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3. Mechanism of action of whole body cryotherapy

Whole body cryotherapy was developed on the basis of already long-known
neuroreflexive associations between thermal stimuli and their influence on
the state of excitation in the peripheral and central nervous systems. Despite
this the functional chain “Stimulus effect on cold sensors in the skin — ther-
apy effect of whole body cryotherapy” is still the subject of intense research.
In this chapter the processes induced or influenced by the cold eftect shall
be described. The individual components of the eftect shall then be looked
at in detail.

3.1 Neuroreflexive processes

The starting point for the therapeutic effect of whole body cryotherapy is
its action over almost the entire body surface.This occurs suddenly and over
a period of three minutes at most. Remember, cold applications given by
Sebastian Kneipp were also in the order of seconds or minutes. Of course
at that time hardly anything was known in detail about the neuroreflexive
relationships induced by a shock-like, short cold action, but the therapeutic
effects were well known to Kneipp.

During whole-body cryotherapy, an ambient temperature of around
-85°C to -130°C in the therapeutic section of the cryotherapy chamber
(see also ,,Cryotherapy chamber* in the appendix) ensures that the skin sur-
face temperature falls within two to three minutes by up to +5 °C, depend-
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ing on where the measurement is taken ©”. What physiological and physical
processes cause such a temperature reduction?

Heat production and distribution in the human organism depend greatly
on the ambient temperature. In very warm environments the body sur-
face temperature can increase to almost approach that of the body core, 1.¢.
+37 °C. In colder environments the temperature of the body surface drops
considerably and the difference to the body core temperature, that essen-
tially remains uninfluenced (apart from small variations) irrespective of the
ambient temperature, becomes very large. Already under normal ambient
temperature conditions the body surface temperature, especially at exposed
parts of the body (arms, hands, feet), can be as much as 10 °C below the body
core temperature. At high external temperatures more heat is transported to
the body periphery where it is given up to the environment to avoid any
overheating of the body. With low external temperatures, associated with
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a cooling of the body surface, transport of heat from the body core to the
periphery is curbed in the interests of maintaining a stable core temperature
that is vital to the organism.

The organism therefore controls the body temperature and keeps it at
+37 °C in the body core using the impulses from the warm and cold recep-
tors distributed throughout the body as well as the thermoregulation center
in the hypothalamus.

In the hostile environment of the cryotherapy chamber this reliable tem-
perature regulation is put to a hard test which nevertheless is passed with
flying colors! The body core temperature only changes slightly.

Several mechanisms that act both internally and at the periphery simulta-
neously contribute to a rapid temperature reduction of the body surface in
the cryotherapy chamber. Within the body, transport of heat from the core
to the periphery is modified. This transport normally occurs via two path-
ways: firstly via heat conduction, i.e. via delivery of heat from the interior to
the exterior along contacting tissue structures and organs, and secondly via
heat convection. The transport medium for the latter form of heat flow is
the blood. In whole body cryotherapy the more important means of trans-
port is convection. By far the largest proportion of heat is conveyed to the
periphery by this mechanism. Heat supply to the skin is ultimately carried
out mainly by the blood in the large capillary beds that the skin possesses.
These beds are located within the sclera (corium) that lies directly below the
epidermis (figure 3.1).

Under the extreme cold stimulus in the cryotherapy chamber, the cap-
illaries vigorously constrict in a reflexive manner (vasoconstriction), so that
the blood flow as well as heat transport to the skin is reduced. In parallel the
emission of heat from the body exerts a strong temperature lowering effect
within the skin.This occurs primarily via infrared radiation, but also via con-
vection. The quantity of heat produced by infrared radiation depends on the
amount of radiant energy given up to other persons present in the chamber
as well as to the walls of the chamber. This is determined by the difference in
temperature between the body and other surfaces. The differences between
the individuals in the chamber can of course be neglected since they are in
fact very small, but the surfaces of the chamber inner wall on the other hand
are extremely cold, i.e. the temperature difference to the body surface is
very large so that the infrared radiation is very intense. The result is a raised
net heat emission compared to a situation where normal room temperature
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course should be based on the knowledge that the improvement in state is
approximately linearly related to the duration of therapy, i.e. two to three
weeks. Although shorter cold treatments can also produce already good suc-
cesses, one should be aware that they do not achieve all that is possible.
Other treatments that were already applied before should be continued. Any
changes, if at all, should only be carried out after consulting the doctor.

It is of key importance to determine the individually required and tolerable
dose of whole body cold depending on the ability to adequately react to the ex-
treme stimuli. An open cooperation of the patient with the doctor is an absolute
requirement for this. It must be ensured that upon improvement in condition
the physical load does not exceed the range of well being. The incredible re-
duction in symptoms under therapy can unfortunately induce such a condition!

