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Resumen

Introducción: Este estudio evaluó el efecto de la plataforma vibratoria sobre la morfología de la columna lumbar de las ratas 
de Wistar sometidas a privación hormonal por ooforectomía. 
Material y método: Veinte ratas fueron divididas en cuatro grupos: Pseudo-ooforectomía (GP), Pseudo-ooforectomía tratada 
(GPT), Ooforectomía (GO), Ooforectomía tratada (GOT). Después de 60 días de postoperatorio, los grupos tratados iniciaron 
los ejercicios en una plataforma vibratoria en los parámetros de frecuencia de 60 Hz, alternando vibración con amplitud de 
2 mm, aceleración de 57,6 m/s² y tiempo de 10 minutos, tres veces en el período de cuatro semanas. Tras la eutanasia de 
los animales, la columna lumbar fue diseccionada y procesada para el análisis de los ligamentos longitudinales anteriores y 
posteriores, la altura del disco intervertebral (DIV), la altura del núcleo pulposo (NP), la densidad radiográfica de las vértebras 
lumbares y la morfología del DIV. 
Resultados: Los resultados mostraron una disminución en la altura del PN asociado al GO y alteraciones morfológicas tales 
como desorganización laminar y presencia de fisuras en el anillo fibroso, alteraciones de los límites estructurales y disminu-
ción de la cavidad del PN; mientras que los otros grupos presentaron láminas organizadas, región periférica y nuclear bien 
delimitadas y amplia cavidad del núcleo. 
Conclusión: De esta manera, se puede concluir que el protocolo de ooforectomía promovió una disminución en la altura del 
PN de la IVD y que el ejercicio en la plataforma vibratoria no generó lesiones en los tejidos analizados, además de preservar 
la organización estructural de la IVD y la altura de la NP de las ratas ooforectomizadas.
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Summary

Introduction: This study evaluated the effect of the vibratory platform on the lumbar spine morphology of Wistar rats sub-
mitted to hormonal deprivation by oophorectomy. 
Material and method: Twenty rats were divided into four groups: Pseudo-oophorectomy (GP), Pseudo-oophorectomy Treated 
(GPT), Oophorectomy (GO), Oophorectomy Treated (GOT). After 60 days of postoperative, the treated groups started exercises 
on a vibratory platform in the frequency parameters of 60 Hz, alternating vibration with amplitude of 2 mm, acceleration of 
57.6 m/s² and time of 10 minutes, three times in the during the four week period. Following the euthanasia of the animals, 
the lumbar spine was dissected and processed for analysis of the anterior and posterior longitudinal ligaments, intervertebral 
disc height (IVD), nucleus pulposus (NP) height, radiographic density of the lumbar vertebrae and IVD morphology. 
Results: The results showed a decrease in the height of the NP associated to the GO and morphological alterations such as 
lamellar disorganization and presence of rifts in the fibrous ring, alterations of the structural limits and decrease of the NP 
cavity; while the other groups presented organized lamellae, peripheral and nuclear region well delimited and wide cavity 
of the nucleus. 
Conclusion: In this way, it can be concluded that the oophorectomy protocol promoted a decrease in the height of the NP 
of the IVD and that the exercise in the vibratory platform did not generate lesions in the analyzed tissues, as well as preserved 
the structural organization of the IVD and the height of the NP of oophorectomized rats.
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Introduction

The increase in life expectancy has led to the growth of the world's 
aging population and, therefore, there has been an increase in the 
number of age-related degenerative diseases that modify vital body 
structures, such as the bone system1. Osteoporosis is a systemic disease 
that manifests itself strongly in the skeletal system, restricting the pro-
cess of bone mineralization, which contributes to the destruction of its 
microarchitecture2,3. The individual develops a greater risk of suffering 
fractures with consequent complications, putting their functionality 
at risk4,5. 

The clinical manifestation of osteoporosis in women correlates 
with the menopausal period, a female physiological condition charac-
terized by a decrease in the production of estrogen and progesterone, 
substantial hormones of skeletal maintenance6. In these circumstances, 
the bone resorption process becomes more pronounced than the one 
of synthesis, generating a structural imbalance, an important factor in 
the characterization of the disease7,8. There is an expected that 50% of 
women after 50 years of age will suffer from a fracture caused by low 
bone mineral density, with vertebral injuries being more frequent9. After 
the initial episode, which in turn may be asymptomatic, the individual 
is exposed to the risk of developing additional fractures10. 

