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INTRODUCTION
It is well established that lower limb muscle power plays an impor-
tant role in soccer players’ performances [1,2]. Motor tasks such as 
kicking, jumping, sprinting, and changing direction are crucial during 
a match [3]. A traditional way to improve muscle power production 
capacity is the use of plyometric training [4,5], which is characterized 
by a combination of fast eccentric contractions followed by explosive 
concentric muscle actions. However, the eccentric contraction content 
of plyometrics may result in exercise-induced muscle dam-
age (EIMD) [6-11]. EIMD is associated with reduced levels of mus-
cle strength and power for several days after the damaging exer-
cise [7,12]. Considering that elite soccer players are often submitted 
to high eccentric actions during matches (i.e., landing, accelerating, 
and changing direction) and training sessions [13], it is necessary to 
investigate recovery strategies to attenuate the specific effects of EIMD. 

In this regard, nutritional supplementation, cryotherapy, hydro-
therapy, active recovery, stretching, compression garments, and 
electrical stimulation have been used by conditioning coaches and 
trainers in an attempt to accelerate players’ recovery [11,14-20]. 

Effects of far infrared rays emitting clothing on recovery after an intense 
plyometric exercise bout applied to elite soccer players: a randomized 
double-blind placebo-controlled trial
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ABSTRACT: The aim was to investigate the effects of far infrared (FIR) ray emitting clothes on indirect markers 
of exercise-induced muscle damage and physical performance recovery after a plyometric bout applied to soccer 
players. Twenty-one male players (18.9±0.6 years; 70.8±5.01 kg; 178.3±0.06 cm) performed 100 drop-jumps. 
Six hours after the bout, athletes put on FIR clothes (FIR) (density of 225 g · m-2, 88% far infrared rays emitting 
polyamide 66 Emana yarn (PA66) fibre, 12% Spandex, emissivity of 0.88 and power emitted of 341 W/m2µm 
at 37°C in the 5-20 µm wavelength range, patent WO 2009/077834 A2) (N=10) or placebo clothes (PLA) 
(N=11). Mid-thigh circumferences, creatine kinase (CK), and delayed-onset muscle soreness (DOMS) were 
assessed before, immediately after and 24, 48, and 72 h after the bout. Squat (SJ) and countermovement jump 
(CMJ) heights were measured before and at 24, 48, and 72 h after, while 1RM leg press (maximum strength) 
was measured before and at 72 h after the plyometrics. No differences between groups were found in mid-
thigh circumferences, SJ, CMJ or 1RM. CK increased significantly 24 h after the plyometrics in comparison to 
before (p<0.05) in both groups. PLA showed significant DOMS increases at 24, 48, and 72 h, while FIR showed 
significant increases at 24 and 48 h (p<0.05). DOMS effect sizes were greater in FIR (moderate at 48 h, 
ES=0.737 and large at 72 h, ES=0.844), suggesting that FIR clothes may reduce perceived DOMS after an 
intense plyometric session performed by soccer players.
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Although these strategies have already demonstrated some degree 
of effectiveness, there is no consensus on the most suitable method. 
Indeed, some recovery strategies may be very uncomfortable, require 
specific and expensive equipment and not completely cover the dam-
aged area.

Although not extensively explored, far infrared (FIR) ray therapy 
has been suggested as a post-exercise recovery method [17]. FIR 
consists of short electromagnetic waves with lengths within the in-
frared (IR) spectrum ranging from 5.6 to 1000 µm. They are able 
to penetrate almost 4 cm into human tissues, inducing biological 
effects such as accelerating recovery of skeletal muscle function 
after exercise, increasing the flow of blood and the lymphatic vessels, 
improving endothelial function and decreasing pain, inflammation 
and oxidative stress [17,21-23].

