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ORIGINAL ARTICLE

Evaluation of nociception and edema in experimental sciatic nerve
compression model in Wistar rats treated with cryotherapy
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em ratos Wistar tratados com crioterapia
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ABSTRACT

BACKGROUND AND OBJECTIVES: Considering the scar-
city of studies addressing cryotherapy to treat peripheral nervous
injuries, this study aimed at evaluating nociception and edema
in an experimental sciatic nerve compression model with Wistar
rats treated with cryotherapy.

METHODS: Forty-two rats were randomly distributed in
groups: G1 — control, euthanized in the 15" postoperative day;
G2, G3 and G4 — submitted to sciatic nerve compression and
cuthanized in the 3", 8" and 15® postoperative day, respectively;
G5, G6 and G7 — submitted to sciatic nerve compression and
treated with cryotherapy, euthanized in the 3%, 8* and 15% post-
operative day, respectively. Nociception evaluation at injury site
and plantar region, and observation of edema were performed
before injury, in the 2™ postoperative day and in the day cor-
responding to euthanasia of each injured group. Mixed ANOVA
was used for statistical analysis, considering significant 5%.
RESULTS: There has been decreased pain threshold at injury
site in injured groups, however there has been increase in the
same groups with regard to evaluations in the 8" and 15 post-
operative days. Nociception in the plantar region was similar to
previous one, however threshold has not increased. With regard
to edema, there has been significant difference in evaluations in
the 3" and 2™ postoperative days corresponding to G1, G4 and
G7, which had higher values as compared to pre-injury.
CONCLUSION: Cryotherapy has not increased nociceptive
threshold or decreased the edema.

Keywords: Cold therapy, Edema, Immersion, Nociception, Pe-
ripheral nerve trauma.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: Considerando a caréncia de
estudos a respeito da crioterapia como tratamento de lesao ner-
vosa periférica, este estudo teve como objetivo avaliar a nocicep-
¢a0 e 0 edema em modelo experimental de compressdo do nervo
isquidtico em ratos Wistar, tratados com crioterapia.
METODOS: Foram utilizados 42 ratos separados aleatoria-
mente nos grupos: G1 - controle, eutanasiado no 15° de pés-
operatério; G2, G3 e¢ G4 - submetidos & compressio do ner-
vo isquidtico, eutanasiados no 3°, 8° ¢ 15° de pés-operatdrio,
respectivamente; G5, G6 ¢ G7 - submetidos & compressao do
nervo isquidtico e tratados com crioterapia, eutanasiados no 3°,
80 e 15° de péds-operatdrio, respectivamente. As avaliacoes da
nocicepgao no local da lesio e na regido plantar, e a verificagio
do edema aconteceram nos momentos pré-lesio, 2° dia de pés-
operatério e no dia correspondente a eutandsia de cada grupo
lesionado. A andlise estatistica foi pela ANOVA mista, com nivel
de significAncia de 5%.

RESULTADOS: No local da lesio houve diminuigio do limiar
doloroso nos grupos lesionados, entretanto, apresentou aumento
do mesmo nos grupos relacionados as avaliacées do 8° e 15° de
pés-operatdrio. J4 a nocicepgio realizada na regido plantar foi se-
melhante 4 anterior, porém o limar nio aumentou. Com relagio
a0 edema, houve diferenca significativa na avaliagio realizada no
30 e no 2° dias de pds-operatério correspondentes ao G1, G4 ¢ G7,
que apresentaram valores maiores comparadas com a pré-lesdo.
CONCLUSAO: A crioterapia nio auxiliou no aumento do lim-
iar nociceptivo e redugio de edema.

Descritores: Edema, Imersio, Nociceptividade, Terapia por frio,
Traumatismo do nervo periférico.

INTRODUCTION

Peripheral nerves are target for crush, compression and transec-
tion injuries. Among most common lower limb nervous in-
juries there is sciatic nerve injury which leads to functional,
sensory and motor loss, eliciting permanent impact on patients
and their functional capacity to perform daily activities'”.

