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IntRoductIon

Osteoporosis is a disease characterized by low bone mass 
and deterioration of the microarchitecture of the bone. 
Patients suffering from osteoporosis are at an increased 
risk for bone fractures. Fracture is the ultimate and most 
catastrophic consequence of osteoporosis.[1] Osteoporosis 
now comprises a large percentage of both public and 
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Background: Roughly focused extracorporeal shock waves therapy (ESWT) is characterized by a wide focal area, a large therapy zone, 
easy positioning, and less pain during treatment. The purpose of this study was to investigate the effects of roughly focused ESWT on 
the expression of osteoprotegerin (OPG) and bone morphogenetic protein‑2 (BMP‑2) in osteoporotic fractures in rats.
Methods: Seventy‑two female Sprague‑Dawley (SD) rats, 3 months old, were divided into sham‑operated group (n = 6) and an 
ovariectomized (OVX) group (n = 66). Sixty OVX SD rats were used as a model of double proximal tibial osteotomy and inner fixation. 
The osteotomy site in the left tibia was treated with roughly focused ESWT once at an energy density of 0.26 mJ/mm2, 60 doses/min, and 
2000 pact quantities. The contralateral right tibia was left untreated and served as a control. Expression of OPG and BMP‑2 in the callus 
of the osteoporotic fracture area was assessed using immunohistochemistry, real‑time polymerase chain reaction (PCR), and Western 
blotting analysis.
Results: Bone mineral density (BMD) at the proximal tibia, femur, and L5 spine was significantly reduced after ovariectomy. BMD 
of proximal tibia was 12.9% less in the OVX group than that in the sham‑operated group. Meanwhile, bilateral oophorectomy 
resulted in a lower trabecular bone volume fraction (BV/TV) in the proximal tibia of the sham‑OVX animals. Three months after 
bilateral oophorectomy, BV/TV was 14.29% of baseline BV/TV in OVX legs versus 45.91% in the sham‑OVX legs (P < 0.001). 
These data showed that the SD rats became a suitable model of osteoporosis, 3 months after they were OVX. Immunohistochemical 
analysis showed higher levels of BMP‑2 and OPG expression in the treatment group than those in the control group. Compared 
with the contralateral controls, decreased expression of OPG and BMP‑2 at 3 days after roughly focused ESWT, followed by a later 
increase at 7 days, was indicated by real‑time PCR and Western blotting analysis. The OPG messenger RNA (mRNA) expression 
levels peaked at 6 weeks after the shock wave treatment, paired with a much earlier (at 4 weeks) increase of BMP‑2, and declined 
close to normal at 8 weeks.
Conclusions: Roughly focused ESWT may promote the expression of OPG and BMP‑2 in the osteoporotic fracture area in rats. BMP‑2 
and OPG may act synergistically and may lead to a significant enhancement of bone formation and remodeling.
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private health spending, and these costs are expected to 
escalate rapidly in the 21st century. The projected costs of 
hip fractures alone may reach US $131 billion worldwide 
by 2050.[2‑4] Fracture healing is a complex series of cellular 
events, the regulation of which remains poorly understood. 
The relationship between fracture healing and osteoporosis 
is also intricate.[5] Although a great deal of attention has 
been focused on fracture prevention and new therapies have 
been aimed at conserving bone mass, little emphasis has been 
placed on the study of fracture healing in osteoporotic bone. 
For patients with osteoporosis, fracture healing is delayed, 
recovery takes longer time, osteoporosis is aggravated, and 
the risk of re‑fracture increases significantly after healing. 
The treatment of osteoporosis should involve surgery to 
repair osteoporotic fractures to reduce bone and so prevent 
re‑fracture. Currently, treatment is mainly pharmacological. 
The necessity of lifelong treatment, the potential negative 
side effects, and the high costs justify the search for 
alternative treatments.[6] One new noninvasive treatment is 
extracorporeal shock waves therapy (ESWT).[7‑11]

Extracorporeal shock wave (ESW) is a noninvasive set of 
acoustic waves, including electrohydraulic, electromagnetic, 
and piezoelectric shock waves. Electrohydraulic shock 
waves are high‑energy shock waves (HESWs) which are 
used in urology for lithotripsy to disintegrate urolithiasis 
whereas in orthopedics, they are used to induce tissue 
repair and regeneration.[7,12] HESW therapy, specifically 
through sound waves, is produced by a reflector. The shock 
waves are damply conducted in line until they encounter a 
transmitter with the same acoustic impedance. When shock 
waves encounter an interface of different densities or of 
acoustic impedance (such as the bone tissue or calculus), 
their energy is released if the acoustic impedance suddenly 
changes during the shear stress. The cavitation effect may 
cause fracturing of the calculus or bone, finally causing 
the biochemical effect of the histiocyte, promoting bone 
fracture healing and bone induction. HESW can cause 
microcracks in the bone tissue, subperiosteal hemorrhage, 
microdamage to the bone trabecular, and small hemorrhage 
of the medullary cavity.[7,13,14] These problems can in turn 
cause new trauma responses of the fracture area, extend 
the inflammation period, stimulate large amounts of 
inflammation, stimulate blood vessel reactions, increase 
the local blood supply, induce vascularization, enhance 
intramembranous ossification and endochondral bone, 
and promote fracture healing.[15,16] It can also promote the 
formation of new blood vessels, promote soft tissue repair 
and regeneration, and relieve pain.[17‑23]

