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ABSTRACT
Objective: To evaluate the efficacy of physical exercise (swimming and jumping), with and with-

out overload, working in reducing the pain of rats undergone to an experimental model of sciatica. 
Methods: 24 rats were divided into four groups: Placebo (PG), Swimming Group (SG) Swimming 
10% Group (SG10) and Jump Group (JG). All groups were submitted to the experimental sciatica 
model and assessed for pain post-exercise for the Functional Disability Test and the Von Frey fila-
ment. Results: In comparison within groups there were significant differences in the moments after 
injury with the pre-injury, for both assessment instruments. With Von Frey filament was observed 
a significant difference in group GN10 and GS in the final moments of evaluation. In comparisons 
between groups were not statistically significant differences obtained with any assessment in-
strument. Conclusion: Treatment with physical exercise was not effective in reducing pain in rats 
subjected to experimental sciatica model.
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INTRODUCTION
The peripheral nerves are constant target of injuries, such as crushing, compression and 

transection. Such injuries result in pain and reduction, or loss of sensitivity and motricity in the 
innervated territory. Among the commonest affections, we can mention the ones related to the 
sciatic nerve, termed sciatica(1).

The lombosciatalgia signs and symptoms include pain on the lumbar region and along the 
nerve path, sensory disorders, paresis, gait with intermittent claudication and stiffness(2,3). The main 
causes of sciatica are: herniated discs, infections, vascular compression, congenital anomalies, 
degenerative neurological diseases, hip trauma dislocation and lumbar canal stenosis(1). Painful 
syndrome especially affects individuals between 30 and 50 years of age. It is estimated that 
worldwide 500,000 new cases are diagnosed every year, out of which 2.8% of these individuals 
acquire lifetime incapacities due to the high time of nervous regeneration(4).

The treatments for this dysfunction are countless and depend on the cause. Among these, we 
can mention initial rest, medication prescription for analgesia and physiotherapeutic techniques 
as osteopathic treatment, physical exercises, postural orientation, flexibility training and electro-
thermophototerapeutical resources. When the conservative treatment fails, surgical treatment 
is the solution(5,6).

Based on many protocols, therapeutic exercises have been used for sciatica symptoms 
relief(7). Although resistance and resisted physical exercises are common among the treatment 
modalities, their analgesic effect is contradictory. While some studies demonstrate pain reduc-
tion after exercise, others point out its exacerbation after it, especially after resisted exercises(8).

It is supposed that exercise induced analgesia is derived both from the increase of the 
pain threshold and by the increase of the endogenous opioids level, and the duration of this 
analgesia can range according to the intensity, duration and type of exercise characteristics(9).

Experimental models of compression of the sciatic nerve in rats have been used for studies 
which aim to evaluate the painful situation through the use of different therapeutic modali-
ties due their similarity with the human sciatic nerve(6). Thus, through the sciatica compres-
sion model created by Bennett e Xie(10), it is possible to reproduce in rats the symptomatology 
observed in humans.

Thus, considering the great socioeconomical impact derived from sciatica, it is essential that 
suitable treatments are developed. However, the efficiency of the conservative interventions and 
whether a specific exercise is more efficient than another, have not been totally elucidated(5,9). In 
addition to this, there are only scant investigations which approach the effect of swimming and 
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resisted exercise (jump) on pain derived from compression of 
the sciatic nerve. Thus, this study has the aim to evaluate he 
efficiency of physical exercise (swimming and jumping), with 
and without load, acting in the reduction of the pain of rats 
submitted to a sciatica experimental model.

MATERIALS AND METHODS

Study and sample characterization

This study was characterized as a transversal experimental assay, 
with random group division. A sample composed of 24 male Wistar 
rats, aged 14 weeks and mean weight of 393.70 ± 30.37g was used. 
During the study period, the animals were kept in polypropylene 
cages, with free access to water and food ad libitum, with photope-
riod of 12 hours and controlled room temperature (24 ± 1ºC). The 
study was conducted according to international norms of ethics on 
animal experimentation(11). The research was approved by the Ethics 
in Animals Experimentation and Practical Classes Committee of the 
State University of Western Paraná under protocol number 3.810. 

