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Abstract

Background/Objectives: Whole-body cryotherapy (WBC) is increasingly utilized as a physical
modality for managing chronic pain, although its mechanism of action remains incompletely
understood. This study evaluated whether WBC influences serum levels of substance P, calprotectin,
B-nerve growth factor (3-NGF), and calcitonin gene-related peptide (CGRP), which are implicated in
pain modulation. Methods: Serum samples from 61 participants —37 undergoing WBC and 24 not
receiving WBC—were collected at the start and end of a multimodal inpatient pain treatment
program. Pain intensity was assessed using a numerical rating scale (NRS). Biomarker concentrations
were measured by enzyme-linked immunosorbent assay (ELISA). Results: Both groups reported an
average significant pain reduction of more than 1.39 points on the NRS. Of the biomarkers analyzed,
only calprotectin showed a statistically significant reduction in the overall cohort (p = 0.007) and in
the WBC subgroup (p = 0.032). Among patients who did not experience significant pain reduction,
those in the WBC group exhibited a greater decline in calprotectin compared to controls (p = 0.042),
especially among those without medication changes (p = 0.016). No significant differences were
detected for the other serum parameters. Conclusions: The analgesic effects of WBC could not be
attributed to changes in the neuromodulatory peptides measured. However, the significant reduction
in calprotectin suggests a potential anti-inflammatory effect of WBC on the innate immune response.

Keywords: whole-body cryotherapy; chronic pain; fibromyalgia syndrome; substance P; calprotectin;
calcitonin gene-related peptide; f-nerve growth factor; ELISA

1. Introduction

Pain is a widespread phenomenon, and its underlying mechanisms are not fully understood —
particularly in chronic pain conditions. Managing pain is central to the treatment of many diseases
and remains especially challenging in rheumatic disorders [1]. Accordingly, effective pain relief and
maintenance of function are primary goals of treatment strategies.

To achieve these goals, whole-body cryotherapy (WBC) has emerged as a component of modern
multimodal pain therapy [2]. This physical modality has shown promise in achieving sustained pain
reduction, even in conditions that are otherwise refractory to treatment. However, the exact
mechanism of WBC’s analgesic effect remains unclear, although it is thought to modulate neuro-
immune and neuromodulatory pathways involved in pain.

WBC was first used therapeutically in the field of inflammatory rheumatic diseases in Japan in
1980, and shortly thereafter in Germany [3]. During therapy patients pass through several
cryotherapy chambers with temperatures as low as -110°C. In contrast, partial cryotherapy (PBC)
uses a single cryotherapy chamber, leaving the patient's head untouched. The two systems also differ
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in the way the cold is generated. While in WBC, compressors prevent direct contact with the cooling
liquid nitrogen, in PBC, cooling occurs through direct contact with evaporating nitrogen [4].

At a physiological level, pain is defined as "an unpleasant subjective experience typically caused
by, or comparable to, actual or potential tissue injury" [5]. Nociception refers to the sensory processes
that detect and process noxious stimuli, relying on specialized receptors in the nervous system. One
important group of such receptors is the transient receptor potential (TRP) ion channels, which play
a critical role in pain sensation. TRP channels are multimodal sensors that can be activated by
chemical stimuli (e.g., capsaicin) as well as by thermal stimuli (heat or cold). In injured or inflamed
tissues, the expression of certain TRP channels (particularly on unmyelinated C-fibers) is
upregulated, leading to a sensitization response [6]. Furthermore, the activity of TRP channels can be
enhanced by B-nerve growth factor (3-NGF), which induces the release of the neuropeptides
calcitonin gene-related peptide (CGRP) and substance P. These neuropeptides trigger an immune
response that contributes to neurogenic inflammation. Among the TRP channels, the vanilloid
subtype (TRPV1) is especially noteworthy: it mediates normal nociceptive responses to heat and is a
key driver of pathologic pain phenomena such as thermal hyperalgesia, mechanical allodynia, and
spontaneous pain during inflammation [7].

Another mediator linking the immune system and pain signaling is calprotectin, an acute-phase
protein that reflects neutrophil activity [8]. Neutrophils release calprotectin upon activation, and it
can also be released passively during neutrophil cell death [9]. Calprotectin signals through the Toll-
like receptor 4 (TLR4), which has been implicated in pain perception because it is expressed by
afferent neurons [10].

Importantly, when pain becomes chronic, it may lose its initial protective purpose and evolve
into an independent disease. Chronic pain is defined as pain in one or more anatomical regions that
persists or recurs for at least 3 months, accompanied by significant distress or functional limitation
that cannot be adequately explained by another diagnosis [11]. The International Classification of
Diseases, 11th Revision (ICD-11), introduced the concept of chronic primary pain to categorize such
conditions. This category includes chronic widespread pain—exemplified by fibromyalgia syndrome
(FMS), which often presents additional psychosomatic symptoms as well as conditions such as
complex regional pain syndrome (CRPS), chronic primary headache or orofacial pain, visceral pain,
and chronic musculoskeletal pain. However, the molecular mechanisms underlying the development
of chronic pain remain largely unclear. To date, only altered gene expression of certain neurotrophins
has been observed in regenerating neurons after nerve injury [12].

