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ABSTRACT

Objective: To investigate the effect of kinesiotherapy on the 
functionality of the pelvic limb of rats after ischemic and reper-
fusion injury. Methods: 10 rats were divided into two groups, 
GI (control) and GII (kinesiotherapy). All the animals underwent 
ischemia for a period of three hours, followed by tissue reperfu-
sion. In Group GII, non-resistive systemic kinesiotherapy was 
performed (swimming) in three weekly sessions of 50 minutes, 
over a period of four weeks, while the GI animals remained 
at rest. Functional analysis of motor behavior was evaluated 
weekly. The animals were then sacrificed, and the soleus and 
gastrocnemius muscles and the sciatic nerve removed for histo-

pathological analysis. Results: There was a significant recovery 
of motor behavior with kinesiotherapeutic treatment during the 
four weeks of treatment. However, the histological examination of 
the tissues showed no morphological changes of cell injury and 
repair. Conclusion: It was not possible to affirm that the exercise 
was effective in cell repair, because neither of the groups (control 
and experimental) showed any histological difference. On the 
other hand, systemic kinesiotherapy showed a beneficial effect 
on functional rehabilitation after ischemia and reperfusion. Level 
of evidence III, Case-Control Study.
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INTRODUCTION

Lower limb ischemia produces signs and symptoms resulting 
from arterial insufficiency in the tissues of a particular human 
body segment. If the treatment is not effective, there may be 
loss of functional conditions.1 The main consequences of 
ischemia occur in arteriole-capillary territory and if the ischemia 
persists, the first areas of capillary and tissue necrosis appear.2 
During ischemia, tissue tolerance is variable and multifactorial, 
depending on the time of ischemia, the metabolic needs of the 
tissues, the contribution of collateral circulation and of humoral 
factors. Accordingly, it is not possible to define an exact 
period in which each tissue would have its integrity irreversibly 
impaired vis-à-vis an ischemic period.3 
If the ischemia persists, necrotic areas appear, and at a given 
time, there will be areas of normal tissue interposed by areas 
of functionally altered, yet viable, tissues, together with areas 
of necrotic tissue. When the reperfusion process is started and 
circulation is restored, viable tissues recover and resume their 
function, and the necrotic tissues undergo resorption, organi-
zation and fibrosis processes. There will then be biochemical, 

hemodynamic and anatomopathological consequences in 
variable space. This will always happen when large areas of 
muscle are affected and the ischemia lasts for a long time.2 
The inflammatory response, with the release of large quantities 
of mediators, with chemotactic effect, causes intense leuko-
cyte migration to the blood vessels of the ischemic tissues, 
and a consequent endothelial adhesion and activation, which 
could lead to the obstruction of microcirculation, exacerbating 
the ischemia.4

As it is a frequent clinical event, ischemia appears to the vas-
cular surgeon with a strong indication for restorative surgery. 
Restoration of the blood flow is generally necessary to recover 
normal cell function. On the other hand, reperfusion of the 
blood oxygenated in the ischemic tissues may lead to tissue 
lesions that are even more severe than those provoked by the 
ischemia, due to the increase in free radicals, a phenomenon 
called oxidative stress.5-7 Free radicals are unstable molecules 
or fragments of molecules with an odd electron in their external 
orbit. Such molecules act on the lipids, carbohydrates, pro-
teins and nucleic acids and lead to modifications of function 
and of cell structure, occasioning cell death.8-10
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Kinesiotherapy is defined etymologically as the art of curing, 
using all the techniques of movement of the body or of the 
body parts to relieve symptoms or to improve function. Kine-
siotherapy occupies a prominent position as a physiothera-
peutic method for rehabilitation, and is able to determine a 
set of functional and structural adaptations with the objective 
of preventing muscle atrophy and of recovering the motricity 
and sensibility of the areas involved.11-13

In this context, there is a shortage of clinical and experimental 
studies with the purpose of stimulating the repair of ischemic 
tissues through kinesiotherapy. In an experimental study 
using kinesiotherapy to promote nerve regeneration and 
the functional recovery of locomotion in rats with traumatic 
sciatic nerve injury there was a beneficial effect in the animals’ 
functional recovery.14 
Thus, the aim of this study is to analyze the effects of systemic 
kinesiotherapy in tissue repair and functional rehabilitation af-
ter ischemia and reperfusion of the pelvic limb of rats.

