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ABSTRACT
Introduction: immobilization is a common option for the treatment of orthopaedic disorders, such as sprains, ligament 
ruptures, muscle, joint and fracture injuries. But in addition to the beneficial effects, immobilization leads to movement 
restriction, which can affect bone and muscle composition. Several therapeutic measures have served to remobilization, 
in this sense, the vibratory platform is an equipment that can provide interesting results in remobilization. Thus, the 
present study was intended to evaluate the vibratory platform action in the tibial bone tissue of Wistar rats submitted to 
immobilization. The experimental model used 24 Wistar rats randomly divided into 4 experimental groups: G1 (control group), 
G2 (immobilized only), G3 (immobilization and free remobilization) and G4 (immobilization and remobilization with vibratory 
platform). Immobilization caused a reduction in the total area of immobilized bone, but did not produce differences in the 
area of the spinal canal. For the cortical bone thickness, all the immobilized groups presented a reduction compared to the 
control, but the group that had the treatment with the vibratory platform resembled the only group immobilized (G2). In the 
number of osteocytes, there was increase in G3 and G4 when compared to G1 and G2. The protocol of whole body vibration 
used in this study induced recovery of the cortical bone thickness, with no advantages for the other variables in relation to 
the free remobilization group.
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Introduction 
Bone tissue is extremely important for the human 

body, performing various functions such as protection, 
blood cell production, ion storage, as well as a base for 
insertion of tendons, muscles and ligaments, forming 
a system of levers for movement.1 However, its highly 
dynamic properties, are constantly changing in 
response to mechanical stimuli.2 

Thus the mechanical stimuli generated by external 
forces can alter the properties of biological tissues 
as much as the lack of them, generating structural 
reactions in the bone.3 When in disuse, due to lack 
of weight bearing or of physical activity, a decrease 
in the necessary stimulus occurs for bone growth 
and remodeling, which may result in osteopenia and 
increase the possibility of fractures.4

Immobilization is often used in the treatment of 
orthopedic disorders, common in cases of sprains, 
ruptures of ligaments and tendons, muscle, joint and 
fracture injuries, helping to reduce pain, promoting 
the alignment of structures and enhancing the 
quality of life. However, the immobilization of limb 
precludes movement, which may affect bone and 
muscle composition5,6 There are also situations of 
immobilization due to inactivity or lack of tension 

stimuli such as bedridden patients and even astronauts 
in space missions exposed to microgravity, in which a 
metabolic imbalance occurs in the bone, generating 
a decrease in the bone mass and its functionality,7,8 
thus making the bone susceptible to new lesions, 
such as recurrent fractures, which frequently appear, 
generating a need for effective rehabilitation protocols 
for these individuals to restore their functional 
capacity and quality of life.9 

Among the therapeutic modalities indicated for 
musculoskeletal disorders, some options, such as 
pulsating electromagnetic field, low level laser therapy 
and whole-body vibration (WBV) have been studied in 
the physiotherapeutic field as a low risk alternative, 
which have shown positive results in the osteoporosis 
treatment.10 The vibratory platform produces 
sinusoidal oscillatory movements, this feature has been 
used to accelerate bone metabolism, increase bone 
mass and reduce the risk of fractures in people with 
osteoporosis,11 in animal models it has been observed 
that WBV can accelerate the bone callus formation in 
the initial repair phase, promote mineralization and 
callus maturity in later phases, and still restore bone 
mechanical properties. 12 Exposure to vibration occurs 
by the contact of the distal extremities of the body 
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segments with the apparatus, which causes a vibratory 
propagation through various tissues before reaching 
muscles or bones, thus allowing a wider influence 
of vibration due to the favoring of its dissipation 
throughout the body.13

However, the use of WBV is recent and there 
are differences in the literature regarding the best 
parameters of use and effects. 14–16  It is simply not known 
whether all the detrimental effects of immobilization 
can be reversed with remobilization techniques. Thus, 
studies that evaluate techniques for the functional 
and morphological recovery of bone, reestablishing its 
characteristics closer to normal, become interesting. 
The objective of the present study was to analyze 
the morphological and histomorphometric effects 
of the vibration platform remobilization in the tibial 
bone tissue of Wistars rats submitted to previous 
immobilization.

Materials and Methods
Sample
The study used 24 male Wistar rats, 8 weeks old, 

average weight 267g, kept in a light-dark photoperiod 
of 12 hours, temperature between 22-24ºC and 
hygiene control with food and water ad libitum. After 
acclimation of one week, the animals were randomly 
divided into 4 experimental groups, with 6 rats in each 
group: G1 (control group, euthanasiated after 30 days 
of experiment), G2 (immobilized during 15 days and 
euthanized), G3 (after the period of immobilization, 
remained 15 days in free remobilization in the cage) and 
G4 (immobilization and remobilization with platform 
vibration). This project was approved by the Ethics 
Committee in Animals Use (CEUA) of the Universidade 
Estadual do Oeste do Paraná (UNIOESTE).

