
42

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/ by-nc-nd/4.0), which permits copy and redistribute the material in any medium or format, provided the original work is properly cited.

ENDOCRINE REGULATIONS, Vol. 55, No. 1, 42–51, 2021

doi:10.2478/enr-2021-0006

Effects of mechanical stimuli on structure and organization of bone 
nanocomposites in rats with glucocorticoid-induced osteoporosis

Nazar M. Kostyshyn 1, Mechyslav R. Gzhegotskyi 1, Liybov P. Kostyshyn 2, Stepan I. Mudry 3

1Department of Normal Physiology, Danylo Halytsky Lviv National Medical University, Lviv, Ukraine; 2Department of 
Toxicological and Analytical Chemistry, Danylo Halytsky Lviv National Medical University, Lviv, Ukraine; 3Department 

of Metal Physics, Ivan Franko National University, Lviv, Ukraine 
E-mail: kostyshyn.nm@gmail.com

Objective. Clinical use of glucocorticoids is a frequent cause of secondary osteoporosis, which 
reduces the mineral density of bones and results in pathological fractures. Mechanical stimula-
tion as non-physiological high-frequency vibration with low acceleration prevents the loss of a 
crystalline component and stimulates the anabolic remodeling of the bone. The aim of the present 
research was to assess the impact of mechanical vibration on the bone structure in rats, which 
received glucocorticoids.

Methods. Wistar rats were randomized into three groups: Vehicle control (Veh), Methylpred-
nisolone sodium succinate (Mps), and Mps combined with whole-body vibration (WBV). Rats of 
Mps+WBV and Mps groups received 3 mg/kg/day of methylprednisolone every other day for 24 
weeks and rats of Veh group received 0.9% saline (sodium chloride). The group of rats Mps+WBV 
was subjected to WBV for 30 minutes per day for five days a week with parameters 0.3 g and 
frequency 50 Hz. Relative amount of crystalline component and collagen in the bones was deter-
mined by X-ray diffraction (XRD) and calcium level – by atomic absorption spectroscopy. Bone 
tissue metabolism was assessed by determining the concentration of markers, in particular osteo-
calcin and Tartrate-resistant acid phosphatase (TRAP5b).

Results. Glucocorticoids induced a considerable increase in the rats body mass (+13%) and 
decreased the content of mineral component in the femoral neck (–17%) in Mps group compared 
with Veh. The process of the bone metabolism was significantly accelerated, which is proven by an 
increased level of remodeling markers. It should be mentioned that WBV did not allow significant 
decrease in mineral component of the bone to 16th week of the experiment compared with Mps 
group, although these parameters did not achieve the indices in the Vehicle control group (–10%). 
Our investigation allows to suggest that mechanical high-frequency vibration of low intensity can 
partially inhibit the harmful consequences of glucocorticoids on bone structure in rats. Despite the 
positive impact of vibration on the bone tissue after Mps introduction in the 8th–16th week, this 
influence was not statistically reliable in the 24th week of the experiment.

Conclusions. The results of our investigation on animal model indicate that non-physiological 
vertical mechanical vibrations are an effective means to prevent loss of a mineral bone component 
during treatment with glucocorticoids.
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Glucocorticoids are widely used in medical prac-
tice for anti-inflammatory and immunosuppressive 
therapy of many systemic diseases. However, these 
medicines are characterized by numerous side effects 
in long-lasting treatment. Loss of mineral bone 
density caused by the action of glucocorticoids is the 
most common cause of secondary osteoporosis that 
results in pathological fractures and worsening of 
a patient’s condition due to the long-lasting immo-
bilization (Musumeci et al. 2013; Pichler et al. 2013; 
Lin et al. 2014). Results of a mineral densitometry 
of the bones prove that in over 50% of patients, who 
were subjected to continuous glucocorticoid therapy, 
osteoporosis was developed. The risk of fractures 
increases already in 2–4 months after the onset of 
therapy with such medicines (Golovach 2015). It is 
known that pathological fractures are not always 
associated with the loss of bone mineral mass and it 
can depend on a probable impairment of microar-
chitectonics of the bone tissue (Compston 2001; Rey 
at al. 2009; Khosla et al. 2018; Nakajima et al. 2020). 
At present, pathophysiology of osteoporosis, caused 
by glucocorticoids, has not been studied completely, 
but the last reports have indicated an impairment in 
the bone balance, caused by apoptosis of osteocytes 
and osteoblasts and increase in life span of osteo-
clast precursors, which promotes rapid destruction of 
bone structure (Vandewalle et al. 2014).