FIR radiation therapy is usually applied through light-emitting 
devices or saunas [17,21,24,25]. Recently, FIR-emitting polymers 
or ceramic nanoparticles have been incorporated into sports clothing 
fabric, which facilitates their application when compared to other 

Original Paper Biol. Sport 2016;33:277-283DOI: 10.5604/20831862.1208479

Key words: 
Delayed-onset muscle soreness\
power
Football
Sports recovery

Corresponding author: 
Irineu Loturco
NAR - Nucleus of High Performance 
in Sport
Avenida Padre José Maria, 555. 
Santo Amaro. CEP 047530-60.  
São Paulo - SP, Brazil. 
Tel.: +55-11-3702-5284
E-mail: irineu.loturco@terra.com.br

 

   
   

 -
   

   
   

   
   

- 
   

   
   

   
  -

   
   

   
   

   
- 

   
   

   
   

  -
   

   
 



278

Loturco I et al.

methods. The FIR emitting clothes may be a suitable method to 
apply therapeutic radiation since electromagnetic energy is more 
uniformly delivered on the body’s surface and presents the same 
wavelength range as that generated by lamps or saunas. The human 
body emits FIR (range from 3 to 30 µm), and this can be absorbed 
by the ceramic nanoparticles, allowing then to re-emit FIR on the 
surface of the body [23]. Regardless of the irradiation source, the 
thermal effects elicited by FIR, when absorbed by the skin surface, 
are not the main mechanism involved in the therapeutic effects of 
FIR [26]. FIR radiation can be absorbed by water molecules present 
in biological systems, thus influencing cell membrane potentials and 
mitochondrial metabolism. These effects include scavenging H2O2, 
blunted cyclooxygenase-2 activation, increased haem-oxygenase 1 
expression and e NOS activation, triggering anti-inflammatory signal-
ling and decreasing oxidative stress [23,26-28]. Nevertheless, the 
effects of FIR-emitting clothes on post-exercise physical and physi-
ological recovery remain unknown.

Therefore, the purpose of this study was to investigate the effects 
of FIR-emitting clothing on indirect markers of EIMD and physical 
performance recovery after an intense plyometric exercise bout ap-
plied to high-level soccer players.

MATERIALS AND METHODS 
Subjects. Twenty-one male soccer players (19.5 ± 0.8 years; 70.8 
± 5.01 kg; 178.3 ± 0.06 cm; 6.6 ± 1.5 years of soccer training) 
participated in the study. They were competing in the national Brazil-
ian under-20 tournament, and their team was ranked fifth in the 
country. All players trained twice a day (~120 min per session), five 
days per week. Exclusion criteria included clinically detected injuries, 
use of anti-inflammatory drugs and/or use of nutritional/ergogenic 
supplements in the previous six months. In accordance with the 
Declaration of Helsinki, all athletes were informed of the experimen-
tal risks and benefits of participating in the study and signed an in-
formed consent form prior to the investigation. The study was approved 
by a local Institutional Review Board for the use of human subjects.
The players were randomly assigned into two groups: FIR-emitting 
clothes (FIR, n=11) or placebo (PLA, n=10). The FIR non-compres-
sive pants were made from Emana specific material (density of 225 
g · m-2, 88% far infrared rays emitting polyamide 66 Emana yarn 
(PA66) fibre, 12% Spandex, emissivity of 0.88 and power emitted 
of 341 W/m2µm at 37°C in the 5-20 µm wavelength range, patent 
WO 2009/077834 A2). The PLA group wore clothes with the fol-
lowing characteristics: 225 g · m-2, 88% PA66 fibre, 12% Spandex 
but with no far infrared ray emitting functionality. All subjects wore 
the clothes during their sleeping period over three successive nights, 
for at least 10 h per night (from 10:00 pm to 08:00 am).

