However, it seems that infrared
warm is exception on that because it penetratesetaeep tissues on the human body
(Beever 2009). Infrared warm and its use as a exgomodality are introduced later in

the chapter four.

It has been noticed that temperate water immer@ar?C) after the exhaustive exercise
did not improve recovery when compared with paseaeevery intervention. In addition,

recovery after the exercise was slower after usergperate water immersion when

compared to cold water immersion and contrast teatpevater treatment (Figure 3).

(Pournot et al. 2011.) However, there are also sewences that support the use of
thermal therapy as a recovery modality. It has beemd out that 30 minutes sauna
treatment at 90 degrees immediately after traimmgroved endurance performance in 5
km running about 2 percent and in the enduranceuasing time before the exhaustion

rose 32 percent. (Bomba & Haff 2009, 111.)
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3.3.3 Contrast warm therapy

Contrast therapy is the combination of the cryabgrand the thermotherapy that is used
alternatively (eg. Pournot et al 2011). Contrastapy has been suggested to affect blood
flow, reduce swelling and decrease inflammation angcle spasms via the improved
“muscle pumping action”. Muscle pumping action hig tresult of vasoconstriction and
vasodilation. (Bomba & Haff 2009, 113.)

In the previously mentioned study of Pournot et(2011) it was noticed that contrast
temperate water immersion was the best recoveryahtpdo improve maximal 30 s
rowing performance after the exhaustive exerciseddition to cold water immersion it
was a significantly better recovery modality thaasgive recovery or temperate water
immersion during the 24-hour recovery period (Feg@). In contrast water immersion
there were five cycles of 1 min 30 s in each paith @hletes alternated immersions at 10
°C and 42 °C degree waters during 15 minutes. @stnivater treatment also increased
lactate dehydrogenase 24-hours after the exensisere the other treatments did not

affect during the recovery.

Versey et al. (2011) compared 6 minutes, 12 minate$ 18 minutes contrast water
therapy (CWT) with the passive recovery in trainggle cyclists. Recovery interventions
were used after the intense cycling bout of 75 dunation and cycling was repeated
after the treatments. Cycling consisted of six sétifve 15-seconds sprints and three 5-
minutes time trials. The authors found out thatiButes and 12 minutes CWT improved
the recovery of the total work done during the timals and sprints as well as peak
power during the sprints when compared to the passicovery intervention. In contrast,
they noticed that 18-minutes CWT did not improveorery and suggested that CWT up

to 12-minutes is more effective than longer treattm@hen considering the recovery.

3.4 Water immersion

Water immersion is usually used in conjunction vatiotherapy and thermotherapy, but
it can be also used in thermoneutral (16 — 35 °@few(Ascensao et al. 2011)he
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mechanism of water immersion to improve recovetyased on the increased hydrostatic
pressure, what increases the fluid displacement ftbe extremities to the central
portions of the body. (Bomba & Haff 2009, 108.)

Pournot et al. (2011) did not find significant effe during 24-hours recovery in maximal
strength, speed strength and speed endurancerparfoes when using temperate water
immersion in 42 °C degree. Instead they found iwgaorecovery when using contrast
temperature water and cold water immersions. Taiddcindicate that the recovery of
the performance levels after the exhaustive exercidased more on temperature than
water immersion itself. In addition, temperate watamersion did not improve the

recovery more than passive recovery what supploetprtevious indication.

This finding is supported also by Ascensao et201() who investigated effects of the
thermoneutral water immersion (35 °C) and cold watemersion (10 °C) on the
recovery after the football match. They demonstrateat creatinekinase activity and
concentration of the C-reactive protein increaseldth treatment groups at 30 minutes,
24 h and 48 hours after the match, but the inceeasge greater in the thermoneutral
water immersion (TWI) group than in the cold watamersion group (CWI). After the
match a significant decrease in squat jump was reedeat 24 h, and in the
countermovement jump and peak quadriceps strengtl4ah and 48 h in the
thermoneutral water immersion group. In contrdstye were significant decreases only
in the countermovement jump at 24 h and peak qeeyasistrength at 48 hours after the
match in the cold water immersion group. Quadricgpsngth was significantly greater

at 24 h after the match when cold water was ussteéad of thermoneutral water.

In summary it could be said according to the inticetl investigations (Ascensao et al
2011; Pournot et al. 2011;), that probably watemarsion itself does not affect on the
recovery of the performance after the training. ldegr, when water immersion is used
in conjunction with cryotherapy (cold water immersi and when contrast water
immersion is used, water immersion is a useful toeinprove recovery (Ascensao et al.
2011; Pournot et al. 2011; Versey et al 2011). gdtber, benefit of the water immersion

is based on the temperature more than the wagdf. its
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3.5 Nonsteroidal anti-inflammatory drugs

It has been observed by Tokmakidis et al. (2008) tlIse of ibuprofen after eccentric
exercise diminish muscle soreness and decreasegneleaase response after eccentric
exercise. However, no significant effects on muddection was noted despite the
conclusions from the other researches. Despit@adssible beneficial effects on muscle
soreness ibuprofen has been observed to diminiskeipr synthesis response after
resistance training. Therefore, the repeated usewns$teroidal anti-inflammatory drugs
(NSAIDs) over the extended period of time can haggative effects on adaptations to
training and muscle repair. Further, these negaifects preclude the use of NSAIDs as

a recovery method. (Barnett 2006.)

3.6 Combined strategies

The most rapid recovery after the exercise candbhéeaed when combining different
recovery methods. Di Masi et al. (2007) observeat ttycling in water reduced blood
lactate more than cycling on land after the exerdsut with intensity above the
ventilatory threshold. This indicates that combietive recovery and water immersion

is more effective to reduce blood lactate tharvaatecovery alone.

Monedero and Donne (2000) compared effects of coetbactive recovery and massage
with active recovery, massage and passive recoatge. According to them the
combined recovery intervention was significantlytéiethan other recovery modalities to
maintain performance during subsequent maximal Sckating. It was also shown that
the active and combined interventions were morieiefft than the passive intervention
or massage for removal blood lactate after exertissvever, it is notable that highest
blood lactate clearance rate during the combinedvery intervention was attained

during the active phases of it.
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4 INFRAREDWARM

4.1 Mechanisms

Electromagnetic radiation can be divided into défg parts according to its wavelength.
The wavelength of the microwaves is longer tharmtheelength of the visible rays from

the sun or the ultraviolet rays. Between the mi@eoss and the visible rays we can
differentiate the infrared rays. Further, the infihrays can be divided in near-, middle-

and far infrared rays, that we can also see inréigu (Beever 2009.)

