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ABSTRACT

BACKGROUND AND OBJECTIVES: Cryotherapy and
transcutaneous electrical nerve stimulation are physiotherapeu-
tic resources widely used for the treatment of pain, due to their
analgesic actions proved by scientific evidence. The concomitant
use of these two therapeutic modalities in clinical practice is be-
coming more and more recurrent, justified by the assumption
of boosting the analgesic effect. However, some physiotherapists
disagree with this practice and believe that the simultaneous use
of cryotherapy and transcutaneous electrical nerve stimulation
nullifies its effects. The objective of this study was to carry out a
bibliographic review of studies on the effects of the simultaneous
use of cryotherapy and transcutaneous electrical nerve stimula-
tion in pain treatments.

CONTENTS: We selected articles published between 2006-
2018 in the databases Scielo, LILACS, Medline and Pubmed.
The selection was based on the crossing of the keywords: transcu-
taneous electrical nerve stimulation, cryotherapy and analgesia.
The final sample consisted of 6 articles.

CONCLUSION: The results of the analysis of the selected ar-
ticles showed that, as already scientifically proved, the effects
of cryotherapy and transcutaneous electrical nerve stimulation
alone have their analgesic efficacy. However, most of the studies
did not demonstrate a significant improvement in pain with the
associated use of transcutaneous electrical nerve stimulation and
cryotherapy compared to the isolated use of these physiother-
apeutic resources, reinforcing the need for further research to
elucidate the issue.

Keywords: Analgesia, Cryotherapy, Transcutaneous electrical
nerve stimulation.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: Crioterapia e estimulagio
elétrica nervosa transcutinea sio recursos fisioterapéuticos am-
plamente utilizados para o tratamento da dor, devido a suas agoes
analgésicas comprovadas por evidéncias cientificas. Torna-se cada
vez mais recorrente o uso concomitante dessas duas modalidades
terapéuticas na prdtica clinica, justificando-se com o pressupos-
to de potencializacio do efeito analgésico. No entanto, alguns
fisioterapeutas discordam dessa prdtica e acreditam que o uso
simultdneo da crioterapia com a estimulagio elétrica nervosa
transcutinea leva a anulacio dos seus efeitos. O objetivo deste
estudo foi realizar uma revisao bibliogrifica de estudos sobre os
efeitos do uso simultineo da crioterapia e da estimulacio elétrica
nervosa transcutdnea nos tratamentos para dor.

CONTEUDO: Foram selecionados artigos publicados entre os
anos 2006-2018 nas seguintes bibliotecas e bases de dados: Scielo,
LILACS, Medline e Pubmed. A selecio foi baseada no cruzamento
dos descritores: estimulacio elétrica nervosa transcutinea, criotera-
pia e analgesia. A amostra final foi composta por 6 artigos.
CONCLUSAO: O resultado da andlise dos artigos selecionados
mostrou que, como j comprovado cientificamente, os efeitos da
crioterapia e da estimulagio elétrica nervosa transcutinea isolada-
mente tém sua eficicia analgésica. Entretanto, a maioria dos estu-
dos nio demonstrou melhora significativa da dor com o uso asso-
ciado da crioterapia com estimulacio elétrica nervosa transcutinea
comparado ao uso isolado dos recursos fisioterapéuticos, reforgan-
do a necessidade de mais pesquisas que elucidem a questio.
Descritores: Analgesia, Crioterapia, Estimulacao elétrica nervo-
sa transcutanea.

INTRODUCTION

Pain was defined by the International Association for the Study
of Pain (IASP) as an “unpleasant sensory and emotional expe-
rience associated with actual or potential tissue damage”. It is a
symptom common to numerous pathological conditions, whose
occurrence is increasingly more frequent due to the new life hab-
its, the modern human’s decline to endure suffering, the exten-
sion of people’s lives in general, and of the patients with naturally
lethal clinical conditions'.

Among the electrothermal phototherapy resources used in phys-
iotherapy for the treatment of pain, the cryotherapy and transcu-
taneous electrical nerve stimulation (TENS) stand out’.