Estrogen deficiency is a major risk factor for osteoporosis. 
Ovariectomized (OVX) rats are widely used as a model of 
postmenopausal osteoporosis. This model has been validated 
as a clinically relevant model of human postmenopausal 
bone loss.[24,25] In the present experiment, both ovaries 
were removed from Sprague‑Dawley (SD) rats to create 
the model of osteoporosis. The rats were then treated with 
double proximal tibial osteotomy and Kirschner wire 

internal fixation. To investigate the effects of roughly 
focused ESWT on the level of osteoprotegerin (OPG) and 
bone morphogenetic protein‑2 (BMP‑2) expression in 
osteoporotic fractures in rats, expression of OPG and BMP‑2 
in the callus of the fracture area was regularly assessed using 
immunohistochemistry, quantitative real‑time polymerase 
chain reaction (PCR), and Western blotting analysis.

Methods

Laboratory animals
Seventy‑two female SD clean level rats, 3 months old with 
an average weight of 200 ± 2.5 g, were provided by Shanghai 
Xi Puer‑Bi Kai Experimental Animal Company (China). The 
permit is SCXK (Shanghai) 2008‑0016.

Experimental design
Model of osteoporosis
This study was approved by the related animal welfare Ethics 
Committee of the Sixth People’s Hospital, affiliated with 
Shanghai Jiao Tong University.

Seventy‑two female SD rats, 3 months old, were divided into 
sham‑operated group (n = 6) and an OVX group (n = 66). 
Bilateral oophorectomy was performed on the rats in the 
OVX group. The oviduct and accompanying blood vessels 
were rigorously ligated, and then the incision was sutured. 
The bilateral ovaries of the rats in the sham‑operated group 
were merely located, and their incisions were sutured 
thereafter. All postoperative rats were housed in a cage with 
12 h day–night light conditions and 60% humidity at 21°C.

After conventional breeding for 3 months, 6 of the 66 rats 
in the OVX group were randomly selected and euthanized, 
and all the rats in sham‑operated group were euthanized. 
Bone mineral density (BMD) was routinely estimated 
using dual‑energy X‑ray absorptiometry (DXA: Hologic, 
USA) of the L5 vertebrae, femoral neck, and proximal tibia. 
Osteoporotic bones in the OVX rats are here defined as bones 
with BMD measurements more than 2.5 SD below the mean 
BMD obtained from the sham‑operated group.[5] At the same 
time, the BMD of the proximal tibia was measured using 
microscopic computed tomography (CT) scanning (Skyscan 
1076, Belgium) to observe bone microstructure of OVX rats.

Modeling of fracture fixation
After the successful modeling of osteoporosis, an open 
double proximal tibial osteotomy was created and 
stabilized using intramedullary pins in rats from the OVX 
groups [Figure 1]. X‑ray inspection was performed in strict 
accordance with the standard procedures for bilateral tibial 
fractures in 1/3 section transverse, and the successfully 
established osteoporotic fracture experimental model was 
selected for further research.

Roughly focused extracorporeal shock waves therapy
After internal fixation for 1 week, the center of the site of 
the fracture of the left tibia was marked with methyl violet 
and treated once with roughly focused ESWT at an energy 
density of 0.26 mJ/mm2, 60 doses each minute and a rate of 
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recurrence, and 2000 pact quantities to the left tibia using 
Orthospec™ (Medispec, Israel). The contralateral, right tibia 
was not treated and served as a control. After treatment, 
the rats were conventionally bred. Expression of OPG and 
BMP‑2 in the callus of the osteoporotic fracture area was 
assessed using immunohistochemistry, real‑time PCR, and 
Western blotting analysis.

