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ABSTRACT
Introduction and aim. The knee is one of the joints where immobilization is most used, however, it can cause morphological 
changes in the joint tissues and is a challenge to be overcome during rehabilitation. Whole-body vibration (WBV) is capable 
of generating repetitive oscillatory movements, which cause mechanical stimuli that interfere with tissue plasticity. The aim of 
this study was to analyze the knee morphology of Wistar rats submitted to remobilization with WBV.  
Material and methods. 32 male rats were used, divided into four groups (n=8): Control Group (G1), Immobilization Group (G2), 
Immobilized Group and Free Remobilization (G3), Remobilized Group with WBV (G4). For immobilization, a plastered appara-
tus was used for 15 days. G3 and G4 carried out free remobilization or with WBV, respectively, for 2 weeks. The knee joints were 
processed for light microscopy. 
Results. The WBV led to a reduction in the inflammatory infiltrate in the articular cavity and greater presence of adipocytes in 
the subintima of the synovial membrane. 
Conclusion. Remobilization with WBV induced a better tissue response in the synovial membrane when compared to free re-
mobilization.
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Introduction
The practice of any sport is often associated with the de-
velopment of musculoskeletal injuries, with great im-
pact on the rehabilitation process for the return to the 
sport, recovery can take from weeks to months.1 In 
many cases, as part of the initial treatment of these inju-
ries, the first method used for protection of injured tis-
sues and pain relief is complete immobilization of the 
joint, being a common practice for the treatment of or-
thopedic disorders such as sprains, ligament ruptures, 
muscle injuries, joints and fractures.2–4 

Immobilization and associated movement restric-
tion may affect bone, muscle and joint composition. 
Specifically for the joints, immobilization acts on the 
cartilage inducing its degeneration, including reduc-
tion of hydration, alteration of structure and reduction 
of proteoglycan and chondrocyte synthesis, and decre-
ase of cartilage thickness, which reflects in the decrea-
se of load absorption capacity, and may cause or worsen 
chondral lesions, leading in the long run to the develo-
pment of osteoarthritis, some of these alterations being 
partially reverted to normal values after remobiliza-
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tion.5–9 The joint capsule is also affected by immobili-
zation, which promotes morphological changes in the 
intima and subintima synovial, resulting in decreased 
synovial fluid production and reduced nutritional su-
pply to the cartilage.10

Thus, early rehabilitation is extremely important to 
recover joint functionality.2,3 There are numerous forms 
of remobilization, such as treadmill running, resistance 
and aquatic exercises.10–12 However, the search for new 
therapies that accelerate the regenerative process in re-
mobilization is of great value. In this sense, studies have 
shown that whole-body vibration (WBV) can act as an 
anabolic stimulus for various tissues, including the mus-
culoskeletal system.13–16 Despite their indications, there 
are still few studies evaluating WBV on joint tissue, as 
well as in the remobilization process.17,18 

Aim
Thus, this study analyzed the morphological responses 
of the knee of immobilized and remobilized Wistar rats 
on a vibration platform.

Material and methods
Ethical approval
The study was approved by the Ethics Committee on the 
Use of Animals of the Universidade Estadual do Oeste 
do Paraná (UNIOESTE), 2729/2014-GRE. 

Sample and experimental groups
The experiment was performed using 32 Wistar rats, 
with a mean age of 10 weeks and weight of 177.20±16.32 
g, kept in an environment with a temperature of 23±1ºC, 
with a photoperiod of 12 hours, receiving water and 
feed ad libitum. The animals were randomly separated 
into four groups (n=8):  

 – Control Group (G1): without any kind of interven-
tion;

 – Immobilization Group (G2): submitted to the im-
mobilization protocol;

 – Group Immobilization/Free Remobilization (G3): 
submitted to the immobilization and free remobi-
lization protocol;

 – Group Immobilization/Remobilization WBV (G4): 
submitted to the immobilization and remobiliza-
tion protocol with the use of the vibration platform.

Immobilization protocol 
To perform the immobilization, the animals were anes-
thetized (xylazine hydrochloride 15 mg/kg and ket-
amine hydrochloride 80 mg/kg, intraperitoneally) and 
immobilized with a plaster bandage. The immobilized 
groups (G2, G3 and G4) had the orthosis molded from 
the abdominal region, just below the last ribs, following 
to the right pelvic limb of each animal, being placed in 
the whole extension of the limb so that it remained in 

complete extension of the knee joint as well as, complete 
plantar ankle flexion. The animals were kept in this po-
sition for a period of 15 consecutive days.

