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Correlation between body resistance 
and use of Far infrared-emitting 
garments: An exploratory evaluation

Original research

Abstract

Garments capable of generating a Far infrared (FIR) emission within a 
specific band of infrared electromagnetic radiation between 3μm and 
1000μm (according to the classification generally used in physical and 
rehabilitation medicine) when stimulated are being used progressively 
and more extensively, especially in the world of sport. The use of FIR is 
generally associated with the aim of improving performance and optimiz-
ing recovery times in athletes. In this preliminary study we investigated 
the variation of the bioimpedance parameters that occurs when using 
a fabric (Accapì FIR) capable of generating a FIR infrared emission when 
stimulated by body heat versus a control fabric in competitive athletes 
subjected to acute physical stress. Preliminary results have shown that 
in the face of a slightly greater weight loss (which could hypothetically 
be due to a more efficient effect in thermoregulation secondary to the 
hemodynamic effect) but which in practice is considerably comparable 
(considering the relative p-values obtained by statistical analysis), the use 
of FIR fabric is related to a statistically significant reduction in body resis-
tance (Rz) compared to the control fabric. In general, this effect correlates 
with a different distribution of fluids and ions, which allows the body to 
oppose a lower resistance to the passage of the microcurrent used in the 
bioimpedance measurement. This outlines a picture that is the opposite 
to what one would expect to observe following acute physical activity. 
This effect could be explained on the basis of the most recent interpre-
tation of these phenomena in literature, i.e. by the ability to intervene on 
blood circulation (hemodynamic effect) in the areas included within the 
penetration capacity of the FIR frequencies. The haemodynamic effect is 
potentially correlated to positive metabolic and thermoregulatory effects, 
favourable elements in sports practice. Further future studies on larger 
samples and with a further level of detail are necessary to clarify all the 
potential associated with the use of FIR garments.
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Introduction

The sports sector can represent for hu-
man performance what Formula 1 represents 
for the automotive sector: a test bed where 
new concepts are explored that might identify 
and optimize successful strategies that can be 
applied to even the most common daily uses. 
With this in mind, the sports sector is constant-
ly researching new ways to optimize the perfor-
mance of the human body. Sports clothing is 
one of the richest and most successful areas of 
research. Garments capable of controlling tem-
perature or humidity with different technolo-
gies and promoting circulation and muscle con-
traction are consolidated realities in top-level 
sporting practice and are considered essential 
to performance and recovery. Clothing capable 
of emitting Far infrared (FIR) is a relatively re-
cent area of investigation. FIR is a specific band 
of electromagnetic radiation. While different 
classifications use different boundaries, FIR can 
be categorized according to the general classi-
fication proposed by Byrnes et al from 15μm 
to 1000μm, therefore falling within the infrared 
spectrum (IR). Within 8μm to 15μm there are 
long-wavelength infrared (LWIR/IR-C DIN) and 
within 3μm to 8μm there are mid-wavelength 
infrared (MWIR/IR-C DIN) [1]. However, the clas-
sifications for FIR commonly used in physical 
therapy and rehabilitation – infrared radiation 
between 3μm and 1000μm – corresponds with 
the definition proposed by Zati and Valent [2].

Any object or living organism, including 
humans, with a temperature higher than ab-
solute zero radiates FIR radiation into the sur-
rounding environment. FIR emission cannot be 
seen with the human eye. It is detected by the 
integumentary system, through skin thermo-
receptors, which identify it as radiant heat. FIR 
radiation can also be absorbed at tissue level 
up to a depth of 4cm [3] – a level within which 
FIR radiation could – at least in theory – alter 

biological functions through cellular and mo-
lecular stimulation (e.g. cytochrome-c-oxidase 
and intracellular water) [3]. These potentials are 
generally attributed to the high level of hydra-
tion of human tissues. 

FIR technology has long been used in 
the medical and physiotherapy fields to treat 
various pathological and para-physiological 
conditions involving muscle and joint pain and 
fatigue, wound healing, heart failure, sleep dis-
orders, breastfeeding problems and dysmenor-
rhoea, etc. [3]. The majority of studies aimed at 
clarifying the biological mechanisms connected 
to the use of FIR technology have been carried 
out in vitro or in animal models, highlighting 
a potential application in the management of 
inflammatory processes [4], oxidative stress [5], 
muscle tendon function and integumentary 
function [6] and in the control of microbial de-
velopment [7]. These applications are proposed 
with the aim of delaying muscle fatigue [8], pro-
moting circulation, particularly the peripheral 
microcirculation (within the areas reachable by 
FIR frequencies) [9,10] and cerebral microcircula-
tion [11] – a combination that overall could also 
exert effects from a metabolic point of view [9]. 

