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Abstract

Introduction: Low back pain syndromes (LBPS) are common. One of the methods of treating LBPS is local cryotherapy, which
can be based on various cooling substances. In the available literature, it is suggested that effective cold treatment may depend
on the type and temperature of the cooling substance used.

Research objective: The aim of the study was to evaluate the effectiveness of 2 local cryotherapy (Carbon Dioxide and Liquid
Nitrogen) types among patients with low back pain syndrome (LBPS).

Materials and methods: The study included 60 patients diagnosed with chronic LBPS of discopathic origin. Patients were ran-
domised into 2 study groups. Local cryotherapy treatment with Carbon Dioxide was used in the 1% group (G1), while in the
2 (G2), cryotherapy treatment with applied Liquid Nitrogen. Two measurements were taken, before and after 2 weeks tre-
atment. The following were used for assessment: centralisation of symptoms (Pain Drawings), pain intensity (Numeral Rating
Scale), duration of the current pain episode (Quebec Task Force Classification), level of disability (Roland-Morris Disability
Questionnaire), quality and intensity of subjective pain (McGill Pain Questionnaire), patients’ emotional state (Adjectival Sca-
le for Testing Emotions) and self-efficacy related to pain (Pain Self-Efficacy Questionnaire). Statistical analysis was performed
via the Student’s #-test for dependent and independent samples.

Results: In both study groups, the perceived pain was either completely eliminated or centralised to the spine, hip joint and
buttock. The level of pain, disability and pain-related self-efficacy decreased significantly, regardless of the therapy used. In
terms of these variables, no greater therapeutic efficacy was demonstrated with either cryostimulation treatment. Qualitative
assessment of pain and emotions (especially anxiety and anger) decreased significantly in G1 and G2. However, in the nitro-
gen-treated group, a significantly greater improvement was noted for WOB:OC, anger and anxiety scores (for these variables,
the G2 group started from a higher level prior to therapy).

Conclusions: Both analysed treatments are equally effective in terms of variables such as: centralisation of symptoms, level of
pain intensity, disability, joy, self-efficacy related to pain, as well as the majority of the analysed MPQ indicators. Cryostimu-
lation with liquid nitrogen may be more effective, but only in improving the WOB: OC index of the MPQ questionnaire and
the level of anger and anxiety. Nonetheless, the obtained results do not allow for definitive confirmation of these results. The
use of both cryostimulation treatment methods may assist in the treatment process of LBPS.

Stowa kluczowe
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Streszczenie

Wprowadzenie: Zespoty bdlowe kregostupa ledzwiowego (ZBKL) wystepuja powszechnie. Jedng z metod leczenia ZBKL jest
kriostymulacja miejscowa, ktéra moze bazowaé na réznych substancjach chtodzacych. Dostepna literatura sugeruje, ze efekty-
wne leczenie zimnem moze zaleze¢ od rodzaju i temperatury stosowanej substancji chtodzacej.
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Cel: Celem pracy byta ocena skutecznosci leczenia dwéch zabiegéw kriostymulacji, to jest z uzyciem dwutlenku wegla oraz
ciektego azotu w przebiegu zespotéw bélowych kregostupa ledzwiowego (ZBKL).

Materiat i metoda: Do badania wiaczono 60 pacjentow z ZBKL o podlozu dyskopatycznym, ktérych podzielono losowo
na dwie grupy. W pierwszej grupie (G1)zastosowano kriostymulacje dwutlenkiem wegla, a w drugiej (G2) kriostymulac-
je cieklym azotem. Zar6éwno przed dwutygodniowa terapig, jak i po jej zakoficzeniu okreslono topografie dystalnych ob-
jawow (Pain Drawing), intensywno$¢ bolu (NRS), dtugo$¢ trwania obecnego epizodu bélowego (QTF), poziom niepetnos-
prawnosci (RMQ), aspekty jako$ciowe bélu (MPQ), stan emocjonalny chorego (Przymiotnikowa Skala do Badania Emogji)
oraz skuteczno$¢ zwigzang z bélem (PSEQ). Wykonano analizg statystyczng wykorzystujac test t-Studenta dla préb zaleznych
i niezaleznych.

Wynik: Odczuwane dolegliwosci bélowe ulegty catkowitej eliminacji albo scentralizowaly sie do kregostupa, stawu biodrowe-
go 1 posladka w obu grupach badanych. Poziom bélu, niepelnosprawnosci oraz samoskutecznosci zwigzanej z bélem zmnie-
jszyl sie istotnie, niezaleznie od zastosowanej terapii. W zakresie tych zmiennych nie wykazano wiekszej skutecznosci terapeu-
tycznej jednego z zabiegdéw kriostymulacji. Jako§ciowa ocena bdlu i emocje (szczegdlnie lek i gniew) zmniejszyty sig istotnie
w G11 G2. Jednak grupa leczona azotem uzyskala istotnie wigksza poprawe w zakresie wskaznikow WOB:OC, gniewu i lgku
(w przypadku tych zmiennych grupa G2 startowata z wyzszego poziomu przed terapia).

Whioski: Oba analizowane zabiegi s3 podobnie skuteczne w zakresie takich zmiennych, jak: centralizacja objawéw, poziom
natezenia bolu, niepetnosprawnosci, rado$ci oraz samoskutecznosci zwigzanej z bolem, jak réwniez wigkszosci analizowanych
wskaznikow MPQ. Kriostymulacja cieklym azotem moze by¢ bardziej efektywna jedynie w poprawie wskaznika WOB:OC
kwestionariusza MPQ oraz poziomu gniewu i leku, jednak uzyskane wyniki nie pozwalaja na ostateczne potwierdzenie tych

rezultatéw. Stosowanie obu zabiegdéw kriostymulacji moze wspomagac proces leczenia ZBKL.