Consequently, managing chronic pain is challenging, as it often entails a protracted course with
multiple unsuccessful treatments in a patient’s history. Best-practice guidelines advocate
interdisciplinary, multimodal pain management that combines medical (including pharmacological)
interventions with physical therapy and exercise, psychoeducation, psychological therapy, and the
treatment of coexisting physical or psychological disorders [13].

Among these therapeutic modalities, exposure to cold stands out for its potent analgesic effect
in chronic pain management [14]. For example, in patients with rheumatoid arthritis, WBC has been
shown to produce improvements in pain and disease activity comparable to conventional
physiotherapy, with the added benefit of markedly reducing fatigue symptoms [15]. Moreover, when
compared to standard care, WBC leads to greater pain relief that can persist for up to 12 weeks post-
treatment [16]. Even in chronic back pain, notable pain reduction has been observed after as few as
four WBC sessions [17].

On a physiological level, the extreme cold exposure during WBC acutely activates the
sympathetic nervous system, causing a surge of catecholamines (adrenaline and noradrenaline).
Notably, in one study, healthy women undergoing WBC exhibited a two- to threefold increase in
circulating noradrenaline after 12 weeks of regular treatment, accompanied by significantly lower
levels of adrenocorticotropic hormone (ACTH) and cortisol [18]. WBC also induces an anti-
inflammatory cytokine profile: levels of interleukin-10 (IL-10) rise, whereas pro-inflammatory
mediators such as IL-6 are suppressed [19]. In particular, adrenaline and noradrenaline surges are
thought to stimulate IL-10 production via a cyclic adenosine monophosphate (cAMP)-mediated
activation of monocytes [20].
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The facts presented above suggest that chronic pain involves an altered usage of neuro-modular
substances. Whole-body cryotherapy has proven to be an effective means of pain relief in clinical
practice. Current data also demonstrate an influence of WBC on inflammatory mediators. The pain
modulators B-NGF, substance P, and CGRP have been identified in studies as factors in pain
mediation and chronicity. Calprotectin, an acute-phase protein, also shows potential for pain-
modulating effects.

Accordingly, the aim of this study was to determine whether WBC induces measurable changes
in the serum levels of these pain-modulating markers—calprotectin, substance P, CGRP, and £-
NGF —thereby supporting a modulatory effect of WBC on pain pathways. In addition, we evaluated
patients’ subjective pain levels (using a numerical rating scale) before and after treatment as an
indicator of clinical efficacy, hypothesizing that WBC would lead to a significant reduction in
perceived pain. Given that FMS was well represented in our cohort, we also performed a subgroup
analysis for patients with FMS. Finally, the potential influence of any changes in pain medication
during the study period was considered.

2. Materials and Methods

The experimental study was planned and conducted at the Helios Vogelsang Gommern
Hospital. Serum samples were taken from patients with chronic pain and current pain activity was
assessed using the NRS (scale 0-10) at the beginning and end of treatment. All subjects were recruited
as part of their interdisciplinary complex pain therapy treatment. Only patients with a stay of at least
10 days and chronic pain symptoms were included, since these patients underwent the whole
treatment protocol that is standardized for German healthcare.

A total of 64 patients agreed to participate in the study. Of these, 3 patients had to be excluded
due to a shorter stay (n=1) or a lack of follow-up blood sample (n=2). The measurements were
performed using sera from 61 subjects. Patients were characterized upon admission according to their
primary diagnosis, comorbidities and adjustments in medication (see Appendix 1) and divided into
a control group and a test group which would undergo the WBC. Subjects in the control group were
not eligible for WBC according to personal preferences or for medical reasons.

The patients in the test group visited the in-house cryochamber at the Helios Vogelsang
Gommern Specialist Hospital at least once a day as part of their complex pain therapy treatment. The
patients could choose to visit the cryochamber for up to 2 times daily. The number of usages was not
recorded. The model, manufactured by Zimmer Medizin Systeme GmbH, was developed in
accordance with the requirements of IEC 60601-1 and bears CE marking 0123 in accordance with the
EG Medical Device Directive 93/42/EWG. Regular maintenance and validation follow the in-house
quality management protocol. The chamber comprises three individual rooms, the first of which,
at approximately -16°C, and the second at approximately -60°C, serves for acclimatization and starts
the cooling process. Patients spend approximately 20-30 seconds in the first two chambers before
moving on to the next. The majority of the cryotherapy takes place in the third, at approximately -
110°C over up to 3 minutes. Patients are encouraged to make full use of the three-minute stay, but
not to exceed this time due to possible side effects such as skin damage caused by cold. During the
therapy session patients wear swimwear and gloves, a headband and a face mask. Duration of
acclimatization and stay in the third chamber were not registered separately for each patient.