Over time, in addition to fabrics [12], FIR 
emission has been achieved with different tech-
nological approaches from complex FIR-cabins 
to lamps or other types of emitters [3]. For obvi-
ous technical and logistical reasons, FIR fabrics 
represent the most versatile solution in the ap-
plication of FIR in sporting activity. Garments ca-
pable of emitting FIR are generally made by in-
corporating bioceramic fibres or powders with 
different technologies (e.g. magnesium, silica, 
tourmaline or noble metals) either directly into 
the fibres used to make the fabrics, intertwined 
with the fibres used to make the fabrics or with 
plates applied to the fabric in specific areas. 
Once irradiated with the infrared frequencies 
emitted by the body, bioceramics can return an 
FIR emission [13]. In practice, there should be an 
absorption of the thermal energy emitted by 
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rules of good clinical practice set by the Decla-
ration of Helsinki and in accordance with the 
European Union Directive 2001/20/EC [20]. Each 
participant received, approved, and signed an 
informed consent form, privacy policy disclo-
sure documents, and approved data analysis 
and publication.

Participants
The study enrolled ten trail running com-

petitive athletes with at least five years of com-
petitive sporting practice. The athletes were at 
a level of training such as to guarantee, without 
preparation outside the conventional training 
routine, the participation in competitive events 
over distances greater than 20km with altitude 
differences greater than 500m. All evaluated 
athletes were male, with a mean age of 40.9 (± 5.9) 
years, mean weight of 78.3 (± 8.9) kg, mean height 
of 1.76 (± 0.05) cm and a BMI of 25.3 (± 2.9) kg /m2, 
as indicated in Table 1.

Characteristics of the participants
Age 40.9 (±5.9) years
Weight 78.3 (± 8.9 ) kg
Height 1.76 (± 0,05 ) cm
BMI 25.3 (± 2.9) kg/m2

Table 1: Characteristics of enrolled participants

Inclusion and exclusion criteria
The criteria for inclusion were being in 

possession of a valid sport medical certifica-
tion for competitive activity, participating in the 
competitive practice of trail running for at least 
five years and having an average level of train-
ing such as to guarantee, without the imple-
mentation of particular training programmes, 
participation in competitive events over dis-
tances of more than 20km with altitude differ-
ences greater than 500m. 

Exclusion criteria included the use of 
medicines, use of drugs, alcohol abuse, inade-
quate possibility of physical/muscular recovery 

the body in the form of IR, temperature stability 
(at room temperature the FIR fabrics do not ex-
ert a heating effect) [14] and a re-emission in the 
characteristic wavelength of the FIR towards 
the body, exploiting the natural mechanisms 
of convection and conduction. For this reason, 
the effects of FIR fabrics can be considered 
as oriented towards obtaining a biological re-
sponse and not towards temperature control. 
In this regard, several authors have described 
an effect of muscle oxygenation [15,16], probably 
deriving from an increase in peripheral blood 
flow [15], with effects that can be observed on the 
resting metabolic rate [17] and on the subjective 
parameters of sleep [18]. A recent review work 
by Bontemps et al considered the use of state-
of-the-art FIR fabrics, highlighting how the main 
mechanisms of action are related to alterations 
in the thermoregulatory and haemodynam-
ic response, with useful results in the medical 
and physiotherapy fields [19]. In the sports field, 
the optimization of physical performance and 
post-exercise recovery seem are of the greatest 
interest [19]. Considering these aspects relating 
to thermoregulation and haemodynamics, the 
present work aims to investigate whether car-
rying out a short and intense physical activity 
while wearing FIR fabrics against an inert con-
trol fabric, can lead to detectable effects on the 
bioelectrical parameters of the human organism 
such as resistance (Rz) and reactance (Rx).

Materials and methods

This double-blind, randomized, place-
bo-controlled exploratory study evaluated trail 
running athletes who underwent high-intensi-
ty training stress under controlled conditions, 
wearing FIR-fabric technical clothing or with 
conventional technical fabrics without FIR tech-
nology in different evaluation sessions. 

The exploratory evaluations and data 
analysis were conducted in accordance with the 
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column scale SECA 700 Eye Level Beam (SECA 
North America - Medical Measuring Systems 
and Scales - 13601 Benson Avenue Chino, CA 
91710 USA); mass was measured with the ap-
proximation of 50g; height was measured to 
the nearest 0.1cm [20]. BIVA, providing the imped-
ance values in its Rz and Xc components, was 
completed using a bioimpedance analyzer (BIA 
101 Anniversary Sport Edition, Akern, Florence, 
Italy) in combination with the Bodygram Plus® 
software, employing Biatrodes electrodes in 
strict compliance with the manufacturer’s pro-
tocol. The participants enrolled in this study did 
not follow any specific instructions such as diet, 
hydration or physical activity prior to BIA mea-
surements. 