The cryotherapy is a technique that uses the cold with the pur-
pose of absorbing heat from the body tissue in which it is being
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applied, having as consequences the decrease of the metabolism,
anti-inflammatory and analgesic effects. Studies show that the
analgesic action mechanism of the cryotherapy involves the re-
duction in the conduction velocity of the nerve fibers due to
the asynchronous transmission in pain fibers, release of endor-
phins, and the inhibition of spinal neurons, besides an increase
in the refractory period, which leads to a gradual reduction in the
transmission of impulses in the sensitive nerves®.

The TENS consists of a therapeutic electrical current used as a
physiotherapeutic resource inducing analgesia, introduced in the
human body tissue through the skin via the electrodes®. Studies
propose that the TENS promote the analgesia through the Gate
Control Theory (GCT), and through the release of endogenous
opioids. The GCT suggests that the TENS promotes the anal-
gesia through the activation of afferent AP nerve fibers, which
are thick, myelinated and of fast conduction, without activating
the small-diameter nociceptive fibers (A-delta and C fibers). This
way, the inhibition of nociceptive neurons happens in the dorsal
horn of the spinal cord due to the activity of the A-beta’ fibers.
Also, studies show that the low-frequency TENS activates en-
dogenous receptors in the spinal cord and brainstem, temporally
prolonging the analgesia in a motor level®.

The TENS can be classified in four modalities: conventional,
acupuncture, brief, intense, and burst. The most used methods
are the conventional (high frequency and low-intensity) and acu-
puncture (low frequency and high-intensity). Such modalities
present different pain modulation mechanisms. Studies demon-
strate that the application of the conventional TENS preferably
stimulates larger nerve fibers (AP, afferent peripheral nerve fi-
bers that transmit low-intensity mechanical stimulation infor-
mation), modulating the pain at the medullar level, explained
by the GCT7%. In the acupuncture-like TENS, small-peripheral
nerve fibers that transmit mechanical stimulation and fast pain),
modulating the pain at the supraspinatus level through the re-
lease of opioids and endogenous neuromediators, suppressing
the transmission and perception of the harmful stimulations””’.
Often, it can be observed in the physiotherapy clinical practice
the simultaneous use of the cryotherapy and TENS with the
purpose of inducing the analgesia and optimizing the analgesic
effect. However, some professionals believe that the combined
use of these two therapeutic modalities cancels each other effects.
The purpose of this study was to perform a bibliographic re-
view on the simultaneous use of cryotherapy and TENS in the
treatments for pain since a scientific basis is required to justify
this use.

Table 1. Articles selected for the final sample

CONTENTS

The development of this review was performed in stages, 1) Es-
tablishment of the guiding question; 2) Selection of the articles
based on the inclusion and exclusion criteria; 3) Analysis of the
selected studies; 4) Interpretation of the results.

The inclusion criteria were articles in Portuguese registered in
the electronic libraries and database Scientific Electronic Library
Online (Scielo, Medline, LILACS, and Pubmed). The original
articles, provided in full text, published in journals classified by
the Qualis as extracts A and B of the CAPES, the Brazilian Feder-
al Agency for Support and Evaluation of Graduate Education, in
the period from 2006 to February 2018, that had the following
Health Sciences Descriptors (DeCS): TENS, cryotherapy, anal-
gesia. Thesis, dissertations, books, and chapters of books were
excluded from the research and those that did not correspond
to the proposed theme. Bibliographic references of the selected
articles were analyzed, and relevant articles were included.

After applying the preset inclusion and exclusion criteria, the
sample was represented by six articles. For the ascertainment of
the data, an instrument was prepared with the following vari-
able: authors, type of study, sample, year of publication, primary
results and conclusions. The analysis of the articles proceeded
descriptively, and the results were presented as a table.

The research’s result on the databases gathered the total of 93 articles.
A total of 5 articles was found at the Scielo database, 11 at the BI-
REME, eight at LILACS, 55 at Pubmed, and 14 articles at Medline.
After a meticulous analysis of the articles and excluding the re-
current articles or the ones that did not meet the theme to be
analyzed, six articles were selected to form the review of the liter-
ature since they were consistent to the purposes of the work (Fig-
ure 1). The characterization of the articles is presented in table 1.