All animals were randomly submitted to the sciatica experimen-
tal model in four groups: 

Placebo Group (PG, n = 6) – composed of animals submitted 
only to swimming for time shorter than one minute in each sessions; 

Swimming Group (SG, n = 6) – composed of animals submitted 
to swimming during 30 minutes;

Swimming Group 10% (SG10, n = 6) – composed of animals 
submitted to swimming, with body overload of 10% of anima’s 
weight, during 30 minutes; 

Jump Group (JG, n = 6) – composed of animals which received 
intense jumping physical exercise, with overload of 50% of ani-
mal’s body weight, performed in four sets of five jumps, as means 
of therapy. 

Sciatica experimental model 

The animals were anesthetized with intraperitoneal injection 
of ketamine chlorhydrate (75mg/kg) and xylazine chlrohydrate 
(10mg/kg). After sanitation of the site for procedure, incision 
parallel to the fibers of the biceps femoris of the right thigh of 
the animal was performed, exposing hence the sciatic nerve. Fol-
lowing the model described by Bennett and Xie(10), compression 
in four distinct regions around the sciatic nerve was performed, 
with approximate distance of 1mm from each other, using a 4.0 
chromic catgut cord with the purpose to reproduce chronic pain 
in the nerve path; plane suture was performed subsequently.

Training protocol 
In order to have the training protocols performed, the animals 

were placed in a tank with 200-liter capacity and 60cm deep, and 
30cm of it contained water at 30-32ºC temperature. All animals re-
ceived training in five sessions, with intervals of 48 hours, and train-
ing prior to the injury took place, specific to each group, for three 
consecutive days for all groups. The exercise training was initiated 
only on the third PO day for all groups.

The animals from the swimming groups (SG and SG10) were 
submitted to swimming during 30 minutes, using (SG10) or not 
(SG) body overload, according to the group. In order to simulate the 
body overload, a Velcro band with led weight attached to it with a 
thread was attached to the abdominal region of the animal, and the 
number of weight pieces ranged according to the animal’s weight.

Concerning the jump group, the overload was of 50% of the 
animal’s weight and the protocol consisted in the performance of 
four sets of five jumps each, with intervals of 30 seconds between 
sets. For this therapy, the animal with the Velcro band attached 
to its abdominal region was placed in a cylinder with 30 cen-
timeters of diameter and 55 centimeters of height. The animal 
wearing the overload would submerge and when reaching the 
bottom of the tank performed an impulse to reach the surface 
again. Each impulse was counted as one jump.

Pain evaluation 

Pain evaluation was performed by the following instruments: 
functional incapacity test and Von Frey filament.

The functional incapacity test was performed with a metal-
lic cylinder in motion and a computer program connected to a 
metallic boot adapted to the animal‘s paw. This test was originally 
described by Tonussi and Ferreira(12). The animals walked during 
one minute on the cylinder of approximately 30cm of diameter 
covered with a stainless steel mesh which performed three ro-
tations per minute with an electric motor. Metal boots which 
conducted the information from the right paw through a cord 
to the computer program and demonstrated the values of the 
paw elevation time (PET) of the animal walking were adapted to 
the hinder legs of the animals. The left hinder limb was also kept 
connected to a boot, but this one had no information entrance 
to the computer. Usually, the animals with no alteration present 
in their gait maintenance of paw on air at around 10 seconds, 
while the animals with pain due to the sciatica compression 
present longer paw elevation times (PET)(12).