INTODUCTION

Low back pain syndromes (LBPS) are
a common population-based prob-
lem, especially in industrialised coun-
tries"?. They affect both women and
men of all ethnicities, and it has been
suggested that female gender is more
predisposed®*. The incidence of LBPS
increases with age, the highest values
occurring between 35 and 49°. With-
in 6 weeks of the onset of LBPS, pain
symptoms subside in 80 to 90% of
people, while in the remaining 10%,
they assume chronic form®. LBPS,
however, are characterised by a ten-
dency to relapse or worsen symp-
toms?. The results of epidemiologi-
cal studies also suggest that the inci-
dence of LBPS will increase in com-
ing years>’

There are many treatments avail-
able for LBPS. We can distinguish,
among others, specialist, internation-
al physiotherapeutic methods (e.g.
manual therapy, the PNF or McKen-
zie method)®’ and traditional ther-
apy'®l. The latter includes medi-
cations, including anti-inflammato-
ry and analgesic ointments'’, clas-
sical massage, kinesiotherapy and
physical therapy'!. Physiotherapeu-
tic treatments are based on various
types of physiological reactions oc-
curring in the body under the influ-
ence of a physical stimulus'?. One of
the strong stimulating factors is cold,
and treatments with its use are gen-
erally referred to as cryotherapy®.
Among them, local and whole-body

cryotherapy can be distinguished'.
The healing effect of these treat-
ments is based on the body’s reac-
tion to cold, thus, on a thermoregu-
lation mechanism controlled by the
autonomic nervous system. When
the skin is exposed to the cold fac-
tor, the so-called Lewis Hunting Re-
action occurs, consisting of 2 phases.
The 1¢ stage, which is the body’s de-
fence reaction against excessive cool-
ing, is the narrowing of blood vessels
in the skin and subcutaneous tissues.
During the 2™ phase, these tissues
become hyperemic due to the dila-
tion of blood vessels!>!*. The above
stages are wave-shaped and alternat-
ing. The result of this phenomenon is
the occurrence of beneficial physio-
logical reactions, such as those: anal-
gesic, anti-inflammatory, anti-swell-
ing, and the regulation of muscle
tone!'>!,

Various types of cooling substanc-
es are used in local cryotherapy, in-
cluding nitrogen and carbon diox-
ide, also known as cryogenic lig-
uids®. The comparison of both treat-
ments in terms of methods for lower-
ing temperature, safety and costs of
their execution, availability, effective-
ness, frequency of their implementa-
tion and durability of the apparatus
used shows some similarities and dif-
ferences.

The physicochemical properties of
these substances enable their safe use.
The methods of lowering their tem-
perature in modern devices, howev-
er, are based on different physical

phenomena®. In treatments with the
use of carbon dioxide, the tempera-
ture of this liquid is reduced by adia-
batic expansion. The above phenom-
enon, called the Joule-Thomson ef-
fect, takes place in specially-designed
applicators and causes their cooling
down to about -70°C. On the oth-
er hand, in an apparatus cooled with
liquid nitrogen, the liquid changes to
a gas. Liquid nitrogen has a low boil-
ing point (-195.8°C) and, at the same
time, a high heat of vaporisation. The
liquefied gas at the tip of the applica-
tor washes its inner surface and evap-
orates, while extracting heat from the
environment. As a result, this part of
the device is cooled down to a tem-
perature equalling the boiling point
of liquid nitrogen. Then, the temper-
ature at the nozzle outlet is between
-160°C and -196°C'>¢,

The analysis of other safety as-
pects showed, inter alia, that dur-
ing the treatment with liquid nitro-
gen, the feeling of cold is stronger,
which may cause discomfort to some
patients or frostbite'>"’. Despite this,
Beben and Kiljafiski'” observed that
the degree of cooling the skin on the
hand, examined with a thermovision
camera after a single treatment with
both cryogenic liquids, was higher in
the case of carbon dioxide'. In the
scientific literature, information is
also provided on other risks associ-
ated with the use of liquid nitrogen
during treatment'>', This gas is not
poisonous, but its volatilisation into
the atmosphere lowers oxygen con-
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tent and may lead to hypoxia or even
fainting'>". Another danger that may
arise when using this coolant is the
risk of explosion due to the conden-
sation of oxygen on small, leaky met-
al parts of the cryostimulation de-
vice’?, In order to avoid such a sit-
uation, it is extremely important to
properly train medical personnel and
to inspect the equipment annually,
which guarantees the durability and
safe operation of this device'. To the
best of our knowledge, there is no in-
formation available in the literature
on the risks associated with the use of
carbon dioxide.

As previously noted, in compar-
ison to carbon dioxide, liquid ni-
trogen cools the tip of the cryo-ap-
plicator down to a lower tempera-
ture. However, a review of avail-
able research allows to note that
the duration of both treatments
should be the same and used daily
for 2 weeks (10 treatment sessions)
12,1417,18,192021 - Therefore, the dura-
tion of treatments and their number
should not be factors influencing the
cost of treatment.

A comparison of the prices of both
coolers shows that they differ de-
pending on the supplier. One of the
available offers shows that 1 kg of ni-
trogen costs PLN 5.80, while 1 kg of
carbon dioxide costs PLN 4.3022%,
Taking specifications of the devic-
es from different companies into ac-
count, it was noted that the use of
liquid nitrogen is slightly greater than
that of carbon dioxide. The above
data may allow to suggest that us-
age of the latter cryogenic liquid is
less expensive'>*. The purchase of
both coolants is not problematic be-
cause they are available in the cata-
logues of delivery companies?>?*%, In
2004, the benefit package of the Na-
tional Health Fund (NFZ) included
cryotherapy with both cryogenic lig-
uids?. Currently, only the treatment
with liquid nitrogen is reimbursed?’,
which may result in its more frequent
use at rehabilitation offices.

In the available literature, it is shown
that effective treatment with low tem-
peratures depends, inter alia, on the
type of cooling substance used and the
temperature to which it is cooled”. So
far, the effectiveness of this therapy

has been demonstrated to reduce pain
in various disease entities', such as
painful shoulder syndrome****, pre-
vious total knee replacement surgery*
or ankylosing arthritis'®"*!. Howev-
er, there are few studies in which the
effectiveness of cryostimulation treat-
ments would be compared using dif-
ferent cryogenic liquids, i.e. nitrogen
and carbon dioxide. Therefore, in this
study, the effectiveness of 2 different
coolants in the course of LBPS was as-
sessed.