Testing
Immunohistochemistry
Six SD rats were selected at random and euthanized at 2, 4, 
and 8 weeks after treated with roughly focused ESWT. Then, 
1 cm bone tissue was intercepted at the midpoint of the tibial 
fracture. Then, the tibial specimens were fixed with 10% 
formalin, decalcified with 5% ethylenediaminetetraacetic 
acid, conventionally dehydrated and degreased, embedded 
with low‑melting point paraffin (56°C), and cut into 7 μm 
serial sections using a hard tissue slice machine (LEICA 
SP1600 and SW2500, Germany). The slices were stained 
using immunohistochemistry with chain mold avidin 
marked with peroxidase (streptavidin‑peroxidase, S‑P). 
The valence of BMP‑2 and protection element (OPG) 
monoclonal antibody was 1:100. The slices were observed 
under a microscope (Leica DM4000B, Germany).

Real‑time quantitative polymerase chain reaction
Six SD rats were selected at random and sacrificed at 1st and 
3rd days, 1, 2, 4, 6, and 8 weeks after treated with roughly 
focused ESWT. Then, 1 cm callus tissue was intercepted 
at the midpoint of the tibial fracture. The samples were 
quick frozen in liquid nitrogen and stored at −80°C for later 
real‑time PCR and Western blotting analysis. Total RNA was 
extracted using Trizol reagent (Life Technologies, Grand 
Island, NY, USA) and precipitated in ethanol. Purity and 
concentration were assessed by agarose gel electrophoresis 
and ultraviolet spectrophotometry.

Reverse transcription followed by quantitative real‑time 
PCR was performed as described previously. TaqMan 
primer and probe pairs for the rat OPG, BMP‑2 gene, and 
the glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) 

gene as an internal control were based on database 
sequences of Genbank and were designed using Primer 
Express software (Applied Biosystems, Foster City, 
CA, USA). The primer sequences were as follows: rat 
BMP‑2, forward: 5’ ACGACGGTAAAGGACATC 3’; 
reverse: 5’ ATGGTTGGTGGAGTTCAG 3’; rat OPG, 
forward: 5’ CTGGGCTGTTTCTTCAGGATG 3’; reverse: 
5’ CTCTTTCTCAGGGTGCTTGAC 3’; rat GAPDH, 
forward: 5’ AAACTCACTGGCATGGCCTT 3’; and 
reverse: 5’ TTAGCAGCTTTCTCCAGGCG 3’. Real‑time 
quantitative PCR was done in triplicate with the ABI 
7300 Sequence Detector (Applied Biosystems) following 
the recommended protocols. Results were normalized to 
GAPDH levels using the following formula: threshold 
cycle (Ct) = Ct of target gene − Ct of GAPDH. The 
comparative Ct method was used to investigate the amount 
of target gene relative to a calibrator. Of the 42 animals, 
an arbitrary animal was selected as calibrator. The ΔΔCt 
value was calculated as follows: ΔΔCt of an animal = ΔCt 
of an animal − ΔCt of the calibrator. The amount of target 
gene normalized to GAPDH and relative to a calibrator 
of an animal was given by the formula 2−ΔΔCt. Then, the 
amount of mRNA expression was compared between the 
shock wave‑treated osteoporotic fracture and the untreated 
controls. The fold change between the shock wave‑treated 
osteoporotic fracture and untreated control was calculated 
as follows: value of the shock wave‑treated osteoporotic 
fracture/value of the untreated control, at each time point.

Western blotting analysis
For Western blotting, proteins were extracted from the 
tibial callus tissue samples in a radioimmunoprecipitation 
buffer (eight times the sample volume) containing a 
Protease Inhibitor Cocktail (Protease Inhibitor Cocktail 
Set I; Calbiochem, Darmstadt, Germany) at 4°C overnight. 
The proteins were separated by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (10% gels). A human 
recombinant OPG, BMP‑2 (Abcam, Cambridge, UK), and 
Marker Prestained Protein Standard (Fermentas) were also 
loaded as positive control and as molecular weight markers, 
respectively. Proteins were transferred to a polyvinylidene 
difluoride membrane (Invitrogen), blocked with 2% bovine 
serum albumin (BSA), and exposed to a 1:100 dilution 
of the mouse antibody used for immunohistochemistry 
(R&D Systems, Minneapolis, MN, USA) in 1% BSA 
overnight. After washing in 0.1% Tween in PBS, the 
membrane was incubated in goat anti‑mouse IgG 
horseradish peroxidase‑linked antibody (1:5000) for 1 h 
at room temperature and visualized using a nonradioactive 
ECL kit (Amersham Biosciences, Piscataway, NJ, USA). 
GAPDH Western blots were performed on the same 
membrane after a stripping procedure. Samples from each 
animal were repeated twice, and the results were found to 
be the same.

Statistical analysis
All data were expressed as mean ± standard deviation 
(SD). Statistical software used herein was SAS 9.1 (SAS 

Figure 1: Modeling of the bilateral proximal tibial fracture fixation.
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Institute Inc., USA). Means between groups were compared 
using t‑test and rates were compared using Chi‑square test. 
P values were obtained using the Student’s t‑test. P < 0.05 
was considered statistically significant.