MATERIAL AND METHODS

The study was approved by the Institutional Research Board 
of Universidade de Franca under no. 015/09-A.
The survey was conducted at the Experimental Physiotherapy 
Laboratory of the above university. The sample was com-
posed of 10 male albino Wistar rats, with weight oscillating 
between 300 and 350 grams, from the vivarium of Universi-
dade de Franca. The animals were distributed in an equal 
number into two groups: GI (control) and GII (kinesiotherapy), 
and kept in plastic cages, receiving water and feed ad libitum. 
The anesthetic procedure was performed with 0.6 ketamine 
base solution (50 mg/Kg) (ketamina® - Pfizer do Brasil 
Ltda, São Paulo, Brazil) and 0.1 xylazine (10 mg/Kg) (rom-
pum® - Bayer do Brasil Ltda, São Paulo, Brazil) injected in 
the abdominal region. After this ischemia was performed 
over a three-hour period with the use of a tourniquet at the 
proximal end of the pelvic limb of the animals, followed by 
tissue reperfusion.
The non-resistive systemic kinesiotherapy sessions (swimming) 
started two days after the ischemic procedure in the animals 
from group GII, in three weekly 50-minute sessions for four 
weeks in a tank measuring 100cm x 50cm with a depth of 40cm, 
containing water at 30ºC in a sufficient quantity to prevent the 
animals from resting the end of their tails on the bottom of the 
tank. The animals from group GI (control) did not undergo any 
type of activity, remaining at rest throughout the experiment.
The motor behavior evaluation was carried out in a circular 
arena (open field), made of transparent acrylic, measuring 
60cm in diameter by 50cm in height. The floor, also in 
transparent acrylic, features the drawing of a circle divided 
into 12 equal parts, used to quantify the frequency of the 
behavioral responses. The animals were introduced one 
by one inside the arena, where they could move freely. 
The ambulation rate (called line crossing) walking and/
or running, was measured for 10 minutes by counting the 
number of sections of the environment crossed by the 
animal, since it puts its four paws in the other quadrant.15,16 
The exploratory response of standing on the hind legs which 
is the response of rearing up on the two hind legs, keeping 
the front legs elevated, with the animal completely erect in 

the middle of the arena or semi-leaning against the acrylic 
wall.17,18 The functional analysis was performed weekly in 
the two groups (GI and GII).
At the end of the experiment (after 30 days) the animals were 
sacrificed in a CO2 chamber and the musculoskeletal tissue 
(soleus and gastrocnemius) and nerve tissue (sciatic nerve) 
were collected, immersed in 10% buffered formaldehyde for 
24 hours and afterwards dehydrated in an increasing con-
centration of ethanol, diaphanized in xylol and embedded in 
paraffin.
The paraffin blocks were sectioned in a rotary microtome, with 
4µm-thick histological sections. The sections were gathered 
on glass slides and stained with Hematoxylin and Eosin (HE) 
and Gomori Trichrome. The histological analysis was per-
formed using a conventional microscope. 
For the statistical analysis we used the Prism 4.0 software for 
Student’s t-test, considered significant when the p-value was 
below 0.05.

RESULTS

During the ischemic procedure we were able to observe that the 
animals presented cyanosis, and a decrease in the limb tem-
perature. After removal of the tourniquet and post-anesthetic 
reestablishment of the animals’ functions, it was noted that the 
animals presented important claudication, which improved over 
a few weeks and resumed four weeks after the experiment.
We present below the experimental results obtained. The 
Figures show the temporal evolution over the four weeks of 
evaluation (frequency of rearing and of crossing). 
Figure 1 presents the results of the exploratory behavior 
assessment. The mean number of rearings of the animals was 
used as a measurement of the degree of recovery from the 
injury. A higher number of rearings indicates faster recovery 
of the animal’s muscle movements. In figure 1 we can see 
the animals’ recovery over the weeks of evaluation. In the first 
two weeks, the two groups evaluated presented similar mean 
rearings. We can also observe the increase in the number of 
rearings of the two groups from the first to the second week, 
which may correspond to the start of the animal’s muscle 
recovery. From the third week on, it is possible to clearly