In addition, soon after nervous injury there is inflammatory
response, chemotaxis to immune system cell site and produc-
tion of chemical substances which contribute to changes in
vascular patency, increased local blood flow, edema and hy-
peralgesia®.
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Aiming at accelerating injured peripheral nerves recovery,
different treatments have been proposed. Cold therapy is
therapeutic application of cold, which decreases blood flow,
metabolism and nervous conduction velocity, resulting in de-
creased inflammatory reaction, pain and delayed edema for-
mation®’.

Cold therapy may be applied with ice packets, massage with
ice, sprays and immersion. Immersion, however, cools down
a larger area as compared to other modalities. Cold therapy
for approximately 20 minutes is effective to reach therapeutic
effects’.

Cold therapy, however, applied in areas of superficial nerves
may induce temporary injuries®. On the other hand, there are
also few studies on the use of cold therapy to treat peripheral
nervous injuries.

In light of the above, this study aimed at evaluating noci-
ception and edema in an experimental model of sciatic nerve
compression in Wistar rats treated with cold therapy.

METHODS

This is a quantitative, experimental and randomized study.
Sample was made up of 42 Wistar male rats, mean weigh of
327+24.84g and mean age of 10 weeks, obtained from the
Central Vivarium, Universidade Estadual do Oeste do Parand
(UNIOESTE), and maintained in the sectorial Vivarium,
Laboratério de Estudo das Lesoes ¢ Recursos Fisioterapéuticos
(LELRF), in standard polypropylene boxes, in temperature
of 23+1°C, with photoperiod of 12h, receiving free food and
water.

Animals were randomly distributed in seven groups:

* Group 1 (G1, n=6) — control, made up of animals not sub-
mitted to nervous compression and cold therapy, euthanized
in the 15™ day of the experiment;

* Group 2 (G2, n=6) — submitted to nervous compression
with no treatment and euthanized in the 3™ postoperative day
(PO);

* Group 3 (G3, n=06) — submitted to nervous compression
with no treatment and euthanized in the 8 PO day;

e Group 4 (G4, n=6) — submitted to nervous compression
with no treatment and euthanized in the 15% PO day;

* Group 5 (G5, n=6) — submitted to nervous compression and
treated with cold therapy, euthanized in the 3" PO day;

* Group 6 (G6, n=6) — submitted to nervous compression and
treated with cold therapy, euthanized in the 8™ PO day;

e Group 7 (G7, n=6) — submitted to nervous compression
and treated with cold therapy, euthanized in the 15% PO day.

Experimental model of sciatic nerve compression

Animals were initially kept in LELRF for two weeks to adapt to
the study site. Before surgical procedure, animals were weighed
and anesthetized with intraperitoneal ketamine hydrochloride
(95mg/kg) and xylazine hydrochloride (12mg/kg). After an-
esthesia and observation of animals’ consciousness status (ob-
served by the lack of motor response to tail and interdigital
folds clipping), animals were placed in the prone position and

trichotomy was performed at surgical procedure site.

Then, an incision was made parallel to femoral biceps muscle
fibers, exposing left pelvic limb sciatic nerve, with subsequent
compression with haemostatic clamp for 30 seconds. Clamp-
ing pressure was standardized for all animals and carried out
by the same individual, using as reference the closing of the
second rack tooth®. Finally, external suture was performed
with Catgut 4.0 thread, iodine was applied on the incision
and animals were lodged in the same pre-surgical conditions,
separated according to their experimental group.

Treatment protocol

Animals were manually contained and right pelvic limb was
immersed in a 1440cm® container (20cmx12cmx6ecm) with
water and ice at a temperature of 5+2°C, for 20 minutes’.
Groups G5, G6 and G7 were treated soon after surgical pro-
cedure. So, G5 has received a single treatment session and for
G6 and G7 treatment went on from the 3 to the 74 PO day.
G2, G3 and G4 animals were also positioned according to the
treatment protocol, however container had no water and ice.