INFRARED MICROWAVES

WAVELENGTH 10+ 0z 0. 75

1000
L / \
NEAR-INFRARED RAYS MEDIUM-INFRARED RAYS FAR-INFRARED RAYS
0.75 1.5 ) K 1000

HUMAN BODY WAVELENGTH
GREATEST OUTPUT: 6-20 pm

GAMMA RAYS X-RAYS UV RAYS VISIBLE LIGHT
4 0.

SUNLIGHT FAR-INFRARED MICRON OUTPUT
7-14 pm = "VITAL RAYS™

7 pm 14 ym

From Soleil Saunas,” printed with permission.
Figure 4. Wavelength range of the infrared rays used inirfiared bags- and saunas
(Beever 2009).

Function of the infrared sauna and the infraredibdzased on the warming effect of the
infrared radiation. Although infrared radiation cesnfrom the sun, we can not see it.

Wavelength of the far infrared (FIR) is between &r@l 1000 micrometers. Vibration
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frequency characteristic of human body is betweer26 um and the infrared sauna and
the infrared bag are designed so that they radmgse wavelengths. FIR radiation can
penetrate deeper to the muscles, blood vesselphitic glands and nerves than warmed
air (for example, in traditional saunas) and usgeselop more sweat at a lower
temperature than in traditional saunas. Effectsthed far infrared warm on the
cardiovascular system are similar as achieved bkingaat a moderate pace and they are
mediated by increased sweating, vasodilation, as@d heart rate, increased cardiac
output and decreased afterload. (Beever 2009; Masky 2010; Tornberg 2010.) The
mechanism by which FIR radiation exerts its effestaot known (Lin et al. 2008), but
similar wavelength of it and human body can be passible factor that enables it to

penetrate deeper to the body.

4.2 Health effects

Lin et al. (2008) observed in their study that EHerapy attains inhibition of vascular
endothelial inflammation. This anti-inflammatoryfexft was mediated via the increased
HO-1 protein expression attained after FIR treatmiérom the products of the HO-1 the
bilirubin was the main factor promoting increaseohocytes adhesion on the endothelial
cells of the human umbilical vein and further tmgi-enflammatory effect. According to
the authors the ability of the FIR-treatment to ilaith inflammation via the HO-1
mechanism may provide the FIR-therapy an impottaoit when promoting the survival
of the arteriousvenous fistula failure in the heratysis (HD) patients. It was also
observed in this research, that in hemodialysiseptt FIR-therapy exerts an anti-
inflammatory effect in vivo. Hemodialysis causeck thaising of the inflammation
markers of these patients and after the FIR-treattnevels of these markers were
significantly lower. This can also be seen in tablevhere three inflammation markers
hypersensitive C-reactive protein (hsCRP), solubtercellular adhesion molecule-1
(sICAM-1) and soluble vascular cell adhesion mdiedu(sVCAM-1) are shown before
hemodialysis (BHD) and after hemodialysis (AHD)wand without FIR-treatment.
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Table 1 Serum concentrations of inflammatory markers20rHD patients before and
after a single HD session with or without FIR thmréLin et al. 2008).

HD seszion without FIR HD session with FIR

1sCRP (mgL) BED 4108407 4634432

hsCRP {mg/L)-AHD 4304426" 398293

A (AHD-BHD) hsCRP (mg/L) 0.24£0.43 0651 737
SICAM.1 (ng/mL)} BHD §90£225 784218

sICAM-! (ng/ml)-AHD 86281 330"

A (AHD-BHD) sICAM (ng/ml) 196£128 gsﬂggf

sVCAM-1 (ngmL)-BHD 11354664 11644676

sVCAM-] (ng/ml)-AHD 14612716 1243266777

A (AHD-BHD) sVCAM-1 (ng/ml) 306£249 7041077

hsCRP, hypersensitive C-reactive protem; BHD, before hemodialysis; AHD. after hemodialysis; sSICAM-1, soluble miercellular adhesion molecule-1;
sVCAM-1, soluble vascular cell adhesion molecule-1

Valnes are expressed as the mean = 5D.
i
Statistically sizmificant effect of HD.

"_St&ti'srir ally sizmficant effect of FIR therapy.

Kihara et al. (2004) noticed that in patients watironic heart failure repeated infrared
sauna treatment in 60°C degree five times per wieeikg a two-week period improved

ventricular arrhytmias. Furthermore, authors fowud that in the sauna-treated group
plasma concentration dfain natriuretic peptideas significantly lower compared to the
control group after a two-week experimental peri@&sed on this finding authors

suggest that lower risk of ventricular arrhytmiasynibe do to the reduction of ventricular
wall stretch caused by decreased brain natriupettide. Also the heart rate variability
increased significantly and based on previous rebBea authors suggested that it could
affect to improvements in ventricular arrhytmiagiefle was also a significant reduction
in body weight and a significant improvement in NXHunctional class after the two

weeks of the sauna-treatment period when comparieetnon-treated period.

Also other researches support the use of the feared sauna therapy in those with
congestive heart failure (CHF). In one study dogeKihara et al. (2002) there was a
significant improvement in patients NYHA-class asllvn systolic blood pressure after

two weeks of FIR therapy. Also brain natriuretipppee levels decreased significantly
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and endothelial function improved. In conclusiohg tauthors indicated that FIR
treatment improved cardiac function and clinicainpyoms associated with congestive
heart failure. According to the authors this immgment was a result of improved

vascular endothelial function. (Beever 2009.)

It has also been observed, that three weeks udleeofFIR sauna at 60°C degree five
times per week improved exercise tolerance in 6dtes walk distance in patients with
chronic heart failure. Also the peak VO2 and veitin efficiency slope in exercise
testing improved. Further, there was a significemtease in left ventricular ejection
fraction, while neurohumoral activations were intadd. Supportive finding to improved
endothelial function was that the flow mediatecatidn of the brachial artery and the
number of CD34 leucocytes increased. In additidmgred were also significant
decrements in plasma norepinephrine and brainunetic peptide associated to the use
of far-infrared sauna. (Ohori et al. 2012.)