STUDY AIM

The aim of the study was to control

the treatment process of 2 cryostimu-

lation treatments, i.e. with the use of
carbon dioxide and liquid nitrogen in
the course of LBPS.

Therefore, the following research
questions were posed:

1. Which of the cryostimulation
treatments is more effective in
terms of centralising pain symp-
toms, reducing their intensity and
improving their qualitative as-
pects?

2. Is there a difference in disabili-
ty level reduction between carbon
dioxide and nitrogen cryostimula-
tion?

3. Does one of the local cryostimu-
lation treatments more effective-
ly improve the emotional state of
patients and self-efficacy related to
pain?
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MATERIALS AND METHODS

The study, which included 60 patients
complaining of discopathic LBPS, was
carried out between 2018-2019 at one
of the rehabilitation clinics in Krakéw.
The patients were qualified by a spe-
cialist in medical rehabilitation, based
on an interview, physical examina-
tion and analysis of imaging exami-
nations. The inclusion criteria includ-
ed: chronic LBPS due to discopathy
(according to ICD-10: code MS54),
lasting over 3 months, according to
the Quebec Task Force®? classifica-
tion. The exclusion criteria included:
the patient’s condition requiring sur-
gery, co-existence of advanced neu-
rological, rheumatic, urological and/
or psychiatric disorders, and the pa-
tient’s unsystematic participation in
the therapy. Then, the patients were
randomly divided into 2 groups. One
group (G1) was treated with carbon
dioxide, while the other (G2) was
subjected to treatment with liquid ni-
trogen. In the G1 group, the mean
age value was 62.7 + 15.3 years, and
in G2, 56.2 + 13.3 years. In G1, the
patients experienced the analysed
pains 8.1 + 4.3 months, on average,
and in G2, 7.2 = 3.1 months. Wom-
en accounted for 67% of G1 group
and 57% of G2 group. A detailed de-
scription of the study groups is pre-
sented in Table 1.

All of the respondents underwent
cryotherapy in the area of the lum-
bosacral spine (LS). Treatments were

Table 1
Patients’ characteristics before treatment

Categories G1 G2
Number of patients (n) 30 30
Age (years) 62.7+15.3 56.2+13.3
Duration of symptoms (months) 8.1+4.3 7.2+3.1
Sex (%):
* Female 67 57
* Male 33 43
Place of residence (%):
« City 97 87
* Country 3 13
Professional activity (%):
* Working 57 67
* Pensioner 43 33
Level of education (%):
* Higher 43 47
* Secondary 53 53
* Post-secondary 3 0
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performed daily on weekdays for 2
weeks, thus, in total, each patient par-
ticipated in 10 sessions. Before each
therapy session, the continuity, col-
our and moisture of the patients’ skin
in the area treated was checked and,
if necessary, it was dried. Such action
ensures safety during cryostimulation
and prevents potential frostbite'?.
The duration of each treatment was
3 minutes at a time. During its imple-
mentation, the physiotherapist, hold-
ing the blowing nozzle in protective
gloves, made circular movements so
that its outlet was approximately 20
cm from the treated area'?. For cryo-
therapy with carbon dioxide, the Cy-
roFlex device, a Cyro-T (NR-2) port-
able model was used, while the treat-
ment with liquid nitrogen was per-
formed with the Kriopol R device
from Kriomedpol. During this ther-
apy, the patient did not undergo any
other forms of treatment.

The research tool was a question-
naire consisting of 2 parts. In the first
part, participants answered 5 closed
questions concerning age, sex, place
of residence, professional activity, lev-
el of education and the duration of the
episode. The second part, on the other
hand, included questionnaires allow-
ing to analyse the following variables:
* Centralisation of symptoms -

based on the topography of distal

symptoms before and after thera-
py, using Pain Drawing®.

* The intensity of the perceived
pain — using the Visual Analogue
Scale.

* Level of pain-related disability us-
ing the Roland Morris Disability
Questionnaire (RMQ)*.

* Qualitative aspects of pain - using
the indicators of the McGill Pain
Questionnaire (MPQ)3¢.

* The patient's emotional state, in
terms of level of fear, joy and an-
ger; for this purpose, the Adjec-
tival Scale for the Study of Emo-
tions (SE-T Scale) was used?”.

o d Self-efficacy concerning pain
level using the Pain Self-Efficacy
Questionnaire (PSEQ)3.

Additionally, before being included in

the study, all respondents gave their

consent for participation and were
informed about its purpose, course
and anonymity. In order to obtain

answers to the research questions
posed, appropriate statistical anal-
ysis was conducted. The Student's
t-test was used for dependent and in-
dependent samples, assuming the lev-
el of statistical significance equal to
0.05.

RESULTS

Prior to therapy, a greater percent-
age of patients experienced distal
symptoms in the lower leg and foot
in the G1 group (foot: 13%, lower
leg: 30%) compared to the G2 group
(foot: 3%, lower leg: 239%). A simi-
lar percentage of patients complained
of pain in more proximal parts of the
body (Table 2).

There were no statistically signif-
icant differences in many of the re-
maining variables before starting
therapy. Only the group treated with
nitrogen obtained statistically signif-
icantly higher values of such indi-
cators in the McGill Pain Question-
naire, such as: WOB: S, WOB: OC
and LS than the group treated with
carbon dioxide. The G2 group was
also characterised by a significant-
ly higher level of anxiety and anger
compared to the G1 group (Table 3).

After the therapy, all the studied
variables improved. The analysis of
the most distal symptoms showed
that in both groups, they had cen-
tralised or even subsided. In the G1
group, 23% of patients did not ex-
perience any symptoms or they
were located only in the spine, and
in the G2 group - 36%. On the oth-
er hand, a few patients still reported

Table 2
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pain symptoms in the lower leg (3%
in each group), while for no one was
pain indicated in the foot. It is diffi-
cult to say whether the above change
differed statistically significantly in
both groups, the more so that in the
G2 group, a greater percentage of pa-
tients did not experience symptoms
in the parts of the body most distant
from the spine before treatment (Ta-
ble 2). Statistical analysis of subse-
quent variables showed significant im-
provement in all variables before and
after therapy in both study groups.
The intensity of perceived pain de-
creased significantly by 3.2 points in
G1, and by 3.3 points in G2. The lev-
el of disability significantly decreased
by 5.0 points in G1 and by 4.6 points
in G2. Also, in both study groups, as
a result of treatment, all indicators of
the McGill Pain Questionnaire im-
proved, the level of anxiety (in G1:
by 10.3 points, and in G2: by 16.8
points) and anger (G1 by 15.4 points,
G2 by 10.3 points). Regardless of the
cryogenic fluid used, the levels of joy
(in G1: by -12.8 points, G2: by -16.7
points) and pain self-efficacy also im-
proved (in G1: by -8.0 points, G2: by
-11.0 points) (Table 4).

