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ABSTRACT

Rheumatoid arthritis (RA) is a progressive autoimmune disease affecting connective tissue, leading
to joint damage and multi-organ changes. Cryotherapy is one of the most frequently used physical
methods during the treatment process of patients with RA. To evaluate the effectiveness of whole-
-body cryotherapy and local cryotherapy in the treatment of RA patients. Study group consisting
of 20 patients with RA (mean age 61 + 10.9 years) was examined. Among them, there were 11
patients underwent a series of 10 whole-body cryotherapy (group A),and 9 patients who underwent
10 sessions of local cryotherapy (group B). Using a questionnaire, the Visual Analogue Scale and
a Baseline hand dynamometer the patient’s condition was examined before and after the therapy.
After the application of whole-body and local cryotherapy, a decrease of subjective pain feeling was
observed among the studied patients. In group B, a greater decrease in joint pain within the knee and
elbow was noted compared to group A. Whole-body cryotherapy led to reduction in pain of the wrist,
shoulder, ankle, and foot joints compared to the local cryotherapy. In both study groups subjective
improvements in well-being, independence, and manual efficiency were observed after the therapy.
Additionally, a decrease in the duration of morning stiffness and an improvement of hand muscle
strength were noted. However, these differences were not statistically significant. The application
of both form of cryotherapy had a beneficial effects on the occurrence of symptoms related to RA
in the study groups. Local cryotherapy proved to be an effective method of reducing joint swelling,
which contributed to improvement in well-being, independence, and manual efficiency in patients.
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STRESZCZENIE

Reumatoidalne zapalenie stawéw (RZS) jest postepujaca chorobg autoimmunologiczng obejmujaca
tkanke Iaczna, prowadzaca do uszkodzenia stawéw i zmian wielonarzadowych. Krioterapia jest
jedna z najczesciej stosowanych metod leczenia fizykalnego pacjentéw z RZS. Ocena skutecznosci
krioterapii ogélnoustrojowej i krioterapii miejscowej w leczeniu chorych na RZS. Grupe badang
stanowilo 20 pacjentéw z RZS ($rednia wieku 61 + 10,9 lat). Wsréd nich 11 pacjentéw poddano
serii 10 zabieg6w krioterapii ogdlnoustrojowe;j (grupa A), a 9 pacjentéw poddano serii 10 zabiegéw
krioterapii miejscowej (grupa B). Za pomoca kwestionariusza ankiety, wizualnej skali analogowej
(VAS) i recznego dynamometru Baseline zbadano stan pacjentéw przed terapia i po terapii. Po za-
stosowaniu krioterapii ogélnoustrojowej i miejscowej zaobserwowano zmniejszenie subiektywnego
czucia bélu wéréd badanych pacjentéw. W grupie B odnotowano wigksze zmniejszenie bélu stawéw
kolanowych i fokciowych w poréwnaniu z grupg A. Krioterapia ogélnoustrojowa spowodowata
zmniejszenie bélu stawéw nadgarstkowych, barkowych, skokowych i stopy w poréwnaniu z krio-
terapig miejscowq. W obu badanych grupach zaobserwowano subiektywng poprawe samopoczucia,
samodzielnosci i sprawnosci manualnej. Odnotowano skrécenie czasu trwania sztywnosci poranne;j
oraz poprawe sity miesni dloni. Réznice te nie byly istotne statystycznie. Zastosowanie serii obu
form krioterapii zmniejszyto wystepowanie objawéw choroby u badanych pacjentéw. Krioterapia
miejscowa okazala si¢ skuteczng metoda zmniejszania obrzgkéw stawow, co przyczynilo sie do
poprawy samopoczucia, samodzielnosci i sprawnosci manualnej chorych.