Among the forms of treatment and prevention of this skeletal 
dysfunction is the use of pharmacological therapy with medications, 
supplements or even replacement therapy with synthetic hormones11,12. 
However, these methods sometimes require the need for daily injections 
and are related to ineffectiveness or acute side effects, such as muscu-
loskeletal pain and gastrointestinal symptoms, and in the long term by 
vascular diseases or even breast carcinoma13,14. 

Thus, it is recommended to practice physical exercises for bone 
maintenance, this being the main non-pharmacological intervention 
for the prevention and symptomatic treatment of osteoporosis, assisting 
in bone structural repair as well as gain of strength and resistance and 
adjacent structures stability, providing systemic benefits15,16. Physical 
exercise directly interferes with modifiable risk factors, such as obesity, 
sedentary lifestyle, and consequent hormonal disturbances that favors 
the establishment of osteoporosis, acting on the maintenance of lean 
mass and bone mineral density17,18.

Among the treatment modalities, the whole-body vibration (WBV) 
presents as an alternative to developing better cardiovascular (increase 
in blood flow, vasodilation due to NO release and reduction of endothe-
lin-1 levels, sympathetic-vagal balance) and neuromuscular conditions, 
due to the vibration tonic reflex causing excitement of muscle spindles, 
generating slow and fast fiber hypertrophy, increased hormone secre-
tion and proprioceptive stimulation19,20. By means of oscillations gene-
rated by the equipment, mechanical stimuli are produced in the body, 
which in turn, generate a mechanical load that promotes an anabolic 
bone response by the action of the piezoelectric effect, making the 
bone structure more resistant to loads20,21.

However, biodynamic responses to vibration depend on pre-set 
treatment parameters. Since the vibration magnitude varies as the 
oscillation attenuation occurs and also diverges according to the tissue 
location and composition19,22. Studies have shown that vibration can 

cause deleterious effects on the vertebral column, reproductive, visual 
and auditory systems due to the resonance phenomenon, then careful 
evaluation is necessary for the safe use of WBV23,24. 

In view of the above, there is necessary to have research that en-
sures treatment resources for the most susceptible individuals, among 
them, the population with osteoporosis. The literature also presents 
an extensive range of treatment parameters, making bone synthesis 
and muscle anabolism possible, but the WBV action on the connective 
tissue is still not well elucidated. The aims of the study were to verify 
the effects of hormonal deprivation and treatment with WBV on the 
histomorphometry of the anterior and posterior longitudinal ligaments, 
intervertebral discs of the lumbar spine and the radiographic density 
of the lumbar vertebrae of Wistar rats submitted to oophorectomy. 

Material and method

This study characterizes as experimental, transversal and quantita-
tive. It was developing at the Universidade Estadual do Oeste do Paraná 
(UNIOESTE). The project was conducted according to the international 
standards of ethics in animal experimentation and approved by the 
Ethics Committee in Animal Use of UNIOESTE.

Sample

The sample group consisted of 20 female Wistar rats, nulliparous, 
with mean weight and initial age of 177.20±16.32 g and 8±1 weeks, 
respectively, kept in standard polypropylene boxes in temperature of 
23±1ºC, with a photoperiod of 12 hours, receiving water and feed ad 
libitum. 	

The animals were randomly distributed in the pseudo-oophorec-
tomy (PGs) and oophorectomy (OGs) groups, both with 10 animals 
each. These two groups were further subdivided into two other groups:

PGs (n=10) – pseudo-oophorectomized and subdivided animals: 	
		  PG (n=5) – only submitted to pseudo-oophorectomy, euthani-

zed at 4 weeks. 
		  VPG (n=5) – undergoing pseudo-oophorectomy and vibrating 

platform for 4 weeks. 	
 OGs (n=10) – animals submitted to oophorectomy and subdivided:

		  OG (n=5) – only submitted to oophorectomy, euthanized at 4 
weeks.

		  VOG (n=5) – undergoing oophorectomy and vibrating platform 
for 4 weeks.