On the basis of the Student's ¢-test,
no statistically significant differences
were found: between the changes ob-
tained as a result of treatment in ei-
ther study group with regard to pain
and disability levels, the majority of
indicators for the McGill Pain Ques-
tionnaire, and pain-related self-effi-
cacy. A statistically significant differ-
ence between the groups was noted
only in the case of the WOB index:
OC (p = 0.0047) and the level of neg-

Percentage of patients from groups G1 and G2 experiencing distal
symptoms in the analysed body parts before and after therapy

Localisation of distal

Before treatment

After treatment

symptoms [%] a1 G2 a1 G2
No complaints 0% 0% 10% 3%
Spine 0% 0% 13% 33%
Hip 23% 17% 33% 27%
Buttock 10% 23% 23% 20%
Thigh 23% 33% 17% 13%
Shank 30% 23% 3% 3%
Foot 13% 3% 0% 0%
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Table 3
Comparison of groups before therapy in terms of the analysed variables

Variables before therapy & G2 t p
X SD X SD

Pain intensity 6.0 1.9 6.5 1.5 -0.9623 0.3399
Disability Level 12.7 71 11.2 4.3 1.0317 0.3065
Pain-related efficacy 45.3 13.6 39.5 12.5 1.7231 0.0902
McGill: WOB:S 13.0 4.9 16.3 5.5 -2.4017 0.0195*
McGill: WOB:A 2.4 21 3.0 25 -1.0111 0.3161
McGill: WOB:0C 2.3 1.1 2.9 1.3 -2.0314 0.0468*
McGill: WOB:R(S) 2.9 1.3 3.0 1.4 -0.4678 0.6417
McGill: WOB:R(AOC) 21 1.6 2.3 1.6 -0.6498 0.5184
McGill: WOB:R(O) 4.9 2.3 5.4 2.7 -0.6729 0.5037
McGill: WOB:(0) 275 101 32.9 12.5 -1.8536 0.0689
McGill: LWS 12.6 2.8 141 25 -2.2389 0.0290*
Emotion level: anxiety 17.0 9.6 274 121 -3.6904 0.0005*
Emotion level: joy 14.9 6.7 11.5 6.7 1.9702 0.0536
Emotion level: anger 7.8 6.2 15.4 8.1 -4.0587 0.0001*

40

* — statistically significant result

ative emotions (anxiety: p = 0.0132,
anger: p = 0.0030). The group treat-
ed with nitrogen demonstrated great-
er improvement for these variables
compared to the group treated with
carbon dioxide. It should be not-
ed, however, that the baseline levels
of the WOB index in G2 were high-
er: OC, anger and anxiety, thus, it
was easier to obtain better results for
these variables (Table 5).

DISCUSSION

Based on the results of the author's
work, it was primarily observed that
both groups treated using cryother-
apy, with the use of various cooling
gases, achieved similar improvement
in most of the analysed variables.
One of the aspects studied was the
centralisation of symptoms, analysed
on the basis of topography regarding
the most distal symptoms marked
before and after therapy?®. Central-
isation is a phenomenon determin-
ing the correct behaviour of symp-
toms as a result of treatment. It is
where the pain that radiates to the
distal parts of the limbs, 'receding'
to the spine, as a result of the treat-
ment. The centralisation of symp-
toms plays a crucial role in the di-
agnosis and evaluation of treatment

effectiveness’*. Analysing the re-
sults of our work on the centralisa-
tion of pain, it can be concluded that
improved was noted in both groups.
After the therapy, there were people
who did not feel any pain (G1: 10%,
G2: 3%). The percentage of pa-
tients experiencing distal symptoms
in the thigh, lower leg and foot also
decreased. The symptoms central-
ised to the hip (G1: 33%, G2: 27%)
and spine (G1: 13%, G2: 33%). The
above results prove the effectiveness
of both sources of cold-application
in this variable. Currently, there are
no studies in which the effectiveness
would be assessed of local cryother-
apy, based on the centralisation of
symptoms in LBPS. A review of the
available literature allows to state
that the significance of this phenom-
enon in the course of LBPS has been
analysed in several studies*®*:42,
The phenomenon of centralisation
was also observed in a study analys-
ing the effectiveness of laser therapy
among patients with LBPS. The ob-
tained results showed that a compre-
hensive rehabilitation programme,
including TENS currents, magnetic
fields, thermotherapy and kinesio-
therapy, regardless of whether it was
combined with laser therapy or not,
caused similar changes in the locali-
sation of symptoms®.