Experimental design
The present study was a randomized, double-blind, placebo-controlled 
trial. The study was conducted within a 6-week preparatory training 
period, prior to a national tournament. All athletes were submitted to 

anthropometric measurements and asked to refrain from training for 
at least 48 h prior to the intense plyometric exercise bout. Left and 
right mid-thigh circumferences, plasma creatine kinase (CK) activity 
and delayed-onset muscle soreness (DOMS) were assessed before, 
immediately after and 24, 48, and 72 h after the plyometric bout. 
Squat and countermovement jumping height (SJ and CMJ, respec-
tively) were measured before and 24, 48, and 72 h after, while leg 
press maximum dynamic strength (1RM) was measured before and 
72 h after the plyometric exercise bout. Subjects were randomly as-
signed to two groups and received treatment 6 hours after the exercise 
bout. The FIR group wore FIR-emitting clothes throughout the sleep-
ing period (from 10:00 pm to 08:00 am) and the placebo group 
(PLA) followed the same procedures but wore placebo clothes. The 
characteristics of the two groups are presented in Table 1.

Mid-thigh circumferences
Right and left mid-thigh circumferences were assessed as a measure 
of limb swelling (i.e., oedema) using a standard anthropometric tape 
(Cescorf, Porto Alegre, RS, Brazil). Both circumferences were measured 
at the mid-portion of each thigh (i.e., at 50% of the distance between 
the greater trochanter and the lateral epicondyle of the femur). The 
point of measurement was marked on each subject with semi-per-
manent ink. During the measurement, participants remained stand-
ing with their thigh muscles relaxed. The sum of both the right and 
left thigh circumferences was used for statistical analysis [29,30].

Plasma CK activity
A 5 ml venous blood sample was collected from the antecubital vein 
using a standard venipuncture technique with an ethylene diamine 
tetra acetic acid (EDTA) tube. Samples were centrifuged for 10 min-
utes at 1,500g to obtain the plasma. Plasma CK activity was deter-
mined spectrophotometrically using a commercial kit (Cobas Mira 
Plus, Roche, Basel, Switzerland).

Delayed-onset muscle soreness (DOMS)
DOMS was evaluated on a visual analogue scale consisting of a 100-
mm line with “no soreness” at one end and “extremely painful” at the 

TABLE 1. Characteristics of subjects in the fir-emitting clothes 
(FIR) and placebo (PLA) groups.

Variables FIR PLA P

Age  
(years) 19.4 ± 0.5 19.6 ± 1.0 0.57

Body mass  
(kg) 70.7 ± 4.0 71.1 ± 5.7 0.98

Height (cm) 177.2 ± 0.5 179.5 ± 0.5 0.34

Duration of soccer 
practice (years) 13.7 ± 4.8 11.9 ± 5.2 0.42

Leg press 1RM  
(kg) 167.4 ± 22.7 168.4 ± 18.5 0.92
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other [31-33]. Subjects were asked to mark their current level of pain 
felt in the thigh muscles.

Squat and countermovement jump test
Prior to the jump tests the subjects performed a warm-up comprising 
5 minutes of moderate running, 5 minutes of lower limb light stretch-
ing exercises, and 20 countermovement (CMJ) submaximal jumps 
(i.e., 4 sets x 5 CMJ, 30-second interval between sets). Three minutes 
after the warm-up each subject performed three SJ and three CMJ 
attempts every 10 seconds with a 1-min interval between jumping 
techniques. The best jump was used for statistical purposes. All 
participants were familiarized with both jumping techniques. They 
were instructed to keep their hands on their waist during the jumps. 
The SJ was initiated from a static 90º knee angle position, while the 
CMJ was performed with a preliminary countermovement from 0 to 
90º knee angle. All attempts were executed on a contact platform 
(Smart Jump, Fusion, Australia) and jumping height was calculated 
using the formula by Bosco et al. [34].