Remobilization protocol 
For the remobilization was used a commercial platform 
of the brand Arktus professional, with frequency of 60 
Hz and vibrations with amplitude of 2 mm, for 10 minu-
tes, five days a week, with rest of two days at the end of 
the week, for 2 weeks, totaling 10 days of training with 
WBV. A support was used with the purpose of contai-
ning the animal during the vibration and enable the 
animals to exercise simultaneously, which was made of 
white MDF wood, and allowed to position 8 animals 
concomitantly, in stalls with 13 cm wide, 19 cm long and 
25 cm high. To minimize a possible bias on the positio-
ning of the animals on different areas of the vibratory 
platform that received less vibration amplitude, a rota-
tion was performed between the stalls in which each day 
of treatment the animal was housed in a different place 
from the previous day.19

For G3, after the 15 days of immobilization and the 
removal of the cast bandage, the animals remained in 
the cage for 15 days receiving water and feed ad libitum.

Morphological analysis
The animals of the control group (G1) and the immobi-
lization group (G2) were eutanasiated soon after the 15 
days of intervention, while the animals of the free remo-
bilization group (G3) and the platform remobilization 
group (G4) were eutanasiated after 2 weeks of remobi-
lization. All the animals were weighed, duly anesthe-
tized by intramuscular injection of 80 mg/kg ketamine 
and 8 mg/kg xylamine and decapitated in a guillotine. 
Then the right pelvic limb was dissected and the knee 
joints followed for histological processing, being fixed 
in a 10% formaldehyde solution for 24 hours, washed in 
running water for 1 hour and remaining immersed in 
5% trichloroacetic acid for approximately 20 days, fol-
lowing the routine steps for inclusion in paraffin, where 
they were dehydrated in increasing series of alcohol and 
diaphanized in xylol. The histological paraffin embed-
ding was performed, longitudinally sectioned in 7 µm 
thickness in a microtome (Olympus CUT 4055) and 
stained with hematoxylin and eosin.

The slides were photomicrographed under a light 
microscope (Olympus), with 200x magnification for 
morphology analysis. The morphological characteris-
tics of the articular cartilage were observed, such as the 
distribution of chondrocytes, appearance of the articu-
lar surface and the presence of cracks in the extracel-
lular matrix, floculation and cellular clones, as well as 
the subchondral bone and the synovial membrane, and 
the tissue aspects of the intima and subintima were ob-
served.
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Results
Morphological analysis of the synovial membrane of 
the control group (G1) revealed normal characteris-
tics, that is, from two to three layers of synoviocytes 
(types A and B) in the intima synovialis, and subintima 
with a predominance of adipose cells and blood vessels 
within the normal range (Figure 1A). In the immobi-
lized group (G2), the synovial membrane presented al-
tered, with thickened and disorganized intima as to the 
distribution of the synoviocytes and subintima with 
substitution of adipocytes by connective tissue rich in 
collagen fibers, inflammatory infiltration and intense 

angiogenesis, with an increase in the number and cal-
iber of blood vessels (Figure 1B). In the animals of the 
free remobilization group (G3) (Fig. 1C) and trained 
with WBV (G4) (Figure 1D) the morphological aspects 
were similar to the control (G1), with the intima orga-
nized in its characteristic layers, while the subintima 
presented tissue reorganization, with a small amount 
of connective tissue and inflammatory cells and vascu-
larization within the normal range, when compared to 
G2, but with inflammatory infiltrate in the joint cavity 
in G3 (Fig. 1C) and larger amount of adipocytes in the 
subintima in G4 (Fig. 1D).

Fig. 1. Photomicrographs of the synovial membrane of the knee joint of Wistar rats, sagittal section, staining in hematoxylin 
and eosin. In A, control group (G1), with thin synovial intima (black arrow) and subintima (S), with predominance of adipose 
cells (Ad) and blood vessels within normal range (thin arrow). In B, immobilization group (G2), thick synovial intima and 
disorganization of synoviocytes, in subintima replacement of fat tissue by connective rich in collagen fibers (white arrow), 
presence of intense inflammatory infiltrate (▼) and large amount of blood vessels. In C, free remobilization group (G3) and D, 
WBV group (G4), intima and subintima returning to reorganization, with presence of inflammatory cells in the joint cavity of 
G3. Joint cavity (star)
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In the morphological analysis of the knee joint, the 
cartilage of the femur and tibia, in G1, showed normal 
characteristics, where the surface was smooth and the 
chondrocytes organized in the four cell layers, and in the 
surface area, they were in horizontal clusters with a flat-
tened appearance, in the intermediate more rounded, 
being isolated or in isogenic groups, in the deepest orga-
nized in gaps, being separated from the calcified area by a 
basophilic line, tidemark. Deep in the calcified zone, the 
subchondral bone had a normal aspect (Fig. 2A).

