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Osteoarthrosis (OA) is the most common disease affecting mankind. There are many physiotherapeutic
methods of treating OA symptoms. One of them is whole body cryotherapy (WBCT). The aim of this
study was to present the impact of WBCT combined with kinesiotherapy on functional efficiency and
changes in plasma concentrations of serotonin and melatonin in patients with lumbar spine OA..

60 patients underwent a series of WBCT combined with kinesiotherapy (group A). 60 patients underwent
a series of kinesiotherapy alone (group B). Before and after the therapy patients were examined by
Rolland Morris Disability Questionnaire (RMDQ), and blood samples were collected for laboratory
assessment.

Following therapy, the functional efficiency (RMDQ) improved by 33% in both study groups (p < 0.0001).
After the therapy, both in the group of patients undergoing WBCT combined with exercises (group A, p =
0.032) and the cryotherapy alone (group B, p < 0.0001), the plasma melatonin concentration significantly
increased. The rise of plasma serotonin concentrations was higher in group B as compared to group A, but
in both study groups the increase in plasma serotonin was statistically significant (p < 0.0001)..

WBCT combined with therapeutic exercises as well as kinesiotherapy used alone resulted in an increase
in melatonin and serotonin plasma levels and an improvement in functional efficiency in patients with
lumbar spine OA.

osteoarthrosis (OA), low back pain (LBP), melatonin, serotonin, whole body cryotherapy (WBCT).
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INTRODUCTION

Osteoarthritis (OA) is considered the most common disease affecting mankind. Experts
estimate that 70% of the population older than 30 years suffer from low back pain (LBP),
whereas the incidence of LBP among people aged 40 years and with age, the incidence of
LBP increases in both in the female and male population [1, 2]. Whole body cryotherapy
(WBCT) is physical treatment that has a positive effect on functional efficiency and affects
the endocrine function of organism [3,4]. Exposure to extremely low temperatures in
a cryotherapeutic chamber appears as a strong stress; however, the biological significance
of melatonin and serotonin under the conditions of stress associated with exposure to low
temperatures has not yet been fully understood [5-8].

Serotonin (5-HT) is a tissue hormone and a neurotransmitter in the central nervous
system. It is mainly produced in the pineal gland, as well as in the digestive system
and blood cells. It is a direct precursor to melatonin and is formed from the amino acid
L-tryptophan. L-tryptophan is transformed by the hydroxylase into 5-hydroxytryptophan,
which is converted into serotonin to 5-hydroxytryptophan decarboxylase [9,10]. Serotonin
regulates thermogenesis, blood pressure and food intake, which is important in the
prevention and treatment of chronic diseases, including osteoarthrosis (OA). Previous
studies indicate that 5-HT modulates the sexual behavior and significantly affects mood
and well-being. This neurotransmitter plays an important role in the pathogenesis and
treatment of anxiety-depressive and mental disorders related to stress. Its low level is often
manifested by depression, anxiety or suicidal tendencies and aggression [11]. Melatonin
(N-acetyl-5-methoxytryptamin) is synthetized at night by pineal cells. Melatonin is formed
from the precursor of L-tryptophan in a process in which two enzymes play a key role:
serotonin N-acetyltransferase (AA-NAT) and hydroxyindole-O-methyltransferase (HIOMT).
The activity of these enzymes is subject to daily fluctuations, and the synthesis and release
of melatonin is closely dependent on light exposure [12]. The effect of melatonin on the
immune system and its antioxidant and regulatory activity in the organism is interesting in
relation to the etiology and therapeutic treatment in chronic inflammatory and autoimmune
diseases as well as in osteoarthrosis. The relationship between the circadian melatonin
release and the rhythmic occurrence of disease symptoms in rheumatologic patients seems
particularly important [13,14].

The aim of the study was to assess the impact of WBCT combined with kinesiotherapy on
functional efficiency and changes in plasma concentrations of serotonin and melatonin
in patients with OA of the lumbar spine.

MATERIAL AND METHODS

The study group consisted of 120 patients (mean age 59 * 8 years) with lumbar spine OA.
These patients were randomly divided into two groups (group A and B) of 60 patients.
Patients from group A were subjected to series of WBCT combined with therapeutic
exercises, while patients from group B underwent therapeutic exercises alone.