The serum samples to be tested were collected by the doctoral student or nursing staff upon
admission and on the last day of the patient's 10 day stay from November 3, 2021, to November 23,
2022. A total of 122 sera were collected. The samples were centrifuged at 3000 rpm for 10 minutes [21]
and stored at -20°C. The respective parameters were measured using various ELISA kits with
duplicate determinations. Dosing pipettes from Eppendorf, which are maintained according to
quality assurance, were used. A Euroimmun device with a three-run wash program was used to wash
the microtiter plates. All plates were read using a Tecan Sunrise photometer at 450 nm.

A non-diagnostic test kit from Enzo Life Sciences was used for the quantitative determination of
substance P in serum. It uses a competitive principle of action, in which diluted samples are added
to IgG antigen-coated microwell plates together with an alkaline phosphatase-conjugated substance
P solution. There is an indirect proportionality between substance P in serum and the measured
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optical density of the microwell plate [22]. The non-diagnostic ELISA kit from Biomatik for measuring
CGRP is also based on the competitive ELISA principle. The microwell plate coated with monoclonal
CGRP antibodies is simultaneously filled with sample or standard and biotin-labeled CGRP.

A non-diagnostic test from Orgentec was used for the measurement of calprotectin. According
to the manufacturer, the cutoff value for this test kit is 5.3 pg/ml. The kit uses the indirect ELISA
principle. The non-diagnostic test used by R&D Systems to measure 3-NGF is also based on the
indirect ELISA principle.

Microsoft Excel was used to record the raw data and patient characteristics, as well as to
determine mean values, standard deviations, and medians.

The optical densities measured by the photometer were recorded using the MikroWin 2010
program and assigned to the respective positions on the microtiter plate. For calprotectin and 3-NGF,
the concentrations were calculated using the standard curve. The plates were laid out according to
the respective test instructions. This allowed the concentration to be determined directly after back-
calculating the dilution. Using Microsoft Excel, the duplicate determinations were averaged and
assigned to the respective subjects or test groups.

The MicroWin 2010 program only allowed directly proportional relationships when
programming the templates. Therefore, separate concentration calculations were required for
substance P and CGRP. For this purpose, the optical density was plotted against the logarithm of the
standard concentration in Microsoft Excel, and a regression line with a functional equation was
created. The functional equation was used to determine the sample concentration. The logarithm and
dilutions were then calculated accordingly.

To determine whether there was a significant change between the initial and final values of the
respective biomarkers, the Wilcoxon test was used, as a normal distribution of the values could not
be assumed. The Mann-Whitney U test was used to analyze whether the values differed significantly
between the groups. The calculations were conducted with the SPSS program. The asymptotic
significance (two-sided test) was set at p=0.05. A power calculation a priori could not be performed
since no comparable data was available.

The NRS was used to assess pain intensity at the beginning and end of the subjects' stay. This is
an established method for the subjective assessment of pain by adult patients [23]. A unidimensional
scale with 11 points is used. 0 corresponds to "no pain" and 10 to the "worst imaginable pain" [24].
The NRS was administered verbally during admission and shortly before discharge. Patients were
not given any information about their previous pain score and were asked to rate their average pain
over the past 24 hours. The NRS was chosen as method of choice since no visual aid or survey form
is necessary and all patients are verbally and consciously able to provide a sufficient and quick self-
assessment.

The minimum for a clinically significant difference in NRS scores was set at 1.39 + 1.05 with a
95% confidence interval. In a cohort of 354 patients in emergency care, this value was established as
the threshold for a significant change in pain and thus as an indicator of effective treatment, with no
correlation found with gender or pain etiology [25]. In studies assessing chronic pain, a reduction of
1 unit on the NRS can be considered a slight improvement. A reduction of 1.74 units on the NRS can
be considered a good to excellent pain reduction [26].

3. Results
3.1. Numerical Rating Scale

At the start of treatment, the entire cohort (n = 61) reported an average pain intensity of 6.88
(#1.31) on the NRS (range: 3-8.5). By the end of the observation period, the mean pain score had
decreased to 4.70 (+1.25) (range: 2-7), indicating overall pain relief (Figure 1). This corresponds to an
average pain reduction of 2.18 points on the NRS (+1.29), with individual changes ranging from -0.5
(minimal improvement) to -4.0 (marked improvement). Three subjects reported no change in pain,
and one subject recorded a slight increase of 1 point. Notably, a reduction of 21.39 points on the NRS
(the predefined threshold for a clinically significant change) was achieved by 45 patients, comprising
73.8% of the cohort.
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Figure 1. Boxplot of Pain intensity (NRS) in the entire study cohort (n = 61) at baseline (dark gray) and post-
treatment (light gray), shown as a box-and-whisker plot. The symbol “X” denotes the mean; each box spans from
the first to third quartile with the median represented by the center line; whiskers extend to the minimum and
maximum observed values.