In G2, it was found that immobilization caused se-
vere morphological changes, such as disorganization 
and flocculations on the joint cartilage surface, cracks 
in the extracellular matrix, increase in the number of 
chondrocytes that, lost the pattern of organization in ar-
eas with increased total thickness of the joint cartilage, 
absence of tidemark, besides invaginations in the sub-
chondral bone with the presence of vascular connective 
tissue filling the medullar space immediately adjacent to 
the cartilage, where vascular tunnels appeared and pen-

Fig. 2. Photomicrographs of femoral joint cartilage in the patellofemoral joint of Wistar rats, sagittal section, staining in 
hematoxylin and eosin. In A, control group (G1), normal joint cartilage organization (Ca), smooth surface, chondrocytes 
distributed in the characteristic zones (Black arrow), presence of tidemark (thin arrow), normal looking subchondral bone 
(OS) In B, immobilization group (G2), flocculations (Fl) on the surface of the cartilage, fissure (Fi) in the extracellular matrix, 
increase in the number of chondrocytes and disorganization of the zones, invaginations in the subchondral bone with 
presence of vascular connective tissue (asterisk) and absence of tidemark. In C, free remobilization group (G3) and D, platform 
remobilization group (G4), surface flocculation, with large number of isogenic groups (Gi) in the various layers, vascular 
connective tissue. Joint cavity (star)
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etrated inside the deep layer of the cartilage, destroy-
ing the subchondral plateau. These findings were most 
evident in the femur in the patellofemoral joint region 
(Fig. 2B).

In animals of groups G3 (freely remobilized) and 
G4 (remobilized by WBV), the morphological results 
were similar. The cartilage still showed flocculation, 
but absence of fissures in the extracellular matrix, be-
ing possible to observe the presence of groups of cel-
lular clones or isogenic groups in the superficial layer 
in great quantity, with beginning of the organization of 
the cellular zones and beginning of tidemark organiza-
tion in some points. In the subchondral bone remained 
areas of invagination, but with a decrease in the vascu-
lar connective tissue that filled the medullary space (Fig. 
2C and 2D).

Discussion
Morphological observations of the knee joint in the 
control group showed normality in the cellular orga-
nization of the synovial membrane and joint cartilage, 
expected in synovial joints.20,21 On the other hand, the 
groups submitted to experimental immobilization (G2) 
presented morphological alterations of tissue disorgani-
zation in the synovial membrane and articular cartila-
ge, corroborating with the findings of Kunz et al., or the 
free remobilization (G3) and WBV (G4) groups, there 
was absence of cracks in the extracellular matrix, pre-
sence of cellular clone and organization principle of the 
zones and tidemark, not differing between the forms of 
remobilization.10

Regarding the thickening of the synovial mem-
brane, Del Carlo et al., found that immobilization de-
generates the synoviotics, affecting the production of 
synovial fluid and the nutritional supply of the cartila-
ge, making it rigid and causing its thickening, which is 
in line with what was observed in the present study, sin-
ce the synovial membrane of the immobilization group 
(G2) proved to be totally disorganized in terms of its tis-
sue structure, as well as the articular cartilage.22

The synovial membrane of G3 and G4 animals pre-
sented repair characteristics, with reorganization of 
the synoviotic layers in the intima and subintima, re-
duction of fibrous tissue, reappearance of adipocytes 
and reduction of angiogenesis. Besides these changes, 
a decrease in the amount of inflammatory infiltrate in 
the articular cavity of the remobilization group with vi-
bratory platform was noted, while in the free remobi-
lization group its presence was more expressive. These 
results corroborate the study by Vieira et al. 23, in whi-
ch the animals performed an exercise protocol with la-
dder climbing, and also showed positive results in the 
acceleration of tissue regeneration, however, there was 
no presence of inflammatory infiltrate found in the joint 
cavity as was seen in this study. The inflammatory res-

ponse that occurs in the synovial joints has principle in 
the production of interleukin-1 and tumor necrosis fac-
tor α (TNF-α), causing the inhibition of the production 
of collagen type II and proteoglycans and the stimula-
tion of the synthesis of metalloproteinases, which act on 
the degradation of articular cartilage.24

