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Background: Exercise therapy has been shown to be beneficial in reducing disability in patients with multiple sclerosis. This
study aimed to evaluate the effectiveness of whole-body cryotherapy and exercise on muscle strength and mo-
bility in 60 patients with multiple sclerosis.

Material/Methods: The study included a group of 60 patients diagnosed with multiple sclerosis. The CryoGym group (n=20) re-
ceived whole-body cryotherapy and exercise; the Cryo group (n=20) received whole-body cryotherapy alone;
and the Gym group (n=20) received exercise alone.

The patients’ functional status was assessed using the Rivermead Mobility Index. Muscle strength and muscle
function parameters were measured using a Biodex System 4 Pro multi-joint isokinetic dynamometer at angu-
lar velocities of 60°/s and 180°/s.

Results: Improvements of knee flexor and extensor strength at both angular velocities in the measured parameters were
observed in the CryoGym group, which included patients who participated in whole-body cryotherapy and an
exercise program. In the Cryo and Gym groups, increases in selected parameters were also observed, particu-
larly at an angular velocity of 60°/s.

Conclusions: Appropriately selected physical exercise remains the foundation of rehabilitation for patients with multiple scle-
rosis, effectively improving lower limb muscle strength and endurance. The use of whole-body cryotherapy as
an adjunctive intervention can complement standard forms of rehabilitation. Overall, the differences between
groups were limited, and the observed changes should be interpreted with caution given the sample size and
duration of the study.
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Introduction

Multiple sclerosis (MS) is a chronic disease in which the im-
mune system contributes to damage of the central nervous
system [1]. Regardless of disease subtype, MS can result in
increasing disability. The disease is characterized by a chron-
ic inflammatory and demyelinating process driven by complex
neuroimmunological mechanisms and is the leading cause of
neurological disability and the second cause of disability, af-
ter injuries, in young adults [2,3]. MS can progress through
relapses, with subsequent stages of exacerbation and remis-
sion, and can follow a secondary progressive or primary pro-
gressive course. However, regardless of the form, disability
tends to increase [4].

The pathogenesis of MS is neuroimmunological in nature, en-
compassing autoimmune processes and secondary neurode-
generative mechanisms. Within the immune system, autoreac-
tive T cells and B cells play a key role. Through the production
of proinflammatory cytokines and autoantibodies, they initi-
ate and sustain central nervous system (CNS) inflammation,
leading to demyelination and axonal damage. This process is
associated with dysfunction of the blood-brain barrier, which
facilitates the migration of immune cells into neural tissue and
the activation of microglia, which secrete cytotoxic mediators
and chemokines. Chronic neuroimmune inflammation contrib-
utes to acute flares and the gradual progression of neurode-
generation, independent of flare activity. Multilevel immuno-
logical studies, encompassing immune cell signaling and their
interactions with resident CNS cells, are currently the subject
of intensive analysis in the context of the development of pre-
cise immunomodulatory therapies for MS [5].

The primary goal of rehabilitation for patients with MS is to
improve muscle strength and overall physical fitness, compen-
sate for coordination disorders, maintain a full range of active
joint movements, normalize muscle tone, maintain balance,
prevent muscle atrophy, and counteract fatigue [6].

Clinical studies have shown that exercise therapy is a bene-
ficial factor in reducing disability in patients with MS [7-11].
There is no universal rehabilitation model for people with MS.
It is important to remember that MS is a condition that pre-
disposes to the co-occurrence of degenerative spine disease,
depressive syndromes, and fatigue syndrome. Therefore, re-
habilitation is crucial at every stage of the disease, with the
primary goal of an individualized approach and a focus on im-
proving the patient’s quality of life [12].

Cryotherapy is primarily used in treating musculoskeletal dis-
orders, ankylosing spondylitis, rheumatoid arthritis, degener-
ative joint and spine diseases, injuries, and MS. Cryotherapy
also has a place in the wellness of athletes [13]. The frequent
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use of cryogenic temperatures is associated with a number of
important therapeutic clinical, hormonal, and biochemical ef-
fects. These include primarily analgesic and anti-edematous
effects, skeletal muscle relaxation, and increased joint mobil-
ity. These clinical effects persist for at least 3 hours after leav-
ing the cryochamber, creating excellent conditions for intensive
rehabilitation, which can then be extended up to 3 times [13].