Patients in group A received a series of 10 WBCT sessions over a two-week period
excluding the weekend. Each session in a cryochamber lasted 3 minutes (temperature
-120 °C). Before each entrance to the cryochamber, patients had a blood pressure test.
After leaving the cryochamber, the patients performed therapeutic exercises, the same as
patients from group B. Patients from group B underwent therapeutic exercises similarly
to patients from group A during 10 days excluding the weekend. A single training session
lasted 30 minutes. The training consisted of stretching exercises of lower and upper
limbs muscles, strengthening exercises of the back, abdomen and buttocks muscles with
a Thera band tape, isometric exercises for the lower limbs, balance exercises on a Swiss
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ball and breathing exercises. Each exercise was repeated 8 times in three series, except
for breathing exercises which were repeated 3 times.

Before and after the therapy, each patient was assessed with the Rolland Morris Disability
Questionnaire (RMDQ). After collecting blood samples from each patient, plasma melatonin
and serotonin levels were determined using commercial ELISA assay kits (ELISA Kit for
Melatonin, CEA908Ge, Houston, USA; Serotonin ELISA Fast Track, BA E-8900, Germany)
by ELISA (Enzyme-linked Immunosorbent Assay). Spearman’s rank correlation and the
Wilcoxon test were used to study the relationship between variables. A positive opinion
of the Bioethics Committee of the Jagiellonian University was obtained (Opinion No.
KBET/147/B/2014 of 26 June 2014 with an extension until 26.06.2020).

RESULTS

The results of statistical analysis showed that in patients from group A and in those from
group B the mean values of RMDQ were reduced after the applied physiotherapeutic
treatment. The improvement in functional efficiency using this questionnaire was 33%
in both study groups (p < 0.0001).

After a series of WBCT combined with therapeutic exercises, as well as after a series
of therapeutic exercises alone, an increase in melatonin plasma concentrations was
observed. The average value of plasma melatonin concentration before WBCT was 36.72
+ 22.31 pg/mL, while after a series of these treatments, the average concentration of
this indolamine increased to 45.16 + 32.99 pg/mL. In group B the mean value of plasma
melatonin concentration before the series of therapeutic exercises reached 35.08 + 20.58
pg/mL, while after kinesiotherapy this value increased significantly to 63.20 = 46.87 pg/
mL (Fig. 1).
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Fig. 1. Mean values of plasma melatonin concentrations before and after a series of WBCT combined with kinesio-
therapy (group A) and a series of kinesiotherapy (group B); * p < 0.05

These increases in melatonin plasma concentrations measured after the end of therapy
were in both groups of patients statistically significant (p value for group A was p = 0.032,
and for group B it was p < 0.0001), but the increase of plasma melatonin concentration
was more pronounced in the group B (28.12 pg/mL) than in the group treated with WBCT
combined with therapeutic exercises (8.44 pg/mL) (Fig. 1).
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After a series of WBCT treatments and after a series of therapeutic exercises, an increase
in plasma serotonin concentrations in patients from both groups was observed. In patients
from group A the basal serotonin plasma concentration (before WBCT combined with
therapeutic exercises) was 49.39 = 19.71 ng/mL, while after a series of treatments it
increased to 63.83 £ 31.04 ng/mL (Fig. 2).

W serctonin before the
therapy

M serotonin after the
therapy
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Group A Group B

Fig. 2. Mean values of plasma serotonin concentrations before and after a series of WBCT combined with kinesio-
therapy (group A) and a series of kinesiotherapy (group B); * p < 0.05

In group B the average serotonin plasma concentration before kinesiotherapy averaged
49.62 * 24.13 ng/mL. Following a series of therapeutic exercises it increased to 67.44 *
19.15 ng/mL. The increase in serotonin concentrations after the therapy was higher in the
B group (17.82 ng/mL) as compared to the changes of this amine in the plasma of patients
from group A (14.44 ng/mL), but in both study groups the increase of plasma serotonin
concentration was statistically significant (p < 0.0001) (Fig. 2).