Oosterveld et al. (2009) investigated effects of ihfrared sauna in patients with
rheumatoid arthritis (RA) and ankylosing spondglifAS). According to them a single
30 minutes session in the infrared sauna at anearhbémperature of 55°C decreased
sensation of pain and stiffness significantly infbBA and AS patients. Also the fatigue
improved, but not significantly. Patients usedanéd sauna two times per week during a
four-week period and during this period pain artytee improved slightly and stiffness
almost reached significant changes in RA patieintshe AS patients there was also a

slight improvement in stiffness, but no improvenseintpain and fatigue.

Gale et al. (2006) investigated effects of theardd therapy for chronic low back pain
(6,5 years in average). Subjects in both experiateartd control (placebo) groups had
seven weekly sessions over the whole seven weghsrimental period. There was
noticed approximately 50 % progressive declineha pain during the seven weeks
treatment period in the experimental group andig@ine was greater when approaching
the end of the period. Pain values were signifigdotver in the experimental group than
in the control group and also a significant deciwvees observed when the start values and
the end values of the infrared group were comparféere were also small but not
significant decrements (placebo effect) of the palues in the control group as we can

notice from figure 5.
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Irteraction Plot (data means)
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Figure 5. Mean pain scores for both groups during severksvg@eriod. The infrared
group (group 0, black line) and the placebo grarpuyp 1, red line). (Gale et al. 2006.)

4.3 Effects on the athletes recovery

Hausswirth et al. (2011) compared effects of tharfaared therapy (FIR), whole-body
cryotherapy (WBC) and passive modalities (PAS)r@nrecovery after intensive running
performance in highly-trained runners. Nine runreggformed three identical trail runs
on a motorized treadmill in three non-adjoining WeeeAll participants tested one of the
three recovery modalities in random order afterheatrenuous running exercise.
Indicators of the exercise induced muscle damagke as plasma creatinekinase activity,
isometric maximal voluntary torque and perceivedsagions of tiredness, well-being
and pain were investigated immediately before dted aach running trails and within 1
hour, 24 hours and 48 hours during the recoverg fdsults indicated that maximal
voluntary contraction (MVC) was recovered after tint WBC session (1 hour) while it
was recovered later after the FIR session (24 hodmvever, after the passive condition
any recovery did not occur in MVC. Plasma creatineke (CK) activity increased
significantly after the running trails, but no effeof recovery modalities on CK activity
was recorded in all testing periods. Pain and tiesd caused by running trial were
reduced already one hour after the first WBC sessmnpared to FIR condition where
pain was reduced 48 hours after the performancd-Wimg remained lower than pre-
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exercise values during 24 hours after the runnimgalttained pre-exercise values in the
FIR condition 48 hours after running. However, wWeding was higher at post 24 h in the
WBC group and post 48 h in the FIR condition whemparing post exercise values.
PAS condition neither reduced the pain or tiredrikging the 48 recovery period and

well-being remained lower than pre-exercise valoesdl testing periods.

Tornberg (2010) investigated effects of the infdasauna on the recovery from the
hypertrophic strength training. Tornberg didn’tdiany effects in blood pH, electrolytes,
hormones, blood lactate, subject’'s sensation ofréoevery or blood pressure when
comparing effects of 30 minutes infrared-sauna &t min passive recovery
immediately after the strength work-out in youngnni25,3 + 8,4 years)with sporting
background. In contrast, in the isometric strenggbts and countermovement jump
results were better after using infrared-saundjoaljh not significantly. During the
infrared recovery and 30 minutes after that hesg was significantly higher than during
one hour passive recovery after the work-oufreatment time was 30 minutes and
temperature in the sauna changed betwafr- 50 °C. This was due to the taken blood

samples associated with door opening during saharapy.

Tornberg (2010) also compared effects of the iefifegauna and normal Finnish sauna
on the rest. He didn't find any effects in bloodegsure or weight but there was
significantly greater heart rate in the Finnishremat the time point 20 and 30 minutes.
Also the blood pH was significantly higher in thermal sauna, but there were no
differences in hormones and electrolytes betweesethwo sauna treatments. Anyway,
cortisol values were significantly lower and growtbrmone levels significantly higher

after both sauna treatments than before them. Basethat infrared-sauna induces

constructive hormone response necessary for growth.

Mantykoski (2010) compared the effects of the irddasauna and the passive recovery
from the exhausted endurance. The results indidasdhe countermovement jump was
2,3 + 2,4 cmhigherafter the sauna treatment when comparing to passsovery, what was

a significant differenceDuring the 30 minutes sauna treatment after theuramde
performance the heart rate was also significantipér than after passive recovery. In

contrast, there were no significant differencesinod pressure, blood lactate, VO2-
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consumption, blood hormone concentrations or stibjsensations between these two

conditions.
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RESEARCH PROBLEMS AND HYPOTHESES

The purpose of this study was to examine the effettfar infrared (FIR) warm on

selected physiological variables: serum hormonestine kinase and C-reactive protein

as well as sensations and performance of powestathtluring a 5- day training period.

By this design we defined effects of the far indcitvarm on recovery in power athletes.

We assumed that it improves recovery and performaviten comparing to recovery

without infrared treatment.

Research problems and hypotheses were as follows:

1)

2)

3)

Does FIR warm affect to the athlete’s recovery frivaining based on the physical
tests?

Hypothesis: Far infrared warm during the trainingripd improves recovery of

maximal strength (Hausswirth et al. 2011) and sp&teehgth (Méantykoski 2010)

after the training work-out more than the passeevery does. However, it does not

improve recovery of the anaerobic performances et al. 2011).

Does FIR warm affect on the fasting serum concéatra of hormones, creatine
kinase and hypersensitive C-reactive protein?

Hypothesis: Although infrared induces acute deems in concentrations of
cortisol (Tornberg 2010) and hsCRP (Lin et al. 200ve suggest it does not have
any effects on the fasting levels of hormones igdhén et al. 2005), creatinekinase
(Hausswirth et al. 2011) or hsCRP.

Does FIR warm improve perceived sensations of théetas during the training
period?

