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Abstract
Objective
To evaluate effects of whole-body cryotherapy (WBC) in rheumatoid arthritis (RA).

Methods
Patients with active RA undergoing a 16-day multimodal rheumatologic complex treatment were randomly assigned
to either WBC (6 applications in 14 days at -130°C for 3 min) or no treatment. The primary outcome was the difference
between groups in pain on a numerical rating scale after intervention. Secondary outcomes assessed effects on
i) disease activity, ii) functional capacity, iii) cytokine levels, and iv) use of analgesics.

Results
A total of 56 RA patients completed the trial (intervention group [IG]: 31 patients, control group [CG]: 25 patients).
The mean change (+ standard error) in pain after intervention was -2 in the IG (95% confidence interval [CI] -2.75 to
-1.31, p<0.001) and -0.88 (95% CI -1.43 to -0.33, p=0.003) in the CG, with a baseline-adjusted between-group difference
of -1.31 04 (95% CI -2.1 to -0.53; p=0.002). Pain at the 12-week follow-up visit remained significantly below baseline
values in the IG. Disease activity and functional capacity showed statistically and clinically meaningful improvement
after intervention but were not significant at the 12-week follow up. TNF and IL-6 levels changed significantly in the IG.
Eighteen of 31 (58%) patients of the IG reduced or discontinued analgesics at the 12-week follow-up. No WBC-related
side effects were reported.

Conclusion
WBC in RA reduces pain and disease activity significantly and in a clinically meaningful manner, resulting in a
reduction of analgesics. These effects are potentially based on a change in cytokine levels.
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Introduction

Cryotherapy is a commonly used treat-
ment concept not only in sports but
also in treating inflammatory arthritis,
in particular for rheumatoid arthritis
(RA) (1). It is most commonly used as
a local treatment of a single inflamed
joint (2). Explanations for its clini-
cally beneficial effects, especially on
pain, are emerging. For example, local
cryotherapy has been found to down-
regulate interleukin (IL) -6 expression
in vitro and IL-6, IL-17A, and IL-1p
gene expression levels in an adjuvant-
induced arthritis rat model (3). Moreo-
ver, local cryotherapy reduced IL-6 and
IL-1f synovial protein levels in human
knee arthritis that was mainly due to
microcrystal-induced arthritis (4). In
addition, different application forms
of local cryotherapy decreased disease
activity and tumour necrosis factor
(TNF) a levels in RA patients (5).

RA is a chronic inflammatory auto-
immune disease that primarily causes
synovitis and joint destruction and
thus leads to progressive disability (6).
Approximately 0.5 to 1% of the gen-
eral population is affected by RA (7).
As RA often affects more than a sin-
gle joint, the concept of whole-body
cryotherapy (WBC) is attractive as an
adjuvant treatment in flares or in ad-
dition to pharmacological treatment.
WBC was developed in Japan in the
late 1970s and has been used in Europe
since the mid-1980s (8). Nowadays, it
is often used in rehabilitation (9), but
many commercial providers (10) also
offer WBC treatment sessions that can
be purchased and used individually.
Beneficial effects of WBC are adver-
tised by these commercial providers.
Although the advertised effects in
healthy individuals for regenerative
purposes might hold promise, the clini-
cal evidence regarding real effects in
RA patients is scarce. Thus far, WBC
has been compared to different appli-
cation forms of local cryotherapy (8,
11), it has been evaluated at different
freezing temperatures (8, 11), and it
has been compared to different physi-
cal therapy (PT) and rehabilitation pro-
grammes and modalities in RA patients
(9, 12, 13). However, no randomised
controlled trial to date has evaluated

the effects of WBC compared with pla-
cebo or no treatment in RA patients.
Therefore, the present randomised con-
trolled trial investigated the effect of
WBC on pain, disease activity, and dis-
tinct clinical and molecular parameters
versus no treatment in RA patients.

