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yperbaric Gaseous Cryotherapy: Effects on Skin
emperature and Systemic Vasoconstriction
aurent Mourot, PhD, Christian Cluzeau, PT, Jacques Regnard, MD, PhD
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ABSTRACT. Mourot L, Cluzeau C, Regnard J. Hyperbaric
aseous cryotherapy: effects on skin temperature and systemic
asoconstriction. Arch Phys Med Rehabil 2007;88:1339-43.

Objective: To compare skin-surface cooling caused by the
pplication of an ice bag (15min) and the projection of carbon
ioxide microcristals (2min) under high pressure (75 bar) and
ow temperature (�78°C), a modality called hyperbaric gas-
ous cryotherapy.

Design: Randomized controlled trial with repeated measure.
Setting: Laboratory experiment.
Participants: Twelve healthy male subjects (mean � stan-

ard deviation, 22.9�1.8y).
Interventions: Ice bag and hyperbaric gaseous cryotherapy

ere randomly applied on the skin of the nondominant hand.
Main Outcome Measure: Skin temperature of the cooled

dorsal and palmar sides) and contralateral (dorsal side) hands
ere continuously measured with thermistor surface-contact
robes before, during, and after (30min) cooling.
Results: Hyperbaric gaseous cryotherapy projection induced

large decrease (P�.05) of the dorsal skin temperature of the
ooled hand (from 32.5°�0.5°C to 7.3°�0.8°C) and a signif-
cant decrease of the skin temperature of the palmar side and of
he contralateral hand. The skin temperature of the dorsal side
f the cooled hand was decreased with an ice bag (from
2.5°�0.6°C to 13.9°�0.7°C, P�.05). However, the lowest
emperature was significantly higher than during hyperbaric
aseous cryotherapy, and no significant changes in the other
kin temperatures were observed. Rewarming was equal after
he 2 modalities, highlighting a more rapid increase of the skin
emperature after hyperbaric gaseous cryotherapy.

Conclusions: Hyperbaric gaseous cryotherapy projection
ecreased the skin temperature of the cooled and contralateral
and, suggesting a systemic skin vasoconstriction response. On
he other hand, the vascular responses triggered by ice pack
ooling appeared limited and localized to the cooled area.

Key Words: Cold; Cryotherapy; Dry ice; Ice; Nervous
ystem diseases, sympathetic; Rehabilitation.

© 2007 by the American Congress of Rehabilitation Medi-
ine and the American Academy of Physical Medicine and
ehabilitation

From the Department of Physiology, Franche Comté University, Besançon, France
Mourot, Cluzeau, Regnard); and Functional Explorations Department, University
ospital, Besançon, France (Regnard).
Supported by the French Ministry of National Education, Research and Technology

grant no. UPRES EA3920).
No commercial party having a direct financial interest in the results of the research

upporting this article has or will confer a benefit upon the author(s) or upon any
rganization with which the author(s) is/are associated.
Reprint requests to Laurent Mourot, PhD, Laboratoire de Physiologie, Faculté de
édecine et de Pharmacie, F-25030 Besançon Cedex, France, e-mail:
ourotlaurent@hotmail.com.
u
0003-9993/07/8810-00052$32.00/0
doi:10.1016/j.apmr.2007.06.771
HE TERM CRYOTHERAPY refers to the achievement of a
therapeutic objective through the lowering of the tissue

emperature by the withdrawal of heat from the body.1 A
ritical level of tissue cooling is required for specific effects.2-6

ce massage,7 mixture of water and alcohol,8 or nitrogen cold
ir9 are efficient cooling techniques, but among the various
ryotherapy modalities available for use both in clinical and
n-field settings, ice or a gel bag or pack are probably the most
requently used. A series of studies10,11 reported that critical
emperatures are not typically achieved with these modalities,
hus limiting the therapeutic effect.