The development process of the study occurred after performing 
oophorectomy and pseudo-oophorectomy surgery, followed by the 
vibratory platform training for four weeks, ending with euthanasia and 
collection of the biological material for histological analysis. 

Protocol of oophorectomy and pseudo-oophorectomy

For oophorectomy, pseudo-oophorectomy and euthanasia, the rats 
were weighed and submitted to an anesthesia protocol consisting of 
intraperitoneal injection with ketamine hydrochloride (Dopalen – Ceva, 
Brazil) 100mg/kg) and xylazine (Anasedan – Ceva, Brazil) 50mg/kg).
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Oophorectomy and pseudo-oophorectomy procedures were done 
in the 8th week of life of the animals. After anesthesia, the trichotomy 
and asepsis were performed with iodinated alcohol in the lower belly, 
then a longitudinal surgical incision was performed with a scalpel blade 
number 11. After accessing the peritoneal cavity, the adipose tissue was 
removed until the uterine tubes and ovaries. Then, a simple catgut 4.0 
wire sutures was performed in the uterine horn area, promoting the 
resection of the ovaries bilateral. At the end of the procedure, internal 
suture was performed with a single catgut 4.0 resorbable wire and 
external ones with nylon 4.0. This protocol is the most suitable for per-
forming oophorectomy in experimental models because it is easy, fast 
and allows a better recovery for the animals25. 

Pseudo-oophorectomy consisted of performing all surgical steps 
similar to oophorectomy, with the exception of removal of the ovaries. 
It was considered the control group, but its purpose is to subject the 
animals to the same stress caused by the surgery. Subsequent to this 
process, the rats remained for 60 days without any intervention, free in 
the cage for the induction period of the effects of the hormonal deficit.

Vibratory platform protocol 	

For WBV treatment, the Arktus® (Brazil) professional tri-plane os-
cillating vibration platform was used. The protocol used was adapted 
from Butezloff et al.26, using 60 Hz frequency and indirect alternating 
sine-wave vibrations, with an amplitude of 2 millimeters, acceleration 
of 57.6 m/s², for 10 minutes, three times a week. The treatment started 
from the 9th to the 12th postoperative week with a duration of 4 weeks.

A support developed by the researchers was utilized according 
to the dimensions of the vibration platform. The use of support was 
designed to contain the animal during the treatment with the vibration 
and to allow the accomplishment of the training with several animals 
simultaneously. This support was made with MDF wood, white, and 
allowed to position eight animals concomitantly in the stalls (13 cm 
wide, 19 cm long and 25 cm high). Also, in order to minimize a possible 
bias regarding the positioning of the animals on different areas of the 
platform, a rotation between the bays was made, causing the animals 
to alternate their place of residence during training. The apparatus 
was put on the platform avoiding contact with the surface so as not to 
hinder the amplitude. Groups PG and OG were also positioned on the 
apparatus without the vibration. 

Histomorphometric analysis

Thickness of anterior and posterior longitudinal ligament
For histomorphometric analysis the lumbar vertebrae were dissected, 

fixed at 10% buffered formalin for 24 hours, at room temperature. Subse-
quently, decalcification was performed with 5% trichloroacetic acid for 
25 days. After that time, the bones were washed for 1 hour with running 
water and 1 hour with distilled water, cleaved longitudinally, dehydrated, 
diaphanized and embedded in histological paraffin to be sectioned at 
a thickness of 7 micrometers (μm), using a histological microtome. After 
the blades were prepared, they were stained with hematoxylin-eosin (HE). 
The images were obtained by photomicrography and analyzed in the 
program Image-Pro Plus version 6.0 (Media Cybernetics, USA).

Each lumbar vertebra was analyzed in four quadrants: two qua-
drants for Anterior Longitudinal Ligament (ALL – upper and lower) and 
two in the Posterior Longitudinal Ligament (PLL – upper and lower). 
The images were obtained at a magnification of 400x, just below the 
articular cartilage and the apparent chondrocyte concentration, for the 
superior images, and immediately above the articular cartilage and the 
apparent chondrocyte concentration, for the inferior images27. The thic-
kness of the longitudinal ligaments was obtained from the 5th lumbar 
vertebrae, drawing a line to measure its width in micrometers (μm) and 
positioned at the center of the image at 50% zoom using Image Pro 
Plus 6.0 program (Media Cybernetics, USA). In the presence of space in 
the ligaments, resulting from the artifacts, was not considered in the 
total measure. Morphological analysis was performed in each quadrant, 
observing the presence of chondrocytes between connective tissue 
fibers and the presence of neovascularization (Figure 1).