Immobilization
In order to carry out the immobilization, the animals 

were anesthetized (xylazine 15 mg/kg and ketamine 
80 mg/kg, intraperitoneally) and immobilized with 
a material suitable for to plaster (tissue dressing 
saturated with calcium sulphate dehydrated) in the 
form of powder white, featuring a plastered bandage.

Immobilized experimental groups had the 
immobilization molded from the abdominal region, 
just below the last ribs, to the right pelvis of each 
animal, being placed throughout the limb so that it 
remained in extension of the knee joint and full ankle 
plantar flexion. The animals were kept in this position 
for a period of 15 consecutive days.9

WBV
After 15 days of immobilization, the removal of the 

immobilization was done, and on the 16th day the 
remobilization protocol was started, being the free 
remobilization for G3 and remobilization on the Vibro-
oscillatory Arktus triplanar professional commercial 
platform, with a frequency of 60 Hz and vibrations with 

an amplitude of 2 mm for G4.17 G4 rats were contained 
in the platform by a device, constructed in white MDF, 
with a total area of 25.4cm² subdivided into eight bays 
with 13 centimetres wide, 19 centimetres long and 25 
centimetres high, with rotation of animals to each 
application, so that the same rat did not always remain 
in the same bay; the daily duration was 10 minutes, 
three days intercalated per week, completed after 
2 consecutive weeks. G2 animals were euthanized 
immediately after removal of the immobilization 
apparatus.

Histological Analysis 
After two weeks of remobilization, G3 and G4 

animals were anesthetized and euthanized by guillotine 
decapitation. The right pelvic limb was dissected and 
the tibia collected, fixed at Metacarn for 24 hours, and 
then washed in distilled water and decalcified in 5% 
trichloroacetic acid (TCA) for approximately 28 days. 
Samples underwent dehydration for 1 hour in 70%, 80% 
and 90% alcohol, 95% overnight, and 100% alcohol for 
4 baths of 1 hour each.

Then the material was diaphanized, impregnated 
and embedded in paraffin, the cross-cut blocks, with 
7 μm thickness in Olympus CUT 4055 microtome, 
and the blades stained with hematoxylin and eosin; 
two slides were prepared for each animal, with 3 
sections for each, then the best cut was selected for 
photomicrography in a light microscope (Olympus®).

The slides were photomicrographs with a final 
magnification of 4X for measuring the total bone 
area, and at 10X for the medullary canal area. Finally, 
a standardized quadrant was used, in 3 equidistant 
points in the transverse sections in the region of the 
tibia diaphysis, under the 20X increase to measure 
the mean cortical area thickness and the number of 
osteocytes.18 To perform such measurements and 
counts the Image Pro Plus 6.0® program was used.

 
Statistical Analysis
For statistical analysis the data were provided 

in mean and standard deviation, using Generalized 
Linear Models, with Sidak post-test, and the accepted 
level was 5%. On the variables of canal area, thickness 
and cell count, the probability distribution used was 
Gamma and for the total area the distribution was 
Linear.

Results
Immobilization caused a reduction in the total area 

of immobilized bone (Wald X2(3)=26.2; p<0,001). As to 
the area of the spinal canal there was no significant 
differences between the groups (Wald X2(3)=2.4; 
p=0,494). For the thickness of the cortical bone 
there was a significant difference between G1 and 
the other groups, and also between G2 and G3, thus 
all immobilized groups presented a cortical canal 
reduction compared to the control, but the group 
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that had the treatment with the platform similar to 
the immobilized group (G2) (Wald X2(3)=43.2; p<0,001). 
As for the number of osteocytes, there was stepped 
up in G3 and G4 when compared to G1 and G2 (Wald 
X2(3)=34.3; p<0,001) (table 1).

In the morphological analysis it was possible to 
observe a reduction in cortical bone thickness in G3 
compared to the other groups (figure 1).

Discussion
The present study attempted to study the effects 

of WBV in the bone after a period of immobilization 
that produced changes in qualitative and quantitative 
variables of the bone. The mechanical stimulus on 
bone, such as the impact of exercises and pressures 
exerted on it, are fundamental for bone formation, 
and thus the decrease in the total area of immobilized 

G1 G2 G3 G4

Total area
5859772.51±
448172.34a

4890830.87±
493815.70b

4479689.71±
608248.23b

4502443.86±
760686.96b

Medular canal area
2146030.33±
285866.30a

1952210.25±
328780.61a

2068917.00±
447643.21a

1888904.14±
350909.73a

Thickness of cortical bone
491.83±
56.71a

412.62±
71.25b

322.98±
26.81c

390.59±
36.56b

Number of osteocytes
74.94±
5.27a

75.79±
9.71a

96.76±
11.08b

96.81±
15.27b

Table 1. Data expressed as mean ± standard deviation for the morphometric variables of the bone tissue (total area (μm2), area of the medullary canal (μm2), 
cortical bone thickness (μm) and osteocyte count) for different groups (G1 control, G2 immobilized, G3 immobilized with free remobilization and G4 immobilized with 
remobilization in PV).