Despite a general consensus regarding the physiologic ef-
ects of cryotherapy, there are no clear guidelines on the
ptimum application technique for acute cryotherapy. Thus,
here is no strong evidence to justify the use of one cryotherapy
odality over the others.12 It is generally believed that greater

ooling leads to more profound metabolic suppression, sug-
esting that cryotherapy modalities that produce lower temper-
tures are more efficacious.7,10,11,13-15 Similarly, it is generally
ssumed that cryotherapy techniques that provide more rapid
ooling of tissues may offer some advantage over slower
ooling techniques. With traditional ice and a cold gel pack,
chievement of temperatures low enough to produce local
nalgesia2 by conduction are usually obtained after 5 to 10
inutes.8,14

With the intention of drastically shortening cooling time, the
ryonic Society developed a cryotherapy modality that lowers

he tissue temperature by convection. A reduced skin temper-
ture is achieved through sublimation on the skin of carbon
ioxide microcristals under high pressure (75 bar) and low
emperature (�78°C). The aim of this study was to directly
ompare the skin-surface temperature during and after the
pplication of a commonly used latex ice bag and of hyperbaric
aseous cryotherapy by carbon dioxide application.

METHODS

xperimental Design
We used a repeated-measures design to compare the skin-

urface temperature during the application of the 2 cryotherapy
odalities. Time and cryotherapy modalities were the indepen-

ent variables, whereas skin-surface temperature was the de-
endent variable. Subjects were tested with 2 cryotherapy
odalities: an ice bag and hyperbaric gaseous cryotherapy on
occasions with at least a 24-hour interval between occasions.
o control the order effects, subjects were randomly allocated.
ubjects were also asked to refrain from consuming alcohol,
affeine, or food for 3 hours and from any vigorous activities
or 24 hours before testing to help stabilize extremity blood
ow. None of the subjects in this study reported negative
eactions to the cold treatments.

articipants
Twelve male subjects (mean � standard deviation [SD],

2.9�1.8y; height, 178.3�2.0cm; weight, 70.6�2.2kg) from a

niversity student population voluntarily participated in this

Arch Phys Med Rehabil Vol 88, October 2007
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tudy. Their medical history and a medical examination were
sed to exclude subjects with a history of smoking, cardiovas-
ular or peripheral vascular disease, diabetes, neurologic pa-
hologies, recent trauma or injury to the hand, presence of any
ores or open wounds on the hand, local hot or cold insensi-
ivity, and very fair skin. We chose these criteria to avoid any
arm or discomfort to the subjects; they were in keeping with
revious studies.10,11 Subjects were normotensive, and none
as taking medication. They were informed of the organization

nd details of the study, which was approved by our local
thics committee, and they were reminded of their right to
ithdraw at any stage. All patients provided written informed

onsent according to the Declaration of Helsinki. None of the
2 prospects was excluded from the study.

xperimental Procedures
A sole investigator made all data measurements to reduce
easurement variability. Subjects were in the supine position

n a treatment table during the entire test. A control period was
mposed for a minimum of 20 minutes before starting temper-
ture measurements in an effort to allow body temperatures to
tabilize and to control for temperature fluctuations resulting
rom any pre-experiment physical activity.

The dorsal face of the nondominant hand was cooled in each
herapy. The ice bag was prepared from ice chips and had a
iameter of 25cm. Air was evacuated from the bag to allow the
ag to better form to the hand surface. Care was taken to cool
nly the hand from the distal part of the wrist to the extremity of
he fingers. With hyperbaric gaseous cryotherapy, cold was ap-
lied on the same area by sweeping motions. Because of the
bility of hyperbaric gaseous cryotherapy to rapidly withdraw
eat, application time differed between modalities; cooling lasted
5 minutes with the ice bag7,10 and only 2 minutes with hyperbaric
aseous cryotherapy (manufacturer’s recommendations).

Skin temperatures were recorded at the following sites: (1)
he center point of the cooled area (middle of the third meta-
arpus), (2) the opposite side (palmar side) of the same hand,
nd (3) the middle of the third metacarpus of the dorsal con-
ralateral hand. Skin temperatures were recorded every 30
econds during the first 2 minutes of application and then every
minutes until the end of application of the modality (ice bag

nly); every 30 seconds during the first 3 minutes of rewarming
nd then every minute from 3 to 6 minutes of rewarming; and,
nally, every 2 minutes during the remaining 30 minutes of
ewarming. Subjects were permitted to leave when sensation in
he tested area returned to normal. No subjects experienced any
dverse reactions to the experimental protocol.

aterials
Skin-surface temperatures were measured by means of ther-
istor surface-contact probesa fixed on the skin with thin,

ir-permeable, adhesive surgical tape. By using uniform
mounts of tape covering an equal area for each treatment, we
ontrolled the potential insulating effect of the tape, and it was
ssumed that a uniform effect would be produced across all
reatments. Therefore, it would not interfere with our ability to
iscriminate among treatments. Room temperature was main-
ained at a mean of 25°�1°C for all testing sessions.b