In the cryotherapy (WBC) group (n = 37), the mean baseline NRS pain score was 6.69 (+1.31),
with scores ranging from 3.5 to 8.5. By the end of therapy, the mean pain score in this group had
fallen to 4.46 (+1.23) (range: 2.5-6.5; Figure 2a). The average within-group change for the WBC group
was -2.23 (+1.28) points, with individual pain level changes between -0.5 and -4.0. Two patients (5.4%)
in this group reported no change in pain over the treatment period. Using the 1.39-point criterion for
clinical significance, 27 out of 37 patients in the cryotherapy group (=73%) experienced a meaningful
reduction in pain. Among those who met this threshold, the mean NRS change was -2.78 (+1.02),
indicating a substantial improvement in pain intensity in that subset.

In the control group (n = 24) that did not receive cryotherapy, the mean pain score was 7.18
(£1.29) at baseline (range: 3-8.5) and 5.06 (+1.20) at the end of therapy (range: 3-7; Figure 2b). This
reflects an average pain decrease of 2.19 points (+1.36) in the control group, with individual changes
ranging from -1 to -5 on the NRS. One participant in the control group reported no change in pain,
and another reported a slight worsening of pain by 1 point. By the conclusion of therapy, 18 of 24
control patients (75%) achieved a pain reduction of at least 1.39 NRS points, indicating a clinically
significant improvement. For these responders in the control group, the mean pain score change was

-2.65 (£0.98).
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10 10
9 9
L 8 < 8
cjng 7 U'JS 7
» T D |
5 5
&2 5 ~ o5 >
S 4 S 4
: 1 e
zZ 2 Z 2
1 1
0 0

(a) (b)

Figure 2. Boxplot of Pain scores (NRS) in the cryotherapy group (n = 37) and control group (n = 24) at the
beginning (dark gray) and end (light gray) of therapy, shown as boxplots. “X” marks the mean; boxes represent
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the interquartile range with the median as the center line; whiskers indicate the minimum and maximum values.
Panel (a) displays results for the WBC (cryotherapy) group, and panel (b) displays results for the control group.

3.2. Evaluation of Serum Parameters
3.2.1. Evaluation of Serum Parameters for Significant Change

For the total cohort, a significant reduction in serum calprotectin levels was observed from
baseline to final measurement (p = 0.007; Figure 3). A statistically significant change was also detected
for B-NGF (p = 0.026; see Table 1); however, only 12 out of 61 samples had 3-NGF values above the

assay’s detection threshold, rendering this result unreliable. This f-NGF finding should therefore be
interpreted with caution and was not emphasized in further analyses.

Calprotectin entire Cohort

pg/ml
W = U1 O N e W

I

I

Serum levels Calprotectin
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Figure 3. Boxplot of Serum calprotectin concentrations for the entire cohort at baseline (dark gray) and after
treatment (light gray) presented as box-and-whisker plots. “X” indicates the mean; boxes show the interquartile
range (25th—75th percentiles) with the median as the center line; whiskers represent the minimum and maximum
values, and outliers are marked with dots.
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Figure 4. Boxplot of Serum calprotectin concentrations at baseline (dark gray) and after treatment (light gray)
presented as box-and-whisker plots. “X” indicates the mean; boxes show the interquartile range (25th-75th
percentiles) with the median as the center line; whiskers represent the minimum and maximum values, and
outliers are marked with dots. Panel (a) corresponds to the cryotherapy group (n=37), and panel (b) corresponds
to the control group (n = 24).
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Table 1. Summary of serum biomarker levels in the total cohort (n = 61) at baseline (a) and at end of study (b).
For each time point, the mean * standard deviation (SD) and median are given. The Z-statistic and p-value from
paired Wilcoxon tests indicate the significance of pre- to post-treatment changes for each parameter.

Baseline End of study z P
Parameter (mean +SD; (mean +SD;
median) median)
: : -1.267 0.205
Substance P (pg/ml) 3329.3 +1075.3; 3273.9 +1209.4;
3321.1 3188
42+1.7; 3.6+1.4; -2.713 0.007
Calprotectin ml ! !
p (ug(ml) 3.9 33
140.5 + 693.3; 121.9+572.9 -2.223 0.0261
-NGF ml !
p (pg/ml) 1405 0
1424.7 + 1654.9; 1383.6 +1593.7; -0.664 0.506
CGRP (pg/ml) +1654.9; 383.6 +1593.7;
621.8 594.8

1 The ELISA test for 3-NGF yielded stable results on the calibration curve. However, only 12 of the 61 sera
measured -NGF at a 1:5 dilution. Due to the few and unreliable reproducible values, the evaluation using
Wilcoxon tests should be viewed with caution and the results were not included in further analysis.