Stowa kluczowe: reumatoidalne zapalenie stawéw, krioterapia ogélnoustrojowa, krioterapia miej-

scowa

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune
chronic disease. It results in progressive joint de-
formities, as well as numerous changes in other
systems and organs leading to disability, and sig-
nificant reduction in the quality of life (Smolen,
2016). According to research, between 0.5 and
1.5% of the adult population suffers from RA.
In Poland, this number is estimated at 0.9% of
the adult population (Marcol-Majewska, 2017).
In 2020 it was estimated that the number of RA
patients averaged 17.6 million people around the
globe. To balance the data collected, 4.9 million
are men and 12.7 million are women. In Cen-
tral Europe alone, the number of patients is
about 349 000, and in Eastern Europe 514 000.
The etiology of RA is still not fully understood
(Stroniska, 2021). A slow, gradual, progressive de-
velopment of the disease is typical for RA. Less
often, we are dealing with a sudden onset of the
disease. The dynamics of the disease cannot be
anticipated. The course of RA consists of periods
of relapses and remission, how long a given period
will last is an individual matter that depends on
many factors. In some cases, the disease develops
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continuously with the same intensity. Joint symp-
toms usually manifest symmetrically. Stiffness,
pain and swelling accompanying the disease make
it increasingly difficult to move the joints. Pain
and swelling alternately appear and disappear,
after a period of exacerbation there is a tempo-
rary relative improvement (Smith, 2022). Patients
often complain of a feeling of stiffness, especially
immediately after awakening, which gradually
subsides during a subsequent movement. The
duration of morning stiffness is dependant on
the severity of the ongoing inflammatory pro-
cess. After a few years the patient presents ad-
vanced damage to the musculoskeletal system
(Ksi¢zopolska-Ortowska, 2013). Ulnarization
occurs as the elbow deviation of the fingers co-
incides with the tendons sliding to the same side
extensors which are located over the metacar-
pophalangeal joints (Baran, 2019). Typical for
this disease are also deformities such as “swan
neck” and “boutonniere fingers”. Deformation
known as “swan neck” is caused by the rupture
of the lateral bands of the extensor tendon of
the finger, hyperextension in the proximal in-
terphalangeal joints (PIP) and flexion in distal
interphalangeal joints (DIP). Due to the complex
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nature of the disease, it requires a multidiscipli-
nary approach. The treatment process includes
both physiotherapy and pharmacotherapy, as well
as psychotherapy and education (Juszczak, 2018;
Bartowska, 2021). According to the recommen-
dations of The European Alliance of Associa-
tions for Rheumatology (EULAR) from 2018,
physical activity and kinesiotherapy should be an
important element in the process of RA treat-
ment (Osthoff, 2018). Physiotherapeutic inter-
ventions in RA aim to reduce disease activity and
thus the risk of comorbidities; maintaining the
greatest possible efficiency and independence of
the patient, pain relief and education (Hu, 2021).
One of the most common methods in the field of
physical therapy used in the treatment of RA pa-
tients include local cryotherapy and whole-body
cryotherapy (WBCT). The whole-body cryother-
apy is carried out in a cryogenic chamber, where
the temperature is up to —130°C. This treatment
has analgesic, anti-inflammatory, anti-swelling
effects, and has a positive effect on the well-being
and general condition of patients. Under the in-
fluence of cryogenic temperatures applied to the
whole body, systemic reactions modulate the
functioning of all systems and organs (Gmer-
nicka, 2017). Local cryotherapy (LC) is applied
to the selected body area. There are two types of
local cryotherapy machines. Some use as coolant
the liquid nitrogen, the others carbon dioxide. In
the case of the first equipment type, the temper-
ature at the nozzle outlet ranges between —196
and —160°C. The temperature at the nozzle out-
let in the second equipment type is higher com-
pared to those using liquid nitrogen and reaches
about—78°C.’The treatment time is about 3 min-
utes. Cryostimulation causes a decrease in body
temperature by 2—4 degrees Celsius compared to
the skin surface temperature which contributes
to a decrease in the intensity of pain felt imme-
diately after the procedure and it is conducive to
reducing the swelling and relieving the feeling
of stiffness (Stanek, 2014; Guillot, 2014; Mau,
2016).

The aim of this study was to compare the
effectiveness of whole-body cryotherapy and
local cryotherapy in the treatment of patients
affected by rheumatoid arthritis. The main ob-
jective of the study was to assess the impact of

both therapeutic measures to reduce the symp-
toms of the disease and improve the quality of
life of patients. Survey allowed to analyse poten-
tial differences in the effectiveness of both thera-
peutic forms in relation to the various symptoms
associated with this disease.