The systematic literature review by Alito et al [14] suggests
that whole-body cryotherapy may have beneficial antioxidant
effects as a short-term adjunctive therapy in MS. Results from
the 2024 study suggest that whole-body cryotherapy may com-
plement therapeutic options for patients with MS, as cryogenic
cold stimulation has been shown to activate antioxidant pro-
cesses and improve functional status, mood, anxiety, and fa-
tigue. Whole-body cryotherapy may lead to reduced fatigue
and improved functional status, which has a beneficial effect
on mental and physical well-being. No significant changes were
observed in antioxidant enzyme activity, nitric oxide levels, me-
talloproteinase levels, blood counts, rheology, or biochemistry,
and no adverse effects were reported [14].

In the study by Ptaszek et al, the levels of oxidative and anti-
oxidant stress markers were analyzed in women with MS who
underwent 20 sessions of whole-body cryotherapy, with the
study results showing no significant changes in antioxidant
enzymes. However, an increase in total antioxidant capacity
was evident, and many authors consider it as evidence that
cryotherapy can modulate the oxidative-inflammatory environ-
ment, a component of neuroimmunological pathology in MS,
and that the use of whole-body cryotherapy has a positive ef-
fect on the rheological properties of blood in healthy wom-
en [15]. Therefore, in this study, we aimed to evaluate the ef-
fectiveness of whole-body cryotherapy and exercise on muscle
strength and mobility in 60 patients with MS.

The decision to create a study group solely dedicated to whole-
body cryotherapy was dictated by the changing demograph-
ic profile of patients with MS, who are increasingly being di-
agnosed at a younger age. These individuals typically remain
professionally and socially active, leaving limited time for reg-
ular participation in long-term exercise programs. Therefore,
we sought a therapeutic intervention that could positively af-
fect patients’ health without requiring a significant time com-
mitment. We considered whole-body cryotherapy, a short-term
and easy-to-implement method, as a potential alternative or
complement to traditional forms of rehabilitation. The purpose
of selecting this group was to determine whether whole-body
cryotherapy alone could provide measurable clinical benefits
and thus serve as a pre-rehabilitation component, enabling
patients in remission to maintain their best possible level of
functioning.
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Table 1. Characteristics of the study groups.

ANOVA

CryoGym group Kruskal Wallis

Cryo group Gym group

Age [years] 50.00 13.50 43.00 15.00 57.00 17.00 0.0864
Height [m] 166.50 10.50 167.00 16.00 161.50 12.50 0.3340
Body weight [kg] 68.50 14.00 64.00 33.00 73.00 23.00 0.7264
BMI [kg/m?] 23.19 5.00 23.51 6.97 25.90 5.54 0.1791
Years of illness 10.00 11.50 10.00 13.00 9.00 11.00 0.7908
n % n % n % x2/Fisher P
Male 3 15 8 40 5 25
=) 0.2433
Female 17 85 12 60 15 75
Married 15 75 12 60 14 70
. Widowed 0 0 0 0 2 10
Nt\a:'tal —————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 04718
Sl Single 4 20 6 30 2 10
Divorced 1 5 2 10 2 10
: yes 12 60 11 55 8 40
Profsssmnal 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 0.4199
wor no 8 40 9 45 12 60

Material and Methods

Study Design

Patients with MS were recruited from the Polish Multiple
Sclerosis Society, Lower Silesian Branch, Wroclaw, Poland.
The study protocol was approved by the Ethics Committee of
the Wroclaw University of Health and Sport Sciences, Poland
(12.07.2011). Written consent was obtained from all analyzed
participants after an explanation of the purpose and course of
the study, assurance of confidentiality of the collected data, and
information about the voluntary nature of their participation
and the possibility of withdrawing at any time during the study.

Participants

All participants were recruited for participation in the pro-
gram by a neurologist and a physiotherapist. The inclusion cri-
teria were as follows: consent to participate in the study; di-
agnosis of MS; a period of disease remission (minimum of 6
months since the last relapse); independent mobility (Expanded
Disability Status Scale score 0-6); approval from the attending
physician; and age 30 to 60 years.

The exclusion criteria were as follows: adherence to train-
ing units below 70%; use of other non-pharmacological (eg,
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rehabilitation) forms of support during the study; and lack of
consent to participate in the study.

Characteristics of the Study Groups

The characteristics of the study group are presented in Table 1.
Seventy participants who met the inclusion criteria were en-
rolled in the study and provided oral consent before starting
the project. One participant did not provide written consent.
Sixty-nine patients participated in the initial study and were
randomly divided into 3 experimental groups of 23 participants
each. Participants were randomized using a computer-gener-
ated sequence. Allocation was concealed in sealed opaque en-
velopes. Nine participants withdrew for various reasons dur-
ing the first few days of the study.

Ultimately, 60 participants completed the study (Figure 1).