In the control group (no WBC), none of the reliably measured biomarkers showed a significant
pre—post change. The only nominally significant shift in the control group was a decrease in 3-NGF,
but given the limited number of measurable 3-NGF samples and their variability, this apparent
change was not deemed meaningful. By contrast, in the cryotherapy test group, calprotectin exhibited
a clear within-group decline from baseline to final (p = 0.032; Figure 4). No other serum proteins
(substance P, B-NGF, or CGRP) showed significant pre—post changes in the WBC group.

3.2.2. Comparison of Serum Levels Between Test and Control Group

When comparing the cryotherapy and control groups directly, no significant differences were
found in the magnitude of change of any serum biomarker between the two groups. In particular,
the mean changes in substance P (p = 0.988), CGRP (p = 0.417), and calprotectin (p = 0.982) were
statistically equivalent in patients who underwent WBC versus those who did not (Mann-Whitney
U tests for between-group differences in change scores).

Given the high proportion of fibromyalgia syndrome (FMS) patients in our sample, we
performed a subgroup analysis based on diagnosis. Of the 61 participants, 32 had FMS as their
primary diagnosis (21 in the WBC group and 11 in the control group) and 29 had other chronic pain
conditions (16 in WBC, 13 in control). In both the FMS subgroup and the non-FMS subgroup, there
were no significant differences between the cryotherapy and control arms in the changes observed
for any of the measured serum parameters.

To explore whether the extent of pain relief was associated with biomarker changes, we stratified
patients by their pain reduction. Participants were categorized as having either a clinically significant
pain improvement (21.39 NRS points) or a lesser/no improvement (<1.39 points). Interestingly,
among patients who did not reach the 1.39-point pain improvement threshold, the reduction in
calprotectin was significantly greater in the WBC group compared to the control group (p =0.042). In
contrast, for patients who achieved at least a 1.39-point improvement in pain, there were no
significant between-group differences in any serum marker changes.

Finally, to minimize the potential confounding effect of analgesic medication changes, we
repeated the analysis for the subset of patients who had no adjustments in their pain medication
during the study. In this medication-stable subset, none of the biomarkers showed a significant
difference between the cryotherapy and control groups when analyzed as a whole. However, even
within this medication-stable subgroup, patients who did not attain a 21.39 NRS pain reduction
continued to show a markedly larger decrease in calprotectin in the cryotherapy group than in the
control group (p = 0.016). This finding reinforces the observation that whole-body cryotherapy may
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exert an anti-inflammatory effect (as reflected by calprotectin reduction) even in those patients who
report minimal subjective pain improvement.

4. Discussion

In our study we achieved a significant pain reduction for the majority of the participants, both
of which received multidisciplinary treatment. WBC as part of multimodal pain therapy showed no
additional notable decrease in self-reported pain in the test group. In our study setting, the analgesic
effect cannot safely be attributed to WBC. Further investigations without additional treatments might
show results that concur with the hypothesis and clinical consensus that WBC shows analgesic
effects, but the required study design could not be implemented in the daily hospital routine.

Of the serum biomarkers analyzed, only calprotectin changed significantly with treatment: its
concentration declined in the overall cohort (p = 0.007) and specifically in the WBC group (p = 0.032),
whereas none of the other mediators (substance P, p-NGF, or CGRP) showed a significant alteration
in either group. Notably, among patients who did not experience significant pain improvement,
calprotectin levels declined more in the WBC group than in the control group (p = 0.042), a difference
that persisted even when patients with medication adjustments were excluded (p = 0.061).

Calprotectin is an acute-phase protein released during inflammation, suggesting that WBC may
exert an anti-inflammatory effect. Supporting this interpretation, WBC has been shown to reduce
tumor necrosis factor-a (TNF-a) levels in rheumatoid arthritis patients [15] and TNF-a in turn
promotes the release of calprotectin [27]. Thus, WBC might attenuate inflammatory cascades by
interrupting this TNF-a—calprotectin pathway.

Since we consider our work to be a pilot study, it might yield information for further researchers.
Assuming the changes in calprotectin to be of the greatest interest, using our data suggests a sample
size of at least 140 patients to achieve a power of 80%.

For further studies it has to be taken into consideration, that all patients also received other
concurrent treatments as part of the multimodal program, which could have influenced our results.
For example, physical exercise included in the regimen has been shown to lower serum calprotectin
levels in RA [28]. Furthermore, we did not control for external inflammatory factors such as infections
or injuries, which could have contributed to the observed calprotectin reduction independent of
cryotherapy [29].

Stratifying outcomes by primary diagnosis (e.g., fibromyalgia syndrome (FMS) versus other
chronic pain conditions) yielded no additional insights, indicating that WBC did not have a distinct
impact on the measured biomarkers in FMS patients. Likewise, changes in patients’ medication
regimens had no discernible influence on these biomarker levels in either the overall cohort or the
FMS subgroup.