Methods

Participants

Eligible patients were 18 years or older,
had RA fulfilling the 2010 American
College of Rheumatology (ACR) or
European League Against Rheuma-
tism (EULAR) classification criteria
(14), had active disease according to an
28-joint disease activity score (DAS28)
(15, 16) >3.6 (17) or pain level >5 on
a numerical rating scale (NRS) and a
DAS28 >3.2 (18), received stable phar-
macological treatment for longer than 3
months before the trial, and were about
to begin a 16-day multimodal rheuma-
tologic complex treatment (MRCT)
(19). Exclusion criteria were a body
weight over 120 kg, intolerance to cold,
any contraindication to cryotherapy
(e.g. unstable coronary disease), acute
infection during the trial, and a change
in pharmacological treatment (gluco-
corticosteroids and/or in any sort of
disease-modifying anti-rheumatic drug
[DMARD]) or non-pharmacological
treatment (e.g. PT) 4 weeks prior to
study start or during the trial. RA pa-
tients receiving biological DMARDs
were excluded. Furthermore, RA pa-
tients with a medical history of (sec-
ondary) fibromyalgia were excluded.

Outcomes and assessment

The primary endpoint was a difference
between groups concerning a change in
pain measured on an NRS (0 = no pain,
10 = worst pain) at discharge after the
last WBC intervention (6 applications in
14 days at -130°C for 3 min) or follow-
ing 16-day MRCT in an inpatient set-
ting, adjusted for baseline measurement.
Secondary outcomes were assessed at
discharge and after 12 weeks of discon-
tinued WBC treatment at the 12-week
follow-up visit. Effects of WBC were
evaluated based on i) disease activ-
ity measured by the DAS28 using the
erythrocyte sedimentation rate (ESR),
ii) functional capacity measured by
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the Health Assessment Questionnaire
- Disability Index (HAQ), iii) serum
levels of pro-inflammatory (IL-6 and
TNF-a) and anti-inflammatory (IL-10)
cytokines, and iv) use of analgesics
(start/stop/reduction/increase/continu-
ation/alteration in non-steroidal anti-
inflammatory drugs, metamizole, opi-
oids, or cannabinoids).

The DAS28 measures disease activity
in RA and is a composite score consist-
ing of tender and swollen joint counts
of 28 joints, ESR (used in this study),
and the patient’s assessment of disease
activity. The score ranges from 0 to
10, with scores of 3.2 or less consid-
ered low disease activity and scores
below 2.6 considered remission (15,
16). The minimally clinically important
improvement (MCII) of the DAS28 is
considered to be -1 (20).

The HAQ measures physical function
and disability and assesses 8 function-
al categories (dressing and grooming,
getting up, eating, walking, hygiene,
reach, grip, and other activities), with
scores ranging from O (no disability) to
3 (completely disabled). A decrease of
0.22 - 0.25 in the HAQ score is consid-
ered to be an MCII (21, 22).

Randomisation and blinding
Participants were randomly assigned in
a 1:1 ratio to the intervention group (IG;
WBC treatment) or control group (CG;
no treatment) using block randomisa-
tion. Participants were not blinded.
Treatment was delivered in an inpatient
setting. The IG and CG were situated on
different wards and were not paired for
any group treatment to avoid contact.
Furthermore, participants were told not
to talk about the intervention. Investi-
gators assessing effects and calculating
disease activity scores were blinded.

Study procedures

Characteristics and baseline values
were assessed at inclusion prior to the
start of the 16-day MRCT. Outcomes
were assessed after the intervention at
the 16-day MRCT discharge and at a
12-week follow-up visit.