Hypothesis: Use of the infraredbag affects perakisensations by inducing better
feeling on the muscles as well as makes athletestliemselves “readier” in the
training sessions. (Gale et al 2008; Hausswirtl.e2011; Oosterveld 2008).
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6 RESEARCH METHODS

6.1 Subjects

The experimental group consisted of ten nationatllenale athletes from the track and
field, gymnastics and Finnish baseball. Track aiett fathletes were either jumpers,
decathletes or sprinters, thus all of the athlatese from speed strength events. Before
participating in the study subjects signed an mmed consent, which indicated all
procedures and possible risks and benefits of tindys The Ethics Committee of the
University of Jyvaskyla admitted an ethical pernass for the research. The
experimental group acted also as its own controugr The mean energy intake was
similar during both periods, because nutrition dgrihe second measurement period was
based on the nutrition diaries made during the fireasurement period. Training during
the second measurement period was based on thesdiarade during the first
measurement period, but little changes betweerpén®ds were observed because of

minor injuries. Table 2 shows detailed informatadrihe subjects.

Table 2 Description (mean and SD) of the subjects invbivethe study. Training hours

are summed between days 1 — 4.

Age Height (cm) Pre body Post body Energy intake Training
(years) mass (kg) mass (kg) (kcal/d) (h)
Experimental 22,3 (4,5) 178,5(6,62) 75,85(9,63) 75,71 (9,55) 2814 (623) 7,85 (4,1)
condition
Control Same Same 75,36 (9,37) 75,39 (9,46) Same 8,05 (3,9)
condition

6.2 Experimental design

Performance tests were done on the first and ftireday of the training period. These
were countermovement jump, isometric leg press3ihseconds Wingate test (Table 3).
Fasting blood samples were taken every morningpxte fourth morning at 8 — 9 a
clock after ten hours of fasting. Serum testosteraortisol, SHBG, creatinekinase and
sensitive C-reactive protein (CRP) were analyzedbjets filled a question form of their
feelings same mornings when blood samples werentdkee experimental group acted
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as its own control group and the starting ordehefsubjects was randomized. Thus, five
athletes performed the first measurement perioth wiing the infrared bag and the
second measurement period without using it, arel divihem did vice versa. There were
2 — 4 weeks between the measurement periods degeoftithe athlete, and his training
and training camp schedules. Every athlete fillegl training and nutrition diary during
the first measurement period. During the second sorement period they were
instructed to repeat their training programme anttiton similar as during the first

measurement period.

Before the first measurement day one day was mast fraining and two days before that
training was instructed to be easy. Subjects westlcted to avoid alcohol consumption
three days before the period and during the pefldey were instructed not to taken
massage during the measurement period and four loefgse it and to use regular
sleeping rhythm two days before the measurements caming the actual period.
Sleeping time was instructed to be between 11 &gm. to 7.30 a clock am. During the
experimental period infrared bag was used everpiagebetween Monday and Thursday.
Treatment time and temperature was 40 minutes &ndl€grees, respectively. The
experimental period lasted five days and the deg@gshown in table 3. Training is
marked to take place 14 — 16 a clock, but in pcactithletes did their own training

program in each day as described before.

Table 3 The experimental design.

Day 1 Day 2 Day 3 Day 4 Day 5
8-9a Blood Blood Blood Blood
clock samples, samples, samples, samples,
questionnaires questionnaires questionnaires questionnaires
14-16a Performance Training Training Training Performance
clock tests: CMJ, tests: CMJ,
isometric leg isometric leg
press, press,
Wingate 30s Wingate 30s
Evening Infraredbag Infraredbag Infraredbag Infraredbag

(40 min/50°C) (40 min/50°C) (40 min/50°C) (40 min/50°C)
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6.3 Data collection and analysis

Training. Athletes kept training diary during the first measuent period. Training

consisted mainly of strength and technique trairang loading of the five-day training
period was instructed to be hard. Training diagéshe first measurement period were
checked by the authors and subjects were supertasiedin in a similar way during the
second measurement period. Training hours betweeiiirst and the fourth day of the

measurement periods were analyzed from the trachsnges.

Use of the infraredbag. Athletes used the infraredbag every evening durihe
experimental period besides the fifth evening wiientraining period ended. They drank
four dl water before using the bag and immediaddigr that. Food was not eaten half an
hour before and after using the bag. Temperatwtdiare of the treatment was 50 °C and
40 minutes, respectively. Athletes used short umdsars in the bag and they lay in the
bag so that whole body received the treatment.rigutihe control period infrared bag
was not used. The far infrared bag (FIR65°, U2y XOu Two Import Ltd, Oulu, Finland)
consisted of the bag itself, the control unit anel power source. The bag was made of

nylon, polyuretan textile and space carbon fibéze $f the bag was 180cr92cm and

the weight 7,4 kg. The control unit was one chaedeind from that a user switched the
apparatus on and off and adjusted the time (5 mB() and the temperature (30°C —
60°C). The product took current from the mains a@ng@roduced power of 330W

(maximum). The infrared bag itself changed thetelecurrent to the wavelengths of the
far infrared and when the product was in actioentitted this far infrared warm and

induced warming effect to the object.

Nutrition. Athletes kept nutrition diary for five days, onaydbefore the measurements
and first four days during the first measurememioge They repeated nutrition similarly
during the second measurement period based on dieies. They marked on their
diaries very precisely their food intake, drinkisugd also possible food supplements they
used. Nutrition diaries were analyzed using Nubw~l internet programme

(www.nutriflow.fi).
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Performance tests. Maximal isometric strength of the leg extensord eate of isometric
strength developed during the first 200 ms were smesl using isometric leg
dynamometer (knee angle 107°). Explosive strendththe legs extensors were
investigated from the impulse of the countermovenpemp (CMJ) on a force platform.
Analogical data was changed to digital by using ABnsducer (CED, Power 1401,
Cambridge, Englanti). Sampling rate in all tests w800 Hz. Signal version 4.04 was

used in both CMJ and isometric tests for analytmegresults.