The results of 60 patients divided into 3 groups were ana-
lyzed. Patients in the CryoGym group (n=20) participated in
whole-body cryotherapy and in strengthening exercises using
Thera-Band equipment to strengthen their lower limb muscles.
Patients in the Cryo group (n=20) participated in whole-body
cryotherapy treatments. Patients in the Gym group (n=20) par-
ticipated in lower limb exercise using Thera-Band equipment
to strengthen their lower limb muscles.
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Assessed for eligibility (n=80)

Patients excluded (n=10) due to:

« Active infection

« Cognitive impairment

« Not willing to paiticipate in the study

« Difficulty in independent mobility,
need for orthopedic assistance, eg,
cane, crutch /EDSS scale above 6/

| Eligible patients (no contraindications, oral consent), (n=70) |

Patients not returning written
informed consent (n=1)

| Patients prior randomization (n=69) |

Figure 1. Patient recruitment process and
dropout during the study.

programingroup 1 | | programingroup2 | | program in group 3
(n=20) (n=20) (n=20)

!

| Patients completed study in total (n=60) |

Allocation
v v v
Group T— CryoGym Group 2 - Cryo Group 3 —Gym
(n=23) (n=23) (n=23)
Drop out (n=9):
« Deterioration of health (n=2)
« Logistical difficulties (n=3)
« Distance between place of
residence and place of study (n=2)

- Malaise (n=1)
« Other (n=1)

Patients completed | | Patients completed | | Patients completed

Interventions
Whole-Body Cryotherapy

Patients were qualified for whole-body cryotherapy treatments
by a physician. Blood pressure was measured before each treat-
ment and recorded in the treatment card. Patients were required
to wear appropriate attire in the chamber: women wore swim-
suits, and men wore shorts. Hands were protected with gloves,
shins with knee-high socks, feet with wooden clogs, and ears
with a headband or hat. A surgical mask was worn. Patients
were instructed not to rub creams or lotions into the skin be-
fore the treatment, so that the cold would spread evenly across
the skin. Before entering the cryochamber, they were asked
to remove their watches, jewelry, and glasses (contact lenses
were safe) and to thoroughly dry their bodies, especially under
the arms and in the creases of the knees. The patients were in-
structed in proper breathing and movement while in the cham-
ber. Breathing consisted of first a short inhale through the nose,

then a long exhale through the mouth; this is extremely impor-
tant, as cooled air expands in the lungs and can cause shortness
of breath. Instructions for movement were to walk slowly, avoid-
ing touching the skin. Individuals undergoing cryotherapy entered
the cryochamber vestibule (temperature -60°C) with a therapist
dressed in special protective clothing to protect against the ef-
fects of cold. After approximately 30 seconds of adaptation to the
cryogenic temperatures, they proceeded alone to the cryocham-
ber itself, where the temperature ranged from -110 to -130°C, and
the treatment lasted 3 minutes. Whole-body cryotherapy treat-
ments were performed in a closed cryogenic chamber, using lig-
uid nitrogen to cool the cryochamber. Sessions were performed
Monday through Friday for 2 weeks at a fixed time (a total of 10
sessions). The full study cycle lasted 2 weeks for each patient.

Exercise Training Sessions

Exercises to strengthen the lower limb muscles lasted 60 min-
utes each session. Each session began with a warm-up, followed
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by the main phase, with exercises using Thera-Bands to im-
prove lower limb muscle strength, and the final phase, with
the main goal of calming the body. Sessions consisted of a se-
ries of 6 to 10 exercises covering major muscle groups, per-
formed in 1 to 3 sets of 8 to 15 repetitions, depending on the
patient’s ability. Resistance intensity was individually adjust-
ed, starting with lower resistance bands (yellow/red) and pro-
gressively increasing to higher resistance bands (green/blue
or higher) as strength and training tolerance improved. The
band color and stretch length were selected based on the pa-
tient’s ability to complete the planned number of repetitions
with correct technique. Training intensity was assessed using
a subjective 10-degree Borg scale. The training was conduct-
ed under the constant supervision of a doctor and physio-
therapist. In the group performing exercises after exiting the
cryochamber, all exercise sessions were carried out under the
supervision of a physiotherapist. Patients in the Gym group
were familiarized with the exercise program during an initial
session with a physiotherapist, who provided methodical in-
struction on how to perform each exercise correctly and safe-
ly. They also received written and illustrated materials to take
home, describing and demonstrating all prescribed exercises.
Throughout the duration of the program, participants were
informed that they could contact the physiotherapist at any
time if they had questions or concerns regarding the exercises.