Maximum dynamic strength test (1RM)
Maximum dynamic strength was determined through a 1RM test in 
the leg press exercise. Subjects performed two familiarization sessions 
prior to the 1RM test. A 5-min warm-up was performed on a treadmill 
at 9 km · h-1 followed by 5 minutes of lower limb light stretching ex-
ercises. Subsequently, participants performed two leg press warm-up 
sets: in the first set, they performed 5 repetitions at 50% of the esti-
mated 1RM, and in the second set, they executed 3 repetitions at 
70% of the estimated 1RM. A 3-min rest interval was allowed between 
sets. Three minutes after the warm up, the athletes were allowed up 
to 5 attempts to obtain the 1RM load (i.e., the maximum weight that 
could be lifted once using the proper technique), with a 3-min inter-
val between attempts. The 1RM test was performed on a leg press 
machine (Plyo Press, Athletic Republic, Park City, Utah, USA), and 
strong verbal encouragement was provided during all attempts.

Plyometric exercise bout
Forty-five minutes after the 1RM test subjects were required to perform 
100 consecutive drop-jumps starting from a height of 45 cm [35-37]. 
A 6-s interval was allowed between jumps, and the participants were 
encouraged to jump as high as possible. 

Statistical analysis
Normality was verified with the Shapiro-Wilk test. A two-way re-
peated measures ANOVA was used to test for differences between 
groups in all dependent variables (using IBM SPSS Statistics for 
Windows, version 20.0. Armonk, NY: IBM Corp.). The effect sizes (ES) 
were calculated and classified following the scale proposed by Co-
hen [38]: small (ES from 0.2 to 0.5), moderate (ES from 0.5 to 0.8), 
and large (ES ≥ 0.8). In the present study, we only reported ES values 
above 0.5. The significance level was set at p<0.05. Data are pre-
sented as mean ± SD.

RESULTS 
The sum of mid-thigh circumferences demonstrated neither a sig-
nificant treatment effect nor a time x treatment interaction (Figure 1).
Plasma CK activity presented a significant increase 24 h after the 
plyometric bout (p<0.05) compared to before, with no significant 
differences between the groups. At 48 and 72 h the CK activity had 
returned to initial values (Figure 2).

DOMS (VAS score) peaked at the 24 h time-point (Figure 3), 
without significant differences between groups. However, the PLA 
group showed significant increases at 24 h, 48 h, and 72 h compared 
to initial values (p<0.05), while the FIR group showed significant 
increases only at 24 h and 48 h (p<0.05) after the exercise bout. 
Despite the lack of significant differences between groups, the effect 
sizes were moderate at the 48 h and large at the 72 h time-points 
(ES = 0.737 and 0.844, respectively), favouring the FIR-emitting 
clothes (i.e., less perceived soreness).

FIG. 1. Sum of left and right mid-thigh circumference values before, 
immediately after (Post), and 24, 48 and 72 h after the plyometric 
bout.

FIG. 2. Plasma CK activity values before, immediately after (Post), 
and 24, 48 and 72 h after the plyometric bout.
Note: * p<0.05 in relation to initial values.
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No differences were observed in SJ and CMJ tests or in leg press 
1RM values throughout the experimental period (Figure 4A and 4B 
and Figure 5, respectively).

DISCUSSION 
To the best of our knowledge, this is the first study investigating the 
effectiveness of FIR-emitting clothes on EIMD indirect markers and 
physical performance recovery after the application of a plyometric 
exercise bout in highly trained subjects. The only EIMD marker which 

appeared to change due to the use of FIR-emitting clothes was DOMS 
at 48 h and 72 h (moderate to large ES, respectively) after the plyo-
metric bout applied to elite soccer players. Indeed, neither isolated 
time and treatment effects nor time x treatment interactions were 
observed for vertical jumps (SJ and CMJ) or maximum dynamic 
strength (leg press 1RM) performances. Thus, it was not possible to 
identify the potential effect of FIR on players’ physical performance 
recovery. In addition, the plyometric bout did not cause significant 
changes in mid-thigh circumference at any time point in either group. 
The CK activity was also unaffected by the treatment, increasing only 
at 24 h after exercise. Hence, the actual effects of FIR may have been 
obscured by the lack of substantial changes in the markers of EIMD.