The Von Frey filaments were used to assess the nociceptive 
sensitivity to the mechanical stimulus in the animals (13). The test 
was performed with the animal held by a thermoplastic restrainer 
and the Von Frey filament was perpendicularly applied in the 
region of the surgical procedure of the right thigh, with gradual 
pressure increase and, as son as the animal removed the paw, the 
test was interrupted for record of the removal threshold given 
in grams. 

All animals (PG, SG and SG10) were assessed about pain, both 
by the functional incapacity test and by the Von Frey filament, 
in the pre-injury prior (AV1) and reassessed on the third PO be-
fore (AV2) and after treatment (AV3), eight (AV4), 11th (AV5) and 
12th (AV6) days post-injury, always after treatment. After the end 
of the study, the animals were anesthetized and euthanized by 
guillotine.

Statistical analysis 

The results were analyzed concerning their normality by the 
Kolmogorov-Smirnov test and later expressed by descriptive sta-
tistics (mean and standard deviation) and assessed by inferential 
statistics, by the analysis of variance (ANOVA) with repeated mea-
surements, for comparison within groups and one-way ANOVA 
for comparison between groups; in both of them Tukey post-test 
was used and significance level adopted was of 5%.

RESULTS

Functional incapacity test 

The results obtained in the functional incapacity test were veri-
fied by the paw elevation time (PET) of the animals during gait, 
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Figure 2. Pain evolution, demonstrating the mean and standard deviation values 
of the mechanical pressure (g) supported by the animals in the Von Frey filament 
application in reevaluations after treatment with physical exercise. *Significant differ-
ence when comparing to the pre-injury moment (AV1); #Significant difference when 
comparing to the eighth PO (AV4); ФSignificant difference when comparing to the 
third PO after treatment (AV3).

expressed in seconds. It can be observed by the graphic repre-
sentation (figure 1) that, in the intragroup comparison, there was 
significant difference (p < 0.05) in all groups, only when comparing 
the post-injury moments (AV2, AV3, AV4, AV5 and AV6) with their 
respective pre-injury moments (AV1), indicating increase of pain-
ful episodes after injury. It can be confirmed by the PET increase 
during the evaluation days. In the intergroup analysis, regardless 
of the moment of analysis, the differences obtained were not sig-
nificant (p > 0.05).

Von frey filament

When intragroup results were compared by the pain 
evaluation with the Von Frey filament, it was observed that 
in all groups (PG, SG, SG10 and JG) there was significant dif-
ference in the pain level when compared to the post-injury 
moments (AV2, AV3, AV4, AV5 and AV6) with pre-injury ones 
(AV1), demonstrating pain increase after injury by sciatic nerve 
compression (p < 0.05). Moreover, significant differences were 
observed in SG10 in its 11th (AV5) and 12th PO moments 
(AV6) in comparison to the eighth PO (AV4). Significant dif-
ference was also observed in the JG in its 11th (AV5) and 
12th PO moments (AV6) when compared to its third PO after 
treatment (AV3) (figure 2). These differences were observed 
due to reduction of the mechanical pressure supported in 
the evaluation, characterizing pain exacerbation in these 
groups. Furthermore, in the intergroup comparison by Von 
Frey filament, significant difference has not been obtained in 
any moment of the evaluation.

DISCUSSION
During the study period, 24 Wistar rats were submitted to 

conservative treatment with physical exercise aiming analgesia 
in the sciatica model. The results obtained suggest that, in the 
conditions and protocol used, the physical exercise with or 
without overload was not efficient in functionally reducing the 
sciatica symptoms. This fact could be noticed in the functional 
incapacity test due to increase of paw elevation time, character-
izing claudication and less frequent use of the limb. It could be 
also observed reduction of mechanical pressure supported by 
application of the Von Frey filament, with no restoration of the 
values observed in the pre-injury moment.