Anaerobic performance was investigated with the g&fia 30 second test using Monark
cycle ergometer. Athletes did 30 seconds cyclinfop@mance at the maximal power and
blood lactate samples were taken before and imredgiafter the performance and
during the recovery at time points 5, 10 and 30uteis for examining lactate clearance
rate. Four seconds acceleration to the maximaldsp#@out the load preceded the test.
After subjects attained the maximal speed a loagleof 1/13 of their body weight was
dropped and they continued the cycling maximallys@@onds with that load. Monark
Anaerobic Test Software on the computer was useddtlecting and calculating the
results. Average power during the test was couatsd by investigators for verifying
correct results. Lactate samples were taken franfitiger and the sample volume was
20 pl. Samples were analyzed with Biosen C_line EX&gnostic device (Magdeburg,
Germany). The measurement principle was enzymaiicvehole blood was analyzed.
Volume of the reaction vessels used was 1.5 minagasurement range 0.4 — 40 mmol/l.
Accuracy (CV) of the analyze was < 1.5 % at 12 niheoid stability < 3 % over ten
tests, based on 12 mmol/l. Lactate clearance rasecaunted by calculating difference in
lactates immediately and 30 minutes after the Wimgest, and dividing this difference

by recovery time. Tiredness during the test wasitamliusing the following formula

average power during the first 5 seconds — average power during the last 5 seconds
average powet durng the first 5 seconds

Fasting blood samples. During the measurement peritabting blood samples were taken
from the antecubital vein every morning exceptfthath. They were taken in a sitting
position at 8 — 9 a clock after ten hours of fagtiuring the second measurement period
each individual was instructed to come to the blamshsurements exactly at the same

time as during the first measurement period. Coinagons of serum total cortisol and
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testosterone, sex-hormone binding globulin (SHBGJ)eatinekinase (CK) and
hypersensitive C- reactive protein (hsCRP) werdyard. Serum samples were handled

in sentrifug and were kept frozen at -80 °C untélgzed.

Five milliliters of blood was taken for the determation of serum hormone
concentrations. Samples were analyzed by an immeatranchemiluminescence method
with Immulite® 1000 (Siemens, Llanberis, UK). Thensitivity of the assay for serum
testosterone was 0.5 nmol/l, for SHBG 0.2 nmobf, dortisol 5.5 nmol/l and for hsCRP
0.1 mg/l. Coefficient variation (CV) was 13.7 % &®rum testosterone, 5.5 % for SHBG,
10.1 % for cortisol and 11.9 % for hsCRP. Creatineke was assessed by the
spectrophotometric method with Konelab 20 XTi (Ther Fisher Scientific, Vantaa,
Finland). The detection limit of this method foeatinekinase was 7 U/l and CV was 2.6
%.

Questionnaires. Questionnaires were taken every morning exceptfdabrth during the
research period and they were analyzed after theareh. Questions were related to
sleep quality and quantity, sensations in the nessgeneral alertness, sensations during
the training work-out and sensations after usimgitifrared bag. The question form used

is shown in Appendix 1.

6.4 Statistical analysis

Results are presented as the meastandard deviations (SD§tatistical analyses were
performed with PAWS Statistics version 19.0 for Mows (SPSS, Inc, Chicago, IL).
With the hormones day to day differences within batlveen the measurements periods
were analyzed with Analysis of variance (ANOVA). dués were analyzed also with
paired samples T-test. With physical tests pre ugerpost differences within the
measurements periods were analyzed with pairedlsanigtest. The same test was used
for analyzing pre measurements between the expetainand control periods as well as

post measurements between these periods. Levigidficance was set at p<0.05.
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7 RESULTS

7.1 Performance

7.1.1 Isometric strength and rate of force development

Maximal isometric strength did not change eithethie experimental (p = 0.144) or the
control condition (p = 0.196) during the measurenpariods (Figure 6). This was also
true for the rate of isometric force developmentboth experimental (p = 0.325) and

control conditions (p = 0.213). See also table 4.
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Figure 6. Maximal voluntary isometric force (mean = SD) idgr the measurement

periods in the experimental and control conditions.

Table 4. Physical test results (mean + SD) during the expemial and control

conditions.
Physical test Units Experimental pre Experimentatp Control pre Control post
CMJ cm 45,05 (6,39) 45,9 (6,02) 45,9 (6,52) 45,93b
Maximum isometric force N 4823 (1153) 4746 (1239) 116 (1178) 4963 (1255)
0-200ms force N/s 3267 (733) 3216 (743) 3443 (638) 3325 (776)
Wingate average power Wis 9,63 (0,64) 9,77 (0,75)* 9,70 (0,68) 9,67 (0,58)
Wingate average power (0-5s) Wi/s 13,09 (0,96) 46.8,84) * 13,20 (1,18) 13,29 (0,85)
Wingate tiredness % 47,2 (8,8) 47,8 (7,0) 46,7)(5,7 47,7 (5,4)

Wingate lactate clearance rate mmol/min 0,286 @,08 0,306 (0,063) 0,296 (0,075) 0,293 (0,086)
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7.1.2 Countermovement jump

There were no significant changes in countermovénjemp height during the

measurement period in either of the conditionsyfeég/; Table 4).
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Figure 7. Average jumping height (mean + SD) during the exkpental and control

periods.

Although no significant changes were observed betwtbe two conditions, percentage
CMJ height change of the individuals between the @ee and five in the experimental

condition was higher in seven subjects out of teenvcompared to the control condition

(Figure 8).
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Figure 8. Individual changes (%) in countermovement jumigrafive days of training

during the experimental and control conditions.

7.1.3 Speed endurance

Average power in the Wingate 30 seconds test (p025) as well as average power
during the first five seconds (p = 0.002) in thengéte test increased significantly during
the experimental condition between the pre -and peasurements. During the control
condition no significant change was observed neitheaverage power of the first 5
seconds (p = 0.586) or average power of the whade(p = 0.671) (Figures 9 and 10;
Table 4).
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Figure 9. Average power in the Wingate test between 0 echrsds (mean = SD) during

the experimental and control conditions.
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Figure 10. Average power in the Wingate test between 0 s&tbnds (mean + SD)

during the experimental and control conditions.

Individual analysis showed that in the Wingate tpstcentage changes of averaged

power between the pre and the post measuremenéspasitive in all cases during the
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experimental period (Figure 11). In contrast, dgirthe control period average power

was lower at the post measurements when compagae toneasurements in six subjects.

A Wingate power
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Figure 11 Individual changes (%) in averaged power of thmmga&te 30 seconds test

after a 5-day training period.

There were no significant changes in tiredness (ate 0.650; p = 0.357) or lactate
clearance rate (p = 0.433; p = 0.833) during theegmental and control conditions,

respectively (Table 4).

7.2 Blood variables

No significant differences were found in the levels serum testosterone, cortisol,

testosterone/cortisol ratio, SHBG, creatinekinaséhsCRP between the measurement
periods (ANOVA). However, almost a significant eéifénce between the two conditions
in hsCRP (p = 0.097), day to day difference of tnekinase (p = 0.09), and an

interaction effect of cortisol (p = 0.063) and SHRE= 0.064) were found.