Another variable assessed in this
study was the level of pain. Based
on the obtained results, it was found
that the pain intensity decreased in
both study groups, but it was not
shown that one of the cryothera-
py types was more effective than the
other in this respect (p = 0.7862).
The above results are consistent with
the those achieved in studies by oth-
er authors®*#%, Demulin et al.®
demonstrated the effect of cryothera-
py with carbon dioxide on the reduc-
tion of pain intensity in patients fol-
lowing knee reconstruction. Wozny
et al.?! noted that a local cryothera-
py procedure, combined with Mc-
Kenzie exercises, significantly re-
duces the intensity of chronic pain
while increasing range of motion in
the lumbar spine. However, the au-
thors of this study did not specify ex-
actly what type of cryotherapy was
used in the treatment?'. Straburzyfs-
ka-Lupa et al.** compared the effects
of single, 3-minute treatments, one
of which consisted of directing cold
air (-30°C), and the other vapour of
liquid nitrogen (-150 C) to the knee
joints of women with rheumatoid ar-
thritis. In both groups, a statistical-
ly significant reduction of perceived
pain was achieved, and no significant
differences were found between the
groups. Nugrah et al®, who inves-
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Table 4
Changes obtained separately for both treatment groups
Group Categories Measurement | Measurement Il Difference t P
X SD X SD
G1 Pain intensity 6.0 1.9 2.8 17 3.2 13.24 < 0.0001*
G2 Pain intensity 6.5 1.5 3.2 21 3.3 11.95 < 0.0001*
G1 Disability level 12.7 71 7.7 5.9 5.0 7.7500 < 0.0001*
G2 Disability level 11.2 4.3 6.6 5.0 4.6 9.8124 < 0.0001*
G1 Pain-related efficacy 453 13.6 53.3 7.7 -8.0 -6.0958 < 0.0001*
G2 Pain-related efficacy 39.5 12.5 50.5 11.2 -11.0 -6.9149 < 0.0001*
G1 McGill: WOB:S 13.0 4.9 5.2 3.4 7.8 8.1098 < 0.0001*
G2 McGill: WOB:S 16.3 5.5 7.4 5.6 8.9 9.5811 < 0.0001*
G1 McGill: WOB:A 2.4 21 0.4 0.7 2.0 5.9104 < 0.0001*
G2 McGill: WOB:A 3.0 2.5 0.7 1.6 2.3 5.3633 < 0.0001*
G1 McGill: WOB:0C 2.3 11 1.2 0.8 1.0 6.0999 < 0.0001*
G2 McGill: WOB:OC 2.9 1.3 1.0 0.9 1.9 7.8706 < 0.0001*
G1 McGill: WOB:R(S) 2.9 1.3 1.4 0.9 1.5 8.1459 < 0.0001*
G2 McGill: WOB:R(S) 3.0 14 11 1.3 1.9 7.1356 < 0.0001*
G1 McGill: WOB:R(AOC) 21 1.6 0.6 0.9 1.4 5.1509 < 0.0001*
G2 McGill: WOB:R(AOC) 2.3 1.6 0.8 1.0 1.6 4.9438 < 0.0001*
G1 McGill: WOB:R(O) 4.9 2.3 2.0 1.4 2.9 8.3306 < 0.0001*
G2 McGill: WOB:R(O) 5.4 2.7 1.9 2.2 3.5 6.3597 < 0.0001*
G1 McGill: WOB:(O) 27.5 10.1 11.0 6.9 16.5 9.8378 < 0.0001*
G2 McGill: WOB:(O) 32.9 12.5 12.8 1.7 201 8.6960 < 0.0001*
G1 McGill: LWS 12.6 2.8 7.2 3.9 5.4 8.8054 < 0.0001*
G2 McGill: LWS 14.1 2.5 8.0 4.4 6.1 8.0947 < 0.0001*
G1 Emotion level: anxiety 17.0 9.6 6.7 6.2 10.3 7.3691 < 0.0001*
G2 Emotion level: anxiety 27.4 121 10.6 11.0 16.8 7.9812 < 0.0001*
G1 Emotion level: joy 14.9 6.7 27.6 4.9 -12.8 -9.6990 < 0.0001*
G2 Emotion level: joy 11.5 6.7 28.2 8.5 -16.7 -9.7121 < 0.0001*
G1 Emotion level: anger 7.8 6.2 2.4 3.3 5.4 6.2987 < 0.0001*
G2 Emotion level: anger 15.4 8.1 5.0 6.9 10.3 7.7853 < 0.0001*

* — statistically significant result

tigated the effect of a cryochamber
on the level of pain in patients with
LBPS, observed a similar reduction
in the intensity of pain symptoms,
regardless of the applied, i.e. lower
(-67°C) and higher (-5°C) tempera-
tures. The above-cited studies*** and
the results of our own work allow to
suggest that regardless the tempera-
ture of the substance used to cool the
body surface, a similar analgesic ther-
apeutic effect can be obtained.

The Roland-Morris Disability Ques-
tionnaire is the recommended tool
for examining the disability level in
LBPS*. In the authors’ study, as a re-
sult of the implemented therapies, dis-
ability decreased significantly in both
groups and neither of the 2 analysed

cryotherapy treatments turned out to
be more effective than the other (p
= 0.5906). Nugraha et al.¥* demon-
strated improvement in the function-
ing of patients with LBPS after the
use of a cryochamber. Jastrzabek et
al.*’ observed a similar degree of im-
provement in activity among patients
with rheumatoid arthritis, regardless
of the cooling agent used, i.e. liquid
nitrogen and cold air.

Pain is the most common symp-
tom in clinical practice. It is complex,
multidimensional in nature, made up
of biological and psychological mech-
anisms. It provides valuable diagnos-
tic and therapeutic information dur-
ing treatment. Therefore, the meth-
od of pain assessment is very impor-

tant*®, In the author's own work, the
qualitative aspects of pain, i.e. sen-
sory and emotional, were examined
using appropriate indicators of the
McGill Pain Questionnaire***. On
the basis of the obtained results, it
was observed that both types of cry-
ostimulation improved the majority
of the analysed indicators. Statistical
analysis showed that only in the case
of the WOB: OC index, the treat-
ment with liquid nitrogen turned out
to be more effective (p = 0.0047). It
should be emphasized that patients
from G2 started with a higher level
of this index prior to therapy, there-
fore, it was easier for them to obtain
better results compared to G1. Deh-
ghan and Farahbod*° used the McGill
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Table 5
Comparison of therapy-related effects between groups