Intervertebral disc and nucleus pulposus 
The visual fields of interest in the slides were selected and the 

images were recorded in the 10x magnification for the intervertebral 
disc (IVD) and the nucleus pulposus (NP). The images obtained was 
recorded in JPEG format and analyzed in the Image-Pro-Plus version 
6.0® (Media Cybernetics, USA). 

In the measurement of the IVD, a distance of 1.0 mm from the PLL 
was used for standardization to measure H1 (height of the posterior 
portion of the disc); and from the ALL for the measurement of H3 (height 
of the anterior portion of the disc); H2 and H4 were measured from the 
midpoint of the width of the DIV for the verification of the disk height 
and the NP height and area, respectively (Figure 2).

Histology of the intervertebral disc
For the analysis of the IVD, the morphology of the fibrous ring (FR) 

and NP were assessed in relation to the histologic pattern of normality 
or presence of alterations28.

Radiographic density analysis 

Radiographies measurements were performed on the lumbar spine 
segment after collection of the lumbar segment using a x-ray equipment 

Figure 1. (A) Illustrative representation of the quadrants selected 
for analysis of anterior (ALL) and posterior (PLL) longitudinal 
ligaments in the upper (U) and lower (L) quadrants. (B) Photo-
micrography of the posterior longitudinal Wistar rat ligament, 
hematoxylin and eosin staining. Demonstration of thickness 
measurement (yellow line).
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(Gnatus, Brazil), 70 kVp-7 mA, with a focus-sensor distance of 250 mm, 
for an exposure time of 0.6 seconds and axis positioned perpendicular 
to the material. The direct digital image was generated using the Ko-
dak Dental Imaging Software - 6.12.32.0 (Kodak, USA), connected to a 
sensor where the lumbar segment was positioned on its surface. For 
the densitometry reference, an eight-step aluminum penetrometer was 
placed parallel to the vertebrae also on the sensor, towards the main 

X-ray beam. The digitized images were saved with TIFF extension for 
better resolution during subsequent analysis.

The evaluation of bone radiopacity was performed using the Image 
J (National Institute of Health, USA) program, calibrated to select 8 alu-
minum steps for measuring the amount of gray tone of the material29. 
A region of interest of 60 x 20 pixels was delimited for quantification of 
gray tone present in the body of the fifth lumbar vertebra of animals 
in all groups30. The results were tabulated using the Microsoft Excel 
2013® (Microsoft, USA) program and, therefore, the radiographic density 
was expressed in millimeters of aluminum (mmAl) after subsequent 
conversion31.

Statistical analysis

The SPSS 20.0 (IBM, USA) program was used to perform the statis-
tical analysis. The data were presented in mean and standard error, in 
addition to the confidence interval (95%), the inferential analysis was 
performed with the Generalized Linear Models test and the LSD post-
test (Fisher's Least Significant Difference), in both cases the accepted 
significance level was 5%.

Results

By means of the averages of the ligament thicknesses of the upper 
and lower regions, it was observed that for the LLA in its upper portion, 
the VPG showed values higher than VOG. In the mean values, there was 
also a difference in LLA, and VOG showed lower values than the other 
groups (Table 1).

Figure 2. Photomicrograph representing the analysis of the height 
of the intervertebral disc, in the anterior (H1), middle (H2), poste-
rior (H3) and nucleus pulposus (H4).

Table 1. Mean and standard error (below confidence interval) of the thicknesses of the anterior and posterior longitudinal ligaments of 
upper and lower vertebral region and total means by ligament.

