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Introduction

Cryotherapy/cryostimulation

Cryotherapy/cryostimulation and 
exercise



Introduction

RECOVERY AND RECOVERY AFTER 
EXERCISE

= 

KEY OF SUCCESS



Adaptations through cycles of loading and recovery

Soligard T, et al. Br J Sports Med 2016;50:1030–1041



Soligard T, et al. Br J Sports Med 2016;50:1030–1041

Maladaptations through cycles of excessive loading and/or inadequete recovery



Recovery

• Recovery time
• Hydration, Rehydration, Nutrition, Sleep
• Techniques used for faster recovery

– Active recovery
– Massages
– Stretching
– Electrostimulation
– Thermal contrast therapy
– Cold baths
– Cold vests
– Cryotherapy/ Cryostimulation (cryo chambers or cabins)



Key aspects

- Different kinds of whole body cryotherapy (WBC) 

or cryostimulation

- Why to use WBC

- Feelings after exposure

- Cold and physiological adaptations

- Peculiar problems to deal with whole body 
cryotherapy investigations

- What do we know about whole body cryotherapy

- Mechanisms
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Cold and Medicine



Rhazès (Perse, IX century)



Hordeola treatment with a refrigerated blade



WHOLE BODY CRYOTHERAPY – INDIVIDUAL SETTING



WHOLE BODY CRYOTHERAPY – NATURAL  SETTING
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WHOLE BODY CRYOTHERAPY – NATURAL? SETTING



WHOLE BODY CRYOTHERAPY – Sport context



WHOLE BODY CRYOTHERAPY– Halloween



WHOLE BODY CRYOTHERAPY – MEDICAL SETTING

(TRADITIONAL)
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WHOLE BODY CRYOTHERAPY – MEDICAL SETTING

+ SPORT CONTEXT

- 160 to -180 °C





Technologies: cryogenics versus mechanical refrigeration

Direct injection of LN2

Figure 1 – Cryo-sauna: Principle with liquid N2 / Direct injection / Partial BC / Individual

(JP Bernard – Air Liquid; IIR information note 2019)



Figure 2 - Cryochamber: Principle with liquid N2 / Indirect injection / Whole BC / Individual 
or Collective 

(JP Bernard – Air Liquid; IIR information note 2019)

Indirect injection of LN2 in two stages (with heat exchangers)



Indirect injection of LN2 in two stages (with heat exchangers)

Figure 3 - Cryochambers: Principle with Mechanical Refrigeration / Whole BC / Collective

(JP Bernard – Air Liquid; IIR information note 2019)
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Beliefs of possible effects

• Improved cold tolerance

• Better mood

• Better sleep quality

• Improved coping with stress situations

• Reduced pains and aches

• Fewer respiratory infections

• Better health status and quality of life

J Smolander 2002



Cold therapy (cryotherapy) may be 
used in

• Rheumatic diseases

• Fibromyalgia

• Arthrosis

• Back disorders

• Psoriasis

• Depression

• Spasticity diseases (MS)

• Sports injuries

• Recovery from exercise
J Smolander 2002



Results: Better quality of life if whole body cryotherapy is used

Whole body cryotherapy => Balance between pro and 
anti inflammatory mediators

Unbalanced pro / anti inflammatory mediators => Pain+++

100 patients (20-70 years)

50 no medication change

50 no medication change + whole 
body cryotherapy

15 sessions; 3-min at -110°C
5 times per week



96 males (65 – 75 y.) with chronic back pain for more 
than 3 months

RESULTS
WBC + physical exercises =>

- - - active potentials of erector spinae muscles 
+ + + range of lumbar spine mobility (69 vs 21%)
- - - muscles tension (- 59 vs 32%)
- pain

WBC 
(3 min at -120°C, 5x/week, 3 weeks) 

+ 
physical exercises 

(45 min at gym, 5x per week, 3 weeks)

vs. 
only physical exercises



55 subjects (43 females; 12 men) ;  20 to 70 years
34 patients with spinal pain syndromes
21 patients with peripheral joints disease
No controls

10 sessions
1 to 3 min at -100°C (?)