G1 G2
Change as a result of therapy " D < D t p

Pain intensity 3.2 1.3 3.3 1.5 -0.2726 0.7862
Disability level 5.0 3.6 4.6 2.6 0.5410 0.5906
Pain-related efficacy 8.0 7.2 11.0 8.7 -1.4497 0.1525
McGill: WOB:S 7.8 5.3 8.9 5.1 -0.8227 0.4141
McGill: WOB:A 2.0 1.9 2.3 2.4 -0.5409 0.5907
McGill: WOB:OC 1.0 0.9 1.9 1.3 -2.9387 0.0047*
McGill: WOB:R(S) 1.5 1.0 1.9 1.5 -1.3228 0.1911
McGill: WOB:R(AOC) 1.4 1.5 1.6 1.7 -0.3162 0.7530
McGill: WOB:R(O) 2.9 1.9 3.5 3.0 -0.8673 0.3893
McGill: WOB:(0) 16.5 9.2 201 12.7 -1.2834 0.2044
McGill: LWS 5.4 3.4 6.1 4.2 -0.7523 0.4549
Emotion level: anxiety 10.3 7.7 16.8 11.5 -2.5568 0.0132*
Emotion level: joy 12.8 7.2 16.7 9.4 -1.8164 0.0745
Emotion level: anger 5.4 4.7 10.3 7.3 -3.0955 0.0030*
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* - statistically significant result

Pain Questionnaire to compare the
effectiveness of cryotherapy, thermo-
therapy and pharmacotherapy, pro-
viding an analgesic effect among pa-
tients experiencing acute LBPS. The
obtained results allowed to conclude
that the application of local cryo-
therapy treatments, with the use of
ice and heat compresses, turned out
to be more effective than treatment
with naproxen.

Brain-imaging studies showed that
acute and sub-acute pain conditions
only stimulate pain-related areas. On
the other hand, chronic pain condi-
tions affect changes in the structure
and functioning of this organ and ac-
tivate the part responsible for emo-
tions’'. Available studies allow to
confirm that depressive mood, stress
or anger, influence the development
of chronic LBPS*?%%*, Therefore,
the analysis of therapeutic effective-
ness in terms of psychological fac-
tors, is very advisable’?, In the au-
thors’ work, the influence of 2 types
of cryotherapy on the level of posi-
tive (joy) and negative emotions (an-
ger and fear) was examined. Both
treatments improved all emotions.
Statistical analysis indicated that ni-
trogen treatment reduced anxiety (p
= 0.0132) and anger (p = 0.0030)
to a greater extent than with carbon
dioxide. It should be noted, howev-

er, that patients in G2 also started
with a higher level of these 2 types
of emotions and therefore, it was eas-
ier for them to obtain better results.
Rymaszewska et al.’’ investigated the
effect of whole-body cryotherapy in
patients with depression and anxiety
disorders. During the study, patients
received standard pharmacothera-
py prescribed by psychiatrists. Re-
searchers found that the cryocham-
ber relieved selected psychosomatic
symptoms, reduced pain and regulat-
ed biological rhythms often disturbed
during psychiatric illnesses. The au-
thors suggest that in the treatment of
emotional disorders, the use of expo-
sure to cold could be applied as adju-
vant therapy. However, this is an is-
sue that requires confirmation in fur-
ther, more extensive and randomised
control studies.

The last analysed aspect in the au-
thors’ work was pain-related self-ef-
ficacy. A review of literature on the
subject allows to confirm a correla-
tion between the level of this varia-
ble and the intensity of pain as well as
disability in the acute and chronic pe-
riod of LBPS*%%7, Therefore, it should
be taken into account when analys-
ing the effectiveness of various thera-
peutic methods in the course of these
disorders®®. In the available studies,
it has been shown that cognitive be-

havioural therapy improves pain-re-
lated self-efficacy in LBPS**¢, The
above results are similar to those ob-
tained by the authors of this work. As
a result of the therapy, both groups
achieved statistically significant im-
provement for this variable. How-
ever, neither of these treatments was
more effective (p = 0.1525).

In conclusion, it can be stated that
both cryotherapy treatments improve
the condition of patients complain-
ing of chronic LBPS. However, the
obtained results do not allow to show
which type of cooling source has
greater therapeutic efficacy. There-
fore, research should be continued to
analyse the long-term effects of cry-
otherapy for pain syndromes in the
musculoskeletal system.

In this study, to determine the effec-
tiveness of treatments with carbon di-
oxide and liquid nitrogen, only subjec-
tive measures were used to examine
variables such as: symptom centralisa-
tion, pain level, disability and pain-re-
lated self-efficacy, as well as the qual-
itative aspects of pain and the emo-
tional state of the patient. Therefore,
no physical examinations were per-
formed, including the assessment of,
for example, muscle tone, sensitivity
to pressure or mobility of the lumbar
spine. Also, no follow-up measures
were conducted. Therefore, the above
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elements of the methodology should
be taken into account in subsequent
studies taking up these research issues.

CONCLUSIONS

. Both analysed treatments are simi-

larly effective in terms of such var-
iables as: centralisation of symp-
toms, level of pain intensity, disa-
bility, joy and pain-related self-ef-
ficacy, as well as most of the ana-
lysed MPQ indicators.

. Cryostimulation with liquid nitro-

gen may be more effective only in
improving the WOB index: OC of
the MPQ questionnaire and the lev-
el of anger and anxiety, but the ob-
tained results do not allow for defin-
itive confirmation of these results.

. The use of both cryostimulation

treatments may support the treat-
ment of LBPS.

Conflict of interests
None declared

References

1.

10.

Paudyal P., Ayres J.G., Semple S. et al. Low
back pain among textile workers: a cross-
sectional study. Occup Med 2013; 63(2):
129-134.

Hoy D., Bain C., Williams G. et al. A syste-
matic review of the global prevalence of
low back pain. Arthritis Rheum 2012; 64(6):
2028-2037.

Allegri M., Montella S., Salici F. et al. Mecha-
nisms of low back pain: a guide for diagno-
sis and therapy. F1000Res. 2016; 5. F1000
Faculty Rev-1530. doi: 10.12688/f1000rese-
arch.8105.2.

Hoy D., Brooks P., Blyth F. et al. The Epide-
miology of low back pain. Best Pract Res Clin
Rheumatol 2010; 24(6): 769-781.

Wu A., March L., Zheng X. et al. Global low
back pain prevalence and years lived with
disability from 1990 to 2017: estimates from
the Global Burden of Disease Study 2017.
Ann Transl Med 2020: 8(6): 299.
Manchikanti L., Singh V., Falco F.J. et al. Epi-
demiology of low back pain in adults. Neuro-
modulation 2014; 2: 3-10.