Nociception evaluation

Nociception was evaluated with a digital Von Frey filament'’.
Test was performed with animals manually contained and the
tip of the equipment applied to surgery site on right pelvic
limb. Polypropylene tip was applied perpendicularly to the
area, with gradual pressure increase and as soon as the animal
flinched, the test was interrupted to record flinching thresh-
old. Stimulation was also applied to plantar region of the af-
fected limb and, for such, animals were maintained in a raised
box with screen floor. So, the filament was positioned and
local pressure was applied until right pelvic limb flinching.
This evaluation was performed in the following moments:
pre-injury, 2" PO day and in the day corresponding the eu-
thanasia of each injured group, being that G1 was evaluated
in the same moments as groups submitted to injury, however
with euthanasia in the 15" day after beginning of experiment.
Flinching threshold data were presented based on mean of
animals of the same group.

Edema evaluation

Edema was evaluated by fluid volume change by means of In-
sight” brand paw hydroplestimometer. In this test, right pelvic
limb was placed in a container with water until complete im-
mersion of ankle joint, and water displacement was measured.
This evaluation was performed soon after nociception evalua-
tion in the same moments.

Statistical analysis

Results were analyzed by means of the SPSS 18.0 program
(Statistical Package for the Social Sciences). Comparison be-
tween groups and evaluations was made among CG, injury
and injury with cold therapy euthanized in the same PO day.
Shapiro-Wilk test was used for data normality and, when pos-
itive, mixed ANOVA statistical test was applied with accepted
significance level of 0=0.05.
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Project was approved by the Ethics Committee for the Use of
Animals (CEUA), UNIOESTE (07/15/2014).

RESULTS

Nociception at injury site

Nociception at injury site shows significant difference among G1,
G2 and G5 [F(2;30)=40.2;p<0.001], being flinching threshold
value for G2 and G5 lower than for G1. There has also been dif-
ference among evaluations: those performed in the 2" and 3" PO
day had lower thresholds as compared to pre-injury (Figure 1A).
Gl, G2 and G6 had also statistical difference
[F(2;30)=18,8;p<0,001], being that G3 and G6 had lower values
as compared to G1. In addition, pre-injury evaluation has shown
higher threshold as compared to 2" PO day, while this had lower
threshold as compared to euthanasia day (8" PO) (Figure 1B).
With regard to G1, G4 and G7 there has been statistical dif-
ference [F(2;30)=33,7;p<0,001], being that G4 and G7 had
lower thresholds as compared to G1. There has been signifi-
cant difference in pre-injury evaluation, which has shown

higher values as compared to 2™ PO day, and this with lower
values as compared to evaluation in the euthanasia day (15*
PO) (Figure 1C). Such results show no antinociceptive effects
for treated groups.

Nociception at plantar region

According to nociception in the paw, G1, G2 and G5 had dif-
ference [F(2;30)=22,6;p<0,001]. G2 and G5 thresholds were
statistically lower than G1, the same being true for evaluation
on the 2 and 3" PO day as compared to pre-injury (Figure 2A).
In comparing G1, G3 and G6 values there has also been difference
[F(2;30)=43,4;p<0,001], where G3 and G6 had lower thresholds
as compared to G1, and evaluations of the 2" and 8" PO day had
lower thresholds as compared to pre-injury (Figure 2B).