Conventional FIR treatment with small far-infrared radiators (e.g., 
lamps, ceramic disks, plaster, and pads) has been shown to be ef-
fective for reducing pain in clinical trials [2,39-41]. For example, 
Bagnato et al. [39] demonstrated that FIR-emitting plaster applied 
to osteoarthritis patients 12 h per day resulted in a significant reduc-
tion in the VAS score after one week of intervention. Furthermore, 
Wong et al. [41] showed that 15 minutes of FIR exposure per day 
for five consecutive days was able to diminish subjective pain sensa-
tion and decrease serum interleukin-6 and endothelin-1 concentra-
tions (which are biomarkers of pain) in subjects following total knee 
arthroplasty. On the other hand, a randomized double-blinded pla-
cebo clinical study observed that a neck device containing FIR ce-
ramic particles incorporated into fibres was not more effective than 
a placebo device in decreasing chronic neck and shoulder muscle 
pain, after one week of daily treatment [42]. Hausswirth et al. [17] 
performed a running protocol to induce muscle damage in runners 
and applied FIR (lamps) immediately after and 24 h and 48 h after 
exercise. The authors observed that perception of muscle pain was 
significantly decreased after 48 h in relation to the non-treatment 
condition [17]. Although the findings of Hausswirth and col-
leagues [17] in relation to muscle pain may be partially biased due 
to the absence of blinding, our results suggest that FIR-emitting 
clothes may provide a faster decrease in pain perception over time, 

FIG. 3. DOMS (VAS score) before, immediately after (post), and 24, 
48 and 72 h after the plyometric bout.
* p<0.05 in relation to initial values.

FIG. 4. Squat jump (panel A) and countermovement jump (panel B) 
height values before, and 24, 48 and 72 h after the plyometric bout.

FIG. 5. Leg press maximum dynamic strength (1RM) values before 
and 72 h after the plyometric bout.
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with possible relief from DOMS between 48 and 72 h. Hence, we 
confirm the results of Hausswirth et al. [17].

Recently, Hausswirth et al. [17] reported that highly trained run-
ners exposed to 30 min of whole body far-infrared radiation were 
able to recover knee extensor maximum voluntary contractions 48 
h after performing an EIMD protocol, comprised of 48 minutes of 
treadmill running with flat, downhill, and uphill runs. In contrast, we 
were not able to evaluate FIR effects on players’ physical performance 
recovery, since there was no significant deterioration in SJ, CMJ, or 
leg press 1RM performance after the plyometric exercise protocol. 
It should be mentioned that according to previous investiga-
tions [7,30,35], the exercise protocol adopted in our study, consist-
ing of 100 vertical drop-jumps, is capable of inducing muscle dam-
age and DOMS even in subjects familiarized with high-intensity 
activities, including eccentric contractions. Additionally, recreational 
athletes showed significant decreases in maximum voluntary contrac-
tion and increases in muscle oedema and plasma CK activity after 
performing a plyometric exercise protocol similar to the one adopted 
in the present study [7,43]. According to Howatson et al. [7,30], 
however, the exercise protocol encompassing 100 drop-jumps could 
evoke increased levels of CK at 24 h, peak muscle soreness at 48 h 
and decreased MVC after 24 h, in professional soccer and rugby 
athletes. However, no significant alteration in jump performance was 
detected in the present study. Therefore, athletes in our sample ap-
peared to be well trained and adapted and hence resilient to the 
damaging effects of plyometric exercise.

In accordance with Howatson et al. [30], we also did not find 
significant differences in mid-thigh circumferences after performing 
100 consecutive drop-jumps starting from a height of 45 cm. It is 
plausible again that the use of highly trained subjects in both studies 
was able to diminish the muscle damaging effects of the exercise 
bout. However, the increases in CK activity (24 h after) and DOMS 
(24, 48, and 72 h after) found in the present study may indicate a 
mild degree of muscle damage in both experimental groups. No effects 
on CK activity were observed in FIR-treated individuals. This is in 
accordance with a previous study which demonstrated that FIR (sau-
na) applied on three consecutive days did not decrease CK levels in 
highly-trained endurance runners [17].