MATERIAL AND METHODS

The study group consisted of 20 patients with
RA (average age 60.8 years [SD — 11 years, min.
35, max. 78 years]). The patients were qualified by
a rheumatologist for physical procedures (local or
whole-body cryotherapy). Among them, 11 pa-
tients received a series of 10 whole-body cryo-
therapy (group A), and 9 patients received a se-
ries of 10 local cryotherapy (group B). There were
6 women and 5 men in the group undergoing
whole-body cryotherapy (mean age 62.5 years
[SD - 8.7]), and in the group undergoing lo-
cal cryotherapy there were 4 women and 5 men
(mean age 58.7 years [SD — 13.4]). In group A,
the mean duration of the disease was 18.2 + 8.7
years, while in group B it was 20.8 + 13.9 years.

A Visual Analogue Scale (VAS) was used to
assess the subjective pain feeling before and after
therapy in the studied patients. With the use of
the Baseline manual hydraulic dynamometer, the
strength of the hand muscles was tested twice, as
well as the occurrence and duration of morning
stiffness, joint swelling, the level of manual ef-
ficiency and the well-being of the subjects were
assessed using the author’s questionnaire.

Inclusion and exclusion criteria:

Each patient was qualified for cryotherapy
by a rheumatologist after excluding contraindi-
cations. Patients were informed about the pur-
pose and course of the study. Each patient gave
informed and voluntary consent to participate
in the study before the start of the study and
was informed that they could withdraw from the
study at any time. Excluded were the patients
with acute radicular pain of the lumbosacral
spine, patients with other rheumatic diseases, as
well as patients with individual contraindications
for the use of local cryotherapy or whole-body
cryotherapy (Fig. 1).

Whole-body cryotherapy was performed in
the cryogenic chamber (Type KR-3) by a period
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No other rheumatic diseases
No contraindications for

Inclusion
Group A (n=11) criteria
whole body
cryotherapy (WBCT)
Group B (n=9)
local
cryotherapy (LC) Exclusion
criteria

diseases, e.g. PsA, AS
Acute radicular pain in the spine

Diagnosis of RA

Duration of the disease for min.
2 years

Referral for cryotherapy

by a rheumatologist

cryotherapy treatments
Patient consent to participate
in the study

Presence of other rheumatic

Individual contraindications
to cryotherapy treatments
Lack of patient consent to
participate in the study

Figure 1. Flow diagram for inclusion and exclusion criteria

Source: own source.

of two weeks excluding the weekend. The du-
ration of a single treatment was from 1.5 to
3 minutes, after which patients performed re-
habilitation exercises lasting about 20 minutes
at the gym. The therapeutic exercises were in
the form of general rehabilitation training on
a treadmill or on a stationary bike. After leaving
the cryogenic chamber, the patients also per-
formed free active exercises, active resistance
exercises, isometric exercises, as well as breath-
ing and stretching exercises. Local cryotherapy
treatments were performed with the use of the
Kriopol R Bryza II® liquid nitrogen appara-
tus. The duration of the single treatment was
3 minutes. In the study group of patients under-
going local cryotherapy, this treatment was ap-
plied to the area of the wrist joint and the hand,
knee, shoulder as well as the ankle joint and
foot joints. The statistical analysis were made
in SPSS Statistics (Mann-Whitney U Test and
the Chi-Square Test). The significance level was
p < 0.05.

For the purposes of this study, a positive
opinion of the Research Ethics Committee was
obtained (Opinion No. 118.6120.156.2023).
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RESULTS

Patients qualified for whole-body cryotherapy
experienced pain in the shoulder joint and elbow
joint, assessing it on average at 7.50 points on
the VAS. Patients qualified for local cryothera-
py experienced slightly greater pain in the wrist
joint and hand area and assessed it at the level
of 6.88 points on average; with ankle and foot as
well as knee joint pain being assessed at the level
of 7 points on the VAS.

After the therapy, patients using whole-body
cryotherapy indicated pain in the shoulder joint
and elbow joint and in other than those men-
tioned, grading it at 5 on the VAS. In patients
after local cryotherapy, pain in the wrist joint and
hand; ankle and foot and knee joints was reduced
to 5.5 points on the VAS. The difference of sub-
jective pain feelings after the therapy between
the study groups was not statistically significant
(p > 0.05) (Table 1).