WBC treatment consisting of 6 sessions
at -130° C using a cryosauna, “SPACE
CABIN” (~230 V, 50 Hz, serial num-
ber: 1050, year of manufacture 2013)
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from Cryomed s.r.o., Slowakia (see
Supplementary Fig. S1). WBC sessions
were begun on the first day of MRCT
and were repeated every third day. The
therapy was administered to partici-
pants wearing bathing suit/underwear
and warm socks. Fingers were placed
under the armpits during the treatment
to avoid frost damage. Temperatures
between -110 and -170°C could be ap-
plied; in this study, a fixed temperature
of -130°C was selected. The first ses-
sion was set at 90 sec, the second at 120
sec, and from the third session onwards
a time of 180 sec (3 min) was set.

The study used ELISA to detect changes
in IL-6, IL-10, and TNF-a levels after
the intervention (at discharge) and after
3 months, at the 12-week follow-up vis-
it. Serum was centrifuged at 3,500 rpm
at 15°C for 10 min, and plasma was
centrifuged at 2,850 rpm at 4°C for 15
min. The sample aliquots were stored at
-80°C until further use. Cytokine levels
(IL-6, IL-10, TNF-o)) were measured
in sera using Quantikine® ELISA Kits
(R&D Systems) according to the manu-
facturer’s instructions. Optical readings
were taken with the SUNRISE (TE-
CAN) reader system at 450 nm.

All patients underwent 16 days of
MRCT, which is a special German
multimodal treatment programme with
a strong emphasis on PT. In order to
achieve comparability and reproduc-
ibility for the purpose of this study, we
defined a framework of PT modalities
within the limits of legal and reim-
bursement requirements that included
PT, occupational therapy, pain manage-
ment, and behavioural therapy. It was
tailored to RA patients and was applied
to all study participants. The 16-day
MRCT (14 days of treatment, with no
treatment on Sundays) consisted of 755
min (12 h 35 min) of treatment per 7
treatment days (a total of 1510 min) in
an inpatient setting. Twenty-eight PT
sessions of different PT modalities had
to be performed per 7 treatment days
(for a minimum of 56 sessions). The
MRCT programme started on the day of
admission after medical examination.
Patients were discharged one day after
completion of the MRCT programme.
In detail, every patient received 10 PT
sessions (25 min each with a focus on

joint function), 6 sessions of respiratory
exercises (25 min each with a focus
on thoracic mobility), 6 balneotherapy
sessions (underwater exercise therapy,
25 min each with a focus on exercise
and joint mobility), 6 massage sessions
(25 min each with a focus on releasing
muscle tension), 6 sessions with hot
packs (20 min each after massage to
further release muscle tension), 8 ses-
sions of ergotherapy (30 min each with
a focus on joint function), 6 sessions
of progressive muscle relaxation (30
min each with a focus on pain reduc-
tion), and 6 sessions of electrotherapy
(30 min to either reduce swelling or to
promote relaxation). In addition, each
participant received two 45-min educa-
tional sessions on RA.

Sample size

A sample size of 27 in each group was
calculated to have a power of 90% to
detect a large standardised effect size of
0.9 using a two-group t-test with a two-
sided significance level of 5%. Antici-
pating a dropout rate of 15%, we aimed
to recruit 32 patients per group. Sample
size calculations were performed using
nQuery 8.

Statistics

Population descriptives are summa-
rised using mean and standard devia-
tion (SD) and percentages of occur-
rence. Treatment effects are reported
with standard error (SE) and 95% si-
multaneous confidence intervals (95%
CI), as appropriate. Differences in
outcomes between groups at discharge
and follow-up were assessed by linear
regression, with baseline observation as
covariate. Differences in analgesic us-
age were analysed by Chi-squared test.
Patients were analysed as randomised
(intention-to-treat). Calculations were
performed using R version 4.0.2.

Ethics

The study protocol was approved by
the local ethics committee of the Fac-
ulty of Medicine of the Justus-Liebig-
University Gielen (vote no. 09/14).
The study complied with Good Clini-
cal Practice guidelines and Declaration
of Helsinki principles. All patients pro-
vided written informed consent.
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Results

Between July 01,2014, and January O1,
2016, 81 RA patients undergoing a 16-
day MRCT were assessed for eligibil-
ity, of whom 17 were excluded. A total
of 64 patients were enrolled and ran-
domly assigned in a 1:1 ratio to the IG
(WBC treatment) or CG (no treatment).
56 patients (IG: 31 patients, CG: 25
patients) completed the trial and were
analysed (Fig. 1).