BIREME Scielo LILACS Medline Pubmed
11 5 8 14 55
[ [ [ ]

4 recurrent articles
in the database
— 87 excluded articles
due to incompatibility
with the theme

6 selected articles

Figure 1. Flow diagram of the included and excluded studies

Authors Types of study Purposes

Samples

Intervention Time Conclusions

Maciel et  Cross-sectional
al.'° study with quasi- the isolated and com-
-experimental de- bined application of the
sign TENS and the cryothe-
rapy on the pressure-
-induced pain threshold

in healthy subjects.

Evaluate the effects of 40 healthy volunteers, All
20 men, and 20 women.
Divided into 4 groups:
Cryotherapy, TENS and
CryoTENS, and Placebo

subjects were The study showed that the
submitted to inter- cryotherapy, TENS, and
ventions, on alternate CryoTENS techniques were
days, to the three pro- effective in the pain threshold.
tocols. However, the cryotherapy
stood out as having the most
prolonged analgesic effect.

Continue...
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Silva DA, Peixoto GE Rodrigues KM and Farias VX

Authors Types of study Purposes Samples Intervention Time Conclusions
Abreu, Clinical trial Evaluate the analgesic 6 patients with chronic Five days of attendan- The three modalities of thera-
Santos effectiveness of using back pain. Divided into ce with the analgesic py used were effective in the
and TENS and cryotherapy 3 groups: cryotherapy, technique being ap- relief of the back pain. The
Ventura' individually and combi- TENS, and TENS + cryo- plied for 20 minutes. combined therapy did not
ned to relieve chronic therapy. have a significantly higher
low back pain. effect than the others.
Ribeiro, Prospective expe- Verify the effect of cryo- 12 patients of the female Eight attendances, on The results suggest that the
Monteiro  rimental study therapy and TENS si- sex and with low back two days of the week, use of the TENS and cryothe-
and multaneously in the low pain diagnosis. Divided applying 30 minutes rapy together did not levera-
Abdon'™ back pain treatment. into groups as group A of isolated or combi- ge the effects already obtai-
(TENS), group B (cryo- ned therapies follo- ned with the isolated applica-
therapy) and group C wed by stretching. tion of these resources.
(CryoTENS).
Santuzzi Experimental trial ~ Evaluate the effects of 9 Wistar rats, with body TENS (50Hz, 10mA) The combination of the non-
et al.™ the TENS and cryothe- weight between 300 for five minutes, iso- -invasive analgesic modali-
rapy, used isolated or and 350 g, divided into lated ties CRYO and TENS signi-
combined, on the fre- 3 groups: submitted to CRYO and combined ficantly alleviates the effects
quency of the action TENS, cryotherapy, and therapy (AT) for 10 mi- produced by the TENS sepa-
potentials of the femoral combined therapy appli- nutes. rately on the femoral nerve
nerve. cations. electrical activity (FNA) of the
anesthetized rats.
Macedo Randomized con- Evaluate the immediate 112 healthy women. The Single-intervention for The results suggest optimi-
et al.’® trolled trial effect of the conven- volunteers were divided data collection. zation of the analgesic effect
tional TENS combined into seven groups: control, with the use of the burst-mo-
to cryotherapy in the placebo TENS, conven- de TENS combined to cryo-
threshold of pain and tional TENS, burst-mode therapy. The same did not
tolerance on healthy in- TENS, cryotherapy, cryo- take place when combined
dividuals. therapy with burst-mode with the conventional TENS.
TENS, and cryotherapy
with conventional TENS.
Farias et Descriptive  ob- To compare the analge- 13 healthy volunteers of Single intervention for The superiority of the Cryo-
al.2 servational case sic effect of the TENS, the female gender aged data collection held TENS against the cryother-

series study

cryotherapy, and Cryo-
TENS on healthy people.

between 16 and 20. The
three analgesic techni-
ques were used in each
volunteer: TENS, cryo-
therapy, analgesia.

from September to
October 2007.

apy and TENS was not ob-
served on the pain threshold,
and the three techniques are
equally effective to relieve
the pain in healthy people.

TENS: transcutaneous electrical nerve stimulation; FNA = femoral nerve electrical activity.