More or less by chance, I had the opportunity to meet members of mul-
tiple sclerosis self-help groups from Abensberg and Nuremberg in the spa
centers of Bad Bleiberg in Carinthia and Weissenstadt in Upper Franconia.
They were staying at those locations to undergo cryotherapy. In very pleas-
ant and at the same time stimulating conversations I received much valuable
information about the effect of whole body cryotherapy on their clinical
condition. I would like to take this occasion to thank them cordially for
expanding my wisdom in this area.

4.2 Primary Fibromyalgia Syndrome
Those affected with fibromyalgia syndrome (hereafter fibromyalgia) often
experience, that the therapeutic procedure greatly depends on the opinion
of the doctor about the cause of this disease. Too little is known about how
fibromyalgia arises, and attempts to explain the pathogenesis are still far too
inconsistent to be able to treat it in a uniform and root-cause related manner.
Unfortunately this circumstance has frequently led to changing ones doctor,
a fact which in itself is very detrimental towards achieving therapeutic suc-
cess. On top of this it is hard to convince the patients to assume a large part
of the required therapeutic effort in their own hands.
Fibromyalgia is characterized by
— a chronic course,
— pain distributed over the whole body of changing intensity,
— the tenderness of defined “tender points”, and in addition
— diverse, but not obligatory vegetative, functional and psychological disorders
(see figures 4.4, 4.5 and 4.6).
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Musculo-skeletal pain
— spontaneous
— lasting at least three months
1 — close to the trunk and periarticular (mainly muscle and tendon attachments
near large joints)
with a reduced pain threshold

Tenderness at defined body points (tender points)

Reduced psycho-physical capacity and rapid fatigue
Sleep disorders
5 Swelling feeling in tender parts, at the joints and morning stiffness
Headache
Depressive moods, sometimes anxiety states
Reduced stress tolerance

Fig. 4.4 Main symptoms (1) and other features (2) of fibronyalgia

Cardiac and respiratory complaints Giddiness
Circulatory disorders Tendency to sweat a lot
Gastrointestinal complaints Shivers
Disruptions in bladder function Paralgesias (inappropriate sensations)
Oral and ocular dryness Cold sensitivity of the fingers
Globus feeling Menstrual problems

Fig.4.5 Functional /vegetative disorders that can accompany a fibromyalgia

When assessing the relevance of cryotherapy for the treatment of fibro-
myalgia, the varying opinions on its origin must be taken into account. The
spectrum ranges from a pain processing disorder (both psychological and
organic), to increased activity of the neuropeptide substance P and chronic
(systemic) inflammation. Investigations revealing inflammatory parameters
to be within the normal range or which do not show an adequate tendency

(14.25. 88,1489 contrast with others

to change upon cryotherapeutic intervention
that suggest or indicate an inflammatory cause. At this point, the question
should also be asked whether silent inflammation might play a causal role.
‘Whole-body cryotherapy might indeed provide some clarification through
its differentiating eftect on the relevant humoral inflammatory parameters.

Unfortunately, for some cryotherapy studies where a relationship with an in-
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Front side of the body Rear side of the body

Muscle process at the
back of the head

Lower throat area
between the lateral
processes of the 5th
and 7th cervical vertebrae Trapezius (middle
between roof of
shoulder joint and the

throat process)

Above the bone-cartilage
boundary of the 2nd rib

2cm below the e Above the
lateral epicondylus shoulder ridges

Upper outer edge
of the gluteal
musculature

Behind the greater
trochanter (bone
margin at the upper
end of the upper
Knee inner side, thigh bone)
Fat cushion above - - _

the joint gap

Fig. 4.6 Location of the tender points on both body sides

flammatory origin could not be confirmed, the dosage was less than optimal
according to previous experiences.

A recent, high-quality, controlled prospective study (6 exposures to
-130 °C over the course of 6 weeks, monitoring of outcome immediate-
ly after therapy cessation and after three months) is of particular interest
with regard to the molecular as well as the clinical effect of whole-body
cryotherapy for fibromyalgia. This was conducted by the Departments of
Rheumatology and Clinical Immunology as well as Physical Medicine and
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6. Whole body cold application in athletic sports

The clinical indications for whole body cryotherapy, including those such
as postoperative states, inflammatory processes and blunt tissue damage, have
inevitably led sportsmen to use whole body cold increasingly for thera-
peutic purposes. Reports on their use in this context have now been pub-
lished. Furthermore it has been pondered how the regulation of central
activity levels seen after whole body cryotherapy, the economization in the
cardiovascular system and the muscular effects can be utilized for athletic
sports. A number of cryotherapeutic centers have already made some ca-
pacity available for the use of sportsmen, while many sports clubs have their
own cryotherapy chambers and sport-medical rehabilitation centers have
also included whole body cold in their therapeutic spectrum. Cold applica-
tions have become “the most important form of passive physical therapy in
sports medicine” 7).