The biomarkers we examined (substance P, CGRP, (3-NGF, and calprotectin) are typically
elevated during acute nociceptive or inflammatory responses, whereas our patient cohort had long-
established chronic pain. These mediators may fluctuate in the early stages or during the transition
from acute to chronic pain, but by the time pain becomes chronic such changes could have plateaued.
In fact, we observed no significant fluctuations in substance P, CGRP, or 3-NGF in our chronic pain
patients. Nevertheless, WBC might still provide clear pain relief, consistent with the clinical
consensus that it is a valuable component of chronic pain and central sensitization treatment [30].

However, the lack of significant changes in most serum markers may also reflect methodological
limitations. For instance, the WBC regimen (session intensity and total duration) might have been
insufficient to induce measurable neurobiological changes in chronic pain patients. Alternatively,
WBC’s analgesic effects could involve pathways or mediators not captured by our serum
measurements. To investigate these possibilities, future studies should examine central
neurobiological changes. For example, analyzing cerebrospinal fluid (CSF) might be more
informative, as central sensitization processes could be evident in CSF even if absent in peripheral
blood. Indeed, evidence for a central mechanism comes from observations that WBC improved well-
being and reduced oxidative stress in patients with multiple sclerosis, a central nervous system
disorder [31].
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5. Conclusions

Although this study cannot show a notable superior analgesic effect of WBC compared to
multimodal pain treatment, it can be stated that this therapeutic option is readily used by patients
and is viewed positively. It should also be noted that it has relatively few side effects [32].

What has been shown is a significant reduction of calprotectin through WBC and therefore an
influence on the innate immune system by decreasing an acute phase protein. Hence an anti-
inflammatory effect can be attributed to WBC.

The current study has set the stage by indicating that something measurable changes in the
blood with WBC, which is a significant step beyond simply knowing that patients feel better.

While not a definitive answer on its own, this work pushes the field forward by illuminating a
new facet of WBC action. Subsequent research, perhaps a larger randomized controlled trial isolating
WBC’s contribution on pain relief and influence on biomarkers such as calprotectin, can build on
these insights.
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Abbreviations

The following abbreviations are used in this manuscript:

B-NGF B-nerve growth factor

ACTH Adrenocorticotropic hormone
cAMP Cyclic adenosine monophosphate
CGRP Calcitonine-gene-related-peptide
CRPS Chronic regional pain syndrome

CSF Cerebrospinal fluid

ELISA Enzyme linked immunosorbent assay

FMS Fibromyalgia syndrome

IL Interleukin

NRS Numerical rating scale

TLR4 Toll like receptor 4

TNF-a Tumor necrosis factor o

TRP Transient receptor potential channel

TRPV1 Vanniloid-Receptor 1 transient receptor potential channel

WBC Whole-body-cryotherapy
Appendix A

Cohort Characterization
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The mean age was 59.33 years (+ 8.56), with an age range of 43 years, with a maximum age of 83
and a minimum age of 40. Among the patient population, 32 patients had the primary diagnosis of
fibromyalgia syndrome (52.5%). Another 27 patients suffered from a chronic pain disorder (44.3%).
One patient had ankylosing spondylarthritis and another had graft arthritis (3.3%) as their primary
diagnosis (Table Al).

Table A1. Breakdown of the collective based on the main diagnoses and groups in absolute terms and
percentages within the respective group

Collective FMS n= Chronic p:lll_n disorder Arthritis n=
Total n=61 32 (52.5%) 27 (44.3%) 2 (3.3%)
Test group n=37 21 (58.3%) 15 (41.7%) 1 (3%)
Control group n=24 11 (44%) 12 (48%) 1 (8%)

Secondary diagnoses included depression in 30 patients (49.2%), degenerative bone or joint
changes (including osteoarthritis of unspecified location) in 37 patients (60.7%), other rheumatic
diseases in 26 patients (42.6%), concomitant neurological diseases in 11 patients (18%), and chronic
headaches in 10 patients (16.4%).

Using the Hannover Functional Questionnaire, 36 patients provided a subjective assessment of
their current limitations in daily life. The average preserved functional capacity was 56% (£17%).

During the course of complex treatment, 36 of the subjects continued their existing medication,
while 25 had their medication changed. 19 patients received additional medication or an increased
dose of previously prescribed medication. One of these was classified as a biologic. For the remaining
6 patients, either the dose was reduced or an existing medication was discontinued.

References

1.  Wolff, R; Clar, C; Lerch, C; Kleijnen, ]J. Epidemiologie von Nicht Tumorbedingten Chronischen
Schmerzen in Deutschland. Schmerz 2011, 25, 26-44, doi:10.1007/s00482-010-1011-2.

2. Lange, U,; Dischereit, G.; Klemm, P.M. Pain Reduction through Physical Medicine: Update on the Evidence.
Z Rheumatol 2022, 81, 376-385.