Ice bag and hyperbaric gaseous cryotherapy by carbon di-
xide were the modalities used in this study. The ice bagc was
25-cm diameter latex bag filled with chipped ice (0°–1°C). In

his case, air was evacuated from the latex bag in an attempt to
mprove conforming of the bag to the body surface. The
mount of ice was 400g. For hyperbaric gaseous cryotherapy,

e used the Cryo� apparatus.d This device throws up carbon

(
b

rch Phys Med Rehabil Vol 88, October 2007
ioxide microcristals under low temperature (�78°C) and high
ressure (50 bars at the outlet pipes, 2 bars on the skin).
edical carbon dioxide, in liquid form, is stored in bottles with
valve and a dip tube. Cold was applied on the dry skin with

weeping motions by using a spray gun linked to the carbon
ioxide bottle. The pipe was maintained at a distance of 7 to
0cm of the skin surface. With this technique, it was possible
o see the action of the cold by observation of the microcristals
n the skin. Skin-temperature reduction is controlled by an
nfrared thermometer incorporated into the gun and application
ime of the gas is displayed on a screen.

tatistical Analysis
Standard statistical methods were used for the calculation of
ean � SD. Statistical comparisons of skin surface tempera-

ure were made by using a repeated-measures 2-way analysis of
ariance. A Student-Newman-Keuls test was used post hoc
hen interactions were significant. The statistical significance
as established at the P less than .05 level. All analyses were
erformed by using SigmaStat.e

RESULTS
The mean skin-surface temperatures for the 2 modalities at

he end of the baseline periods were 32.5°�0.6°C (ice bag) and
2.5°�0.5°C (hyperbaric gaseous cryotherapy) for the dorsal
ooled hand, 33.7°�0.7°C (ice bag) and 33.5°�0.6°C (hyper-
aric gaseous cryotherapy) for the palmar cooled hand, and
1.0°�0.7°C (ice bag) and 30.8°�0.6°C (hyperbaric gaseous
ryotherapy) for the dorsal contralateral hand (fig 1). At base-

ig 1. Skin-surface temperatures of the cooled and of the contralat-
ral hand during and after 15 minutes of ice bag application and 2
inutes of hyperbaric gaseous cryotherapy. Abbreviation: REC, re-

overy. *Significant difference between ice bag and hyperbaric gas-
ous cryotherapy; †significant difference from the reference values

ice bag); ‡significant difference from the reference values (hyper-
aric gaseous cryotherapy) at the P<.05 level.
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1341SKIN RESPONSE TO HYPERBARIC GASEOUS CRYOTHERAPY, Mourot
ine, no significant differences were observed between ice bag
nd hyperbaric gaseous cryotherapy.

Ice bag and hyperbaric gaseous cryotherapy decreased the
emperature of the dorsal aspect of the cooled hand significantly
hroughout the cold application (see fig 1). However, the rate of
kin temperature decrease and the drop in skin temperature was
ependent of the technique used. With the ice bag, the skin
emperature decreased to 26.5°�0.7°C (�6°C) in the first 30
econds (P�.05 vs baseline) and then more slowly to reach
1.8°�0.6°C at 2 minutes (�11°C; range, �5.0° to �8.1°C) and
nally 13.9°�0.7°C (�19°C; range, �15.6° to �20.8°C) at

he end of the 15-minute application. With hyperbaric gaseous
ryotherapy, the skin temperature decreased to 12.8°�1.2°C
�20°C; range, �14.4°C to �25.8°C) within 30 seconds
P�.05 vs baseline and ice bag) and then more progressively to
each 7.3°�0.8°C (�25°C; range,�18.4°C to �30.0°C) at the
nd of the 2-minute application. The overall reduction in the
kin temperature was larger with hyperbaric gaseous cryother-
py compared with an ice bag (P�.05). After removal of the
pplication, rewarming was faster after hyperbaric gaseous
ryotherapy, particularly at the very beginning of recovery.
hirty seconds after the removal of the ice bag, the skin

emperature was 16.9°�0.8°C (�3°C; range, 1.9°�4.0°C),
hereas it was 13.5°�0.6°C (�6°C; range, 3.8°�9.1°C) for
yperbaric gaseous cryotherapy (P�.05 vs ice bag). After 1
inute of rewarming, no significant difference in skin temper-