RESULTS: +++ well being 
+++ mood
+ quality of live



34 patients + medication (GR1)

26 patients + medication + 
cryotherapy (GR2)

RESULTS

34,6% GR2 patients got a decrease of at least 50%  

for the scores obtained with Hamilton’s 

depression scale 

2.9% for GR1

15 sessions, 3 weeks
2 to 3 min at -160°C or at -110°C



22 MS patients; 48.6 years
22 healthy controls

10 sessions
3 min at -110°C to -160°C

RESULTS: 
++ Uric Acid concentration in plasma of MS patients
Positive changes in disability status scale 

significant effect after 10 exposures
effect kept one and three months later

Conclusions 
WBCT may be used as adjuvant therapy as it improves 
functional status of SPMS patients.



« … we observed on average about twice better results

than in the group treated only by kinesiotherapy … »



Effect of whole body 
cryotherapy (WBCT) on total 
antioxidative status (TAS) 
level in plasma from 
multiple sclerosis (MS) 
patients with and without 
depression.



… especially for those who are the most tired



n = 12 ; 38 ± 9 ans ; BMI > 30 kg/m2

10 times, 3 min at -110°C

Decrease in low-grade inflammation ( - - CRP)

++ irisin (=> higher oxidation in adipocyte lipids?) 



n = 30 ; 39 ± 9 ans ; BMI= 30 + 9 kg/m2

20 times, 3 min at -110°C during 6 mois

+ 

Physical activity: 45min 3x semaines sur 6 mois

… Very little impact
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Comfortable?



Thermal sensation

What is your general thermal sensation now?

4 very hot

3 hot

2 warm

1 slightly warm

0 neutral

-1 slightly cool

-2 cool

-3 cold

-4 very cold
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Human thermoregulation

• optimum for humans in air 27 °C and 33 °C in water

• control of thermoregulation
- receptors in skin and internal organs
- hypothalamic integrator in brain

• heat production and heat loss:
- sweating /evaporation
- control of peripheral circulation
- heat production/shivering



Sudden exposure to cold causes
• constriction of blood vessels in skin

• increased blood pressure

• increased work for heart

• shivering starts

• increased breathing rate and heart rate

• reduced plasma volume

• increased concentration of e.g. cholesterol

• platelet adhesion increases

• release of stress hormones, especially noradrenaline

• Cold-induced analgesia



COLD                  WARM



Sudden exposure to cold causes

• constriction of blood vessels in skin

• increased blood pressure

• increased work for heart

• shivering starts

• increased breathing rate and heart rate (??)

• reduced plasma volume

• increased concentration of e.g. cholesterol

• platelet adhesion increases

• release of stress hormones, especially noradrenaline



Role of individual factors

• body size or BSA/mass-ratio

• fatness

• physical fitness

• gender

• age

• state of cold adaptation

• health status



Male/female

Role of individual factors
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Role of individual factors

• body size or BSA/mass-ratio

• fatness

• physical fitness

• gender

• age

• health status

• state of cold adaptation



Age

Elderly subjects + cold exposure (vs younger subjects):

- Less reactive to cold sensations

- Larger heat loss

- Lower vascular reactivity

- Sympathetic dysfonction  (slower) 

? lower alpha-adrenoceptrice response

- Lower increase in metabolism

- Larger increase in systolic + diastolic pressure

Role of individual factors



Role of individual factors

• body size or BSA/mass-ratio

• fatness

• physical fitness

• gender

• age

• health status

• state of cold adaptation

• mood



Habituation (‘get used to’)

• psychological response

• relatively fast

• response to cold is less intense

• less discomfort

• shivering starts at a lower internal temperature

• lower rise in heart rate, blood pressure, and 
breathing



Whole-body adaptation

Adaptive changes observed already in a week

Types of adaptation:

• hypothermic (reduced internal temperature)