Figure 1. Mean rearings presented by group I (control) and group II (expe-
rimental) during the 4 weeks of evaluation.* Significantly different.
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observe the effect of the kinesiotherapy treatment, since 
Group II (experimental) presented an increase in the number 
of rearings, while the control group obtained a much lower 
mean number of rearings. The results show that, for the 
experimental scenario used, the kinesiotherapy treatment 
brought about a significant improvement at the end of the 
four-week period in the recovery of the muscle movements 
of the experimental group in relation to the control group of 
150%, with significant statistical difference (p=0.0331). 
Figure 2 presents the number of crossings of the circular 
arena. The mean values of the five animals from each group 
evaluated during the four weeks of evaluation are presented 
here. The results of Figure 2 present a panorama similar to 
that of Figure 1, as the two evaluated groups had a similar 
behavior during the first two weeks and Group II (experimen-
tal) presented better recovery from the third week. At the end 
of the evaluation period, we noted significant improvement 
(60.4%) in the recovery of the motor activity of the experimen-
tal group in relation to the control group (p= 0.0136).
Table 1 summarizes the data presented in the previous 
two figures. In general, it was observed that from the third 
week of evaluation the effects of the kinesiotherapy treatment 
in recovery from the ischemic injury/reperfusion became 
more evident. It was also noted that in all the measurements 
evaluated, there was a more accentuated improvement 
of recovery of Group II (experimental) in relation to Group I 
(control). Therefore, such an improvement can be attributed 
to the kinesiotherapy treatment.

There was no inflammatory process, tissue injury and repair 
process observed in the histopathological analysis, which 
indicates that the ischemia time was too short to produce 
morphological lesions in the musculoskeletal and peripheral 
nerve tissue.

DISCUSSION

In biomedical literature there are other models used to pro-
duce tissue ischemia, such as clamping of the unilateral com-
mon iliac artery. This model only involves arterial irrigation, 
leaving venous drainage intact, and is considered more ap-
propriate to simulate an arterial embolism. However, the col-
lateral circulation will become available to irrigate the ischemic 
territory, which also occurs in the case of arterial embolism.19

There are models of skeletal muscle ischemia that use the 
skin circumference section, subcutaneous tissues and thigh 
musculature, around the hip joint, only preserving the bone, 
nerve, femoral artery and vein. Ischemia is produced by the 
occlusion, under a magnifying glass, of the femoral artery. 
This method is more traumatic and requires the use of a sur-
gical microscope for its execution, yet it is the ideal model for 
the total elimination of collateral circulation.20,21

The most suitable model for simulating compression trauma 
or the surgical procedure of tourniquet application used in or-
thopedic operations is the method that advocates the use of 
the experimental tourniquet, which involves arterial irrigation 
and venous drainage simultaneously. In addition, it is argued 
that this model also favors the vascular lesion, due to the 
trauma of tourniquet application, and prevents vasomotor 
and venous response during reperfusion.22,23 We opted for 
the experimental tourniquet model as it satisfies the objec-
tives of attempting to simulate the occurrence of ischemia 
resulting from tourniquet application on limbs in more pro-
longed surgical procedures and is also applicable in com-
pression traumas, such as victims trapped in crashed cars 
or under rubble, earth etc.
The functional alterations due to ischemia and to reperfusion 
of the muscle tissue are associated with fatigue, according 
to Murthy,24 caused by the decrease in intracellular pH and 
imbalance of the Na+/K+ pump, which can lead to a dete-
rioration of muscle contraction capacity or even to the death 
of this cell.25

Kinesiotherapy plays an important role in rehabilitation, and 
has the ability to promote functional and structural adapta-
tions with the objective of preventing muscle atrophy and re-
covering the motricity and sensitivity of the areas involved.11-13 
The goals of functional rehabilitation are to promote ade-
quate healing, fast functional return of the limb and to prevent 
complications caused by disuse such as muscular atrophy 
and articular contracture.26,27 Physical exercise has been 
employed in experimental clinical studies with the purpose 
of stimulating peripheral nerve regeneration; however, these 
surveys do not examine the effects of specific types of ex-
ercise on regeneration of the peripheral nerve fibers. In the 
study by Ilha,14 the possible effects of a program of aerobic 
training, of muscular resistance and the combination of both 
programs (for five weeks) in sciatic nerve regeneration in rats 
after nerve compression injury were tested using functional 
and morphometric analysis. The results obtained in the study 

Table 1. Data on weekly functional evolution.