Measurement Tools

Assessments were conducted at 2 predefined time points:
baseline (T1), prior to the initiation of treatment, and after in-
tervention (T2), after 10 days of therapy and a 2-day washout
period to avoid fatigue-related effects.

To monitor the implementation of the research intervention,
participants maintained attendance logs, recording their partic-
ipation in scheduled sessions according to their research group.
In the groups participating in the physical exercise program, at-
tendance and exercise intensity were recorded. For participants
assigned to the whole-body cryotherapy group, attendance at
cryotherapy sessions and blood pressure measurements, per-
formed each time before entering the cryochamber, in accordance
with applicable safety procedures, were recorded in the logs.

In the study, the primary outcome was the Rivermead Mobility
Index, and secondary outcomes included peak torque, to-
tal work, and average power. The Rivermead Mobility Index
assesses general motor skills and functional mobility, while
the isokinetic measurement shows the biomechanical char-
acteristics of the knee extensors and flexors. The Rivermead
Mobility Index was administered by a qualified physiotherapist.
Muscle strength tests were conducted in the Internal Medicine
Functional Research Laboratory of the Faculty of Physiotherapy
by a qualified laboratory technician.
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Mobility Status Assessment

The patients’ functional status was assessed using the
Rivermead Mobility Index, a scale used to assess functional
ability in general motor skills. The index is a motor-function-
al scale that primarily assesses mobility and locomotion (po-
sition changes, transfers, gait, stair climbing) [16]. The higher
the score, the greater the patient’s mobility.

Muscle Torque of the Lower Limb in Isokinetic Conditions

Lower limb strength was measured using the Biodex System 4
Pro multi-joint isokinetic dynamometer (Biodex Medical System,
NY, USA). The functionality of the flexor and extensor muscles
of the knee joint in both limbs was assessed in all patients.

Before the test, the patients had a warm-up consisting of 3
submaximal knee flexion repetitions at the 2 angular velocities
of 60°/s and 180°/s. The isokinetic test was then performed.
At an angular velocity of 60°/s, the patient performed 5 repe-
titions, and at an angular velocity of 180°/s, the patient per-
formed 20 repetitions, consisting of alternating extension and
flexion of the limb at the knee joint. During the test, patients
were instructed to exert maximum muscle force in the shortest
possible time for each movement. There was a 1-minute rest
between attempts. Muscle parameters were measured: peak
torque, total work, and average power at 60°/s and 180°/s an-
gular velocities [17].

Statistical Analysis

Normal distribution of quantitative variables describing the
study group was not demonstrated. Descriptive statistics were
calculated. The median was used as a measure of central ten-
dency, and the interquartile range (IQR=Q3-Q1) was used as a
measure of dispersion. The significance of differences between
assessments at T1 (baseline) and T2 (after intervention) was
tested using the Wilcoxon signed-rank test. The difference be-
tween the results of the 2 assessments (T2-T1) was calculat-
ed to determine the level of change in the analyzed variables.
Differences between groups were analyzed for the differences
between T2 and T1. The significance of differences between
groups was tested using Kruskal-Wallis ANOVA and, when nec-
essary, the Dunn Bonferroni-Holm post hoc test. For nominal
variables, the chi-square test or Fisher exact test was used.
The effect size for the Wilcoxon signed-rank test was estimat-
ed using the r coefficient according to the formula r=2/vn [18].
The effect size for the Kruskal-Wallis ANOVA was estimated us-
ing the Eta squared (n?) value transformed to Cohen’s d [19].
Effect size was calculated post hoc. For Cohen’s d, effect sizes
were interpreted as follows: less than 0.1, no effect; 0.1 to 0.4,
small effect; 0.5 to 0.7, intermediate effect; and greater than
0.8, large effect. For the correlation coefficient r, values of 0.1
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Table 2. Within-group comparison of Rivermead Mobility Index scores at baseline (T1) and after intervention (T2) using the Wilcoxon

signed-rank test.

0.0011* 0.77

Table 3. Within-group comparison of changes in the measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 60°/s in the Gym group using the Wilcoxon signed-rank test.

Muscle Body

Parameters .
group side

Average R 455.25 459.75
power E e
(W] L 405.25 536.15
R 176.95 248.60
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 144.65 265.95

425.85 40.00 243 0.0152* 0.54
"""""""" 34895 8700 067 05016 015
”””””””” 24415 1900 185 00640 051
”””””””” 253 2300 157 01159 044

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.

to 0.3 were considered a small effect, 0.3 to 0.5 an intermedi-
ate effect, and greater than 0.5 a large effect [19]. The analy-
sis was performed using Statistica 14.1.0.4 and PQStat 1.8.4.,
as well as online statistical calculators: https://www.psycho-
metrica.de/effect_size.html#transform (accessed November
24, 2025). The level of significance was set at P<0.05.