Experimental investigations have shown that 
mechanical loads on the bone, on the contrary, can 
be anabolic, regulating life span of osteocytes and 
inhibiting differentiation of osteoclasts (McGee-
Lawrence et al. 2017; Minematsu et al. 2019; Cardoso 
et al. 2020; Etemadi et al. 2020; Kakihata et al. 2020; 
Portier et al. 2020). Osteocytes, which are present in 
bone matrix, are subjected to mechanical influence 
and send signals to osteoblasts. Mechanosensitive ion 
channels Piezo are activated by whole body vibration 
via oscillations of intracellular fluid in osteocytes and 
osteoblasts, which can result in their activation and 
increase in bone mass (Cahalan et al. 2015; Fotiou 
et al. 2015; Choi et al. 2019). It is explained by the 
fact that bone tissue metabolism can be regulated 
by mechanical loads, including non-physiological 
vibration. A number of authors have reported that 
non-physiological high-frequency vibration allowed 
preventing the loss of mineral bone mass in ovariec-
tomized rats and appearance of osteoporosis (Huang 
et al. 2014; Gruber et al. 2019; Li et al. 2019; Wueste-
feld et al. 2020).

Thus, in order to understand the peculiarities of 
the bone composition at tissue level, it is necessary to 
investigate the structure, which is presented by elastic 

fibers and mineral component and their organization 
at the micro- and nano-structure levels. It will help 
to understand the mechanisms of mineral mass loss 
resulting in changes of bone properties, in particular 
rigidity and strength. In the recent years, the methods 
of X-ray diffraction have provoked a significant 
interest in the experimental medicine as an instru-
ment for the investigation of the bone nanostructure. 
In our experiment, we used X-ray diffraction for the 
study of structural and mechanical properties of the 
mineral crystallites and collagen fibers in the samples 
of rats’ femoral neck investigating crystalline lattices 
and correlation of the components (Clark and Iball 
1957; Rogers and Daniels 2002; Tadano and Giri 2012; 
Bunaciu et al. 2015; Piga et al. 2013; Schuster et al. 2020).

The aim of our investigation was to assess the bone 
remodeling and mineral structure of femoral neck 
in experimental rats under conditions of contin-
uous glucocorticoid therapy and influence of high-
frequency non-physiological vibration.

Materials and methods

Animal model. The experimental study was 
performed on 54 male Wistar rats with body mass 
of 180–200 g, kept in the same vivarium conditions. 
All animal experiments were conducted in compli-
ance with bioethical principles per the provisions 
of the European Convention for the Protection of 
Vertebrate Animals used for Experimental and Other 
Scientific Purposes. Ethics Commission Report №10, 
16.12.2019, LNMU. The experimental rats were 
divided into 3 groups, 18 rats in each: vehicle control 
group (Veh) - standard vivarium conditions, I exper-
imental group – methylprednisolone sodium succi-
nate (Mps, (SOLU MEDROL®), II experimental group 
- methylprednisolone sodium succinate + whole 
body vibration (MPS+WBV). All animals were kept 
in equal conditions (temperature and light), water 
and food were available ad libitum. (Figure 1A). After 
the 8, the 16 and the 24th week, six animals from each 
group were removed from the experiment by decapi-
tation under urethane general intraperitoneal anes-
thesia at 0.3 g/kg (Severs et al. 1981).