Baseline patient and disease character-
istics are shown in Table 1. The mean
age in the IG was 59 years and in the
CG 55 years. Patients in both groups
had active disease with a mean DAS28
of 4.8 in the IG and 4.5 in the CG, re-
spectively. Pain levels based on the
NRS were high and comparable in the
two treatment arms, with 5.0 in the IG
and 5.4 in the CG.

The main outcome in this study
was met, with a difference in pain
(NRS) between groups of (mean =
SE) -1.31+04 (95% CI -2.1 to -0.53,
p=0.002) in favour of the IG (Fig. 2).
Patients in both groups experienced a
significant decrease in pain levels: for
the IG this was -2+0.3 (95% CI -2.75 to
-1.31, p<0.001), thus also meeting the
MCII for a change in pain levels, and
for the CG this was -0.88+0.27 (95%
CI -1.43 to -0.33, p=0.003). At the 12-
week follow-up visit the IG still had
significantly reduced pain compared to
baseline (-1.35,95% CI -2.18 to -0.53,
p=0.002), although a significant dif-
ference between treatment groups was
lacking (Estimate -1.0; 95% CI -2.12 to
0.13, p=0.09) (Suppl. Table S1).

There was a significant difference in
disease activity (DAS28) between
groups after the intervention (Estimate
-0.67; 95% CI -1.31 to -0.02, p=0.04)
but not at the 12-week follow-up visit
(Estimate -0.44; 95% CI -1.17 to 0.28,
p=0.24) (Fig. 2). However, the DAS28
of the IG was still significantly reduced
compared to baseline values at the 12-
week follow-up visit (Estimate -0.82;
95% CI -1.36 to -0.28; p=0.004). Pa-
tients in the CG experienced no statis-
tically significant improvement in dis-
ease activity (Suppl. Table S1).
Functional capacity and disability as-
sessed by the HAQ were significantly
improved in the IG compared to the CG
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cligibility

81 RA patients receiving a 16-
day MRCT were assessed for

17 patients were excluded:

- 14 patients needed a change
> in pharmacological treatment

Y

at screening

randomized

64 patients were enrolled and

- 3 patients refused to
participate

/\.

32 patients were allocated to intervention (6
applications of WBC in 14 days at -130°C for 3
min.)

- 31 patients received allocated intervention

- 1 patient did not receive allocated intervention
due to aurinary tract infection

32 patients were allocated to no treatment

- 25 patients received allocated intervention (no
treatment)

- 7 patients did not receive allocated intervention,
because they chose to exit the study without
giving reason before intervention

1 care provider in 1 center performed the WBC

7 care providers in 1 center performed the 16-day
MRCT

No patient discontinued the intervention or was
lost to follow up.

31 patients were analyzed and none were excluded
from analysis

7 care providers in 1 center performed the 16-day
MRCT

No patient discontinued the intervention or was

lost to follow up.

25 patients were analyzed and none were
excluded from analysis

Fig. 1. Trial enrolment according to the CONSORT statement for randomised trials of non-pharma-

cologic treatments (23).

Table I. Baseline patients and disease characteristics.

Intervention Group

Control Group

(n=31) (n=25)

Age [years] 595+£5.7 55117
Sex [n (%)]

female 25 (80%) 18 (72%)

male 6 (19%) 7 (28%)
RA duration [years] 32+45 30+£5.0
RF and/or anti-CCP positive [n (%)] 21 (68%) 16 (65%)
Disease duration [years] 45+32 48+43
Concurrent csDMARD use [n (%)] 31 (100%) 25 (100%)
Concurrent methotrexate use [n (%)] 26 (84%) 20 (80%)
Concurrent oral steroid use [n (%)] 25 (81%) 22 (88%)
Steroid dose [mg/day] 66+22 65+24
Pain level [NRS] 5+£2.1 54+23
HAQ 1+£0.6 1.24+0.5
ESR [mm] 17+ 11 18+ 13
DAS28 4815 45+13

Data are mean + standard deviation, unless otherwise indicated.