Day to day estimation made by paired samples THtedicated that there was a
significant increase (p = 0.032) in serum SHBG lebetween days one and three during
the experimental period. No other significant ctesn serum SHBG in either condition

were found during the training period. Serum tdastase level increased significantly (p
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= 0.023) during the experimental condition betwdendays three and five (Figure 12).
No significant changes in testosterone levels betwthese measurement days were
found during the control condition (p = 0.935) prthe either of the conditions between

the other days (Appendix 2).
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Figure 12 Serum testosterone concentration (mean = SDhguhie experimental and
control conditions. Significant increase in thetdsterone level was found between days

3 - 5 during the experimental condition.

Figure 13 shows serum testosterone concentratiamges of different individuals
between the day one and five during the experinhanid the control periods. As we can
see increases during the experimental conditior wbwrious with all individuals except
the subject number one and seven. In contrastngluhie control period decreases in
serum testosterone concentration was observed/e@msmit of ten subjects. A similar but
more obvious trend was observed between days #médive during the experimental
condition (Figure 14).
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Figure 13, Individual changes (%) in serum testosterone eotmation between the first

and the fifth measurement days.
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Figure 14. Individual changes (%) in serum testosterone eotmation between the third

and the fifth measurement days.

Day one cortisol level was significantly highertire experimental condition than in the
control condition (p = 0.022). No other significarftanges in serum cortisol levels were
found between the measurement days (Appendix 2)ndimidual analysis indicated that

percentage changes of serum cortisol levels werehmnhigher during the control
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condition than during the experimental condition different individuals. In the
testosterone/cortisol ratio no differences wereeoled between the measurement days
during either of the conditions (Figure 15). Thelatige change in the
testosterone/cortisol ratio between the first dredfifth day increased significantly more
(p = 0.026) during the experimental condition (1%)Lthan during the control condition
(-4,7 %).
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Figure 15. Serum testosterone/cortisol ratio (mean £ SD)mduthe experimental -and

control conditions.

Level of CK was significantly higher (p = 0.023) diay two than in day one during the
control condition, while no significant increase ¢ 0.255) in CK during the
experimental condition was observed between thegs dFigure 16). A significant
increase in creatinekinase concentration betweenrbasurements days one and three
during the experimental condition (p = 0.030) irdiéidn to the control condition (p =
0.007) was observed.
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Figure 16. Creatinekinase concentration (mean = SD) dutiegnbieasurement period. A
significant increase in creatinekinase level wasntb between days 1 - 2 during the

control condition and between days 1 — 3 durindp lwoinditions.

Individual analysis of serum CK concentration shdwieat between days one and two
percentage changes were higher in the control gp¢hian in the experimental period in

eight out of ten subjects (Figure 17). This wasthetcase between days one and five.
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Figure 17. Individual changes (%) in creatinekinase con@gian between the first and
the second measurement days. Real changes of bjectsaeven are 100 times bigger
(*100 in the figure).
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No other significant changes in blood variableseitiher of the conditions during the
training period were found (Appendix 2).

7.3 Subjective sensations

During both conditions sleep quality improved akekp quantity increased between the
first and the fifth measurement days (Appendix Bluscle sensations during the
experimental condition were at the same level ia thst measurement day when
compared to the first day (mean values 3.5 at tite bme points). During the control
condition, mean values of the muscle sensationsedsed from 3.7 to 3.1 between the
pre —and post measurements, respectively (Figuje Tk&ining sensations improved
during the experimental period from the mean vaueto 3.8, while during the control
period they decreased from 3.3 to 3.0. Generalredss improved during both conditions,

although improvement was blunter during the expenital condition.

Muscle
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—a— Control
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Figure 18 Mean muscle sensations during the measuremeantipetcale was 1 — 5.
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8 DISCUSSION

It has been shown recently by Hausswirth et al1{2Qhat FIR therapy accelerates
recovery, while it is also documented that tempevedter immersion does not improve
performance recovery (Pournot et al. 2011). The airthe present study was to find
more concrete information about the effects of ttermal therapy and especially FIR
warm on the recovery of power athletes. In ordefirtd answers, changes in physical
performance, fasting blood samples and subjectemsations during the different

conditions were defined. The main findings of thesent study were:

1) Anaerobic performance improved in the Wingate sghificantly when FIR
warm was used in recovery.

2) There were no significant changes in fasting blgadables between the two
conditions.

3) The percentage change in the testosterone/coréisolduring the experimental
period was significantly higher than during the ttohperiod.

4) Analysis of different measurement days indicateghificant increase in serum
testosterone concentration between days 3 — 5 a&tlBGSconcentration
between days 1 — 3 during the 5- day experimertabg.

5) Muscle sensations remained at the same level betwee pre and post
measurements during the experimental condition,levduring the control
condition mean value decreased showing that mgsceness was not so strong

after use of FIR warm.

8.1 Performance

In contrast to the hypotheses of the present stindgrobic performance improved when
FIR warm was used. As discussed before the sigmifiecncrease was observed in
average power in the Wingate 30 seconds test.ditiawl, average power of the first five
seconds improved in this test during the experialeocbndition. During the control

condition no significant changes were observedh@ Wingate test. The individual
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analysis showed that percentage change duringxperinental period was positive in
all subjects, but during the control period it wagjative in six subjects out of ten.

Although there have been observed improved exetoiseance after three weeks of FIR
therapy in chronic heart patients (Ohori et al. 201t is unlikely that in well-trained
athletes anaerobic capacity improved because dftfRevarm. This is the case because
the load of the FIR warm is quite small and coroesjs to the load of the walking at a
moderate pace (Beever 2009). In addition, the diag-training period is quite short to

improve anaerobic capacity.

More likely the reason can be found from otherdextFeeling in the muscles was better
at the end of the experimental period than at et & the control period. Thus, the
reason can be found from the muscular level maedylithan from the neural factors. In
addition, there were no significant differenceswasin the measurement periods in the
countermovement jump, maximal force or in the rateforce development in the
isometric test. Because neural factors are the materminants in maximal strength
performances and explosive jumps (Hakkinen 1990; 4%) it could be suggested, that
changes in the neuromuscular system unlikely doutied to the differences in average
power of the Wingate test. However, effects of HiBR warm on the neuromuscular
system can not be totally excluded because sigmifichanges were observed in average
power of the first five seconds of the Wingate .tédso individual investigation of the
countermovement jump indicates that in seven casesf ten the changes were positive
during the experimental period, while during thetcol period they were positive only

in four subjects.

