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Abstract 

It is well known that heat therapies, including Finnish sauna, have various health advantages and thus long been performed worldwide since 
ancient time. Recently, we focused on physical nature of ceramic, which emit far-infrared ray upon heating. Accordingly, we developed ceramic 
beads, whose electromagnetic wave profiles are almost identical to those of a black body, a perfect far-infrared radiator. A bathtub, equipped 
with computerized hot water circulation system, was first filled with the ceramic beads. Those beads in the bathtub were heated by circulating 
hot water at 50 ℃  which was drained out thereafter, and then a bather was laid in a supine position and covered with the heated ceramic beads 
in depth of 5-10 cm except the facial-cranial region and sandbathed for 15 minutes. In this minireview, we briefly overview the physiological 
response to the far-infrared sandbathing and the immune impacts. Finally, some discussion was done for the logical and mechanical basics and 
future therapeutic possibilities.
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Introduction

It has widely been recognized that sauna bathing is generally 
used to maintain mental as well as physical health [1]. Not only 
in the Scandinavian regions and northern Europe, sauna bathing 
has long been used as one of therapeutic modalities for hundred 
years, even in far-east countries, i.e. oriental style sauna of 
Korea and Ibusuki sandbath, Kagoshima, Japan. Finnish steam 
sauna is a representative in this context, however, there are 
several other ways of sauna, such as dry-heat sauna, infrared 
sauna and far-infrared (FIR) sauna [2]. Developing energy 
sources, emitters and other photo-technologies, various ways 
of FIR sauna have been upgraded so far [3]. The classification 
of the International Commission on Illumination has three sub-
divisions for the infrared (IR) radiation, which are composed of 
near-IR (IR-A, wavelength ranges of 700 nm – 1400 nm), mid-
IR (IR-B, wavelength ranges of 1400 nm – 3000 nm) and far-IR 
(IR-C, wavelength ranges of 3000 nm – 1 mm). In terms of tissue 
penetration when exposed to human skin, deepest penetration is 
obtained by near IR (approximately 5 mm) [4]. FIR exposure only  

 
results in superficial penetration [5], which, however, has various 
clinical advantages [6,7]. 

In general, FIR saunas heat to 40–60 °C and utilize 120-
V infrared elements which irradiate electromagnetic waves 
with a wavelength of around 10 µm [8]. There are two ways of 
FIR irradiators applicable for patients’ use as follows. First, an 
FIR emitter consisted of electrified ceramic plates is located 
approximately 20 cm above a bather, which steadily increase skin 
temperature [9]. The second is an FIR dry sauna in which light is 
used to create heat and directly irradiate the target (indeed, skin) 
[10]. In ‘Enseki’ sandbath, a novel FIR sauna system our team 
reported recently, ceramic beads were filled in a bathtub equipped 
with computerized hot water circulating system and heated at up 
to 50 ℃ [11]. 

Immediately after temperature of ceramic beads reached 
sufficiently, the hot-water was drained-out, and a bather was 
laid in a supine position and was completely covered with depth 
of 5-10 cm (except for a head and a face) by ceramic beads like 
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sandbathing. Based on the biological nature of the ceramic beads 
which emit FIR ray when heated at around 50 ℃, the Enseki 
method was conducted as FIR bathing. By repetitively conducting 
microbacteriological analyses, it was found that at any step of 
the procedures or on any parts of the circulation systems no 
pathogens were grown [11]. To analyze its safety for human use, 
various physiological parameters were checked in bathers before, 
during and after the sandbathing, including blood pressure, heart 
rates, oral temperature, body weight and blood viscosity, all of 
which were only affected in the similar extent with other types 
of sauna. Consequently, it appeared that Enseki method was, at 
least, no negative impact on human health. Biochemical analysis 
was also performed including blood glucose, HbA1c, uric acid, 
lactate, fatty acid and others, demonstrating no abnormal score 
[11]. Finally, results of questionnaires demonstrated that 90% 
of the participants answered the comfort and wished to further 
repeat the bathing [11]. 

Discussion

When electromagnetic waves transfer heat to human body, 
three possible routes exist, i.e. 1) direct heat transfer, 2) convection, 
and 3) radiation. Since FIR does not necessarily require transfer 
media by energy transfer, convection may be involved only in 
a minor route. Again, majority of ceramic beads did not contact 
skin surface except for those locating just outside of the skin and 
thus were not entirely capable of direct energy transfer. Hence, 
radiation of FIR from heated ceramic beads is likely to be the 
major route which is assisted by direct energy transfer. Enseki 
sandbathing may influence immune cascades as evidenced 
as follows. First, the numbers of peripheral leukocytes were 
increased after the sandbathing [12]. However, the proportion of 
each leukocyte subsets (granulocytes, lymphocytes, eosinophils 
and basophils) was not altered. Similarly, it was previously 
reported that sauna bathing led to the increase in the number of 
white blood cells among athletes but not in non-athletes13. In that 
study, they concluded as ‘sauna bathing stimulated the immune 
system to a higher degree in the group of athletes compared to the 
untrained subjects’. As we did not enroll athletes in our studies, 
the Enseki sandbathing might lead more effectively to the increase 
in peripheral leukocyte numbers. 

Second, the ratio of CD4+/ CD8+ T cells was significantly 
increased [12,13]. The similar finding was previously reported 
that the thermal bathing as well as radon hot spring bathing 
highered CD4/CD8 ratio in bathers [14]. Thus it might be 
probable that this is rather common phenomenon among thermal 
therapies. Previously, it was reported that inverted CD4/CD8 
ratio was associated during aging and thus may reflect immune 
senescence [15]. In terms of senescence, it was reported that aging 
is accompanied with decline in acquired cell-mediated immunity, 
leading to the decrease in acquired humoral immunity [16].