HAQ: Health Assessment Questionnaire; ESR: erythrocyte sedimentation rate; DAS28: 28 joint dis-
ease activity score; NRS: numeric rating scale (0 = no pain, 10 = outmost pain); CCP: cyclic citrul-
linated peptides; RA: rheumatoid arthritis; RF: rheumatoid factor; csDMARD: conventional synthetic

disease-modifying anti-rheumatic drug.

after the intervention but not at the 12-
week follow up visit (Estimate -0.21;
95% CI -0.35 to -0.07, p=0.003 and
Estimate -0.24; 95% CI -0.49 to 0.006,
p=0.06, respectively) (Fig. 2). In com-
parison to the IG, the CG did not show

a statistically significant improvement
in functional capacity and disability
(Suppl. Table S1).

Serum cytokine levels of pro-inflam-
matory cytokines IL-6 and TNF-a
were significantly reduced in the IG af-
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Fig. 2. Trial outcomes. Course of pain levels (NRS), disability (HAQ), and disease activity (DAS28)
of the intervention group (IG) and the control group (CG) during the trial (from baseline to discharge)
and at the 12-week follow-up visit. Baseline-Adjusted significant group differences and differences

between time points are depicted.
*p<0.05, ¥*p<0.01, **¥*p<0.001).

ter the intervention and at the 12-week
follow-up visit compared to baseline.
However, differences between the 1G
and CG were not shown to be statisti-
cally significant (Suppl. Table S1). Se-
rum cytokine levels of the anti-inflam-
matory cytokine IL-10 did not show
statistically significant differences in

the IG after intervention or at the 12-
week follow-up visit, and there were
no differences in the between-group
comparison (Suppl. Table S1).

At baseline, 20 out of 25 (80%) pa-
tients in the CG and 22 out of 31 (71%)
patients in the IG used analgesics. At
the 12-week follow-up visit, 16 out of

25 (64%) (CG) and 16 out of 31 (52%)
(IG) patients used analgesics. Nine out
of 31 (29%) patients in the IG and 5
out 25 (20%) patients in the CG had
stopped or reduced the use of their an-
algesics at the 12-week follow-up visit
(Table II). Chi-squared tests for differ-
ences between IG and CG did not re-
veal significant differences, likely due
to small sample sizes.

Discussion

To the best of our knowledge, this is
the first study to evaluate the effect of
WBC in patients with active RA in a
randomised controlled trial setting that
included a no-WBC-treatment group
with a 12-week follow-up period. The
main outcome was met with a signifi-
cant difference in baseline-adjusted
pain after the intervention of 1.31 NRS
points versus the control group and
with a clinically significant improve-
ment in pain in the IG when comparing
baseline to discharge values. Not only
did the beneficial effects on pain due
to WBC treatment persist, as patients
in the IG experienced continuous and
significantly lower pain levels at the
12-week follow-up visit compared to
baseline, but functional capacity also
showed a relevant improvement in the
IG compared to the CG after the inter-
vention and at the 12-week follow-up
visit. Disease activity was significantly
reduced in the IG after the interven-
tion, with significantly lower disease
activity at the 12-week follow-up visits
than baseline. In addition, significantly
altered cytokine levels were detectable
in the IG both after the intervention and
at the 12-week follow up as a poten-
tial explanation of the beneficial clini-
cal effects of WBC treatment on RA.
However, these differences were not

Table II. Analgesic usage over time.