Whole-body vibration. Vertical vibration oscil-
lations were modeled using a 250W APC Rain-60 
vibration pump with the maximum pressure of 7 bar 
and a voltage regulator of the AFC-120 model (Shev-
chuk et al. 2013; Nykyforov et al. 2019). A vibrating 
platform with the container, where the experimental 
group of rats was placed, was attached to the stem 
of the vibrating pump. In all cases, it was equal to 
1.2 mm. The level of vibration acceleration was the 
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following: 3.0 m/s2 – 0.3 g. The rats were exposed to 
WBV for 30 min, 5 days per week, for 24 weeks.

Determining bone remodeling markers in 
plasma. Concentrations of cytokines and bone 
remodeling markers in blood plasma were deter-
mined using commercial enzyme-linked immuno-
sorbent assay (ELISA) kits. We determined osteo-
calcin by DRG® Mouse Osteocalcin ELISA kit (DRG 
International, Inc., USA) and Mouse Tartarate Resis-
tant Acid Phosphatase 5b (TRAP5b) by TRACP-5b 
ELISA kit (MyBioSource, San Diego, CA, USA). All 
analyses were performed according to the manufac-
turer’s instructions.

X-ray diffraction. To study the ultrastructure 
of the femur bone mineral component, we used the 
X-ray diffraction analysis method. The femur was 
dried at 110 °C in a drying cabinet. The X-ray diffrac-
tion spectra of the samples were obtained on an auto-
mated X-ray diffractometer (DRON-3, Russia) in Cu 
Kα radiation (λ=1.5418 Å), monochromatized by 
reflection from a plane (002) of a single pyrographite 
crystal, mounted on a diffracted beam. We used the 
Bragg-Brentano focusing scheme (θ–2θ) (Korchevskii 
2005; Tadano and Giri 2012). The diffraction patterns 
were recorded in the continuous movement mode 
of the detector with an angular velocity of 2 °/min, 
a constant value of the integration time τ=1 s., 
X-ray tube voltage at U=26 kV, and anode current at 
I=15 mA.

Atomic absorption spectrometry. To determine 
calcium in bone tissue, samples were prior miner-
alized by dry ashing method with further acid 
extraction. Element composition was determined in 
prepared samples by the method of atomic absorp-
tion spectroscopy on a device С-115PC (Academ-
prybor, Ukraine) using acetyl/air mixture (Pohory-
elov et al. 2010). The investigated sample was sprayed 
in the flame, where cold atom vapor is formed, 
through which light beams of resonant frequency of 
calcium pass. Electrons of external membrane take 
in a part of light beam, further intensity of which is 
determined by a detector and it is proportional to the 
concentration of element in flame.

Statistical analysis. Statistical analysis of the data 
was performed in StatSoft STATISTICA 8.0.360. In 
the STATISTICA package, the comparison of two 
average samples of normally distributed features 
(Student’s t-criterion) was implemented in the Basic 
Statistics/Tables module. The t-test, independent, 
by variable submodule, was used for two different 
general summations. One-way ANOVA is imple-
mented in the Breakdown & One-Way ANOVA 
submenu of the Basic Statistics and Tables module.

Results

Anthropometric parameters. Body mass of rats of 
the I experimental group (Mps) increased in the 8th 
week to 229.2±10.3 g, in the 16th week – to 283.5±8.4 g 
and in the 24th week – to 310.2±12.3 g, indicating 
statistically significant weight gain compared with 
the control group (p<0.01). In group II (Mps+WBV), 
weight increased to 224.3±8.5 g (p<0.01), 262.4±9.4 g 
(p<0.01) and to 289.7±9.7 g (p<0.01) in the 8th–16th–
24th week, respectively.