• insulative (reduced skin circulation)

• metabolic (brown fat, betareceptors)

• different combinations
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Peculiar problems to deal with WBC 
investigations

- No possibility for double-blind studies

- Homogeneity for Groups of volunteers

- number of volunteers

- Selection Biais

=> many studies with limited number of subjects, 
problems with standardization of procedure, 

Control groups often missing

=> Results at variance



WHAT CAN WE BELIEVE?ONE POSSIBILITY

META- ANALYSIS









Table 1: Effects of techniques of recovery on  the kinetics of DOMS and perceived fatigue 
 Subjects 

(n) 
Experimental 

group (n) 
SMD IC I2 

DOMS 1188 106 -0.78 -0.94;-0.61 56.62 
Active recovery 90 8 -0.94 -1.61;-0.28 * 
Stretching 67 5 0.15 0.00 ; 0.29  
Massage 158 14 -2.26 -3.05 ;-1.47 * 
Massage + Stretching N/A 
Compression Garments 160 16 -0.92 -1.34 ;-0.50 * 
Electrostimulation 94 8 -0.28 -0.59; 0.03  
Immersion  379 34 -0.47 -0.77;-0.18 * 
Contrast water therapy 144 12 -0.40 -0.73 ;-0.07 * 
Cryotherapy/cryostimulation 72 6 -0.53 -1.04 ;-0.03 * 
Hyperbaric therapy 24 3 0.55 -0.12 ; 1.22  
      
Perceived Fatigue 266 27 -1.40 -1,92 ;-0,89 32,65 
Active recovery 33 4 0.64 -0.43; 1.70  
Stretching 30 1 -0.21 -1.04 ; 0.62  
Massage 64 7 -2.55 -3.49 ;-1.62 * 
Massage + stretching 9 1 -4.34 -7.20 ;-1.47 * 
Compression Garments 28 3 -0.88 -1.34 ;-0.50 * 
Electrostimulation 11 1 -0.28 -0,59; 0,03;  
Immersion 75 8 -1.16 -1.94 ;-0.39 * 
Contrast water therapy 16 2 -0.04 -0.86; 0.79;  
Cryotherapy/cryostimulation NA 
Hyperbaric therapy NA 
Abbrevation : SMD: Standardized mean differences; IC: interval of confidence ; NA : not 
available ; * significant ; - mean a decrease and + an increase in DOMS and perceived 
fatigue after the recovery strategy 

 

An evidence-based approach to choose the recovery you need: a systematic 

review with meta-analysis. 

Olivier Dupuy, Wafa Douzi, Dimitri Theurot, Laurent Bosquet, Benoit Dugué

Frontiers in Physiology 2018
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COLD  EXPOSURE  AFTER EXERCISE

+++ SYMPATHETIC SYSTEM & RELEASE OF NORADRENALIN

SIGNIFICANT IMPACT CONCERNING PAIN

VASOCONSTRICTION:  
=> --- BLOOD IN MUSCLE
=> ---CELL PERMEABILITY/LEAKING
=> --- FLUID DIFFUSION IN INTERSTIAL SPACE
=> --- INFLAMMATION

LOWER MUSCLE TEMPERATURE
=> --- ENZYME ACTIVITY
=> --- METABOLISM
=> --- SECONDARY DEGRADATION AFTER HYPOXIA



One meta-analysis in the context
of pathology



Guillot X, Tordi N, Mourot L, Demougeot C, Dugué B, Prati C, Wendling D: 

Cryotherapy in inflammatory rheumatic diseases: a systematic review. Expert 

Review of Clinical Immunology 2014; 10: 281-294







Conclusions

Local and whole body cryotherapy  could be included 
in RA therapeutic strategies as an adjunct therapy 
with potential corticosteroid and non steroidal anti-
inflammatory drug dose-sparing effects.

However, techniques and protocols should be more 
precisely defined in randomised controlled trials with 
stronger methodology



Biomed Res Int. 2015;2015:409174. doi: 10.1155/2015/409174. Epub 2015 Oct 21.