Intervention group (n=31)

Control group (n=25)

Analgesic usage Baseline After intervention 12-week follow-up Baseline After intervention  12-week follow-up
None 9 14 15 5 7 9
Reduction 7 3 1 1
Constant 22 9 8 20 13 9
Increase 1 5 4 6

No WBC-related side effects were reported.

Clinical and Experimental Rheumatology 2022
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apparent in the between-group com-
parison.

The inclusion and exclusion criteria
of the trial led to the inclusion of RA
patients with active disease (17, 18)
who were on conventional synthetic
DMARD therapy. Instead of an increase
in the use and intensity of pharmaco-
logical treatment, non-pharmacological
therapy was begun in both groups. We
compared the effects of cryotherapy
together with a 16-day MRCT, which
can reduce pain and disease activity in
RA patients (19, 24). Since both groups
were on MRCT, any additional improve-
ments in the CG would also have been
observed. Starting active background
therapy at trial start is common: in the
LUNAR trial, for example, rituximab
was evaluated in the treatment of lupus
nephritis just when all participants had
begun mycophenolate therapy at study
start (25). Furthermore, the study de-
sign is comparable to that of pharma-
cological trials in rheumatology assess-
ing pharmacological therapies in RA
patients with active disease who were
on conventional synthetic DMARDs
(e.g. methotrexate, analogous to MRCT
here) plus verum (WBC) or placebo (no
WBC) (26, 27).

The effects of WBC treatment were sta-
tistically and clinically significant over
a 16-day period with only 6 WBC ses-
sions applied at -130°C. Twelve weeks
after WBC treatment, patients in the IG
still experienced continuously lower
pain levels compared to baseline, and
9 out of 31 (29%) of WBC-treated RA
patients had reduced or stopped their
use of analgesics. This is a highly bene-
ficial additional clinical effect achieved
with a single intervention (6 sessions
of WBC at -130°C of maximally 3 min
each). Thus, WBC seems to be a good
and fast-acting therapy for patients
with active RA. As there is no protocol
for the correct amount and frequency
of WBC therapy, 6 WBC sessions were
chosen here based on a prior study re-
porting good effects in patients with
fibromyalgia (28). Furthermore, we
hypothesised that 6 WBC sessions can
be relatively easily implemented in any
outpatient setting, as WBC was shown
to be a good addition to pharmacologi-
cal therapy in a multimodal approach
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incorporating PT, which is advocated
in the current guidelines (29). In this
context, WBC could be used, for exam-
ple, in daily practice in the setting of a
newly begun pharmacological therapy
to reduce pain and disease activity
while waiting for pharmacological ef-
fects to settle in.

Cryotherapy, although its mode of ac-
tion remains unclear, has been shown to
affect cytokine levels (3-5). For exam-
ple, local cryotherapy seems to mediate
its effect by a down-regulation of joint
and systemic IL-6 or IL-17 pathways
and not the TNF-a pathway (30). As the
effects of local and systemic therapy on
cytokines are probably very different,
serum levels of a number of cytokines
were investigated further in our study.
Only the IG showed statistically sig-
nificant changes, with a reduction in
TNF-a levels after the intervention and
at the 12-week follow-up, although dif-
ferences between IG and CG were not
significant. The decline in TNF-a lev-
els seems to have paralleled changes in
clinical parameters such as the continu-
ous reduction in pain and disease activ-
ity and the need for fewer analgesics;
however, this was neither statistically
tested nor proven. The serum levels
of IL-6 and IL-10, additional disease-
related pro- and anti-inflammatory cy-
tokines, showed no significant change
in either the IG or the CG. As included
patients were on stable non-biological
DMARD pharmacological therapy 4
weeks prior to study start and through-
out the whole trial, the change in cy-
tokine levels does not seem to have
been pharmacologically induced. One
explanation for this finding could be
that pro-inflammatory cytokines like
TNF-a, IL-1, and IL-6 not only play a
central role in local rtheumatic inflam-
matory processes but also influence no-
ciception (31). Local nociceptive reac-
tions involve peripheral polymodal no-
ciceptors expressing glycoprotein 130,
which plays a role in cytokine signal-
ing (32, 33). In so-called inflammatory
pain, there is an interaction and a certain
balance between analgesic (including
IL-1,-4,-10, and -13) and hyperalgesic
(including bradykinin, prostaglandins,
IL-1, -6, -8, and TNF-a)) mediators. In
the early stage, hyperalgesic mediators