Bone remodeling markers in plasma. Bone remod-
eling was assessed by the levels of bone markers of 
TRAP5b type and osteocalcin in rats in the 8th, 
16th and 24th week of the investigation. It should be 
mentioned that activity of osteoclasts increased 
under the influence of Mps, which is confirmed by 
elevated concentration of TRAP5b, while function of 
osteoblasts decreased (reduced level of osteocalcin). 
Elevation of osteocalcin level (p<0.01) was observed 
in the 8th week in rats of group II (Mps+WBV) 
compared with the rats, which received only Mps 
(p<0.01) and control group (p<0.01). Besides, the level 
of this marker remained approximately within the 
same ranges in the 16th and 24th week of the experi-
ment (Figure 2, Table 1).

The amount of TRAP5b in blood serum of rats, 
which received glucocorticoids and WBV almost 

Figure 1. Experimental design. Methylprednisolone sodium 
succinate (SOLU MEDROL®) was introduced subcutaneously 
in a dose 3 mg/kg each other day for 24 weeks (Wang et al. 
2002). Vehicle control group was introduced 0.3 ml of physi-
ological solution (0.9% NaCl) subcutaneously. All experimen-
tal rats were weighed every two weeks.
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returned to norm in the 16th week of investigation, 
however, differed significantly in animals, which 
received glucocorticoids in the 8th and 24th weeks 
(p<0.01). Osteocalcin level in blood serum of rats 
in the first and the second groups, which received 
glucocorticoids and WBV, was significantly higher 
in the 8th and 16th week, than in the rats, which 
received only glucocorticoids (p<0.01) and signifi-
cantly differed from the control group. However, 
in the 24th week of the investigation, changes were 
statistically insignificant.

X-ray diffraction. Quantitative composition, corre-
lation of crystalline and amorphous phase of the bone 
is determined by the presence of diffuse halo on small 
angles of diffusion, particularly on the area of angles 
2θ=15–37.5 °. Diffraction pattern was distributed into 
separate maximums, which corresponded to amor-
phous and crystalline phases of the bone. An example 
of such distribution is given in Figure 3. Background 
of the diffraction pattern in this interval of diffusion 
angles was approximated by linear function. Volume 
fraction of amorphous phase was determined by the 
formula: X=Ia/I, where: Ia – integrated intensity of 
amorphous phase, I – full integrated intensity.

Average size of crystallites was determined by 
Debye-Scherrer equation by broadening of diffraction 
maximum (002): L=λ/[β cos(θ)], where λ=0.15148 
nm – wavelength of X-ray radiation, β – physical half 
the maximum (002), 2θ – diffraction angle of reflec-
tion (002) of crystalline phase.

In addition to determining the nature of bone 
mineral phase, this method plays an important role 
in interpreting the structure of the main protein 
component of the bone – collagen.

Diffraction patterns of bone minerals are presented 
in Figure 3. Peaks represent diffraction from crystal 
lattices. Periodic location of atoms in mineral crys-

tals and spacing of the region overlapping spaces in 
collagen fibers enables to use X-ray diffraction effi-
ciently for investigation of bone nanostructure in the 
experiment. XRD of crystalline phase contains more 
information about its structure. The peaks, presenting 
spaces of lattices, are characterized depending on 
their arrangement, crystallinity and order of crystals. 
However, mineral particles in the bone are different 
forms of apatite, particularly hydroxyapatite, which 
have lower crystallinity. Thus, distinct peaks are 
absent in diffraction profiles of bone mineral crystals, 
which have characteristics similar to apatite crystals.

Results of calculations of crystalline and amor-
phous phase of bone tissue of rat’s femoral neck are 

Table 1
Quantitative analysis of bone formation (osteocalcin) and resorption (5b-isoform of tartrate-resistant acid phosphatase).