3. Papenfufs, W. Die Kraft Aus Der Kiilte; 5th ed.; Edition k: Teublitz, 2022; pp.12-14. ISBN 978-3-938912-11-9.
Bouzigon, R.; Grappe, F.; Ravier, G.; Dugue, B. Whole- and Partial-Body Cryostimulation/Cryotherapy:
Current Technologies and Practical Applications. ] Therm Biol 2016, 61, 67-81.

5. Raja, S.N,; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, F.].; Mogil, ].S.; Ringkamp, M.;
Sluka, K.A.; et al. The Revised International Association for the Study of Pain Definition of Pain: Concepts,
Challenges, and Compromises. Pain 2020, 161, 1976-1982.

Zhuo, Min. Molecular Pain; Higher Education Press, 2007; pp.247-263. ISBN 9780387752686.

7. Shyu, B.-C,; Tominaga, M. Advances in Pain Research: Mechanisms and Modulation of Chronic Pain; Springer
Nature: Singapore, 2018; pp.13-27. ISBN 978-981-13-1755-2.

8.  Jarlborg, M.; Courvoisier, D.S.; Lamacchia, C.; Martinez Prat, L.; Mahler, M.; Bentow, C.; Finckh, A.; Gabay,
C.; Nissen, M.J. Serum Calprotectin: A Promising Biomarker in Rheumatoid Arthritis and Axial
Spondyloarthritis. Arthritis Res Ther 2020, 22, doi:10.1186/s13075-020-02190-3.

9.  Stfiz, I; Trebichavsky, I. Calprotectin-a Pleiotropic Molecule in Acute and Chronic Inflammation. Physiol.
Res 2004, 53, 245-253.

10. Blom, A.B.; Van Den Bosch, M.H.; Blaney Davidson, E.N.; Roth, J.; Vogl, T.; Van De Loo, F.A.; Koenders,
M.; Van Der Kraan, P.M.; Geven, E.J.; Van Lent, P.L. The Alarmins S100A8 and S100A9 Mediate Acute Pain
in Experimental Synovitis. Arthritis Res Ther 2020, 22, doi:10.1186/s13075-020-02295-9.

11. Nicholas, M.; Vlaeyen, JW.S.; Rief, W.; Barke, A.; Aziz, Q.; Benoliel, R.; Cohen, M.; Evers, S,;
Giamberardino, M.A.; Goebel, A.; et al. The IASP Classification of Chronic Pain for ICD-11: Chronic
Primary Pain. Pain 2019, 160, 28-37.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1291.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2025 d0i:10.20944/preprints202509.1291.v1

11 of 12

12. Baron, R.; Koppert Michael Strumpf, W.; Willweber-Strumpf Hrsg, A.; Reference Medizin, S. Praktische
Schmerzmedizin Interdisziplinire Diagnostik-Multimodale Therapie 4. Auflage; 2019; pp.3-13. ISBN 978-3-662-
57486-7.

13. Richter, J. Schmerz Sucht Ursache Neue Wege in Der Schmerztherapie-Mit Therapieempfehlungen Und
Begleitenden Ubungen; Springer-Verlag GmbH: Berlin, 2022; pp1-3, 27-32, 103-107. ISBN 978-3-662-64903-
9.

14. Szczepanska-Gieracha, J.; Borsuk, P.; Pawik, M.; Rymaszewska, ]J. Mental State and Quality of Life after 10
Session Whole-Body Cryotherapy. Psychol Health Med 2014, 19, 40—46, doi:10.1080/13548506.2013.780130.

15. Gizinska, M.; Rutkowski, R.; Romanowski, W.; Lewandowski, J.; Straburzyniska-Lupa, A. Effects of Whole-
Body Cryotherapy in Comparison with Other Physical Modalities Used with Kinesitherapy in Rheumatoid
Arthritis. Biomed Res Int 2015, 2015, doi:10.1155/2015/409174.

16. Klemm, P.; Hoffmann, J.; Asendorf, T.; Aykara, I; Frommer, K., Dischereit, G.; Miiller-Ladner, U.;
Neumann, E.; Lange, U.; Klemm, P.; et al. Whole-Body Cryotherapy for the Treatment of Rheumatoid Arthritis:
A Monocentric, Single-Blinded, Randomised Controlled Trial Whole-Body Cryotheraphy in RA / P. Klemm et Al;
2022; Vol. 40;.

17. Salas-Fraire, O.; Rivera-Pérez, J.A.; Guevara-Neri, N.P.; Urrutia-Garcia, K.; Martinez-Gutiérrez, O.A.; Salas-
Longoria, K.; Morales-Avalos, R. Efficacy of Whole-Body Cryotherapy in the Treatment of Chronic Low
Back Pain: Quasi-Experimental Study. Journal of Orthopaedic Science 2023, 28, 112-116,
doi:10.1016/j.jos.2021.10.006.