Results

Sixty participants completed the study, and 9 participants with-
drew. The main reasons for withdrawal were health deterio-
ration (fever), as well as family and professional factors that
prevented further participation in the planned study sessions.
Additionally, some patients cited logistical difficulties related

to travel to the study site, which posed a significant barrier to
continuing their participation (Figure 1).

The following dependent variables were analyzed: functional ca-
pacity (Rivermead Mobility Index) and functional assessment of the
knee flexor and extensor muscles at 60°/s and 180°/s velocities.

Mobility Assessment (Rivermead Mobility Index)

A statistically significant change was demonstrated in the
mobility assessment (the difference between T1 and T2 mea-
surement points) in the Cryo group (P=0.0180), while the re-
sults in the other 2 groups were not statistically significant:
P=0.0587 for the Gym group and P=0.0800 for the CryoGym
group (Table 2).
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Table 4. Within-group comparison of changes in the measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 60°/s in the Cryo group.

Muscle Body

Parameters .
group side Median
Peak R 94.10 16.00 101.95 28.20 35.00 2.20 0.0279* 0.34
torque R -~~~ -~~~ -~~~ T -~~~ ="~~~ =~~~ ===~~~ -~~~ R -~~~ =~~~ -~~~ I -~~~ "=~~~ """
[Nm] L 97.10 33.60 99.65 40.90 54.00 1.37 0.1701 0.03
R 42.80 28.00 49.05 23.90 14.50 3.09 0.0020* 0.28
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 41.85 11.00 48.70 13.00 23.00 2.72 0.0065* 0.55
Total R 157.80 69.60 175.20 48.80 43.00 1.85 0.0642 0.46
work I -~ - -~~~ -~~~ R N~~~ ™~~~ ~~~~~"==~~======o= = R -~~~ ==~ ===~~~ - R - -~~~ ==~ ~="====-
) L 158.70 66.00 168.05 44.40 16.00 3.03 0.0025* 0.04
R 68.60 64.20 83.80 70.20 29.00 2.02 0.0437* 0.20
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 65.60 33.10 71.20 34.80 23.00 2.53 0.0113* 0.29
Average R 533.60 140.9 576.2 169.20 19.00 2.72 0.0065* 0.54
power R -~~~ -~~~ -~~~ T "=~~~ ="~~~ =~~~ I -~~~ =~~~ -~~~ I -~~~ "=~ " """
[w] L 514.35 233.2 599.2 296.30 36.00 2.16 0.0311* 0.15
R 221.50 236.2 266.85 202.70 13.00 2.48 0.0132* 0.51
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 204.95 140.9 257.65 134.00 4.00 3.04 0.0023* 0.44

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.

Table 5. Within-group comparison of changes in the measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 60°/s in the CryoGym group using the Wilcoxon signed-rank test.

Muscle Body

APPROVED GALLEY PROOF

Parameters .
group side Median
Peak R 71.85 31.30 76.50 31.20 26.00 2.59 0.0096* 0.58
torque R -~~~ -~~~ -~~~ T -~~~ ="~~~ =~~~ ===~~~ -~~~ R -~~~ =~~~ -~~~ I -~~~ "=~~~ """
[Nm] L 56.45 39.60 66.35 48.30 23.00 2.72 0.0065* 0.61
R 34.40 15.20 46.55 16.70 30.00 2.42 0.0156* 0.54
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 30.95 20.60 39.00 28.90 25.00 2.63 0.0084* 0.59
Total R 321.3 186.70 400.30 95.90 17.00 2.98 0.0029* 0.67
work I -~ - -~~~ -~~~ R N~~~ ™~~~ ~~~~~"==~~======o= = R -~~~ ==~ ===~~~ - R - -~~~ ==~ ~="====-
) L 273.55 194.10 366.85 233.20 15.00 3.07 0.0021* 0.69
R 163.70 117.10 221.25 122.80 33.00 2.29 0.0222* 0.51
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 118.65 136.60 170.50 165.10 9.00 3.20 0.0014* 0.71
Average R 36.45 20.20 43.85 19.20 12.50 3.03 0.0024* 0.68
power R -~~~ -~~~ -~~~ T "=~~~ ="~~~ =~~~ I -~~~ =~~~ -~~~ I -~~~ "=~ " """
[w] L 32.60 21.30 40.85 22.50 11.00 3.10 0.0019* 0.69
R 20.15 8.20 30.00 13.60 17.00 2.64 0.0084* 0.59
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 16.50 14.10 21.45 14.80 2.00 3.04 0.0024* 0.68

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.
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Table 6. Within-group comparison of changes in the measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 180°/s in the Cryo group using the Wilcoxon signed-rank test.