Group
8th week 16th week 24th week
Mean±SEM SD Mean±SEM SD Mean±SEM SD

Osteocalcin
(ng/ml)

Vehicle 36.4±2.04 4.56 32.77±1.76 3.76 31.15±3.55 7.95
MPS 13.7±2.22* 4.96 16.17±2.47* 5.52 18.67±2.18** 4.88
MPS+WBV 21.77±2.19* 4.90 24.48±2.63** 5.88 20.98±2.99** 6.69

TRAP-5b
(U/L)

Vehicle 4.36±0.49 1.10 4.66±0.27 0.59 4.21±0.50 1.12
MPS 7.15±0.58* 1.30 8.46±0.45* 1.00 6.90±0.62* 1.38
MPS+WBV 6.85±0.50* 1.14 6.75±0.48* 1.07 7.23±0.58* 1.30

*p<0.01; **p<0.05 compared to control group (Vehicle). Abbreviations: Vehicle – vehicle control group; MPS – I experimental group 
(methylprednisolone sodium succinate); MPS+WBV – II experimental group (methylprednisolone sodium succinate + whole body 
vibration). 

Figure 2. (A) Osteocalcin (ng/ml) and (B) tartarate resistant 
acid phosphatase 5b (TRAP5b) (U/L) serum levels of mice 
at 8th, 16th and 24th weeks. n – Vehicle control; n – MPS; 
n – MPS+WBV
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presented in Figure 4. As it is seen in the image, on 
sample spectra (Figures 4A,C,D) at 8th, 16th and 24th 
week, volume fraction of crystalline phase slightly 
increases in rats of the control group.

A reliable decrease in absolute amount of hydroxy-
apatite is observed in the I experimental group 
(Mps) in the 8th–16th week, and stabilization of this 
process occurs in the 24th week compared with the 
control group. Increase in volume fraction of amor-
phous phase (collagen) is also observed, indicating 
accelerated remodeling (Figure 5). Statistically reli-
ably higher (p<0.05) values of crystalline phase were 
observed in rats, which were introduced methylpred-
nisolone and exposed to vibration, compared with 
the indices in control group during the same period. 
WBV prevented early loss of mineral component 
after continuous introduction of methylprednisolone 
during 8–16 weeks (p<0.05). It should be mentioned 
that despite positive impact of vibration on bone 
tissue of rats with glucocorticosteroid osteoporosis 
(8–16 weeks), this influence was not statistically reli-
able in the 24th week (Figure 4).

Table 2 presents quantitative characteristics of 
calcium in investigated samples of femoral bone. In 
the 8th week of the experiment, we observed decrease 
in calcium amount in the samples of the first investi-
gated group by 25% compared with the control group 
(p<0.05). In the second investigated group, reduc-
tion of quantitative indices of calcium were recorded, 
however, the value was by 14.6% lower compared with 
the control group (p<0.05) and by 10% – compared 
with the first group (p<0.05). In the 16th and 24th 
week of observations, calcium mass decreased only 
in the first investigated group (p<0.05). Most likely, 
it indicates continuation of bone remodeling with 
high activity of osteoclasts and osteoblasts, which 
results in loss of mineral mass of the femur. On the 
16th day, dynamics of calcium loss constituted 29.6% 
for group I and 20.6% for group II compared with 
control group. In the 24th week, these values consti-

Figure 3. (A) The diffractogram is presented as superposition 
of maximums: dots – experimental data, red line – approxi-
mate curve, blue line – profile of maximum (002) of a crys-
talline phase, green line – profile of maximum of amorphous 
phase. (B) The diffraction spectra of the samples were obtained 
on an automated X-ray diffractometer in Cu Kα radiation by 
monochromatic reflection from the plane (002) of a single 
graphite crystal mounted on a diffracted beam. The spectra 
were recorded in the continuous moving mode of the detec-
tor at the 2 deg/min speed. To determine the integral intensity 
of the hydroxyapatite reflex, we chose a reflex in 30–370 angu-
lar range since its intensity is the highest. Although this reflex 
consists of four reflexes of hydroxyapatite with Miller indices 
(211); (112); (300); (202), the diffraction angles from crystallo-
graphic planes with these indices are close to 31,741 °; 32,179 °; 
32,868 ° and 34,045.