18. Leppaéluoto, J.; Westerlund, T.; Huttunen, P.; Oksa, J.; Smolander, J.; Dugué, B.; Mikkelsson, M. Effects of
Long-Term Whole-Body Cold Exposures on Plasma Concentrations of ACTH, Beta-Endorphin, Cortisol,
Catecholamines and Cytokines in Healthy Females. Scand | Clin Lab Invest 2008, 68, 145-153,
doi:10.1080/00365510701516350.

19. Garcia, C,; Karri, J.; Zacharias, N.A.; Abd-Elsayed, A. Use of Cryotherapy for Managing Chronic Pain: An
Evidence-Based Narrative. Pain Ther 2021, 10, 81-100.

20. Platzer, C.; Docke, W.-D.; Volk, H.-D.; Prosch, S. Catecholamines Trigger IL-10 Release in Acute Systemic
Stress Reaction by direct Stimulation of Its Promoter/Enhancer Activity in Monocytic Cells. | Neuroimmunol
2000, 105, 31-38, doi:10.1016/s0165-5728(00)00205-8.

21. Minder, E.I; Schibli, A.; Mahrer, D.; Nesic, P.; Pliier, K. Effects of Different Centrifugation Conditions on
Clinical Chemistry and Immunology Test Results. BMC Clin Pathol 2011, 11, 6, doi:10.1186/1472-6890-11-6.

22. Coetzee, ].E.; Lubbers, B. V.; Toerber, S.E.; Gehring, R.; Thomson, D.U.; White, B.J.; Apley, M.D. Plasma
Concentrations of Substance P and Cortisol in Beef Calves after Castration or Simulated Castration. Am |
Vet Res 2008, 69, 751-762, doi:10.2460/ajvr.69.6.751.

23. Jensen, M.P.; Karoly, P.; Braver, S. The Measurement of Clinical Pain Intensity: A Comparison of Six
Methods. Pain 1986, 27, 117-126, doi:10.1016/0304-3959(86)90228-9.

24. Hawker, G.A.; Mian, S.; Kendzerska, T.; French, M. Measures of Adult Pain: Visual Analog Scale for Pain
(VAS Pain), Numeric Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form
McGill Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale
(SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res
(Hoboken) 2011, 63, doi:10.1002/acr.20543.

25. Kendrick, D.B.; Strout, T.D. The Minimum Clinically Significant Difference in Patient-Assigned Numeric
Scores for Pain. American Journal of Emergency Medicine 2005, 23, 828-832, doi:10.1016/j.ajem.2005.07.009.

26. Farrar, ].T.; Young, J.P.B.; Lamoreaux, L.; Werth, J.L.; Poole, RM. Clinical Importance of Changes in
Chronic Pain Intensity Measured on an 11-Point Numerical Pain Rating Scale; Pain 2001, 94, 149-158.

27. Inciarte-Mundo, ].; Frade-Sosa, B.; Sanmarti, R. From Bench to Bedside: Calprotectin (5100A8/S100A9) as a
Biomarker in Rheumatoid Arthritis. Front Immunol 2022, 13.

28. Acar, A,; Guzel, S,; Sarifakioglu, B.; Guzel, E.C.; Guzelant, A.Y.; Karadag, C.; Kiziler, L. Calprotectin Levels
in Patients with Rheumatoid Arthritis to Assess and Association with Exercise Treatment. Clin Rheumatol
2016, 35, 2685-2692, d0i:10.1007/s10067-016-3240-y.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1291.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2025 d0i:10.20944/preprints202509.1291.v1

12 of 12

29. Diehl-Wiesenecker, E.; Galtung, N.; Dickescheid, J.; Prpic, M.; Somasundaram, R.; Kappert, K.; Bauer, W.
Blood Calprotectin as a Biomarker for Infection and Sepsis — the Prospective CASCADE Trial. BMC Infect
Dis 2024, 24, doi:10.1186/s12879-024-09394-x.

30. Alito, A.; Verme, F.; Mercati, G.P.; Pitera, P.; Fontana, ].M.; Capodaglio, P. Whole Body Cryostimulation: A
New Adjuvant Treatment in Central Sensitization Syndromes? An Expert Opinion. Healthcare (Switzerland)
2024, 12, doi:10.3390/healthcare12050546.

31. Dziedzic, A.; Maciak, K. Miller, E.D.; Starosta, M. Saluk, J. Targeting Vascular Impairment,
Neuroinflammation, and Oxidative Stress Dynamics with Whole-Body Cryotherapy in Multiple Sclerosis
Treatment. Int | Mol Sci 2024, 25.

32. Legrand, F.D.; Dugué, B.; Costello, J.; Bleakley, C.; Miller, E.; Broatch, J.R.; Polidori, G.; Lubkowska, A,;
Louis, J.; Lombardi, G.; et al. Evaluating Safety Risks of Whole-Body Cryotherapy/Cryostimulation (WBC):
A Scoping Review from an International Consortium. Eur | Med Res 2023, 28, doi:10.1186/s40001-023-01385-

Z.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1291.v1
http://creativecommons.org/licenses/by/4.0/