Patients in group A experienced morning
stiffness everyday in the morning, for less than
an hour (63.6%) or only during periods of the

disease exacerbation (27.3%), while patients in
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group B experienced stiffness every morning for
more than 1 hour in case of 55.6% or no stiffness
at all (11.1%). After treatment in group A, the
study patients experienced morning stiffness for
less than an hour or only during periods of the
disease exacerbation (22%), while patients using
local cryotherapy experienced morning stiffness
lasting slightly more than 1 hour (44%) or no
stiffness at all (11.1%). The difference of expe-
rienced morning stiffness before and after the
therapy in the study groups was not statistical-
ly significant (group A — p = 0.338, group B -
p=0.510)

Prior to the treatment in group A, joint
swelling was constantly present in 9% of patients,
most of the time it was troublesome for 54.5%
of the subjects, and occasionally it appeared in
36.4% of the patients. In group B, the largest
number of respondents (44.4%) experienced
swelling from time to time, in 22% it occurred
constantly, while 11.2% of respondents admitted
that they had swelling most of the time, rarely
or not at all.

After treatment in group A, swelling oc-
curred most of the time in 54.5% of patients,
occasionally in 36.4% and rarely in 9.1% of pa-
tients. In group B, 33.3% of respondents admit-
ted that they experience swelling most or oc-
casionally, and 22.2% have swelling rarely. The
difference of occurrence of joint swelling before
and after the therapy was statistically significant

in group A — p = 0.048, but was not statistically
significant in group B — p = 0.463) (Table 2).

Before the therapy, 27.3% of patients from
group A declared that they rarely needed help
in activities of daily life or at all (45.5%), while
the respondents from group B more often ad-
mitted that they needed help often (11.1%) or
very often (33.3%). After the therapy, 54.5% of
patients from group A declared that they did
not need help at all in activities of daily life, and
rarely such help was expected by 27.3% of the re-
spondents. After therapy, 22.2% of patients from
group B needed help very rarely, and only 22.2%
of the subjects needed it often. The difference of
self-reliance before and after the therapy in the
study groups was not statistically significant
(group A —p = 0.865, group B — p = 0.912).

Subjects from group A more often described
their current well-being as very good (27.3%)
or good (27.3%); while respondents from group
B more often considered their current well-be-
ing to be moderate (44.4%), poor (11.1%) or
bad (11.1%). After the therapy, patients from
group A described their current well-being as
very good (45.5%) or good (45.5%), while the
subjects using local cryotherapy were more likely
to believe that their current well-being is moder-
ate (33.3%). The difference of well-being before
and after the therapy in the study groups was
not statistically significant (group A —p = 0.284,
group B — p = 0.534).

Table 1. The difference in the subjective pain feeling (Visual Analogue Scale [VAS]) in selected joints
after WBCT and LC

Pain level [pkt] WBCT LC %EX:;“U p
Wrist joint pain -2.45 -1.56 31.500 0.175
Ankle/foot joint pain -1.82 -0.89 27.000 0.095
Knee joint pain -1.09 -1.11 48.000 0.941
Elbow joint pain -0.45 -0.67 39.500 0.456
Arm joint pain -0.91 —-0.89 48.500 0.941
Other joint pain -1.09 0.33 42.500 0.603

WBCT - whole body cryotherapy, LC — local cryotherapy

Source: own source.
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Table 2. The difference in occurrence of joint swelling before and after the therapy in the study groups

. . Chi-Square
Joint swelling Before After Test P

WBCT | prevent daily functioning 9.1 0.0
make everyday functioning very difficult 54.5 9.1

7.905 0.048
hinder daily functioning 36.4 72.7
hinder daily functioning to a small extent 0.0 18.2
LC prevent daily functioning 55.6 22.2
make everyday functioning very difficult 22.2 55.6

2.571 0.463
hinder daily functioning 11.1 111
hinder daily functioning to a small extent | 11.1 11.1

WBCT - whole body cryotherapy, LC — local cryotherapy

Source: own source.

Before starting therapy, patients from group
A more often declared that their manual ef-
ficiency was very good (27.3%) or moderate
(27.3%); while patients from group B slightly
more often described their manual efficiency as
good (22.2%) or poor (44.4%). After the ther-
apy, respondents from group A more often de-
clared that their manual efficiency was very good
(36.4%) or moderate (36.4%), while respondents
from group B were slightly more likely to de-
scribe their efficiency as good (22.2%) or poor
(33.3%). The difference in the degree of manu-
al efficiency before and after the therapy in the
study groups was not statistically significant
(group A —p =0.733, group B — p = 0.924).