Table 2
Content of calcium (mg/g) in fragments of the femoral neck in experimental animals.

Group
8th week 16th week 24th week

Mean±SEM SD Mean±SEM SD Mean±SEM SD
Vehicle 96.02±2.60* 5.81 94.72±4.33* 9.68 98.43±5.59* 12.49

MPS 71.96±4.64* 10.39 67.61±3.86* 8.64 61.88±3.55* 7.93

MPS+WBV 82.06±4.40** 9.83 75.39±4.47* 10.0 65.27±4.07* 9.10
*p<0.01; **p<0.05 compared to control group (Vehicle). Abbreviations: Vehicle – vehicle control group; MPS – I experimental group 
(methylprednisolone sodium succinate); MPS+WBV – II experimental group (methylprednisolone sodium succinate + whole body 
vibration).
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tuted 37% and 33.7%, respectively. Moreover, calcium 
loss under the influence of high-frequency vibra-
tion significantly slowed down starting from the 8th 
week (p<0.05) and to the 16th week of the experiment 
(p<0.05). In the 24th week this index was statistically 
insignificant (p>0.05).

The obtained experimental data correlate with 
the levels of remodeling markers in the rats’ blood. 

Loss of quantitative mineral mass of the femoral 
neck induced by glucocorticoids is associated with 
increase in the marker of bone resorption TRAP5b 
(64%, p<0.05) and decrease in the marker of osteo-
calcin formation in the bone (62.4%, p<0.05) in the 
8th week compared with the control group (Figure 2). 
Analysis of bone hydroxyapatite by XRD in a group 
of rats, which were injected glucocorticoids, showed 

Figure 4. Diffraction patterns of femoral neck fragments in Vehicle control (A, В), Mps (С, D) Mps+WBV (E, F) at – 8th, − 16th, 
− 24th week. The images show mineralization level of the femoral neck and dependence of grain sizes of crystalline phase. MPS in-
troduction reduces relative amount of bone mineral phase, and WBV leads to inhibition of crystalline component loss even to the 
level of control group in the 8th and 16th weeks.
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reduction of crystalline component by 10% in the 
8th week compared with the control group. TRAP5b 
index increased in the 16th–24th week by 81.5 and 
71.7%, respectively, and osteocalcin level decreased 
by 25.1 and 32.3%, respectively. Amount of hydroxy-
apatite in these groups decreased to 17% by the end 
of the experiment. Influence of WBV on rats, which 
were introduced glucocorticoids in the 8th–16th weeks, 
showed slight decrease in the volume of crystalline 
component, which was by 10–12% lower than in the 
animals receiving placebo (p<0.05) and by 7% higher 

than in the animals treated with glucocorticoids 
(p<0.05). It is seen in the charts that besides the afore-
mentioned effects, collagen metabolism increases 
both in group I and group II, indicating accelerated 
remodeling and explains rapid BMD loss.

Discussion

Our investigation proved that non-physiological 
low-intensity and high-frequency vibration (50 Hz, 
0.3 g) can inhibit some side influences of glucocorti-
coids on bone structure in rats and their metabolism. 
Using XRD, we established that continuous admin-
istration of glucocorticoids significantly reduces the 
amount of crystalline component in bone tissue. 
However, in rats (II group), which were additionally 
exposed to vibration and experienced side influence of 
methylprednisolone, crystalline parameters of bones 
did not differ substantially even to the 16th week of the 
experiment. Besides, mechanical oscillations of the 
whole body also enabled to preserve by 30% more of 
mineral mass compared with quantitative indices in 
the first experimental group. It can be concluded that 
increase in amount of mineral bone mass occurs in 
the process of remodeling, in particular, stimulation 
of osteocytes and osteoblasts. To confirm changes in 
the remodeling of rats’ skeletons, we applied labora-
tory markers TRAP5b and osteocalcin.