In this study it was possible to verify that the im-
mobilization protocol, for a time of 2 weeks, caused 
flocculations on the surface of the joint cartilage and 
disarrangements in the cartilaginous matrix, as already 
presented in the literature.10,21 Synovial fluid diffusion in 
the articular cavity may be compromised by the immo-
bilization procedure, hindering fluid diffusion and re-
ducing nutrient supply to chondrocytes, leading to a 
reduction of its extracellular matrix and proteoglycan 
synthesis due to disuse.5,20,22

Del Carlo et al. found that cartilage lesions can be 
reversible with the use of remobilization programs.22 In 
this study, the groups submitted to free remobilization 
and by WBV presented similar characteristics of tissue 
recovery, being observed the increased presence of iso-
genic groups that according to Melo et al., represent the 
hyperactivity of chondrocytes as an attempt of tissue re-
pair after a period of immobilization.25 Also, according 
to Ando et al. when a joint is submitted to its movement 
again, there will be a reduction in stiffness and an im-
provement in the synovial fluid flow in the joint cavity, 
thus promoting cartilage nutrition and consequent re-
generation, which goes against the changes found in ex-
perimental groups submitted to free remobilization and 
IVC (G3 and G4).26

The use of WBV as a therapeutic method for the tre-
atment of osteoporosis has been widely studied because 
of its mechanical stimulation mechanism characterized 
by active oscillations in bone tissue cells, as well as in 
muscle tissue, showing increased strength, balance, de-
creased risk of falls and morbidity, however there are 
still few studies that report its effects on joint tissues.27-32 
Van Heuvelen et al. point to the importance of presen-
ting the parameters for use of the WBV, since only in 
this way is there a possibility of reproducibility of the 
results.33 In this study, the WBV was used with a fre-
quency of 60 Hz and vibrations with an amplitude of 2 
millimeters, for 10 minutes, resulting in a recovery in 
the changes caused by the immobilization procedure si-
milar to those found with free remobilization, with a de-
crease in connective tissue and infammatory infiltration 
of the articular cavity in the platform group. Conversely, 
Mierzwa et al. observed the joint degradation of the dis-
tal part of the femurs, infringed by the use of IVC, with 
a frequency of 60 Hz and amplitude of 0.6 mm, for 20 
minutes, 5 days a week, with total duration of 3 mon-
ths.34 In Wistar ovariectomized rats, it may be inferred 
that the difference in the choice of vibration amplitude 
and the time of application of the experimental model, 
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in the case of hormonal deprivation, may have caused 
the divergences in the results found with this study, and 
no degenerative effect was observed in the animals tre-
ated with the platform, but a subtle improvement in the 
inflammatory process. Seeing studies that point to a re-
duction in the level of pain with the use of WBV, and 
being that this is a basis for neurogenic inflammation, it 
can be inferred as one of the means by which there was 
the tissue alteration found.35,36

Qin et al., and McCann et al., submitted rats and 
mice, respectively, to experimental procedures of osteo-
arthritis, using WBV at lower frequencies of 35 Hz with 
a wave amplitude of 0.3 millimeters, for 20 minutes, for 
5 days a week, with total duration of 6, 12 and 18 weeks 
according to the groups, while in McCann’s study the 
frequency used was 45 Hz, with a wave amplitude of 0.3 
millimeters, for 30 minutes a day, for 5 days a week, with 
a total duration of 4 and 8 weeks and 4 weeks with an-
other 4 weeks of recovery according to the group, ob-
taining in both studies the degradation of cartilage as a 
tissue response.37,38

In the present study, the tissue reorganization in the 
subintima and the decrease of inflammatory infiltrate in 
the articular cavity and the presence of cellular clones 
of the group treated with platform vibration, showed an 
initiation of more effective tissue recovery response in 
the platform group when compared to the free. Thus, it 
can be inferred that the application of the platform with 
other treatment parameters, could accelerate the recov-
ery process, thus, new comparative research is needed 
regarding the increase in treatment time and the diver-
sification of vibratory parameters to be used.

Conclusion
Use of WBV as a therapeutic method for remobilization, 
in the parameters used, showed better results in the tis-
sue recovery of the synovial membrane of the knee joint 
of Wistar rats.
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