Hartvigsen J., Hancock M.J., Kongsted A.
What low back pain is and why we need to
pay attention. The Lancet 2018; 391: 2356-
2367.

Namnagani F.I., Mashabi A.S., Yaseen K.M.
et al. The effectiveness of McKenzie method
compared to manual therapy for treating
chronic low back pain: a systematic review. J
Musculoskelet Neuronal Interact 2019; 19(4):
492-499.

Sipko T., Glibowski E., Kuczynski M. Acute
effects of proprioceptive neuromuscular fa-
cilitation exercises on the postural strategy in
patients with chronic low back pain. Comple-
ment Ther Clin Pract 2021; 44: 101439.
Werber A., Schiltenwolf M. Treatment of Lo-
wer Back Pain-The Gap between Guideline
-Based Treatment and Medical Care Reality.
Healthcare 2016; 4: 44.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kasperczyk T., Mucha D. Podstawy Terapii
Manualnej. Jet, Krakow 2012: 15-41.
Mikotajewska E. Fizykoterapia dla prakty-
kow. PZWL, Warsaw 2011: 15-224.
Furmanek M.P., Stomka K., Juras G. The Ef-
fects of Cryotherapy on Proprioception Sys-
tem. Biomed Res Int 2014: 696397.
Lubkowska A. Zastosowanie krioterapii
w chorobach przewlektych. Family Medicine
& Primary Care Review 2013; 15(2): 233-239.
Podbielska H., Skrzek A. Zastosowanie ni-
skich temperatur w biomedycynie. Oficyna
Wydawnicza Politechniki Wroctawskiej, Wro-
ctaw 2012: 53-59.

Sieron A., Paska J. Fizykoterapia w praktyce:
praca zbiorowa — cze$¢ Il. Elamed, Katowice
2014: 119-130.

Beben K., Kiljanski M. Porownanie zabiegu
krioterapii miejscowej z zastosowaniem cie-
klego azotu i dwutlenku wegla. Fizjoter Pol
2016; 16: 6-17.

Stanek A., Cholewka A., Ciedlar G. et al.
Ocena dziatania przeciwboélowego kriotera-
pii ogolnoustrojowej u pacjentéw z zesztyw-
niajgcym zapaleniem stawow kregostupa.
Fizjoter Pol 2011; 1(4): 49-55.

Stanek A., Cholewka A., Wencel K. et al.
Whplyw krioterapii na proteinogram u pacjen-
téw z zesztywniajgcym zapaleniem stawdw
kregostupa. Fizjoter Pol 2011; 2(4): 115-121.
Piechura J., Skrzek A., Rozek K. et al. Za-
stosowanie zabiegdw krioterapii miejscowej
w terapii 0sob z zespotem bolesnego barku.
Fizjoterapia 2010; 18(1): 19-25.

Wozny A., Kujawa J., Pieszynski |. et al. Oce-
na skutecznosci przeciwboélowej kinezytera-
pii metodg McKenziego skojarzonej z kriote-
rapig miejscowg u chorych z zespotami bo-
lowymi odcinka ledZzwiowego-krzyzowego
kregostupa. Kwart Ortop 2006; 1: 63-69.
Indywidualna oferta od producenta. Down-
loaded from: http://gomigazy.pl/. Date of ac-
cess: 12.10.2021

Indywidualna oferta od producenta. Down-
loaded from: https://www.sepoz.pl/. Date of
access: 12.10.2021

Oferta aparatéw do krioterapii. Download-
ed from: https:/meden.com.pl/oferta/
aparaty-do-krioterapii/2214-aparat-do-kri-
oterapii-cryoflow-ice-ct.html. Date of ac-
cess: 14.10.2021.

Indywidualna oferta od producenta. Down-
loaded from: https://www.messer.pl/medy-
cyna. Date of access: 14.10.2021.

Wycena zabiegéw fizjoterapeutycznych
z 2004 roku. Downloaded from https://www.
nfz.gov.pl/. Date of access: 18.10.2021.
Wycena zabiegéw fizjoterapeutycznych
z 2021 roku. Downloaded from: https:/kif.
info.pl/wycena-07-04-2021r/. Date of ac-
cess:18.10.2021.

Boerner E., Brzyk R., Bienias-Jedrzejewska
M. Ocena skutecznosci krioterapii miejsco-
wej w leczeniu zespotu bolesnego barku.
Inz. Biomed Acta Bio-Opt Inform Med 2007;
1(13): 54-56.

Krukowska J., Zbrzezna B., Czernicki J.
Wptyw krioterapii na wyniki fizjoterapii cho-
rych z zespotem bolesnego barku. Fizjotera-
pia 2009; 17(4): 19-27.

Brouwers M., Darot S. et al. Comparison of
gaseous cryotherapy with more traditional
forms of cryotherapy following total knee
arthroplasty. Ann Phys Rehabil Med 2012;
55(4): 229-240.

Oczachowska-Szafkowska S., Szafkowski
R., Sobieska M. et al. Wptyw krioterapii ogol-
noustrojowej na subpopulacje limfocytow
krwi obwodowej u chorych z reumatoidal-
nym zapaleniem stawow. Acta Balneol 2010;
53(3): 142-150.

Spitzer W.O., LeBlanc F.E., Dupuis M. Scien-
tific approach to the assessment and mana-
gement of activity related spinal disorders. A
monograph for clinicians. Report of the Qu-
ebec Task Force on Spinal Disorders. Spine
1987; 12(7): 1-59.

Werneke M., Hart D.L., Cook D. A descripti-
ve study of the centralization phenomenon.

DOI: 10.5604/01.3001.0015.9814

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

eISSN 1896-3250

A prospective analysis. Spine 1999; 24(7):
676-83.

Williamson A., Hoggart B. Pain: a review of
three commonly used pain rating scales. J
Clin Nurs 2005; 14(7): 798-804.

Opara J., Szary S., Kucharz E. Polish Cul-
tural Adaptation of the Roland-Morris Qu-
estionnaire for Evaluation of Quality of Life
in Patients With Low Back Pain. Spine 2006;
31(23); 2744-2746.