Muscle Body

Parameters .
group side Median
Peak R 50.10 40.45 61.65 48.25 52.00 1.98 0.0479* 0.44
torque R -~~~ -~~~ -~~~ T -~~~ ="~~~ =~~~ ===~~~ -~~~ R -~~~ =~~~ -~~~ I -~~~ "=~~~ """
[Nm] L 49.45 38.45 50.30 38.90 37.00 2.11 0.0347* 0.50
R 20.00 21.35 30.00 20.80 2.00 3.74 0.0002* 0.86
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 19.55 22.30 22.90 20.70 20.00 3.17 0.0015* 0.71
Total R 80.50 66.15 90.55 72.25 35.00 2.61 0.0090* 0.58
work I -~ - -~~~ -~~~ R N~~~ ™~~~ ~~~~~"==~~======o= = R -~~~ ==~ ===~~~ - R - -~~~ ==~ ~="====-
) L 79.10 46.65 87.90 50.90 80.00 0.93 0.3507 0.21
R 32.40 33.15 47.20 30.85 31.00 2.58 0.0100* 0.59
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 31.70 32.70 39.45 33.35 71.00 0.97 0.3341 0.22
Average R 567.95 595.15 604.6 542.00 6.00 3.70 0.0002* 0.83
power R -~~~ -~~~ -~~~ T "=~~~ ="~~~ =~~~ I -~~~ =~~~ -~~~ I -~~~ "=~ " """
[w] L 484.90 557.85 488.05 517.25 31.00 2.76 0.0057* 0.62
R 145.30 340.95 227.15 352.05 13.00 1.78 0.0754 0.54
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 143.80 305.10 161.15 321.05 9.50 2.70 0.0069* 0.72

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.

Table 7. Within-group comparison of changes in the measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 180°/s in the CryoGym group.

Muscle Body

APPROVED GALLEY PROOF

Parameters .
group side Median
Peak R 54.90 12.20 59.65 15.70 18.00 2.77 0.0056* 0.67
torque R -~~~ -~~~ -~~~ T -~~~ ="~~~ =~~~ ===~~~ -~~~ R -~~~ =~~~ -~~~ I -~~~ "=~~~ """
[Nm] L 55.75 10.90 59.80 22.60 38.00 1.82 0.0684 0.44
R 27.45 17.00 33.65 15.00 43.00 1.59 0.1128 0.38
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 28.80 10.40 30.75 12.70 44.00 1.54 0.1239 0.37
Total R 87.20 48.40 100.15 35.70 22.00 2.38 0.0174* 0.59
work I -~ - -~~~ -~~~ R N~~~ ™~~~ ~~~~~"==~~======o= = R -~~~ ==~ ===~~~ - R - -~~~ ==~ ~="====-
) L 90.60 36.50 95.75 29.00 34.00 1.76 0.0787 0.44
R 43.30 31.60 50.10 32.30 20.00 2.27 0.0231* 0.59
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 48.10 21.40 47.05 26.70 27.00 2.12 0.0340* 0.53
Average R 1074.65 506.9 1186.1 373.8 8.00 3.24 0.0012* 0.79
power R -~~~ -~~~ -~~~ T "=~~~ ="~~~ =~~~ I -~~~ =~~~ -~~~ I -~~~ "=~ " """
[w] L 1027.50 416.00 1202.2 420.8 35.00 1.96 0.0495* 0.48
R 386.05 534.90 531.00 598.00 14.00 2.20 0.0277* 0.61
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 348.70 358.20 379.45 525.20 8.00 2.22 0.0262* 0.67

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.
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Table 8. Within-group comparison of changes in the measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 180°/s in the Gym group using the Wilcoxon signed-rank test.

Muscle Body

Parameters .
group side Median
Peak R 41.40 32.60
torque R -~~~ -~~~ T,
[Nm] L 33.90 30.10
R 26.80 11.80
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 22.35 17.90
Total R 57.30 28.60
work R -~~~ -~~~ R
) L 47.05 31.00
R 36.00 15.30
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 31.05 25.60
Average R 661.15 517.20
power R -~ -~~~ - T~~~
[w] L 443.9 405.60
R 348.1 298.00
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 254.4 429.90