Equal letters demonstrate statistical similarity, while different letters show significant differences.

Figure 1. Photomicrograph of a cross-section of the tibial bone, stained at HE, with a 20x increase in the respective experimental groups G1, G2, G3 and G4. Stars 
represent the medullary canal, arrows represent the thickness of the cortical bone, within the circles are osteocyte cells, letters P represents the periosteum and 
letters E represents the endosteum.
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bone, evidenced in this study, corroborates with the 
findings in the literature, since the lack of stimulus 
generated in immobilization, or disuse, leads to 
demineralization,7,8,19 reabsorption and decrease of 
bone density.20

However, immobilization did not cause changes 
in the area of the medullary canal, similar to those 
found in Santos et al.,20 but in the present study the 
immobilized groups presented a significant reduction 
in the thickness of the cortical bone when compared 
to the control, since the total area also presented a 
decrease, it is presumed that there was a loss of bone 
mass from the periphery to the center of the bone. For 
these parameters, the vibratory platform group did not 
present a significant difference when compared to the 
only immobilized group, which presented the smallest 
reduction in cortical thickness, differing from G3 that 
presented a significant difference when compared to 
G2 in this way, the group that underwent WBV had 
smaller damage to its bone dimensions when compared 
to the group that performed the free remobilization, 
suggesting that during the remobilization time there 
is still bone loss, which is protected by the vibratory 
stimulus.

Sehmisch et al.21 studied the effects of vertical 
vibration of 90 Hz for 35 days in an animal model of 
osteoporosis induction, regarding quality and bone 
density, compared with a control group composed 
of osteoporotic animals without any intervention for 
treatment. The group that performed the vibratory 
platform showed a significant improvement in the 
biomechanical properties of the bone, an increase in 
bone density, especially in the trabecular bone, when 
compared to the cortical bone, showing an attractive 
treatment option for osteoporosis. On the other 
hand, Wuermser et al.15 using low amplitude WBV 
for six months, with a frequency of 34 Hz, observed 
no changes in bone density and microstructure of 
paraplegic patients.

According to Judex et al.22 mechanical signals from 
vibration, if used as a correct frequency, can positively 
influence the bone by accelerating your metabolism. 
These authors examined the effects of vibration in 
the whole body, in frequencies of 45 Hz and 90 Hz, 
applied for 10 minutes/day, in ovariectomized rats. 
After 28 days of treatment, the tibial bone formation 
of rats submitted to 90 Hz vibrations was 159% higher 
than that submitted to the 45 Hz frequency. However, 
Wang et al.14 in a systematic review point out that lower 
frequencies (35 and 50 Hz) present better results with 
respect to the healing of fractures in oophorecomized 
rats, and also point to gains in neovascularization at 
the fracture site and in the surrounding muscles.

According to these studies, high frequencies and 
longer periods of treatment may be more effective in 
promoting an improvement in the recovery of bone 
tissue, contrary to what was used in this study, 60 Hz 
could not cause the bone characteristics returned to 
normal, but still the group submitted to remobilization 
in vibratory platform had better recovery when 
compared to the free remobilization group. However, 
according to Beck,23 lower frequencies (20-50 Hz, for 
10-20 minutes) are the most indicated because they 
are safer and also to stimulate bone tissue, probably 
by direct action on the cytoskeleton and cell nucleus.

As for the number of osteocytes, both G3 and 
G4 showed a significant increase in their amount, 
indicating an increase in cellular activity in these 
groups that remained alive for another 15 days 
after the immobilization period. The mechanical 
stimulus, be it physical or electrical, through the 
mechanotransduction generates a cellular response 
that can be of bone production or resorption. 
Osteocytes are cells that induce and control bone 
remodeling, as they release biochemical mediators 
that govern the activity of osteoblasts and osteoclasts, 
which are more sensitive to mechanical stimulation 
than osteoblasts.24 Thus, the greater proliferation 
of osteocytes in both groups submitted to free 
remobilization and vibratory platform, shows that the 
mechanical stimulus in any way, generates an increase 
in remodeling cellular activity, helping to reverse the 
deleterious processes on the bone after a period of 
immobilization, which may indicate that with a longer 
period of time, this increased activity could produce 
effects of recovery of the other variables. According 
to Watson et al.25 although the duration of a bone 
remodeling cycle is approximately 4 months, there is a 
degree of lag before a new bone mineralization can be 
observed, suggesting that the bone metabolism takes 
a longer time than 15 days to begin to act, which may 
indicate that the study period has not been sufficient 
to show major changes.

The WBV protocol used in this study induced 
additional effects on thickness of cortical bone in an 
animal model of immobilization when compared to the 
free remobilization group, but no advantages for the 
other variables analyzed. The vibratory platform has 
the potential to have beneficial results in rehabilitation, 
but more studies are needed to evaluate different 
frequencies and/or longer treatment periods.
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