ture was observed between ice bag and hyperbaric gaseous
ryotherapy. After 20 minutes of recovery, neither cryotherapy
odalities differed significantly from baseline values. Like the

emperature reductions on the dorsal side of the cooled hand,
he palmar skin temperature changes were also dependent of
he cooling technique used (see fig 1). A trend for an increase
n the skin temperature was observed during the first 6 minutes
f ice bag application (up to 34.0°�0.7°C; �0.3°C; range,
0.4°C to �1.2°C; P�not significant) before decreasing to

each 33.2°�0.9°C at the end of the cooling period. At this
ime, no significant difference with the baseline skin tem-
erature was observed. During hyperbaric gaseous cryother-
py, the palmar skin temperature decreased (P�.05) to reach
9.2°�1.2°C (�14°C; range, �6.5°C to �21.5°C) at the end
f the 2-minute application.
No significant change in the dorsal skin temperature of the

ontralateral hand was observed during ice bag application (see
g 1). However, a significant decrease was observed with
yperbaric gaseous cryotherapy; the temperature dropped to
0.5°�0.6°C (�0.3°C; range, �0.1°C to �0.7°C) at the end of
he cooling period. The skin temperature remained significantly
ower than that of baseline during the 2 first minutes after the
nd of cold application.

DISCUSSION
This study investigated the effect of application of a tradi-

ional latex ice bag and a hyperbaric gaseous cryotherapy
evice on the surface skin temperature of the human hand. The
esults suggest that greater reductions in skin temperatures and

greater rate of heat removal are achieved with hyperbaric
aseous cryotherapy compared with an ice bag.
Cold modalities work by absorbing heat from their immedi-

te environment, particularly from the tissues being treated.
he transfer of heat and the capacity of the cold modality to
bsorb this heat determines the modality’s effectiveness and
epend on several factors, such as the relative masses of the
odies, the size of the contact area, the difference in starting
emperatures, and the heat capacity or specific heat of each
aterial.16 In the present study, the only difference between
reatments was caused by differences in the specific heat of the i
odalities used and their ability to absorb heat. Hyperbaric
aseous cryotherapy is based on a source of liquid carbon
ioxide which converts, when applied on the skin, to a white
olid phase (dry ice) through a process called deposition. Then,
t atmospheric pressure, dry ice gradually sublimates to carbon
ioxide gas (sublimation). The amount of heat absorption
hrough this process is greater compared with the heat absorp-
ion operated through convection with the ice bag, explaining
he greater and more rapid decrease in skin temperature. Also,
ondensation occurred at the surface of the ice bag during the
5-minute application, and, thus, a small amount of cold water
as in contact with the skin of the subject’s hand. On the other
and, convection during hyperbaric gaseous cryotherapy in-
olved dry gas. One potential advantage of such a difference is
hat pain is lessened during a dry cold than during a wet cold
timulation.17 However, pain sensation was not evaluated in
he present study.

Comparing the present results with other research findings is
ifficult because of the different protocol used (time and site of
old application).12 However, the relative clinical merits of
ach modality can be established by reviewing the tissue tem-
eratures achieved in relation to target tissue temperatures.
ased on previous research, a skin temperature below 13.6°C

s required to induced localized analgesia,2 a reduction of nerve
onduction velocity is observed at a temperature of 12.5°C,3-5

nd tissue temperatures between 10° and 11°C reduced meta-
olic enzyme activity.3,6 It is of note that large variation exists
n individual responses to cold. Clinically, this variation is a
oncern, given the importance of the actual skin temperature
hat must be achieved to induce the different physiologic ef-
ects. It is, therefore, worth questioning whether generic appli-
ation protocols and times will always ensure clinically effec-
ive tissue cooling. The ice bag did not achieve a mean skin
emperature below 13.9°C. This suggests that the ice bag would
ot be suitable to achieve these particular clinically relevant
issue temperatures when applied to the hand in this manner. In
he present study, the skin temperature on the cooled surface
as lower than 13.6°C in 6 subjects and lower than 12.5° and
1°C in only 2 of 12 subjects after 15 minutes of ice bag
pplication. The interindividual variation was large in this case
ecause skin temperature ranged from 9.7° to 17.7°C. Because
here was a continual decrease in the mean surface temperature
or the duration of ice pack application, clinically relevant
emperatures may have been reached with a longer application
ime. However, a prolonged application at low temperatures
hould be avoided because this may cause serious side effects,
uch as frostbite and nerve injuries.18,19 On the other hand,
yperbaric gaseous cryotherapy led to a skin temperature be-
ow 11°C in every subject at the end of the 2-minute applica-
ion. This suggests that hyperbaric gaseous cryotherapy has
dequate heat abstraction capabilities to justify its use for
chieving localized analgesia, reduced nerve-conduction veloc-
ty, and cell metabolism. It is not known if very rapid cooling
ould also have side effects, but, because the hyperbaric gas-
ous cryotherapy has a great capacity to absorb heat, this
odality may also cause injuries if mismanaged.
Twenty minutes after the removal of the cryotherapy mo-