327.10

20.80 29.00 2.25 0.0245* 0.55
215 2820 1800 239 00171 062
””””””””” 1570 2000 248 00131 062
440 2660 800 295 00031 076
420 2420 1800 294 00033 069
”””””””” 880 1800 259 00097 065
””””””””” 1820 1900 272 0006s* 066
555 3500 1300 284 00045 071
405 61590 1500 274 00061 069
”””””””” 7130 1250 231 001 064
515 42060 300 297  00030° 082
”””””””” 74200 200 276 00058* 083

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.
Lower Limb Torque Testing

In the within-group analysis of lower limb strength at both
angular velocities, all 3 groups demonstrated statistically sig-
nificant improvements from T1 to T2. At 60°/s, the CryoGym
group showed the greatest increases in the measured param-
eters. The Cryo group also improved in most parameters, with
the exception of flexor peak torque. The Gym group demon-
strated the least improvement among the 3 groups across the
measured outcomes (Tables 3-5).

Within-group analysis of knee muscle endurance at an angu-
lar velocity of 180°/s showed statistically significant improve-
ments from T1 to T2 in all measured parameters for the Gym
group. The Cryo group also demonstrated significant increas-
es in all assessed parameters. The CryoGym group showed
significant improvements in most parameters, with the ex-
ception of total work for the flexors and extensors of the left
limb (Tables 6-8).

To determine differences in the effectiveness of the applied
therapy, the change between T2 and T1 was calculated for each
variable in each study group, and the significance of group
differences was tested. In most analyses, at both angular ve-
locities, no significant differences were found in the magni-
tude of change. The exception was total work, which differed

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

significantly between groups (Tables 9, 10). In case of statisti-
cally significant differences, post hoc analysis was used, which
showed significant differences only between the CryoGym and
Gym groups. The differences observed in the CryoGym group
were significantly lower than those in the Gym group (Dunn
Bonferroni-Holm test, P<0.05).

Discussion

The results of this study should be regarded as preliminary
data indicating the need for further studies on larger patient
groups. MS generates higher social costs than do other neu-
rological diseases due to its long duration, higher incidence
in younger age groups, and early loss of work capacity [20].
Many authors note that patients with MS exhibit lower phys-
ical activity levels and a more sedentary lifestyle compared
with the general population. High levels of physical activity is
associated with delayed progression of motor disability and
improved quality of life [21]. Studies have shown that phys-
ical exercise, including resistance and aerobic training, posi-
tively affects balance, endurance, fatigue, and quality of life
in patients with MS [22].

Whole-body cryostimulation (whole-body cryotherapy) is cur-
rently one of the more popular rehabilitation methods for
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Table 9. Between-group comparison of the change in measured parameters from baseline (T1) to after intervention (T2) at an angular
velocity of 60°/s.

CryoGym Cryo ANOVA
Kruskal Wallis Cohen’s

Peak R 9.20 17.45 4.45 13.60 7.80 13.80 0.06 0.9692 0.38
torque E B R L
[Nm] L -0.40 28.10 3.30 13.80 10.10 14.00 3.15 0.2068 0.29
R 2.10 7.30 5.95 8.10 7.40 19.00 5.36 0.0686 0.50
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 2.50 4.80 6.00 8.70 6.20 11.30 291 0.2333 0.26
Total R 18.65 74.40 27.85 78.80 44 35 57.10 0.62 0.7319 0.32
work E B R L
Ul L 16.95 143.55 46.85 59.40 97.80 118.60 7.12 0.0284* 0.63
R 5.35 45.20 34.75 71.40 39.15 67.50 3.63 0.1627 0.34
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 6.80 63.50 43.20 71.90 43.30 79.20 5.74 0.0566 0.53
Average R 6.40 10.45 6.20 15.50 4.85 8.50 0.53 0.7685 0.33
power E B . i
(W] L 4.30 15.50 6.50 8.20 11.50 10.90 5.54 0.0627 0.52
R 1.55 3.00 2.60 8.90 6.80 10.70 3.45 0.1782 0.32
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 0.80 3.50 5.20 3.10 5.70 8.40 6.93 0.0313* 0.62

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.

Table 10. Between-group comparison of the change in measured parameters from baseline (T1) to after intervention (T2) at an
angular velocity of 180°/s.