One important aspect of the study was the time lapse between 
the end of the exercise protocol and wearing the FIR clothes. Since 
one of the main effects of FIR is to improve local microcirculation, 
we could expect that applying FIR immediately after exercise may 
increase blood flow and may prompt the development of oedema 
and leukocyte migration into tissues [44]. Indeed, an in vitro study 
demonstrated that irradiation of endothelial cells phosphorylated 
e-NOS and induced NO release after 30 minutes [45]. NO production 
via e-NOS may result in vasodilatation and a rise in tissue tempera-
ture, facilitating neutrophil migration into muscle and activation [46, 
47]. The neutrophils are the first line of inflammatory cellular defence, 
migrating to skeletal muscle as early as 45 minutes after exercise, 
and are associated with oxidative stress in EIMD [40,46-48]. To 

avoid acute effects of FIR in neutrophil migration and to make the 
treatment more comfortable than wearing clothes during daily ac-
tivities, we decided to apply FIR during the sleeping period, under 
more controlled exposure time and ambient conditions.

The anti-inflammatory effects of FIR may be associated with pro-
duction of NO and increased expression of haem oxygenase 1, result-
ing in decreased production free radicals and inflammatory media-
tors [28,45,49]. However, many of the anti-inflammatory effects of 
FIR irradiation may have been lost, since 6 hours after exercise some 
pro-inflammatory signalling pathways had probably already been 
activated and increased levels of pro-inflammatory mediators (such 
as interleukin-1) were expressed in muscle tissue [40,48]. On the 
other hand, the time course of changes in inflammatory infiltration 
show a peak 24 h after EIMD [47]. Therefore applying FIR a few 
hours after exercise, during sleep, still could down-modulate produc-
tion of inflammatory mediators which contribute to pain in DOMS. 
Although the anti-inflammatory properties of FIR may have decreased 
cell infiltration into muscle, we could not draw any conclusion about 
its effectiveness in this issue since no muscle biopsy was taken and 
muscle strength losses were not evident in our study. Finally, our 
study was limited by the sole use of the VAS scale to evaluate DOMS. 
Future studies should determine the effects of FIR-emitting clothes 
on muscle soreness using other methods (e.g., algometry) to confirm 
our results. Additionally, possible effects of using FIR-emitting clothes 
on other aspects of recovery (e.g., blood flow and “metabolic” recov-
ery) should also be investigated in future studies, including the long-
term use of FIR clothes on training-related adaptations.

CONCLUSIONS 
In conclusion, it appears that elite soccer players are resilient to the 
effects of EIMD after 100 drop-jumps, since lower body strength and 
power performance were not negatively affected. The use of FIR-
emitting clothes during a 10 h sleeping period over three successive 
nights may have contributed to reduced DOMS at 48 h and 72 h 
after (moderate and large effect sizes, respectively) the plyometric 
exercise bout. Therefore, we suggest that FIR clothes may be used 
to accelerate recovery of muscle pain after eccentrically-biased exer-
cises in soccer players. Furthermore, the use of recovery clothes could 
be practical and advantageous for professional athletes, since this 
method does not affect the training routine and can be easily imple-
mented. Pain reduction may be beneficial in improving training qual-
ity by means of increased loading and reduced injury risks. Future 
studies are needed to determine the possible effects of FIR clothes 
on the attenuation of EIMD markers in less trained subjects (includ-
ing muscle pain) or in athletes with more pronounced loss of muscle 
function due to higher intensity/volume of eccentrically-biased exer-
cises, using other quantitative measures of DOMS and metabolic/
functional recovery.
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