Weeks Mean Risings Mean Crossings

Group I Group II Group I Group II

1st week 12.8 12 36 44

2nd week 22.8 21 51.8 57

3rd week 14 21 33 47

4th week 12.4 31 37.4 60

Figure 2. Mean crossings presented by group I (control) and group II (ex-
perimental) during the 4 weeks of evaluation. * Significantly different.
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by Ilha14 indicate that aerobic training improves functional 
recovery from the first week of training, and morphological 
differentiation of the sciatic nerve in regeneration after five 
weeks of training when compared with the sedentary injured 
animals. On the other hand, the results of our study indicate 
that kinesiotherapy had a beneficial effect in functional be-
havior from the third week, but did not show morphological 
improvement in the tissues.
In the present study we also observed an increase in the fre-
quency of crossings and rearings in the acrylic arena in the 
animals submitted to kinesiotherapy when compared with the 
animals of the control group. The increase in the number of 
rearings evidences the improvement of these animals, as they 
managed to bear their weight on their hind legs. This improve-
ment that occurred from the third week may correspond to the 
start of the animals’ muscle recovery and is consistent with a 
similar study conducted with dogs, where kinesiotherapy posi-
tively influenced the functional improvement of the dogs’ limb.28

A lot of the studies that involve functionality of the pelvic 
limb of rats are related to sciatic nerve injuries29-31 and their 
evaluation is obtained using the SFI (Sciatic Functional Index). 
However, little is known about the functional evaluation or the 
recovery of the muscle tissue in injuries caused by ischemia 
and reperfusion. 
The evaluation in the arena is determined by the measurement 
of the attractive behaviors by placing the animal in a new open 
space from which escape is prevented by a circular wall. The 
triggering of these behaviors is dependent on the animal’s 
interaction with a range of factors such as: removal of the animal 
from a familiar environment, exposure to a new environment, 
injection of drugs, neural lesions, changes related to the 
emotional state, besides habituation and learning.32 Thus, the 
quantity of movements becomes an indicator of exploratory 
behavior and indicates an improvement in the animal’s tissue 
and functional repair process.33 Although Blakley34 cites that 
rats with greater stress and anxiety have less exploratory 
behavior, which can explain the decrease in the number of 
crossings and rearings in the third week, which was resumed 
in the fourth week.
It can be observed in the evaluations that the control and exper-
iment groups became accustomed to the environment (arena) 
from the third week of evaluation. However, comparing groups 
GI and GII, group GI (control) evidenced greater habituation in 

the exploratory activity when compared with group GII (experi-
mental). Habituation principles can be understood by mecha-
nisms of behavioral plasticity, characteristic of learning and 
memory processes35. Some studies seek to show habituation 
in uninjured rats submitted to some kind of stimulation. Varty36 
demonstrated, through analysis of locomotor activity, that both 
stimulated and control rats exhibit this phenomenon. 
Anyhow, the values found in this study suggest that, even 
with the two groups being evaluated over the four weeks, in 
the same environment (arena), and, thus being prone to the 
physiological mechanisms of environment habituation, group 
GII managed to explore the environment better than group GI, 
which reinforces the effects of kinesiotherapy in the functional 
improvement of these animals. 
As regards the effects of exercise in tissue repair, we cannot 
affirm that kinesiotherapy was essential in this study, since it 
failed to present any morphological difference in the histological 
analysis both in the control group and in the experimental group.
We believe that the microscopy method used to analyze this 
experiment was not totally adequate and that the biochemical 
analysis might be able to evidence alterations in the tissues 
analyzed histologically, since the biochemical alterations of 
the basic cell functions are related to the decrease in oxygen 
and energy failure of the cell.37,38

In addition, of the articles found on this topic, what stands out 
is the absence of a pattern in relation to the method used to 
perform ischemia, besides which there are various ischemia 
and reperfusion times, and methods to be used as a form of 
treatment, as well as different methods of evaluation of the 
results obtained, which makes it very hard to compare the 
studies. 
Although the results do not evidence cell injury, the study 
demonstrates that the muscle fiber and the peripheral nerve 
tissue are resistant to morphological alterations arising from 
ischemia and reperfusion in this experimental model. 

CONCLUSION

The muscle fiber and the peripheral nerve proved resistant 
to the morphological alterations resulting from ischemia and 
reperfusion; it was not possible to affirm that kinesiotherapy 
was crucial in tissue repair. On the other hand, exercise pre-
sented a beneficial effect in the functional rehabilitation of the 
pelvic limb of these animals.
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