PG VPG OG VOG

    ALL
    Upp

237.45 ± 24.09 
194.63 – 289.70

304.67 ± 30.92
249.72 – 371.71

238.00 ± 24.15 
195.08 – 290.37

195.38 ± 19.83 a
160.14 – 290.37

    p-value 0.022

    ALL
    Low

245.92 ± 36.21
184.28 – 328.19

234.65 ± 34.55
184.28 – 328.19

253.25 ± 37.29
189.77 – 337.96

177.29 ± 26.10
184.28 – 328.19

    p-value 0.295

    PLL
    Upp

269.84 ± 30.51
216.20 – 336.78

232.12 ± 26.25
185.98 – 289.71

256.84 ± 29.04
205.79 – 320.56

252.71 ± 28.57
202.48 – 315.41

    p-value 0.820

    PLL
    Low

253.49 ± 27.27
205.30 – 312.98

254.03 ± 27.33
205.30 – 312.98

283.97± 30.55
229.99 – 350.62

215.87 ± 23.22
174.84 – 266.53

    p-value 0.347

    ALL 241.69 ± 21.35
203.27 – 287.37

269.66 ± 23.82
226.79 – 320.64

245.62 ± 21.70
206.58 – 292.05

186.34 ± 16.46 b
156.71 – 221.56

    p-value 0.022

    PLL 261.66 ± 24.25
218.03 – 314.03

243.08 ± 22.62
202.55 – 291.73

270.41 ± 25.17
225.32 – 324.52

234.29 ± 21.81
195.22 – 281.18

    p-value 0.682

a - difference between VGP and VOG ALL Upp (p=0.003). b - difference between VOG with PG (0.040), VPG (0.004) and OG (p=0.029).
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No morphological alterations were identified in the ligaments, such 
as neovascularization, chondrocyte invasion or the presence of other 
cells in the connective tissue medium in the analyzed regions.

For an analysis of the intervertebral disc height, there was no sta-
tistical difference (Table 2).

Regarding the radiographic density analysis, there were no diffe-
rences between groups as showed in Table 3.

In the morphological analysis of the PG and VPG, the IVD presented 
normal appearance, with concentric layers of fibrocartilage forming the 
FR around the NP, discrete lamellae with bulging and without folds. 
NP formed by cells immersed in viscous extracellular matrix with large 
bulging of the central cavity, which represents about two-thirds of the 
height of the IVD (Figure 3).

The OG, presented alteration of the FR in the presence of opposite 
lamellae and the presence of small folds and oblique and transverse 
gaps. In the NP, it was verified a reduction of the cavity size, being smaller 
than one third of the height of the IVD, and alteration of the structural 
borders, which were poorly delimited. 

The VOG also presented alterations in the organization of the 
connective tissue of the FR with slightly opposing lamellas, but better 
organizational structure. NP maintained a nuclear aspect similar to that 
of groups without hormonal deprivation.

Discussion

The present study indicated that there were alterations at the ALL 
thickness of the animals submitted to hormonal deprivation and WBV. 
Research shows that individuals with metabolic disorders present 
osteoporosis, with stiffening and thickening of the posterior longitu-
dinal ligament from the age of forty years. However, there are not any 
data to indicate the onset of morphological changes after instilling 
injury32,33. Since changes have been observed that point to a reduction 
in the thickness of the ALL, it may be an indication of positive effects, 
i.e. although it decreases in thickness, it does not mean that it is less 
resistant, mainly because other characteristics have not been observed 
that worsen mechanical stress.

In the Simas et al.7 study, rats with 60 days of oophorectomy, 
presented deleterious effects of the upper cartilage tissue of the tibia 
with a decrease in their thickness, proving that this period of hormonal 
deprivation is efficient to assign negative alterations to the connective 
tissue. The same postoperative period was also used in the present study, 
but just metrical differences were observed in the ALL. In a degenerative 
process such as osteoporosis, spinal-related ligaments and IVD suffer 
a chondrocyte invasion and proliferation of fibroblast-like spindle cells 
that make the connective structures more rigid, thicker and less resistant 
to mechanical stress34,35.

Table 3. Means and standard error (below confidence interval) 
for radiographic density (RD) analysis.

	 PG	 VPG	 OG	 VOG

RD	 13.36 ± 0.63	 13.43 ± 0.63	 12.69 ± 0.59	 12.81 ± 0.60 
	 12.19 – 14.64	 12.26 – 14.73	  11.57 – 13.91 	 11.69 – 14.04
p-value		  0.766		

Table 2. Means and standard error (below confidence interval) of 
the measurement of the intervertebral disc height, as to the height 
of the nucleus pulposus and the intervertebral disc: an anterior 
portion, middle portion and a posterior portion. 