It is also possible that FIR warm induced someideslon the acidosis (pH) as well as
increased waste clearance during the experimentalitton, what could have induced
better anaerobic performance through the improveayreatic activity. Greater acidosis
is also combined with the decrease in the musbler fconduction velocity during the
maximal bicycle tests (Schmitz et al. 2012). Thuss possible that decreased acidosis
could have induced increases in muscle fiber cammluwelocity and further anaerobic
performance in the Wingate test during the expearntaieperiod when compared to the

control period. Effects of the FIR warm on the asid need some further work.
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8.2 Blood variables

The results considering the fasting serum conceois of hormones and other blood
variables support the hypotheses of the presedysiihe results indicated no significant
differences or interaction effects in the levels serum testosterone, cortisol,
testosterone/cortisol ratio, SHBG, creatinekinasesCRP between the two conditions.
However, almost a significant difference of hsCRP=(0.097), day to day difference of
creatinekinase (p = 0.09) and interaction effectatisol (p = 0.063) and SHBG (p =
0.064) were observed between the measurement peflibds, effects of the day on the
serum SHBG concentrations were slightly but nohificantly different between the

measurement periods, and between the two condittbese were slight but not

significant changes in creatinekinase between #nes dhowing some positive trends
with FIR warm. According to that, it can be conaddthat FIR warm had no strong
effects during the five-day training period on serdasting concentrations of blood

variables, but may have some practical applicatiorsport training to improve recovery.

The effects of the day on serum cortisol concewotnat were mainly related with
different baseline levels of cortisol between te periods. Greater increases in hsCRP
at the beginning of the control period and greaecreases at the end of the control
period were observed when compared to the expetah@eriod. Although changes
were not significant they probably affected to fight changes in serum hsCRP levels

between the two periods.

Testosterone and SHBG. The comparison of different measurement days dutireg
conditions indicated significantly increased serestosterone concentrations between
days three and five during the experimental perigdile no changes were observed
during the control period. Also the individual ays$ showed that between these days
percentage changes in testosterone concentratieres pwsitive in nine subjects out of
ten during the experimental period. During the oanperiod changes were negative in
six subjects. The individual analysis, where dag and five were compared, showed
that during the experimental period percentage ghaaof the serum testosterone
concentrations were positive in eight cases ot¢mfand during the control period it was
positive only in three cases.
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Theoretically increases in plasma volume could heniced decrements in serum
testosterone concentration during the experimepé&miod. However, there were no
significant changes in body weight during the ctinds indicating no changes in plasma
volume between the pre —and post measurementsgdimenexperimental and control
periods. We did not investigate the body weighthmmiddle of the periods, thus it could
be possible that athletes tried to compensate thessive sweating during the FIR
treatments by drinking more at the beginning of@kperimental period. This could have
induced an increase in plasma volume and furtheredse in the serum testosterone
levels in the middle of the experimental periodtHat case a possibility to the increased
testosterone levels towards the end of the measunteperiod would have increased.
However, because the results of the other blootbigs do not support this theory, it
could be excluded that plasma volume would be ardgebant for the changes in the
concentrations of blood variables during the experntal period. In summary, other
factors than a more diuretic state of the athletesst explain the changes in the

concentrations of blood variables during the expental period.

Testosterone changes were preceded by increatet)f&8$1BG levels between the day
one and three during the experimental period. Asipbes reason to the increased serum
testosterone and SHBG levels during the experirhgrgdod can be found from the
improved anabolic state of the athletes. This &0 aupported by the finding that
percentage change in the testosterone/cortisa dcatiing the experimental period was
significantly higher than during the control perigul= 0.026). However, baseline level
of the cortisol during the control period was sigaintly lower than during the
experimental period (p = 0.022), and probably a@fédcto the changes of the
testosterone/cortisol ratidhus, although the testosterone/cortisol ratio satgthis, it
can not be kept as a totally reliable indicatoth&f more developed anabolic state in this
case. In addition, no significant changes were meskin the testosterone/cortisol ratio

between the pre and the post measurements inthiez eonditions.

Creatinekinase. Eccentric exercise induces typically an increasserum creatinekinase
(CK) concentrations and volume of the eccentricning determines the magnitude of
the increase. CK concentration increases untithird or fourth day is reached after the
hard eccentric exercise. (Nosaka et al. 2002.)héngresent study CK concentrations

reached its highest level already in the secondddayg the control period and the third
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day during the experimental period. A reason toehsier elevation can be found most
likely from the type of training that did not coimtaa lot of eccentric training.

In the present study CK concentration increasetieeaturing the control condition. It
could be suggested that either the use of the FAiRnwdelayed the increase of the CK
during the training period or athletes did not duall their training diaries and training
during the control period was harder and inducggleater CK response. Differences in
training could also explain changes in stress statd further changes in serum
testosterone and SHBG levels. However, a more gwerivestigation indicated no
significant differences in training volumes betwedre conditions supporting the
suggestion that FIR warm delayed creatinekinageorese after the training. This finding
is controversial to the finding of Hausswirth et @011) who did not find significant
effects of FIR therapy on the CK activity duringttraining period and Pournot et al.
(2011) who did not find effects of thermal therapythe reduction of CK concentration

during the recovery period.

hsCRP. In the present study no significant differencesenaserved in hsCRP between
the different measurement days during either ofcthralitions indicating that FIR warm
does not have significant effects on the inflamoratiesponse during the 5-day training

period.

8.3 Subjective sensations

Because sleep quality and quantity improved dubioilp conditions, it could not be said
that FIR warm improved sleep during the trainingique More likely the reason to the
improved sleep quality depended of the increaseduamof exercises done during the
training days, as well as increased concentratfastidetes to the recovery towards the
end of the training periods. Instead of that tragnisensations improved during the
experimental period, while during the control pdribey were worse at the end of the
training period comparing to the pre measuremekgsdiscussed before, feelings in the
muscles were at the same level in the pre —and pusisurements during the
experimental condition, while during the controihddion values decreased. Based on
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these observations of the muscle sensations anthiyasensations FIR warm accelerated
recovery during the five day training period.