alities, the mean skin-surface temperature was not signifi-
antly different from baseline. It is interesting to note that the
cryotherapy modalities achieved a similar level of mean skin

urface temperature during the rewarming despite the fact that
he mean skin surface temperatures before removal differed.
ecause heat always transfers from the warmer environment

nto the cooler environment,14,20 the similar level of the mean
kin-surface temperature at the end of the rewarming may

mply that the cooling effects of the topical cryotherapy appli-

Arch Phys Med Rehabil Vol 88, October 2007
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ation in this study are short-lived. The important changes in
he skin temperature observed with hyperbaric gaseous cryo-
herapy may be of interest based on the assumption that im-
ediate cryotherapy application will be more beneficial than

elayed application because the sooner the metabolic rate is
educed after injury, the less the secondary damage.14

In the present study, we chose to cool the hand instead of the
high, as usually performed in studies comparing different
ryotherapy modalities.8,14 This was done because subjects’
kinfold thickness is thin at this site and the vascular bed is
ighly developed, therefore magnifying the thermal alterations.
lso, changes in hand skin temperature could be used as an

ndicator of the sympathetic activity,21-23 giving information on
he vascular autonomic control during cooling. In the present
tudy, a significant decrease in the skin temperature of the
almar face of the cooled hand and of the contralateral hand
as found with hyperbaric gaseous cryotherapy and not with

ce bag cooling, suggesting that the cutaneous vasoconstriction
riggered by hyperbaric gaseous cryotherapy was systemic,
hereas that triggered by the ice bag was localized only to the

ooled area. This should be noted because evidence has shown
hat sympathetic activity modulates inflammation and the re-
ease of cytokines24 and that involvement of the autonomic
ervous system is important in the treatment of inflammation.25

tudy Limitations
Several methodologic restrictions limit the generalization of

ur findings.
The subjects of the present study were a selected group of

oung healthy men, which enhances internal validity and data
urity. However, they are not representative of the population
s a whole,26-28 restricting the external validity of this study.
ikewise, injured subjects may not respond in the same fashion
ecause of their inflammatory status and higher temperature at
he wounded site. During cold application, there is a direct
elationship between adipose thickness,29 vascularity of the
issue, local blood flow,30 and both the required cooling time
nd the temperature change, suggesting that adjustments to
ryotherapy duration may be necessary to produce similar
emperature changes at different body segments. Hyperbaric
aseous cryotherapy was compared with the use of an ice pack
ecause it is likely the most frequently used modality in clinics
nd on the field. However, more rapid and deeper tissue cool-
ng compared with an ice bag could be achieved with other
ryotherapy modalities.7-9 It is necessary to compare the effi-
acy of hyperbaric gaseous cryotherapy to these alternative
odalities. Finally, in lieu of more direct measures, the clinical

fficacy of cryotherapy is often assessed through skin-surface
emperature measurements. It is assumed that skin-surface tem-
erature declines in a fashion similar to that of intramuscular
emperature during the course of cryotherapy application7,14,20;
owever, this may be incorrect.31 Also, the duration of the
ntramuscular temperature reduction is dependent of the cool-
ng modalities.15,32

CONCLUSIONS
Hyperbaric gaseous cryotherapy was superior to the ice bag

n reducing skin temperature. This modality decreased the
ean skin-surface temperature to levels required for therapeu-

ic effects in all subjects studied, whereas the ice bag did not.
nlike the ice bag, hyperbaric gaseous cryotherapy triggered a

ystemic vasoconstriction. Confirmation of these results with a
arger population is necessary, and the clinical benefits of

yperbaric gaseous cryotherapy need to be evaluated.

rch Phys Med Rehabil Vol 88, October 2007
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