In analyzing G1, G4 G7 and pre-injury evaluations, 2™ PO
day and euthanasia day (15" PO), it has been observed that
G4 and G7 had lower thresholds as compared to G1, as well
as evaluations of the 2™ and 15" PO day which had lower
thresholds as compared to pre-injury [F(2;30)=23.6;p<0.001]
(Figure 2C). Again, no effects of cold therapy were observed.
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Figure 1. Evaluation of flinching threshold at injury site using digital
Von Frey filament

* significant difference as compared to G1, e significant difference as compared
to pre-injury evaluation, and e difference as compared to evaluation in 2" PO day.
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Figure 2. Flinching evaluation in plantar region using digital Von Frey
filament

* significant difference as compared to G1, e difference as compared to pre-
-injury evaluation.
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Edema

According to edema evaluation performed in G1, G2 and G5,
there has been significant difference [F(2;30)=4.3;p=0.023]
in 3 PO day evaluation which had higher values as compared
to pre-injury (Figure 3A).

Results of G1, G3 and G6 have shown no significant differ-
ence between groups and between evaluations, with statistical
significance [F(1.7;30)=3.3;p>0.05] (Figure 3B).

With regard to G1, G4 and G7 data, there has been statistical
difference in 2" PO day evaluation which had higher values
as compared to pre-injury evaluation F(2;30)=8.5;p=0.01]
(Figure 3C), with no effects of cold therapy in decreasing
edema (Figure 3).
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Figure 3. Evaluation of edema by hydropletismometry
* significant difference as compared to pre-injury evaluation.

DISCUSSION

This study has evaluated nociception and edema in rats sub-
mitted sciatic nerve compression model, treated with cold
therapy, aiming at helping decreasing nociception and edema.
Rats were chosen as experimentation animals because they
have structure and response to injury similar to those found

in human nerves''.

With regard to nociception, cold therapy could have helped
analgesia due to decreased nervous conduction velocity in-
hibiting pain signals transmission to spinal cord posterior
horn, in addition to acting as contra-irritating mechanism,
by which pain transmission to the central nervous system is
blocked!*'4; however, such results were not observed in this
study.

With regard to edema evaluation, studies show that cold
therapy may decrease it in cases of injury. In an experi-
mental study with rats submitted to right knee synovitis
and treated with immersion cold therapy for 20 minutes
at 5°C, edema was evaluated with metal caliper rule and
nociception by flinching time, being that treatment was
effective to decrease edema and nociception of animals’.
In a different study, edema was induced in the paw of fe-
male rats and was treated both by Bernard diadynamic cur-
rents (BDC) and cold therapy. Hydropletismography has
shown that both treatments were significantly effective to
decrease edema, with no difference between them®. How-
ever, injuries were not caused by peripheral nerve compres-
sion, as in our study.

In our study, nervous compression model has produced ede-
ma in groups evaluated in the 3" PO day, showing that G2
and G5 had higher fluid volume change as compared to pre-
injury, and cold therapy was not effective to minimize edema.
In addition, 15" PO day groups also had edema at 2 PO day
evaluation, being that G4 and G7 had similar behavior dur-
ing evaluations. However, it is suggested that there has been
decrease at final evaluation because values have decreased
even not being significant which could have also helped in-
creasing nociceptive threshold at injury site, since decreased
edema may induce anagelsia®.

With regard to groups G3 and G6, they has similar behav-
ior in all moments, without significant difference. It has to
be stressed that initially, although without differences among
groups, G1 had higher means as compared to other groups,
but such variation was occasional, and may have occurred just
by differences in animals’ limbs volume, or by technical dif-
ficulties to perform the evaluation, since animals (except at
injury time and before euthanasia) were not anesthetized, that
is, they moved being just lightly contained by hand, including
during cold therapy treatment.

However, although this study has not shown effect of cold
therapy on peripheral nervous injury, no similar studies were
found in the literature aiming and helping the discussion. So,
we suggest new studies, addressing histological and molecular
analyses, to check the efficacy of cold therapy on nervous in-
jury, bringing basis for studies and treatments with humans.

CONCLUSION

Nervous compression has decreased nociceptive threshold
and has generated momentary increase in paw volume, being
that cold therapy has not produced effects both in nocicep-
tion and edema.
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