DISCUSSION

Farias et al.? studied the effect of using the conventional TENS
(100Hz frequency; 75ps pulse duration, for 20 minutes), and
cryotherapy, separately and combined, on the pain sensitivity
of young, healthy, adult women that volunteered. The authors
assessed the pain sensitivity through the use of an adipometer
in the triceps skinfold and the visual analog scale (VAS) of pain
as a reference to the beginning of the pain perception after the
therapeutic intervention. The results showed that there was no
meaningful difference in the effect of these resources used sepa-
rately or combined.

Similarly, Maciel et al.'® also evaluated the effect of using the TENS
and cryotherapy, separately and combined, on the pressure-induced
pain threshold. However, it used a pressure algometer and the VAS
as an evaluation instrument of the pressure-induced pain threshold
in healthy subjects of both genders. The pain threshold was deter-
mined before, immediately after, as well as 10, 20, and 30 minutes
after the application of the analgesia techniques. The results of this
study showed that the cryotherapy, TENS, and CryoTENS in-
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creased the pressure-induced pain threshold. However, the cryother-
apy separately presented a more prolonged analgesic effect.

Other studies investigated the efficacy of the cryotherapy com-
bined with the TENS on pathological conditions like, for exam-
ple, the low back pain. Abreu, Santos e Ventura'' investigated
the analgesic efficacy of combining cryotherapy and TENS (Cry-
oTENS) on chronic low back pain on women. To evaluate the
pain, they used the VAS before and after applying the resources.
The authors demonstrated that the use of the combined therapy
did not promote substantial improvement regarding the isolated
therapy modalities, although the three analgesic modalities have
shown themselves effective in relieving the chronic low back pain
of the patients. This study supports the Ribeiro, Monteiro and Ab-
don'? results, who also evaluated the possible benefits of the com-
bined cryotherapy and TENS use, twice a week, for one month,
in women with low back pain. They used the VAS as an evalua-
tion instrument, besides the measures of the lumbar spine range
of motion through goniometry and measurement of the strength
of muscles that may be compromised in case of low back pain
(tibialis, quadratus lumborum, psoas, and pyramidal). The results
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of this study showed that although the use of the TENS and the
combined therapy (CryoTENS) significantly improved the pain,
this decrease in the group treated with the cryotherapy and TENS
simultaneously was not markedly higher than in the groups that
were treated with both separately. Besides, there was no substantial
improvement in the range of motion, in spite of occurring pain
betterment, which is a significant limiting factor.

In addition to the studies in humans, Santuzzi et al."® evaluated
the effect of using the TENS and the cryotherapy, isolated or com-
bined, on the femoral nerve electrical activity of rats. Since the
physiological analgesia mechanisms of the two therapeutic modal-
ities are opposite; while one reduces the nerve conduction velocity,
the other stimulates the nerve fibers, the purpose of the authors
was to elucidate the questions related to the use of this combined
therapy on the frequency of the action potentials of the femoral
nerve. Their experiments showed that the association between the
analgesic modalities significantly alleviates the effects produced by
the TENS separately on the FNA of rats, suggesting caution in
the simultaneous application of the TENS and the cryotherapy in
the physiotherapeutic clinical practice. Furthermore, to Santuzzi
et al.’®, the therapeutic application of the cryotherapy with the
TENS reduces the tactile sensitivity, with the ideal intensity of
the TENS to be applied being less perceived. Andrews'* confirms
that the ice may reduce the nerve conduction velocity and explains
that after applying twenty minutes of cryotherapy with TENS, the
nerve conduction is reduced in up to 29.4%, further reinforcing
the caution on the combined use of these therapeutic resources.
The randomized controlled trial by Macedo et al."® carried out with
112 young healthy women evaluated the effect of combining the
burst-mode TENS (100Hz frequency with 4Hz burst frequency,
200ps pulse duration, and high-intensity) and the conventional
TENS (100Hz frequency, 100ps pulse duration, and low-intensity)
with the cryotherapy on the pressure-induced pain. The interven-
tions were applied for 25 minutes. The pain threshold and tolerance
in the lateral epicondyle region were evaluated through a pressure
algometer before and after using the techniques separately and com-
bined. The study showed that both, pain and tolerance threshold,
significantly decreased in the placebo and control groups but in-
creased in the groups that used cryotherapy, burst-mode TENS,
and burst-mode TENS combined to cryotherapy. No alteration was
verified on the pressure-induced pain threshold and tolerance due to
the use of the conventional TENS coupled to cryotherapy. The au-
thors suggest that the use of ice does not negatively affect the burst-
mode TENS analgesic action mechanism, which happens through
the stimulation of the motor nerve fibers to produce muscular con-
traction and thus inducing the release of endogenous opioids.