Participants lay supine on a non-conduc-
tive surface for at least two minutes prior to 
measurements, allowing for even distribution 
of body fluids. They were then positioned with 
the legs opened at a 45° angle with respect to 
the midline of the body and upper limbs posi-
tioned at a 30° angle from the trunk. This was to 
verify the absence of contact with any metallic 
object and the absence of contact between the 
upper limbs and trunk and between the low-
er limbs. After cleansing the skin with alcohol, 
four electrodes (Biatrodes, Akern Srl, Florence, 
Italy) were applied at a distance of 5cm from 
each other; two on the back of the right hand, 
corresponding with the radioulnar joint and the 
metacarpophalangeal joint of the third finger; 
and two on the dorsum of the foot – one at the 
ankle joint and the other at the metatarsopha-
langeal joint of the third toe [21–24]. 

The data obtained were processed using 
the Bodygram Plus software by analyzing the 
direct values and obtaining the relative derived 
estimates. All instruments used to provide for 
the possibility of calibration were calibrated be-
fore each measurement session according to 
the indications provided by the manufacturers. 
Once all measurements were taken, the partici-
pants underwent a subsequent 30 minutes of 

following competitions and training, injuries 
suffered in the last 60 days not fully recovered 
(with medical documentation), inability to prac-
tise competitive physical activity (even tempo-
rarily), paramorphisms, pain of any kind.

Evaluated products
During evaluations, athletes wore a full 

body technical training suit marketed under 
the name Accapì FIR (Bruno Chiaruttini S.r.l. 
– Rezzato, BS, Italy). The suit was made from 
polyester fibres including noble metals able to 
produce MWIR, LWIR and FIR frequencies when 
stimulated by the infrared frequency produced 
by the athlete (a constant infrared emission of 
between 5µm and 20µm). The control product 
was made with the same polyester fibre exclud-
ing the presence of metal components. Both 
tested products were made in Italy. Both the 
products with Accapì FIR technology and the 
control product comply with the ISO 10993-1 
standard in relation to cytotoxicity (UNI EN ISO 
10993-5:2009, Report 4983-20 of 07/16/2020), 
skin irritation (UNI EN ISO 10993-10:2013, Re-
port 8742-20 of 22/12/2020), allergic potential 
from contact dermatitis (rLLNA) (UNI EN ISO 
10993-1:2013, Report 8741-20 of 22/12/ 2020). 
This confirms the absence of cytotoxicity, sensi-
tization and irritation reactions.

Evaluation and analysis
Prior to evaluation, participants were pro-

vided with a kit containing the Accapì FIR tech-
nical suit and the technical suit made with the 
control fabric. To participants and examiners, 
the suits were indistinguishable from each other. 
The athletes were summoned to a temperature 
and humidity-controlled laboratory environ-
ment (temperature 22°C, humidity 50%) and 
left to acclimatize for 15 minutes wearing only 
underwear. The weight and height of each par-
ticipant were recorded and a BIVA (bioimped-
ance vectorial analysis) was completed. Mass 
and height were measured with a mechanical 
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Results

The analysis of the anthropometric pa-
rameters shows an overlapping weight variation 
between the two evaluation sessions (0.39kg 
against 0.25kg) using the complete Accapì FIR 
and the control product respectively. The anal-
ysis of the bioimpedance parameters suggests 
a more complex situation. With the use of Ac-
capì FIR garments, a reduction of Rz in 2.8 Ω/m 
and in Xc of 2.3 Ω/m is observed, an element of 
particular importance if related to the weight re-
duction, probably attributable with such a short 
stress to the loss of fluids through sweating. In 
such a situation, an increase in Rx and an essen-
tially unchanged Xc is expected – as occurs using 
the control fabric. Noteworthy is the fact that de-
spite the reduced number for the Rz parameter, 
statistical significance was reached (p<0.05) as il-
lustrated in Table 1. The reduction in resistance 
in the presence of greater acute weight loss, 
observed using the Accapì FIR fabric, compared 
to an observed increase in resistance in the 
presence of greater weight loss (Fig. 1), seems 
to suggest an effect of Accapì FIR fabric on the 
dynamics of distribution of body fluids, as one 
would expect in situations of this type.

adaptation to environmental conditions wear-
ing the technical garment. After this phase, 
they performed an incremental work protocol 
on a Treadmil Run Excite Jog 500 (Technogym 
s.p.a Cesena FC Italia), starting from a run at 8 
km/h for two minutes, increasing the speed by 
2 km/hr every two minutes until they reached 
a speed of 18 km/hr for a total work time of 
12 minutes. Subsequently, the technical cloth-
ing was removed, and after a wait period of 15 
minutes to acclimatize and return to a state of 
stillness, the measurements were carried out 
again. After a seven-day complete recovery pe-
riod where subjects were instructed in uniform 
physical activity management, the test protocol 
was repeated using the control fabric not used 
in the first evaluation.