It can already be forecasted that this highly effective physical therapy
shall become a firm component of sports therapy, rehabilitation and re-
generation programs. Regarding our own experiences, observations on the
whole body cryotherapy of general traumas after competitions and in post-
operative rehabilitation, their application during training and the results of
currently published research, the following problems shall be discussed in
this chapter:

. Sport injuries as indications for whole body cryotherapy,

. increase in athletic performance from cold application,

. competitive sport and the immune system

. effect of whole body cryoapplications on physiological parameters and

U1 = W N —

. inclusion of whole body cold applications in training and competition.

6.1 Sports injuries as indications for whole body cryotherapy

In order to be able to recognize the possible applications of whole body
cryotherapy after sports injuries as well as after injury-conditioned surgical
interventions, we shall first turn to the pathophysiological processes listed
in figure 6.1 that are worthy of discussion at this point and which prog-
ress after tissue damage. The severity and therapeutic influencing of these
processes largely determine the times for which athletes must refrain from
training and competition as well as any long-lasting impairments of athletic
performance.
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Inflammatory reaction in the injured area

Destruction of tissue integrity

Disrupted blood supply in the capillary areas

Increase in vascular permeability towards fluids and protein bodies
Cellular inflammatory reaction

Disrupted oxygen supply

Fig. 6.1  Post-traumatic pathophysiology relevant for whole body cryotherapy
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7. Whole body cold exposure for primary disease
prevention, in the spa industry, in programmes for
generally promoting health and wellbeing,
as well as in relation to naturopathic procedures

7.1 Basics

‘Whole body cold exposures at temperatures ranging from -85 °C to -130 °C
are no longer restricted to purely therapeutic exposures. They are now ap-
plied more and more for preventive medicine as well as in many spa insti-
tutions renowned for their prophylactic and therapeutic facilities. Against
the backdrop of other natural and preventive procedures, the general health
beneficial and performance-optimising effects of cryoapplications have re-
sulted in their increasing use to promote general wellbeing, often combined
with the desire of optimising one’s abilities to work in their chosen profes-
sion. People these days are asking what they themselves can contribute to
promote their own health, and what role their mental and physical wellbeing
plays in this respect. From such generally outlined reasons, it now seems
appropriate to ask the role which whole body cold exposures can play in
this process. In addition, and this should not be overlooked, exposure to cold
can now be accomplished in a very comfortable form and environment,
a fact which has contributed greatly to its acceptance, even in situations
where its necessity is not dictated by a pathological indication (e.g. a painful
inflammatory condition), and it is much rather intended to prevent disease,
improve well-being or improve overall performance.

‘What determines the use of whole body cryoapplications in this respect?
At this point we can refer briefly back to the effects described in other chap-
ters of this book. Let’s start with the systemic effects that are triggered via
neuronal reflex mechanisms. This is almost certainly the main reason why
whole body cold exposures enjoy benefits over locally employed physical
applications. Rather than inducing reactions which are either locally re-
stricted or confined to individual organs, whole body cold exposures elicit
complex responses that affect both the physique and the psyche. These can
occur in the central and autonomic nervous systems, in the cardiovascular
and respiratory systems, in hormonal regulation, with immune functions, in
metabolism as well as in muscular and skin functions (figure 7.1).

Concerning the effects of whole body cold applications on the central
nervous system, only their influence on the control of chronic inflammatory
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Central and autonomic
nervous systems

Cardiovascular and
respiratory systems Hormonal systems

™ 7

Systemic effects of
whole body

cryoapplications

-~ .

Skeletal musculature Metabolism

Immune system
Fig. 7.1 Targets of action for whole body cryoapplications

(32,33,69,

processes ) and the perception of pain #*'°V by the brain initially played

a role in the many studies and discussions about this topic. Now, however,

many years of more recent clinical experience and scientific research (%12

127129 have allowed us to abandon this what now seems unilateral approach.
In general terms it can be said that whole body cryoapplications modulate
activity levels in the brain. They contribute towards bringing about a bal-
anced mental state. From a symptomatic viewpoint this is actually quite easy
to establish since we know that sleeping patterns can improve, stress manage-
ment can become more effective, overstrain syndromes can be manageable
and the treatment of reactive depressive states can be effectively assisted. The
mutual interactions between the central nervous system and the autonomic
nervous system also play a role. The autonomic nervous system reacts difter-
ently to the effects of cold on the body surface in a way that depends largely
on what the initial situation might be. With an excessively high level of
agitation or arousal, i.e. when the sympathetic nervous system predominates,
it 1s mainly the parasympathetic nervous system which becomes activated,
especially via the eftects of the cold on the facial skin, and it is this wing of
the autonomic nervous system which actually reduces the levels of agitation
or arousal. If on the other hand the general state of activity in the nervous
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