The electric stimulation has been broadly used in the physiother-
apy practice, differing from other electrotherapy resources due to
the modulation of physical parameters such as frequency, pulse
duration, type of current and waveform'®. Regarding treatment
for acute or chronic pain, the TENS is a low-cost non-pharma-
cological intervention, with no potential to toxicity, few adverse
effects, easy-to-use, which can be utilized for long periods and
presents immediate analgesic effect'’. The easiness to handle this
resource and its low-cost makes it quite marketed, and it can be
used by the patient himself, which could lead to improvement of

the secondary symptoms, such as sleep disorders, emotional con-
ditions, and quality of life'®. Studies showed that the TENS ef-
ficacy is related to the adjustments in the intensity, pulse width,
and current frequency parameters”. In the different frequencies
and intensities clinically used, the TENS activates large diameter
afferent fibers'%°. The afferent impulses sent to the central nervous
system (CNS) activate a descending inhibitory system to reduce
hyperalgesia. This way, the TENS minimizes the hyperalgesia
through peripheral and central mechanisms. The high-frequency
TENS produces analgesia through the activation of endogenous
inhibitory mechanisms in the CNS involving the opioid GABA,
while the low-frequency TENS uses the classical inhibitory path-
way activating the serotonin, in addition to the GABA. Both, all
in all, activate inhibitory pathways to reduce the excitability and
posterior neuronal sensitization in the dorsal horn of the spinal
cord, thus reducing the pain". Through peripheral mechanisms,
the TENS may change the excitability of peripheral nociceptors
reducing the impulses to the CNS.

Cryotherapy, in its turn, is also a physiotherapeutic resource widely
used when planning to achieve analgesia. Among the cryotherapy
physiological effects, the decrease of the cell metabolism and va-
soconstriction with consequent reduction of the blood flow stand
out. It is also observed the reduction of metabolic waste, reduction
of the inflammation and muscle spasm?"*2. The analgesia obtained
through using cryotherapy is due to the effect of the reduction of
the nerve conduction velocity which, in its turn, is a consequence
of the decreased neuronal metabolism and the sodium-potassium
(Na*/K*) pump activity, increasing the excitability threshold of the
sensory neurons at the application site. Besides, the effects associated
with the reduction of the inflammatory and edematous process also
contribute to lower sensitization of the nociceptors in the tissue in-
volved in the pathological and painful process under discussion®%.
Herrera et al.” observed a meaningful reduction of the nerve con-
duction velocity of the tibial (motor) and the sural (sensorial) nerves
after cryotherapy. The cryotherapy induces local effects at the spinal
cord level through neurological and vascular mechanisms.

In the face of different analgesia mechanisms, there is an intense
debate regarding the best possible therapeutic effect of combining
the use of cryotherapy and TENS, since one resource diminishes
the nerve conduction velocity and the other uses electrical stimu-
lations to evoke sensorial impulses and induce analgesia through
the gates control mechanism. This way, this method of application
seems contradictory, since the physiological mechanisms contrast
with each other and theoretically would cancel each other. The
studies that approach this theme have shown, in their majority,
that there is no optimization of the analgesic results with the com-
bination of these two therapeutic modalities and, in parallel, do
not present evidence strong enough to assure that one cancels the
effect of the others. Nonetheless, studies with higher methodolog-
ical reliability and physiological rationale of the displayed results
are necessary so that this questioning can be genuinely ascertained.

CONCLUSION

This study’s results have shown that the use of cryotherapy with
the TENS is effective therapeutic practices to relieve the pain.
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