The statistical analysis of the results was 
carried out by reporting the measured vari-
ables as mean and standard deviation; the vari-
ations of the variables (∆) is expressed as the 
difference between the averages at T0 and at 
T1. The Student’s t-test was used to verify if the 
use of Accapí fabric is significantly associated 
with variations in weight, Rz and Xc; the level of 
significance was set at 0.05 and analyses were 
performed using Excel 365 (Microsoft corpora-
tion, Redmont Washington, USA).

Weight T0 Weight T1 ∆ Weight Rz 1 Rz 2 ∆ Rz Xc 1 Xc 2 ∆ Xc
Accapì FIR 78.3±8.9 77.9±9.0 -0.39 388.5±74.0 385.7±38.5 -2.80 54.20±10.0 51.90±6.5 -2.30
Control 78.2±9.3 77.97±9.2 -0.25 432.90±51.4 434.1±55.5 1.20 55.10±6.5 55.20±6.4 0.10
P(t) 0.98 0.99 0.14 0.04 0.81 0.27

Table 1: Pre- and post-exercise bioimpedance parameters
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T0 

Weight T1 ∆ Weight Rz 1 Rz 2 ∆ Rz Xc 1 Xc 2 ∆ Xc 

Accapì 
FIR 
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38.5 
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-2.30 

Control 78.2±9.3 77.97 ± 9.2 -0.25 432.90±51.4 434.1±55.5 1.20 55.10 
±6.5 

55.20 
±6.4 

0.10 

P(t) 0.98 0.99 
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Discussion

Preliminary results have shown that in the 
face of a slightly greater weight loss, which in 
practice can be considered as superimposable, 
the use of Accapì FIR technology garments is 
correlated to a statistically significant reduction 
in body resistance (Rz) compared to the control 
fabric. This effect can generally be correlated to 
a different distribution of fluids and ions, which 
allows an organism to oppose a lower resistance 
to the passage of the microcurrent used in bio-
impedance measurement, outlining a picture 
opposite to what one would expect to observe 
following the practice of acute physical activity. 
The effect could be explained on the basis of the 
most recent interpretation of these phenomena in 
literature, i.e. by the ability to intervene on blood 
circulation (hemodynamic effect) [10,15] in the areas 
included within the penetration capacity of the FIR 
frequencies [2,19]. From a theoretical-rational point-
of-view, this phenomenon should be correlated 
to an effect in the dynamics of peripheral circu-
lation (e.g. by intervening on the capillary and su-
perficial circulation), which can also be associated 
with a more long term efficient management of 
body heat (Fig. 2). This effect could potentially 
contribute to a more efficient management of 
the peripheral circulation – a phenomenon cor-
related to various aspects such as the supply 
of oxygen, water and nutrients to the tissues 
and the removal of catabolites. These aspects 
can prove to be very important during physical 
activity and during recovery and the during the 
supercompensation processes, also potentially 
providing a better thermoregulation capacity. 
The p-values relating to weight variations allow 
them to be considered as non-significant. It is 
possible to hypothesize speculatively that the 
additional 140g lost when using FIR fabrics is 
attributable to a more efficient effect in ther-
moregulation that is secondary to the hemody-
namic effect. However, this speculative hypoth-

esis must be considered with caution and should 
be the subject of further studies. The sum of these 
haemodynamic and thermoregulatory effects 
could represent an interesting solution to modu-
late the reduction in performance during activity 
and favour the recovery and supercompensation 
processes [5,16,19]. Noteworthy is the fact that other 
advantages relating to the use of FIR fabrics de-
scribed in literature include improvement in pos-
tural control found in both experienced and un-
trained athletes [19, 25] and a modest improvement 
in performance [13,19]. Given that FIR fabric exhib-
its bacteriostatic and cooling capabilities, it could 
greatly contribute to improving the comfort of the 
athlete during long-lasting exercise [7,19].

Figure 2: Hypothesis of the mechanism responsible for the 
observed Rz variations: The body heat emission is filtered 
and selectively reflected by the FIR garment. This affects 
the structures included within its penetration capacity and 
favours vasodilatation. Vasodilatation favours the haema-
tological dynamics potentially responsible for greater fab-
ric perfusion and therefore a reduction in Rz.

Conclusions

In this work we have studied the varia-
tion of the bioimpedance parameters that oc-
curs when using Accapì FIR garments capable 
of generating an FIR infrared emission when 
stimulated by body heat according to the classi-
fication proposed by Zati and Valent [2] against a 
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