APPROVED GALLEY PROOF

CryoGym Cryo ANOVA
group group Kruskal Wallis
Median Median
Peak R 2.80 10.70 3.80 13.30 3.60 7.90 0.57 0.7506 0.32
torque E B R L
[Nm] L 2.80 10.40 4.10 9.40 6.70 13.95 0.89 0.6409 0.28
R 3.80 4.50 2.60 12.40 5.20 9.00 0.67 0.7149 0.31
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 3.00 4.00 1.70 5.90 5.45 7.85 2.46 0.2926 0.18
Total R 57.50 84.75 77.45 291.65 177.55 229.90 2.99 0.2247 0.27
work E B R L
U] L 27.40 127.35 61.30 248.55 257.70 258.10 9.59 0.0083* 0.78
R 32.20 68.80 58.30 264.90 174.10 359.10 2.63 0.2682 0.21
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 0.70 38.20 78.65 147.50 84.60 319.70 6.20 0.0451* 0.56
Average R 12.65 11.65 7.80 16.70 11.50 20.40 0.58 0.7494 0.32
power E B . i
W] L 6.75 9.05 10.20 24.40 22.10 14.60 5.31 0.0702 0.50
R 6.60 7.50 6.80 17.40 18.95 17.30 3.13 0.2091 0.28
F ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L 4.45 4.10 5.00 13.10 14.40 22.10 3.30 0.1918 0.31

Abbreviations: E, extensors; F, flexors; R, right; L, left. * P<0.05.
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patients with MS. Exposure to low temperatures triggers nu-
merous hormonal, neuromuscular, and circulatory responses
and enhances the effectiveness of kinesiotherapy conducted
immediately after cryotherapy sessions [23-26]. Whole-body
cryotherapy demonstrates beneficial effects on pain, sleep qual-
ity, physical function, and overall quality of life [14,27]. Studies
have shown that whole-body cryotherapy alone and combined
with kinesiotherapy reduces spasticity, improves body stability,
and enhances psychophysical functions [26-30]. In our study,
we specifically investigated how whole-body cryotherapy and
exercise together influence patient functioning. In one study,
patients undergoing twice-daily whole-body cryotherapy com-
bined with rehabilitation tolerated the treatment well, experi-
encing reduced spasticity and improved physical fitness and
mobility [24]. The combination of cryotherapy and physical
training proved more effective in controlling calf muscle spas-
ticity than did physical training alone [29,30].

Resistance exercises, including those using Thera-Bands, are
well received by patients, increasing muscle strength and en-
durance, improving gait, and reducing fatigue [22,30-38].
Research indicates that resistance training combined with
functional training positively affects physical fitness, muscle
endurance, psychological well-being, and fatigue [38]. Deficits
in strength and endurance of the knee flexor muscles are par-
ticularly pronounced, adversely affecting gait quality and the
ability to walk longer distances. Motor symptoms of MS, such
as muscle weakness, fatigue, and coordination disturbances,
lead to reduced mobility, decreased physical activity, and im-
paired quality of life [39].

Properly selected therapy and exercise regimens can signifi-
cantly improve the functioning of patients with MS. Studies
have demonstrated a correlation between lower limb muscle
strength and gait quality, supporting the use of resistance and
functional training in rehabilitation [36,40,41]. In our study,
the greatest improvements in knee joint muscle strength and
endurance were observed in the Gym and Cryo groups, with
the Gym group achieving the best results. The variable levels
of endurance and well-being in patients with MS complicated
the clear evaluation of therapy effects, highlighting the need
for further studies with larger samples [42,43]. The aim of our
study was to generate a measure of program effectiveness,
assessing whether exercise influenced patient condition and
whether patients could maintain their fitness independently
through home-based exercises.

Limited physical activity in MS leads to progressive disability
and reduced quality of life [39,44]. Studies show that patients
can tolerate exercise well, with exercise improving physical fit-
ness and mitigating disease effects, making training an inte-
gral part of therapy [10,31,37,45-47]. A 2025 systematic review
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indicates that targeted functional training improves mobility,
balance, muscle strength, and endurance, reduces fatigue, and
enhances overall patient functioning [48].

Limitations

The main limitation of this study is the small size of the group
that participated in the training and the absence of a non-in-
tervention control group, which limits our ability to distinguish
treatment effects from natural disease fluctuations or placebo
effects. Furthermore, the intervention lasted 10 days, without an
extended follow-up period, so the durability of the effects cannot
be determined. Finally, pharmacological treatment, disease sub-
type, and disease-modifying therapies were not fully controlled
for and may have influenced the response to rehabilitation.

Conclusions

The basis of rehabilitation of patients with MS relies on appro-
priately selected physical exercises that help improve function-
al fitness, particularly in terms of muscle strength and endur-
ance of the lower limbs. The use of whole-body cryotherapy as
an adjunctive intervention can complement standard forms of
rehabilitation, enabling short-term therapeutic exposure that
does not require significant time commitment from the pa-
tient. This information is valuable for therapists working with
patients with MS, suggesting that the intervention is feasi-
ble in clinical practice and may provide preliminary evidence
to support further studies with larger sample sizes and lon-
ger follow-up periods.
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