8.4 Strengths and weaknesses of the present reseajebtpr

One of the biggest strength of the present resqajkct was the use of athletes instead
of sedentary active individuals. Training of atbkets as hard as possible and considering
to that they also have to concentrate more on e¥go\Vt is also possible, and in fact
probable, that athletes have different responsésituing as well as recovery modalities
than sedentary individuals. Although this was ohthe biggest strengths it induced also

some challenges to the experimental design.

Athletes have periodic training programs and duthegyear their training volumes and
intensities changes progressively. Subjects irptiesent study were instructed to repeat
their training similar during the second measureémpariod as during the first
measurement period based on their training diaHesvever, some athletes were forced
to do little changes to their training because ofaninjuries. Because there were also 2
— 4 weeks between the experimental and the cop&nbds it should not be totally
excluded that the training state of the athletesldcchave changed between the
measurement periods. However, randomization ostheing order of the athletes in the
different conditions minimized the effects of theaining state and minor training
changes. For minimizing all training changes seatgnindividuals with supervised
trainings should have been used, but in that casearch would have been only a
simulation of the potential effects of FIR warmrmcovery of the athletes.

In the present study the training period laste@ filays. A longer period (two to three
weeks) should have been used to induce more signtfichanges, for example, in blood
variables. Also the greater sample size could hadeced more significant changes
considering the blood variables. A longer trainipgriod is also needed for defining
long-term adaptations of the FIR warm. Nutritiorridg the measurement periods was
well controlled, and although there were little mhas between the measurements in
some individuals considering the lunches in theversity restaurants, they most likely
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did not affect on the results. There were small ammf sleep disturbances in some
nights during the measurement periods, but asstimzestigated by Vardar et al. (2007)
they most likely did not affect to the performandasa short-term. However, it is
possible that sleep disturbances had small effactthe results of fasting blood values,
but because they were observed in both measurepsegintds they probably did not
induce big differences. In addition, because thdisg order of the athletes in the groups

was randomized it minimized the minor errors coesitdy the nutrition and the sleep.

According to this study anaerobic performance naametd better during the training

period when infrared warm was used in recoverygah not be excluded that placebo
effect would not have affected to the results ef Wingate test. It is not impossible that
athletes tried more during the experimental penothat test, because they knew that far
infrared warm was used in recovery. This regardikeat encourage was similar in each

test during the conditions.

8.5 Conclusions

According to the present study 40 minutes use @f féwr infrared warm in the
temperature of 50 °C every evening during a fiveddaining period improves recovery
of the anaerobic performance in power athletes wdmmnpared to a passive recovery
modality. Also subjective sensations of the musaled subjective sensations during the

training sessions indicate positive effects of R&m on the recovery of the athletes.

Because there were no significant effects of the \warm on the fasting blood variables
between the two conditions more investigation isdeel to define the effects of the FIR
warm on these variables. However, the percentagagehin the testosterone/cortisol
ratio indicates improved anabolic state and acatddrrecovery due to the use of the FIR
warm. Also increased levels of serum testostermeSHBG concentration between the
different days indicate a probability to a more ol state and accelerated recovery
due to the FIR warm. In contrast to the findingddaisswirth et al. (2011), we observed

that FIR warm could also delay serum creatinekimasponse.
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In practise, based on the results of this study WHm could be a beneficial tool for
athletes to accelerate recovery during a strentrairing period. Accelerated recovery
can enable harder training and can further acdelethletic development. The product
(far infrared bag) used in the present study prewid useful tool to accelerate recovery
especially when other recovery modalities are mailable. Additional research with a
longer training period is needed for verifying tiesults of this research and defining the
long-term effects of the FIR therapy on the spatfgrmance and recovery. In future
effectiveness of the long-term use of the FIR wasna recovery tool should also be

compared with other recovery modalities.
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10 APPENDIXES

APPENDIX 1. Question form used in the research.

QUESTIONNAIRES OF THE SENSATIONS

Surround option that describes your sensations bestery good, 4 = quite good, 3 =

average, 2 = quite bad and 1 = very bad

Sleep quality 1 2 3 4 5

Sleep quantity 1 2 3 4 5

Muscle sensations 1 2 3 4 5
Alertness 1 2 3 4 5

Sensations after using the bag 1 2

Sensations in yesterday training 1 2

Free comments:
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APPENDIX 2. Means = SD for averaged serum hormareentrations, creatine kinaze and hsCRP. *Sigmfidifference between

the measurement days during the conditior (p05) #Significant difference in the measurementsdbetween the experimental and

the control conditions (p 0.05).

Day 1 Day 2 Day 3 Day 5
Hormones Units Experimental Controls Experimental Controls Experimental Controls Experimental Controls
Testosterone nmol/l 20,34 (5,50) 21,00 (5,83) 19,45 (5,39) 20,14 (6,86) 19,54 (5,55) 20,69 (4,99) 21,51 (5,24)* 20,83 (5,54)
Cortisol nmol/l 538 (49) 477 (63) # 506 (102) 515 (68) 538 (78) 515 (74) 522 (85) 518 (92)
SHBG nmol/l 40,85 (8,56) 47,56 (15,54) 42,66 (8,99) 45,68 (12,60) 44,01 (7,13)* 46,16 (10,31) 42,90 (6,75) 45,46 (12,40)
Creatine kinase 266 (161) 287 (232) 365 (250) 504 (426)* 397 (166)* 444 (305)* 340 (123) 384 (185)
hsCRP mg/l 0,64 (0,97) 0,87 (1,24) 0,67 (1,15) 1,22 (1,76) 0,70(1,28) 1,27 (1,81) 0,48 (0,91) 0,81 (1,34)

APPENDIX 3. Means for the subjective sensationsnduthe measurement periods. Numbers after theittomeshames (experimental,

control) indicate the measurement days duringrdaaing period.

Questionnaires

Experimental 1

Experimental 2 Experimental 3 Experimental 5 Control1 Control 2 Control 3 Control 5

sleep quality

sleep quantity

muscle sensations
alertness

sensations after infraredbag
training sensations

2,9
2,8
3,5
3,5

3,7
3,6
3,3
3,5
3,8
3,1

4
3,7
3,1
3,7
3,8
3,7

3,9
3,3
3,5
3,9
3,9
3,8

3,3
3
3,7
3,6

3,6
3,35
3,3
3,15

3,3

4
3,8
3,3
3,7

3,3

4,2
3,7
31
3,7

3