Effects of Whole-Body Cryotherapy in Comparison with Other Physical Modalities 

Used with Kinesitherapy in Rheumatoid Arthritis.

Gizińska M1, Rutkowski R1, Romanowski W2, Lewandowski J3, Straburzyńska-Lupa A4.

Abstract

Whole-body cryotherapy (WBC) has been frequently used to supplement the 

rehabilitation of patients with rheumatoid arthritis (RA). The aim of this study was to 

compare the effect of WBC and traditional rehabilitation (TR) on clinical parameters and 

systemic levels of IL-6, TNF-α in patients with RA. The study group comprised 25 

patients who were subjected to WBC (-110 °C) and 19 patients who underwent a 

traditional rehabilitation program. Some clinical variables and levels of interleukin-6 (IL-

6) and tumor necrosis factor-α (TNF-α) were used to assess the outcomes. After therapy 

both groups exhibited similar improvement in pain, disease activity, fatigue, time of 

walking, and the number of steps over a distance of 50 m. Only significantly better 

results were observed in HAQ in TR group (p < 0.05). However, similar significant 

reduction in IL-6 and TNF-α level was observed. The results showed positive effects 

of a 2-week rehabilitation program for patients with RA regardless of the kind of 

the applied physical procedure.

http://www.ncbi.nlm.nih.gov/pubmed/26576422
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gizi%C5%84ska%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26576422
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rutkowski%20R%5bAuthor%5d&cauthor=true&cauthor_uid=26576422
http://www.ncbi.nlm.nih.gov/pubmed/?term=Romanowski%20W%5bAuthor%5d&cauthor=true&cauthor_uid=26576422
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewandowski%20J%5bAuthor%5d&cauthor=true&cauthor_uid=26576422
http://www.ncbi.nlm.nih.gov/pubmed/?term=Straburzy%C5%84ska-Lupa%20A%5bAuthor%5d&cauthor=true&cauthor_uid=26576422


Disabil Rehabil. 2016 Jun;38(11):1034-40

Complex rehabilitation and the clinical condition of working 

rheumatoid arthritis patients: does cryotherapy always 

overtop traditional rehabilitation?

Księżopolska-Orłowska K, Pacholec A, Jędryka-Góral A, Bugajska

J, Sadura-Sieklucka T, Kowalik K, Pawłowska-Cyprysiak

K, Łastowiecka-Moras E.

64 females RA

32 traditional rehab + exercice

32 cryo +exercise

3 weeks

Larger impact of the cryotherapy 3 months after the rehab 

(functional tests , Pain “Global Health Index)

YES !

http://www.ncbi.nlm.nih.gov/pubmed/26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ksi%C4%99%C5%BCopolska-Or%C5%82owska%20K%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pacholec%20A%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=J%C4%99dryka-G%C3%B3ral%20A%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bugajska%20J%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sadura-Sieklucka%20T%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kowalik%20K%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paw%C5%82owska-Cyprysiak%20K%5bAuthor%5d&cauthor=true&cauthor_uid=26853597
http://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%81astowiecka-Moras%20E%5bAuthor%5d&cauthor=true&cauthor_uid=26853597


Joint Bone Spine 2017

N=30



Vascular alterations+ oxidative stress + inflammation 

=> AD developpement 

Whole body cryotherapy => --- inflammation

--- oxidative stress 

--- vascular alterations

Whole body cryotherapy should be evaluated in the context of 

AD + MCI



Subjects at risks 

- serious hypertension

- serious cardiopathies

- cold allergy

- Raynaud syndroma 

- drepanocytose

- cryoglobulinemia

- claustrophobia

- skin problems, frostbites

- severe hypothyroid disease



Accidents are rare but they exist





McGee K, Turkewitz J. Death of Woman in Tank at a Nevada Cryotherapy Center 

Raises Questions About Safety. New York Times. 2017. 