	 PG	 VPG	 OG	 VOG

 NP	 13.62 ± 1.31	 15.01 ± 1.45	 13.42 ± 1.29	 18.57 ± 1.79
	 11.28 – 16.45   	12.43 – 18.13	 11.11 – 16.21	 15.37 – 22.43
p-value		  0.065

Anterior	 54.60 ± 4.72	 58.82 ± 4.72	 53.12 ± 4.72	 59.03 ± 4.72
	 45.34 – 63.86	 49.56 – 68.08	 43.86 – 62.38	 49.77 – 68.28
p-value		  0.753

Medium	 34.99 ± 2.22	 39.12 ± 2.49	 37.12 ± 2.36	 34.44 ± 2.19
	 30.89 – 39.64	 34.53 – 44.31	 32.77 – 42.05	 30.40 – 39.01
p-value		  0.471

Posterior	 29.56 ± 2.64	 29.87 ± 2.67	 26.14 ± 2.34	 35.52 ± 3.18
	 24.81 – 35.21	 25.07 – 35.59	 21.94 – 31.14	 29.81 – 42.32
p-value		  0.113

Figure 3. Photomicrographs of the lumbar spine intervertebral disc 
of Wistars rats, longitudinal section, 7 μm, hematoxylin and eosin 
staining. In PG, pseudo-oophorectomized rats and VPG, treated 
pseudo-oophorectomized rats, with presence of the nucleus 
pulposus (NP), with due bulging, height and sharpness of the mor-
phological limits, and fibrous ring (AF), with well disposed lamellae, 
without folds and presence of gaps. In OG, oophorectomized rats, 
presenting opposite lamellae, oblique and transverse gaps (aste-
risks) and cavity of the nucleus pulposus decreased and, in VOG, 
oophorectomized rats submitted to the vibratory treatment with 
the presence of slight lamellar opposition, but better disposed 
with preservation of the nuclear cavity.
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For an analysis of the IVD height, no statistical differences between 
the groups were observed. Studies show that in osteoporotic individuals, 
who develop lumbar fractures, presents a narrowing of the IVD space, 
which is a risk factor for spinal biomechanics, due to the increase in 
vertical load on the peduncle and the articular facets21,36.

At age-related changes or in the presence of degenerative diseases, 
IVD dehydration occurs where FR gets cracks in the boundaries between 
the periphery and the nucleus and the NP becomes more rigid. NP is 
a more susceptible structure because its anatomical location gives it 
greater exposure to stress when opposed to other connective tissues37. 
In this research, it was possible to observe that the OG obtained a lower 
NP height when compared to the other groups. On the other hand, VOG 
did not show statistical differences and this was a sign that the WBV 
preserved the central region more susceptible to IVD. 

It has been hypothesized that exercise has not only favored the 
maintenance of the disc collagen. But also produced benefits to the 
stabilizing structures of the lumbar spine, since vibratory stimulations 
generate excitation of the primary muscle spindle through afferent 
type Ia neurons, producing a vibration tonic reflex38. This, contributes 
to the maintenance of muscle strength as well as maintenance of joint 
positioning39.

 McCann et al.40 subjected mice to 45 Hz WBV, 74 μm peak-to-peak 
amplitude, 30 minutes a day, 5 days a week for 2, 4, and 8 weeks. The 
results showed that the group submitted to the 4-week treatment 
obtained a decrease in the height of the IVD. In a comparison of the 
parameters used, treatment protocol presented similar duration, but 
with less frequency and with only two days of interval between weeks 
of treatment. Thus, the frequency of 60 Hz associated with the treatment 
with a 1-day rest interval and in the period of only 10 minutes of time 
did not promote detrimental changes at the time of IVD, demonstrating 
at a safe range for the VPG and VOG. 

Recently the therapeutic vibratory treatment demonstrated ana-
bolic effects on several tissues, especially muscles and bones34. Due to 
its low biomechanical impact and the lack of great mobility and stren-
gth of the individual being treated. This resource presents itself as an 
exercise modality, pertinent to the aging population, individuals with 
neurological alterations and metabolic syndromes that commonly have 
difficulties to perform physical activities or impact41,42. 