Corroborating the results in this study, Miranda et al.(14), when 
comparing individuals with and without sciatica pain, demon-
strated that physical exercise does not affect this symptomatol-
ogy. Faas(15) concludes in similar research that in the acute low 
back pain cases, exercise therapy is not efficient, while in chronic 
low back pain intense exercises can be benefic. This result was 
also found by Tulder et al.(16) in their systematic review, report-
ing that exercise therapy is not more efficient than inactivity 
for patients with low back pain who present symptoms for less 
than 12 weeks.

This result of absence of pain relief may be explained by 
studies which highlight that intense training in rats with sciatica 
injury promotes deficient regeneration of the injured nervous 
fibers and tolerance of the opioid receptors, generating hence 
pain exacerbation(17-19).

In the context concerning with physical exercise intensity, 
in order to study its effects on the acute inflammatory response  
in rats, Lana et al.(20) demonstrated that low intensity physical 
exercises on treadmill increase the signs of acute inflammation, 
a fact not observed with high intensity exercises. According to 
the authors, it was consequence of the increase in synthesis 
and secretion of prostaglandins and/or increase in the cytokines 
plasma levels. However, in the present study it was observed 
that high intensity physical training produced increase of the 
pain inflammatory sign.

On the other hand, results by Gonçalves and Luciano(21), 
with rats trained on treadmill,  showed attenuation of the in-
flammatory response induced by carrageenan injection, when 
compared to sedentary rats. It is worth mentioning that prior 
to injury the animals were trained, while in the present study 
the animals were sedentary and performed physical activity 
after experimental injury; therefore, they presented different 
pain behavior.

Hall et al.(22) highlight the uncertainty concerning the ideal 
duration of analgesia induced by physical exercise, but they 
suggest that the interaction between intensity and duration af-
fect analgesia. The authors report that water training programs 
of shorter duration (2x/week) are less efficient to pain relief. Li 
et al.(23), in their study to verify neuropatic pain reduction in rats 
by exercise on the ground (treadmill) and in pool (swimming), 
they observed that both treatments are significantly efficient 
in attenuating hyperalgesia and mechanical allodynia. 

Koltyn and Arbogast(24) point out that alterations in pain per-
ception after exercise seems to be transitory. According to them, 
analgesia induced by intense physical exercise lasts a maximum 
of 15 minutes after it, but pain persists after 15 minutes of re-
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Figure 1. Paw elevation time evolution in seconds of the groups according to 
the pre and post-injury moments, demonstrated in mean and standard deviation 
values; *Significant difference when comparing to the pre-injury moment (AV1)..
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sisted exercises. Nevertheless, despite being transitory, it does 
not explain the fact for lack of analgesia observed in this study, 
since the animals were reevaluated concerning symptomatology 
immediately after the end of the training, and this time did not 
exceed 15 minutes.

Moreover, the kind of exercise performed can also interfere 
in the painful perception, since some investigations show that 
resistance training reduces pain more efficiently when compared 
to resisted training; the former training enables the nervous re-
generation to occur faster than the latter(26).  This effect was not 
observed in the group which performed resistance exercise (SG 
and SG10) in this study.

Furthermore, it should be highlighted the cases where exer-
cises are performed in water medium. The water heat and float-
ing can block nociception by the action of the thermal conditions 
and on the mecanoreceptors. In addition to that, the water heat 
increases the blood flow, and consequently helps in the dissipa-
tion of catabolites which induce pain(26,27).

Some research highlights the importance of the exercise 
adaptation to the physical and physiological conditions of the 
individuals respecting their specific needs in order to reach the 

analgesic effect(8). Thus, five days of training may have not been 
sufficient to cause adaptation in the animals in this study. 

Finally, as limitations to this study we can mention the short 
time of intervention as well as absence of comparison between 
groups making use of histological analysis. Thus, further investiga-
tion with different protocls and exercise intensities are suggested 
in order to elucidate the results.

CONCLUSION
The treatment with physical exercise, with our without over-

load, in the protocols chosen in this study, was not efficient in re-
ducing pain of rats submitted to the sciatica experimental model. 
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