Carrard J, Lambert AC, Genne D. Transient global amnesia following a whole-body 

cryotherapy session. BMJ Case Rep. 2017. 

Camara-Lemarroy CR, Azpiri-Lopez JR, Vazquez-Dıaz LA, Galarza-Delgado DA. 

Abdominal aortic dissection and cold-intolerance after whole-body cryotherapy: a 

case report. Clin J Sport Med. 2017;27(5):e67-e68.

Quesada-Cortes A, Campos-Mu~noz L, Dıaz-Dıaz RM, Casado-Jimenez M. Cold 

panniculitis. Dermatol Clin. 2008; 26(4):485-489.

Problem of anoxia in Cryo-sauna with the direct injection of vaporised liquid N2 

which makes the atmosphere in the cabin not breathable. The head is of course 

not exposed but the unbreathable atmosphere is only few centimeters below the 

chin level.



MAIN CONCLUSIONS

- EFFICIENCY: ALMOST OK

-MECHANISMS:  ALMOST OK ?

- SAFETY: 
• OK FOR HEALTHY SUBJECTS
• PATIENTS?

MANY QUESTIONS + NEED OF MORE DATA



In cold, we trust

Cryotherapy: cure or kill ?



Cold water immersion 

vs 

Partial body cryotherapy

vs 

Whole body cryotherapy



Temperature ?

Exposure duration?

Stimulation frequency?

Dose/Reponses?

Positive aspects of inflammation or 
Oxydative Stress ?



Temperature?







Session number?

10

20?



Cellular responses to reactive oxygen species (ROS)

Apoptosis

Anti-oxidative enzymes

Stress proteins

Cytokines

Adaptation to training

Lipids

Nucleic Acids

Proteins

NF-kBSignal 
transduction

Oxydative
stress

ROS

Membranes disturbances

DNA lesions

Enzymatic dysfonctions

X

X



Similar way of thinking with

inflammation after exercise



Inflammation is a complex process which both mounting and resolution phases are 

required for tissue repair/recovery of muscle function.

Cold => lower inflammation => longer recovery

However, a strategy would be to boost the anti-inflammatory phase at the time of 

resolution of inflammation.

Difficult  to monitor  as  this event occurs intramuscularly.





+

+

OR

http://sante.lefigaro.fr/sites/default/files/media/field_media_image/3122c5e6-42ec-11e3-afed-eca7de221343-493x328.jpg
http://sante.lefigaro.fr/sites/default/files/media/field_media_image/3122c5e6-42ec-11e3-afed-eca7de221343-493x328.jpg




COMPLEX  SITUATIONS

WHAT SHOULD WE DO?



PhD thesis - Romain Bouzigon:

LA CRYOSTIMULATION CORPS ENTIER COMME AIDE À LA RÉCUPÉRATION 

APRÈS EXERCICE(S) PHYSIQUE(S) ÉPUISANT(S). ETUDE DES IMPACTS 

BIOLOGIQUES, PHYSIOLOGIQUES ET PSYCHOLOGIQUES ET APPLICATIONS 

DANS LE CONTEXTE DE LA PERFORMANCE SPORTIVE.

Université de Franche Comté, 10 décembre 2016

PhD thesis - Xavier Guillot:

CRYOTHERAPIE ET RHUMATISMES INFLAMMATOIRES

Université de Franche Comté, 22 décembre 2016

PhD thesis - Wafa Douzi

UTILISATION DU FROID A DES FINS D’AMELIORATION DE LA RECUPERATION 

APRES UNE ACTIVITE PHYSIQUE DANS LE CONTEXTE SPORTIF,  DE LA 

REHABILITATION ET DANS LE CONTEXTE DU TRAVAIL EN ENVIRONEMENT 

EXTREME

Université de Poitiers, September 28, 2018

PhD thesis – Dimitri Theurot

In progres

Université de Poitiers



The International Institute of 

Refrigeration Working Group on 

Whole body cryotherapy

will help 

in promoting networking



THANK YOU FOR YOUR ATTENTION

YOU ARE COOL