The WBV is gaining more and more interest, due to the benefits 
that the modality presents to the varied corporeal tissues, of these it is 
emphasized the proprioceptive improvement, modulation of the reflex 
excitability of the vertebral column and modification of the excitability 
of the motor cortex. Vibration is also a form of dynamic mechanical 
loading, being a potent stimulation of osteogenesis43.

Regarding the results obtained regarding radiographic density, no 
differences were observed between the analyzed groups. In the research 
conducted by Lam et al.44, a WBV protocol of 32 to 37 Hz, amplitude of 
0.085 mm, during 20 minutes/day, 5 times/week, at 52 weeks, resulted 
in an increase in the bone mineral density of the lumbar spine, whose 
vibration was used to treat adolescents with osteopenia and idiopathic 
scoliosis, demonstrating a positive effect over a longer treatment period 
compared to the present study.

 Pasqualini et al.24 compared the frequencies of 8 Hz, 52 Hz and 
90 Hz, 10 minutes, 5 days a week for 28 days on the bone tissue, analyzing 

the second lumbar vertebra and the tibia. Research has shown that 
the lower frequency produced deleterious effects on bone mineral 
density, 52 Hz optimized vertebral microarchitecture and finally, the 
higher frequency provided benefits for both structures. The present 
study demonstrated that no deleterious effects were observed on the 
bone segments analyzed, since the radiographic density did not vary 
between groups. 

In the present study, it was observed that OGs showed morphologi-
cal alterations of lamellar structure disorganization and limits, presence 
of cracks as well as noticiable reduction of internal nuclear cavities. 
IVD is composed of FR externally with approximately 60% collagen 
and internally by NP, which in addition to collagen (20%) also presents 
proteoglycan proteins responsible for giving resistance and attracting 
water to the internal environment. The composition between collagen 
and proteoglycans confers the characteristic of resistance, elasticity 
and compressibility of articular cartilage, damping and dissipating the 
incoming forces and reducing friction during movements45,46. Metabolic 
syndromes or even aging lead to a decrease in proteoglycans associa-
ted with lower mechanical resistance of cartilage due to decreased 
hydration and increased susceptibility to collagenase47, which are the 
possible causes of the alterations present in the OG.

For the treated groups, the morphology of the IVD did undergo 
major structural modifications. Only VOG showed subtle lamellar al-
terations due to the probable hormonal deprivation. But with better 
appearance when compared to the OG. The mechanical stress on the 
tissue generates a piezoelectric effect that, through compression of the 
bone matrix, cilia and membrane receptors present in the osteocytes 
detect the stimulus and promote bone synthesis48.

Genetic and socioeconomic factors can act by modifying the 
composition of the IVD, for example, by decreasing the expression of 
type IX collagen that forms the support matrix. This can lead to annular 
fissures and promote structural and biomechanical changes favoring a 
degenerative process23,49,50.  

McCann et al.51 performed a search on mice, submitted to 45 Hz 
vibrations, 30 minutes a day for 4 weeks. The histological analysis of a 
lumbar segment revealed signs of IVD degeneration, such as loss of the 
border between NP and FR, alterations in the disposition and disorga-
nization of lamellar collagen and the presence of interlamellar spaces. 
Thus, the treatment parameters used in the present study ensured a 
better morphological pattern for oophorectomized rats.

There is a need for further studies that present the effect of vibratory 
therapy on osteoporosis as well as more extensive investigations that 
evaluate other tissues besides the bone and ligament, such as muscles, 
nerves and adjacent ligaments, in order to develop safe protocols that 
aid in efficient physiotherapeutic treatments as well as in the improve-
ment of the patient quality of life. We suggest the implementation of 
protocols that contemplate long-term vibration in a model of hormonal 
deprivation, which is a limitation of this study.

Conclusion

The present study concluded that the hormonal deprivation model 
was an effect to promote structural alterations, added to WBV alter the 
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ALL thickness at the lumbar level, but not in the radiographic density 
of their respective vertebrae and height of the NP, but promoted mor-
phological alterations in the IVD. 
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