Before whole body cryotherapy, the mus-
cle strength of the right dominant hand was
49.3 [pounds] while of the left dominant hand —
44.4 [pounds] in patients from group A. Af-
ter the therapy, patients in group A achieved
a slightly higher score for muscle strength in
the right hand 56.1 [pounds] and the left hand
47.5 [pounds] (p = 0.056). In patients from
group B muscle strength of the right dom-
inant hand was 46.1 [pounds], while of the
left dominant hand — 40.1 [pounds] before
local cryotherapy. After the therapy, patients
in group B achieved a slightly higher score for
muscle strength in the right hand 50 [pounds]
and the left hand 41.2 [pounds] (p = 0.152). Both

differences were statistically not significant.
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DiscussION

Both local and whole-body cryotherapy are used
among rheumatology patients due to their bene-
ficial effect on the musculoskeletal system. They
contribute to the reduction of pain, morning
stiffness, swelling; and offer the alleviation of
fatigue (Lubkowska, 2014; Capadoglio, 2022).
Studies confirm the beneficial effect of cryother-
apy on improving the well-being and mood of
patients (Rymaszewska, 2008).

In the context of the increasing availability
of this form of therapy, it is important to an-
swer the question of which form of cryotherapy
brings better results, and which of them is more
effective in the case of the RA patients. Other
studies have looked at the effects of kinesithera-
py in combination with whole body cryotherapy
compared to traditional kinesitherapy in combi-
nation with other physical treatments.

The study of Giziriska e# a/. (2015) was con-
ducted among 25 RA patients. After the end of
therapy, a significant decrease in pain levels was
observed on the Visual Analog Scale (VAS).
A reduction in the duration of morning stiffness —
which was measured in minutes — was demon-
strated. To assess the degree of independence, the
researchers used the Health Assessment Ques-
tionnaire-Disability Index. After the end of thera-
py, a reduction in specific difficulties in performing
daily activities was shown (Gizinska ez al., 2015).
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Similar results were obtained in our own re-
search. In all the indicated joints, there was also
a decrease in the level of subjective pain feelings
after the completion of whole-body cryotherapy.
In everyday life, improvements in manual effi-
ciency, independence and reduction of stiffness
were observed, but the results were not statisti-
cally significant.

Other studies evaluated the effects of two
types of local cryotherapy on the laboratory pa-
rameters of 40 patients; 20 of whom were re-
ceiving cryotherapy using liquid nitrogen vapors,
while the rest were receiving cold air cryotherapy.
'The level of perceived pain on the VAS after the
completion of therapy in both groups was re-
duced. The duration of morning stiffness was
examined, the fatigue severity scale was used,
and the degree of independence in everyday life
was assessed.

'The VAS was used to measure the intensity
of fatigue, while the HAQ was used to assess the
degree of independence. The result of both forms
of local cryotherapy was a reduction in the time
of feeling stiffness, a reduction in the severity of
fatigue and an increase in independence in daily
life activities (Jastrzgbek, 2013).

'The own study also showed a decrease in the
level of pain after the end of local cryotherapy
treatments in each of the indicated joints; al-
though, as in the case of whole-body cryotherapy,
the differences obtained turned out to be statis-
tically not significant.

Comparing the above studies — which as-
sess the wellbeing of patients with RA, their
independence in everyday life and the reduced
occurrence of morning stiffness — in relation to
the results of our own studies, an improvement in
wellbeing, the degree of independence in every-
day situations and a reduction in the severity of
stiffness were also noticed after using both forms
of cryotherapy,

Although the differences were not statisti-
cally significant, they were noticeable in the sub-
jective assessment of patients. A group of Cro-
atian researchers in 2021 investigated the effect
of localized cryotherapy on the grip strength of
the dominant hand muscles before and after the
application of local cryotherapy. For this pur-
pose, a measurement was made with a manual

dynamometer. The results show that muscle
strength improved after the therapy but with this
parameter the results turned out to be not statis-
tically significant (Laktasi¢ Zerj avié et al.,2021).