DISCUSSION

In present study, it was observed that after a series of WBCT, the low back pain was
reduced, which was accompanied by an improvement (by 33%) in functional efficiency
assessed by RMDQ. Low back pain associated with everyday activities was decreased after
the WBCT. This improvement was observed both in the group of patients undergoing WBCT
combined with therapeutic exercises, as well as in patients with therapeutic exercises
alone. There were no statistically significant differences between these groups of patients
regarding the effects of physical procedures. Based on these observations it can be
assumed that both WBCT and the therapeutic exercises themselves had a positive effect
on the functional efficiency level of patients with OA of the lumbar spine. The beneficial
effect of WBCT in relieving low back pain in patients with this disease is also documented
by the results of another publication based on studies using the RMDQ [15]. It is worth
mentioning that subjective pain feeling and morning stiffness occurring in patients with
rheumatic diseases (rheumatic arthritis) correlates with the circadian rhythm of melatonin
secretion [16].

The results of the current study indicate that therapeutic exercise has a stronger impact
on the release of melatonin in patients with OA of the lumbar spine than WBCT combined
with kinesiotherapy. No previous publications on such a relationship between melatonin
concentration and LBP intensity were found; however, the results of German researchers
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indicate that the increase in serotonin secretion correlated with a significant reduction
in pain in patients with low back pain undergoing WBCT [17]. This phenomenon could
be associated with the release of serotonin in the brain and activation of the analgesic
system in the brain stem by this neurotransmitter [18].

The difference in plasma melatonin concentrations in group B was 28.12 pg/mL, while
in group A it was smaller and amounted to only 8.44 pg/mL. A similar tendency was also
observed in the case of differences in serotonin concentrations between the two study
groups. A slightly larger difference in serotonin concentrations could be seen in the
group of patients undergoing only kinesiotherapy (17.82 ng/mL) compared to the group
of patients undergoing a combination of WBCT and kinesiotherapy (14.44 ng/mL).

The results of the present study also suggest that differences in plasma serotonin
concentration were lower in relation to the changes of plasma melatonin in both groups
subjected to WBCT combined with exercises as well as those treated with kinesiotherapy
alone. WBCT combined with kinesiotherapy as well as kinesiotherapy used separately
correlated with increases in melatonin and serotonin plasma concentrations in patients
with OA of the lumbar spine. These increases were more clearly marked among patients
undergoing kinesiotherapy in comparison to the group subjected to WBCT combined with
therapeutic exercises. It can be assumed that exposure to low temperatures caused the
release of melatonin and serotonin in the group of patients subjected to a series of these
physical procedures. According to other authors, an increase in melatonin concentrations
in the blood correlated with an increase in the total antioxidant potential (TAS) as well as
an improvement in the functional efficiency observed in the subjects. This observation
confirms the important role of melatonin as a potent antioxidant in elderly patients and
indicates that physical exercise may stimulate the production of this indolamine [19-21].
Therapeutic exercises, however, influenced the production of both these hormones and
augmented their level in the blood. The results of other studies related to the effect of
therapeutic exercises on plasma concentrations of melatonin and serotonin are controversial
[22-24]. A significant improvement in the quality of sleep accompanied by a significant
increase in plasma melatonin after a ten-week training session was shown. These results
indicated that moderate or intense physical exercise, performed regularly over a longer
period of time, significantly increases melatonin release, augments the antioxidant capacity
of the organism and strengthens tissue protection. Therefore, physical activity could be
recommended for people with sleep disorders [22].

The beneficial effect of melatonin on the synchronization of circadian rhythms and the
increase in sleep efficiency in athletes is also confirmed by results of another study [23].
On the other hand, studies in which an attempt was made to assess the effect of physical
activity on the urinary metabolite level of melatonin (6-sulfatoximelatonin) after twelve
months of regular training in sedentary persons did not confirm this dependence [24].
Discrepancies in these results may be related to the lack of standardized methods of
research and they may result from methodological differences.

There is also an inverse relationship between the production of melatonin and serotonin
and the age of patients. The production of melatonin and serotonin is the highest in
childhood and adolescence and decreases with age. In elderly people, the secretion of
these amines is very low [25,9]. That is why, the initial level of these hormones was lower
than average in the surveyed patients who represented the older population [26]. The
results of the present study also allow finding a relationship between increases in hormone
concentrations and an improvement in the functional efficiency and a reduction of low
back pain associated with OA.
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CONCLUSION

WBCT combined with therapeutic exercises as well as kinesiotherapy used alone resulted in
a significant increase in melatonin and serotonin plasma levels and functional improvement
in patients with lumbar spine osteoarthrosis.
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