It is important to study not only the loss of 
mineral phase of the bone tissue, but also diagnos-
tics of collagen fibers, since combination of these 
components gives strength to the bone. It is obvious 
that not only mineral bone density characterizes its 
strength as a whole (Tadano and Giri 2012; Schuster 
et al. 2020). The femoral neck was used in our inves-
tigation, because the majority of pathological frac-
tures occur in this region. In addition to mineral 
density, there are other characteristics, associated 
with the mineral crystallites, namely, their shape, 
size, orientation etc., which can have direct impact 
on the mechanical properties of the entire bone 
tissue. Information on the condition of the main 
structural unit of the bone, i.e., mineral-collagen 
composite, provides better understanding of volume 
structure and strength of the bone tissue. Despite a 
number of advantages of XRD method, it is limited 
by the presence of numerous scientific laboratories 
and is has limited use in clinical investigations. 
However, XRD method is an effective non-destruc-
tive technique for establishment of new aspects of 
bone nanostructure.

The limitations of this study are that we did not 
consider the amount of mineral component sepa-

Figure 5. Dependence of volume fraction of amorphous phase 
(X, am) in samples of control group (А), Mps (B) and group 
Mps+WBV (C). Linear extrapolation of the data indicates the 
tendency to increase in the content of amorphous phase almost 
in all samples, however, this value is the highest in the I experi-
mental group, proving acceleration of bone remodeling and 
rapid loss of mineral component.
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rately in the cortical and trabecular layers of bone. 
However, the X-ray diffraction method determined 
not the bone density, but the mineral mass, the struc-
ture of the crystal lattice, and the ratio of crystalline 
and amorphous components.

Similar investigations, described in the works of 
Judex et al. (2007), have indicated that 28-day whole 
body vibration for 10 minutes a day with frequency 
90 Hz (0.15 g) resulted in an accelerated formation 
of trabecular layer of the bone tissue in rats after 
ovariectomy. Hulley et al. (2002) have demonstrated 
that methylprednisolone in the dose 3.5 mg/kg/day 
five times a week for nine weeks could reduce the 
mineral density of bone tissue with impairment of 
bone remodeling. Other researchers have shown 
that introduction of methylprednisolone in the dose 
from 2.5 mg/kg to 9.0 mg/kg for 8–12 weeks causes 
osteopenia in rats and can be used for its modeling 
(Iwamoto at al. 2006; Kondo at al. 2006; Oxlund at 
al. 2006; Kimura at al. 2007). Ogashi et al. (2008) 
have investigated the impact of different methylpred-
nisolone doses for four weeks in various regions of 
rats’ skeletons depending on age and demonstrated 
vast variability of reactions in groups. There are also 
results (Ogashi at al. 2008), which have indicated that 
glucocorticoids can cause anabolic effect in certain 
areas of the skeleton. In most cases, a reduction in the 
number of bone trabecules has been observed. 

In our investigation, we established that vibra-
tion with the high level of acceleration (0.3 g, 50 Hz) 

changes the bone remodeling in rats after treat-
ment with methylprednisolone. Mechanical loads 
presented by non-physiological vibration did not 
result in severe damage to crystal lattice of bone tissue 
and elastic fibers in early periods and even further 
slowed down loss of crystalline component. Despite 
the fact that vibration had a positive impact on the 
bone tissue in young rats after long-lasting treatment 
with glucocorticoids, this influence was not statisti-
cally reliable in the 24th week. Our data indicate that 
non-physiological vertical mechanical oscillations 
are effective means to prevent early loss of mineral 
density of the femoral neck, which was investigated 
on animal model. Described vibration effects can be 
useful for understanding of metabolism in the bones 
under different life conditions for prevention and 
correction in treatment of osteopenia with different 
etiologies and for long-lasting treatment with gluco-
corticoids.
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