Dobrogowski J., Kus M., Sedlak K. et al. Bél
i jego leczenie. PWN, Warsaw 1996: 53-58.
tosiak W. Dynamika emociji i radzenia sobie
w stresie psychologicznym. Badanie pacjen-
téw chirurgicznych. Rozprawy Habilitacyjne
UJ 1994; 273.

Nicholas M.K. The pain self-efficacy qu-
estionnaire: Taking pain into account. Eur J
Pain 2007; 11(2): 153-163.

Guzy G., Ridan T,, Kotodziej P. et al. Skutecz-
nos¢ laseroterapii wérod pacjentow z ze-
spotem bdélowym odcinka ledzwiowego kre-
gostupa. Hygeia Public Health 2012, 47(7):
484-489.

May S., Aina A. Centralization and directional
preference: A systematic review. Man Ther
2012; 17(6): 497-506.

Aina A., May S., Clare H. The centralization
phenomenon of spinal symptoms — a syste-
matic review. Man Ther 2004; 9(3): 134-143.
Yarznbowicz R., Wlodarski M., Dolutan J.
Classification by pain pattern for patients
with cervical spine radiculopathy. J Man Ma-
nip Ther 2020; 28(3): 160-169.

Demoulin C., Brouwers M., DarotS.iwsp.
Comparison of gaseous cryotherapy with
more traditional forms of cryotherapy follo-
wing total knee arthroplasty. Ann Phys Reha-
bil Med 2012; 55(4): 229-240.
Straburzynska-Lupa A., Czubaszewski
t., Romanowski W. et al. Badania poréw-
nawcze dziafania pojedynczego zabiegu
nadmuchu zimnym powietrzem i parami
ciektego azotu u pacjentek z reumatoidal-
nym zapaleniem stawoéw. Fizjoter Pol 2005;
3(5): 323-328.

Nugraha B., Gunther J.T., Rawert H. et al.
Effects of whole body cryo-chamber thera-
py on pain in patients with chronic low back
pain: a prospective double blind randomi-
sed controlled trial. Eur J Phys Rehabil Med
2015; 51(2): 143-8.

Yamato T.P., Maher CG., Saragiotto B.T. et al.
The Roland-Morris Disability Questionnaire:
one or more dimensions? Eur Spine J 2017,
26(2): 301-308.

Jastrzgbek R., Straburzynska-Lupa A., Rut-
kowski R. et al. Effects of different local
cryotherapies on systemic levels of TNF-,
IL-6, and clinical parameters in active rheu-
matoid arthritis. Rheumatol Int 2013; 33(8):
2053-2060.

Ngamkham_S., Vincent.C., Finnegan_L. et al.
The McGill Pain Questionnaire as a multidi-
mensional measure in people with cancer:
an integrative review. Pain Manag Nurs 2012;
13(1): 27-51.

Burckhardt C.S., Jones K.D. Adult Measures
of PainThe McGill Pain Questionnaire (MPQ),
Rheumatoid Arthritis Pain Scale (RAP-
S),Short-Form McGill Pain Questionnaire (SF
-MPQ), Verbal Descriptive Scale(VDS), Visu-
al Analog Scale (VAS), and West Haven-Yale
Multidisciplinary Paininventory (WHYMPI).
AC&R 2003; 49(55): S96-104. doi: 10.1002/
art.11440.

Dehghan_M., Farahbod F. The Efficacy of
Thermotherapy and Cryotherapy on Pain
Relief in Patients with Acute Low Back Pain,
A Clinical Trial Study. J Clin Diagn Res 2014;
8(9): LCO1-LCO4.

Hashmi J.A., BalikiM.N., Huang L. et al. Sha-
pe shifting pain: chronification of back pain
shifts brain representation from nocicepti-
ve to emotional circuits. Brain 2013; 136(9):
2751-2768.

Pincus T., Burton A K., Vogel S. et al. A syste-
matic review of psychological factors as pre-
dictors of chronicity/disability in prospective

© AWF Krakow

43



Medical Rehabilitation / Rehabilitacja Medyczna (Med Rehabil) 2022, 26 (4): 36-44

44

53.

54.

55.

56.

cohorts of low back pain. Spine 2002; 27(5):
E109-E120.

Robertson D., Kumbhare D., Nolet P. et al.
Associations between low back pain and
depression and somatization in a Canadian
emerging adult population. J Can Chiropr
Assoc 2017; 61(2): 96-105.

Shuchang H., Mingwei H., Hongxiao J. et al.
Emotional and neurobehavioural status in
chronic pain patients. Pain Res Manag 2011;
16(1): 41-43.

Rymaszewska J., Ramsey D., Chtadzinska
-Kiejna S. Whole-body cryotherapy as ad-
junct treatment of depressive and anxiety di-
sorders. Arch Immunol Ther Exp 2008; 56:
63-68.

Costa L.C., Maher C.G., McAuley J.H. et al.
Self-efficacy is more important than fear of

57.

58.

59.

60.

movement in mediating the relationship be-
tween pain and disability in chronic low back
pain. Eur J Pain 2011; 15(2): 213-219.
Arnstein P. The mediation of disability by self
-efficacy in different samples of chronic pain
patients. Disabil Rehabil 2000; 22(17): 794-
801.

Woby S.R., Urmston M., Watson P.J. Self-ef-
ficacy mediates the relation between pain-
related fear and outcome in chronic low
back pain patients. Eur J Pain 2007; 11(7):
711-718.

Carpenter K.M., Stoner S.A., Mundt J.M. et
al. An Online Self-Help CBT Intervention for
Chronic Lower Back Pain. Clin J Pain 2012;
28(1): 14-22.

Turner J.A., Anderson M.L., Balderson B.H.
et al. Mindfulness-based stress reduction

DOI: 10.5604/01.3001.0015.9814

elSSN 1896-3250 © AWF Krakow

and cognitive-behavioral therapy for chro-
nic low back pain: similar effects on mindful-
ness, catastrophizing, self-efficacy, and ac-
ceptance in a randomized controlled trial.
Pain 2016; 157(11): 2434-2444.

Adres do korespondenc;ji
Address for correspondence

Jagoda Rojek
e-mail: chmieljagoda@gmail.com