Similar effects were obtained in another
study. When measuring the strength of both
hands, the positive end result after therapy
turned out to be of no statistical significance in
this case as well (Jastrzabek, 2015). Hirvonen
et al. project investigated the effect of various
torms of cryotherapy on pain and disease activity
in the course of the seropositive RA. For this
purpose, 60 patients were recruited and divided
into 4 groups: each of them undergoing a differ-
ent form of cryotherapy. For the purpose of the
result analysis, 2 patient groups receiving local
cryotherapy were combined into one, while pa-
tients using whole-body cryotherapy at —-60°C
and —110°C were analyzed separately. After
7 days, it was checked how each of the methods
affected — among other things — the strength of
the hand muscles, which was measured in [kg]
using a hand dynamometer. The results obtained
showed an improvement in hand muscle strength
in all 3 groups. The best result was obtained in the
group undergoing systemic therapy at =110°C,
while the weakest result was obtained in the case
of local cryotherapy (Hirvonen, 2006).

In our own study, the muscle strength of both
hands was tested using a similar type of tool. The
results illustrate an increase in muscle strength
with both forms of cryotherapy, but whole-body
cryotherapy gave slightly better results in both
the right and left hands. As in the case of the
experiments of the three above-mentioned re-
search teams, the differences were not statisti-
cally significant. The greater effectiveness of gen-
eral cryotherapy compared to local cryotherapy
could be related to the patients’ warm-up and
general improvement exercises after leaving the
cryogenic chamber. Systematic performance of
these exercises every day after cryotherapy could
translate into improved muscle strength and the
range of joints motion, and consequently im-
proved manual efficiency and independence in
everyday life. This, in turn, could probably have
contributed to better wellbeing after completing
a series of whole-body cryotherapy sessions. In
our own study — in the case of the elbow and knee
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joints — better results in terms of pain reduction
were obtained after the use of local cryothera-
py. In the wrist and hand joints, ankle and foot
joints, shoulder joint and other joints subjected
to therapy, whole-body cryotherapy turned out to
be more effective.

There are several possible hypotheses to
explain the differences in the effectiveness of
both cryotherapy methods depending on the
specific joint. Because whole-body cryotherapy
cools the entire body at the same time, it can be
more effective in areas with more diffuse pain
localization, such as the shoulder joint. A topical
method — on the other hand — may be more ef-
fective in the case of concentrated pain located
in a small area with easy access. By applying
the cooling agent directly to the painful area of
the elbow or knee joint, it is possible to direct
the cold exactly where it is needed, which can
result in better pain relief. Joints with greater
mobility in different planes — such as the joints
of the hand, feet or shoulder — may be more
susceptible to micro injuries. In these cases,
the whole-body cryotherapy, which affects the
whole body, can better reduce inflammation and
pain. Local cryotherapy turned out to give better
results in reducing pain within the knee joint,
perhaps because it is a hinge-type joint with
a smaller range of motion possibilities com-
pared to the other joints mentioned above; and
in this case the method limited to a strict area
worked better. It is also worth noting that the
presence of differences in the effectiveness of
local and whole-body cryotherapy may be the
result of the complexity of interactions between
the therapy and the individual characteristics of
patients (e.g. skin thickness, amount of adipose
tissue in specific areas, structure of articular car-
tilage), which may affect cold penetration and
effectiveness of the therapy. Summing up our
own results supported by the results of research
conducted by other authors, both methods of
cryotherapy seem to have a positive effect on
reducing pain, reducing morning stiffness, as
well as improving wellbeing and independence
in activities of daily life in patients with RA.
However, differences in the effectiveness of lo-
cal and whole-body cryotherapy may be due to
the complexity of the interactions between the
therapy and individual patient characteristics
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(e.g., skin thickness, amount of fat in specific
areas, structure of articular cartilage), which may
affect cold penetration and therapy effectiveness.

CONCLUSIONS

1. Both whole-body cryotherapy and local cry-
otherapy had a positive effect on RA symp-
toms in the studied patients.

2. The use of a series of whole-body cryotherapy
treatments resulted in a significant reduction
in discomfort associated with the occurrence
of joint swelling in the studied patients.

3. After using a series of both forms of cryo-
therapy, a subjective improvement was ob-
served in terms of the severity and duration
of morning stiffness, subjective pain feeling,
wellbeing, independence and manual effi-
ciency, but none of the therapeutic methods
used was more effective at the level of statis-
tical significance.

4. Both after a series of whole-body and local
cryotherapy, hand muscle strength improved,
but better results were noted in the group
of patients using whole-body cryotherapy,
which was probably related to the use of gen-
eral rehabilitation training performed each
time after leaving the cryogenic chamber to
warm up the body after exposure to cold.
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