dominate while at the same time anal-
gesically active cytokines are induced
by the immune system (32, 33). A de-
crease of these mediators may lead to
reduced depolarisation of the peripheral
nociceptors due to reduced input from
ascending neurons in the cortical pain
matrix and therefore enhance a subse-
quent decrease in pain sensation.

Limitations

The main limitation is the study design,
as the treatment arms were randomised
but not blinded to treatment. Due to the
nature of WBC (very cold) and its ap-
plication (in a chamber), patient blind-
ing is nearly impossible. Nonetheless,
assessors evaluating effects and assess-
ing disease activity were blinded, and
we avoided between-group interaction
by separating treatment groups physi-
cally and temporally and asking par-
ticipants not to talk about the interven-
tion. However, 7 of 8 (87%) dropouts
occurred in the CG (before trial start),
possibly due to disappointment of not
receiving WBC. This may have intro-
duced an attrition bias, further narrow-
ing the effect of WBC. Due to inclu-
sion criteria (active disease), WBC was
evaluated during active MRCT thera-
py. Further evaluation in a trial with-
out background treatment analogous
to the procedures of pharmacological
trials aimed at approval of a new drug
would help to show the beneficial ef-
fects of WBC in the setting of an active
background treatment compared to an
approach without background treat-
ment (34). In conducting such a trial,
we would recommend a larger sample
size to be able to further assess changes
in DAS28 and cytokines more mean-
ingfully.

Generalisability

The results showing beneficial effects
of WBC in this study are consistent
with previous work (8, 9, 11-13), al-
beit study design and hypothesis are not
comparable. To the best of our knowl-
edge, WBC was clinically evaluated
in 5 studies thus far (8, 9, 11-13). Hir-
vonen et al. compared WBC at -110°C
to WBC at -60°C and to application of
local cold air at -30°C in RA patients
and found that the decrease in pain was
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greater treated with WBC at -110°C
compared to the other treatment arms
(11). In an additional study under simi-
lar conditions, Hirvonen et al. investi-
gated the total antioxidative capacity
of WBC, which was positively altered
only in the WBC at -110°C treatment
for a short duration (8). Gizinska et al.
compared WBC (-110°C) integrated
into a rehabilitation programme with a
“traditional” rehabilitation programme
in RA patients assessing pain, disease
activity, and serum cytokine levels
among other factors. No statistically
significant differences were found, as
RA patients in both arms experienced
less pain and less disease activity with
lower levels of IL-6 and TNF-a (13).
Wojtecka-Lukasik et al. evaluated a
change in histamine levels in RA and
osteoarthritis patients treated with
WBC alone (-140 to -160°C) or in com-
bination with physiotherapy and found
histamine levels in RA patients to be
significantly changed in the WBC treat-
ment arm (12). Ksiezopolska-Ortowska
et al. compared the impact of two reha-
bilitation programmes on pain and dis-
ease activity amongst others in RA pa-
tients (9). A rehabilitation programme
incorporating both WBC (-120°C) and
local cryotherapy (-160°C) performed
better than the rehabilitation pro-
gramme without cryotherapy (neither
local nor WBC) (9). On the backdrop
of these studies (8, 9, 11-13), our study
provides further supporting evidence
for a beneficial effect of WBC treat-
ment in RA patients suffering from pain
and elevated disease activity.

Interpretation

WBC is an effective treatment ap-
proach for patients with active RA that
leads to reduced pain and disease activ-
ity with prolonged effects after discon-
tinued therapy.
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