Since aging is continuous and progressive processes, the 
sandbathing-induced increment of CD4/CD8 ratio might be 
interpreted as forced immune rejuvenation. The biological 
significance of this event should further be explored. Third, the 
Enseki sandbathing led to production of interleukin (IL)-6 and 
tumor necrosis factor (TNF)-α in vivo in sera of human subjects  
[12]. Although we do not know the biological significance yet, one 
can interpret that Enseki-sandbathing-affected events, at least, 
may activate immune cascade.

Forth, Enseki sandbathing may lead to PHA-stimulated 
proliferation of T cells [12]. Collectively, these findings indicate 
that sandbathing induced 1) release of cytokine, IL-6 and TNF-α 
and 2) enhanced proliferation of T cells in PHA-stimulated PBMC. 
One can speculate that Enseki sandbathing may activate immune 
cascade including T cell proliferation, which might possibly 
be of therapeutic significance. To date molecular mechanisms 
underlying the biological effects of FIR rays are still unclear. As 
previously reported, FIR mediates its biological effects on target 
cells via thermal and non-thermal ways. In terms of thermal 
effects, FIR-signals first may activate thermoregulators on the skin 
cells. For instance, it has been reported that transient receptor 
potential (TRP) channels in skin are crucial to maintain internal 
temperature balance and thermal homeostasis [17]. Interestingly, 
different TRP may be activated depending upon degrees of 
temperature stimulation. It implies that, when compared with 
traditional Finnish sauna, relatively lower temperature setting 
of the Enseki sandbathing might activate different TRP channels, 
leading to different clinical effects. Furthermore, it also has nicely 
been shown that using snake systems TRP channels may work as 
sensors for infrared detection [18]. In our system, radiated FIR 
rays might activate some TRP channels other than those affected 
by high temperature Finnish sauna. This might be attributed 
to physiologic effects that are characteristic for the Enseki 
sandbathing. 

By contrast, it was reported that one of possible candidates 
representing non-thermal effects is FIR-induced nitric oxide 
(NO) in endothelial cells [19]. Extending that speculation, Hsu 
et al. has reported that FIR may induce nuclear translocation 
of promyelocystic leukemia zinc finger protein (PLZF) in the 
endothelial cells of human umbilical vein, which was independent 
of a thermal effect [20]. In that paper, they demonstrated that 
FIR exposure induced the nuclear translocation of PLZF which 
up-regulated phosphatidyl inositol-3 kinase to activate Akt, and 
then activated endothelial NO synthase (eNOS) to induce NO 
generation. Finally, they concluded that through a PLZF-mediated 
pathway, FIR may be a potential therapeutic modality to maintain 
vascular endothelial health and function [20]. Based on their 
observation, it might be possible to speculate that the Enseki 
sandbathing also may activate such signal transduction pathway 
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via thermal as well as non-thermal ways. Not only via non-thermal 
pathways, but thermal effects are also known to be involved in 
activation of eNOS [21].

It was known that heat shock proteins are capable of 
induction of immune systems such as proliferation of T cells and 
production of cytokines such as IL-6 and TNF-α, and thus plays 
a proinflammatory role when released as soluble forms. Wang et 
al. reported that soluble HSPs activated antigen presenting DC via 
induction of surface CD40L and IL-15R which further activated 
T cells via CD40/CD40L- and IL-15/IL-15R-systems [22]. 
Interestingly, sHSP may induce effective anti-tumor immunity 
possibly via induction of CD4+ cells producing granzyme B 
independently of target cells, while it induced the anti-tumor ability 
of CD8+ cells which demanded the presence of target tumor cells. 
Furthermore, it was reported that balneotherapy with hot water 
at 38-40 ℃ induced production of serum HSP70 [23]. It might be 
possible to speculate that Enseki sandbathing via inducing soluble 
HSPs may possess immune modulatory capability. This remains 
elucidated and is future target of further researches.

The Enseki sandbathing led to the decrease in blood 
triglyceride and blood fatty acid peroxide, while the increase was 
observed in blood free fatty acid [11]. This phenomenon might 
be induced by the facilitation of degradation from triglyceride to 
free fatty acids via activation of lipoprotein lipase. Hence, through 
the activation of metabolisms, the Enseki sandbathing induces 
triglyceride metabolisms by activated lipoprotein lipase. So when 
adequate aerobic exercise is combined, the Enseki procedure might 
well be useful for weight control. By use of Enseki sandbathing we 
performed laser Doppler study demonstrating dilatation of radial 
artery by 24% and increase in circulating blood volume of the 
radial artery at 2.43 times. Furthermore, acceleration of the flow 
speed by approximately 1.7 times [11]. 

The similar tendency was also observed in popliteal artery. 
These data indicates that the Enseki procedure temporarily 
dilated radial as well as popliteal arteries, leading to the increase 
in the peripheral circulating blood volume. Together with 
previous observations emphasizing usefulness of heat therapy 
on cardiovascular diseases [24-27], those findings suggest that 
the Enseki bathing might be possibly one of useful therapeutic 
modalities for cardiovascular disorders. One of self-explanatory 
effects on heat therapy is the increase in body temperature. Indeed, 
thermographic analysis demonstrated the relatively rapid increase 
in body surface temperature. The Enseki sandbathing may flexibly 
control skin circulation as well, so it might be the effective tool 
to activate function and proliferation of skin constituents, such as 
dermal fibroblasts capable of collagen production. So repetitive 
Enseki sandbathing might be a better tool for skin rejuvenation. 

Conclusion

Although more detailed validation of the effects at molecular 
levels is necessary, we conclude that this is worth being a new FIR-
therapeutic modality, by which Enseki sandbathing might give us 
better contribution on our life in physical, immunological, mental 
as well as rejuvenation contexts.	
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