Results

Effects of bone mineral density and bone microstructure 
of ovariectomized rats
BMD at the proximal tibia, l femur, and L5 spine was 
significantly lower in the OVX group than that in 
sham‑operated rats [Table 1], but the total vertebral areas 
were similar for both groups (data not shown). Micro‑CT 
scanning showed bone microstructure of the sham‑operated 
group rats to be obviously superior to that of the OVX 
group [Figure 2].

In addition, Micro‑CT detection data showed that at 
the proximal tibias, the lower trabecular bone volume 
fraction (BV/TV), the mean trabecular thickness (Tb.Th), 
and the mean trabecular number (Tb.N) of the treatment 
group were significantly higher than that of the control 
group. The mean structure model index (SMI) and trabecular 

Table 1: Comparison of absolute bone mineral density 
DXA values in sham‑operated and OVX rats  (g/cm2)

Groups n Proximal 
tibia

L5 Proximal 
femur

Sham‑operated 
group

6 0.928 ± 0.072 0.271 ± 0.006 0.452 ± 0.021

OVX group 6 0.808 ± 0.090 0.236 ± 0.005 0.356 ± 0.017
t 2.550 10.977 8.703
P <0.05 <0.001 <0.001
Measurements were performed at various sites, including proximal 
tibia, proximal femur, and L5. Absolute bone mineral density values 
expressed as mean (g/cm2) ±95% CI. The P values were obtained using 
Student’s t‑test. CI: Confidence interval; OVX: Ovariectomized; DXA: 
Dual‑energy X‑ray absorptiometry.

separation (Tb.Sp) were lower in the sham‑operated group 
than in the OVX group. The difference was found to be 
statistically significant (P < 0.05) [Table 2].

Immunohistochemistry
BMP‑2 and OPG‑positive staining appeared brown. It 
was observed that the reaction of OPG and BMP‑2 in the 
treatment group was strongly positive at 2 and 4 weeks after 
treated with roughly focused ESWT relative to the control 
group. At 8 weeks, the reconstruction of the trabecular bone 
was obviously superior in the treatment group. BMP‑2 
and OPG were mainly distributed in the bone marrow 
tissue around fracture of the medullary cavity, especially 
in the active site of bone formation and bone resorption 
[Figures 3 and 4].

Real‑time polymerase chain reaction
The rats were treated with roughly focused ESWT once 
by energy density of 0.26 mJ/mm2, 60 each minute of rate 

Figure  2: Images of micro‑CT scanning of proximal tibias in the 
(A1 and A2) sham‑operated and (B1 and B2) OVX rats. Micro‑CT 
scanning showed bone microstructure of the sham‑operated group 
rats to be obviously superior to that of the OVX group. CT: Computed 
tomography; OVX: Ovariectomized.

A2 B2

A1 B1

Figure 3: A1, A2, and A3 show control groups at 2, 4, and 8 weeks, 
respectively. B1, B2, and B3 show treatment groups at 2, 4, and 
8 weeks, respectively, after shock wave treatment. B1 shows more 
collagen (fibroblasts), osteoblasts, and ossification than A1. In the 
control group, BMP‑2 was mainly expressed in fibroblasts, less 
collagen formed, and there were fewer osteoblasts. The reaction of 
BMP‑2 in the treatment group was strongly positive. As shown in A2 
and B2, at 4 weeks after treatment, BMP‑2 was mainly expressed 
in hypertrophy cartilage cells and the osteoblasts of newly formed 
woven bone. As shown in A3 and B3, the trabeculae of treatment 
group had finished forming lamellar bone, and the fiber callus had 
disappeared. The reconstruction of the trabecular bone of control 
group was not completed, and BMP‑2 remained visible in the 
marrow cavity (immunohistochemical staining, Original magnification 
×200: SP method). BMP: Bone morphogenetic protein‑2; SP: 
Streptavidin ‑ peroxidase.
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B2

B3
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of recurrence, and 2000 pact quantities to the left tibia, 
and real‑time PCR showed that the shock wave therapy 
significantly increased OPG and BMP‑2 mRNA expression 
in the callus in the osteoporotic fracture area of rats. Treated 
rats showed less expression of OPG and BMP‑2, 3 days after 
treated with roughly focused ESWT than control rats. This 
was followed by a later increase of OPG at 7 days, as indicated 
by the results of real‑time PCR. The OPG mRNA expression 
levels peaked 6 weeks after the shock wave treatment, paired 
with a much earlier increase of BMP‑2 at 4 weeks, and 
dropped close to normal at 8 weeks [Figures 5 and 6].

Osteoprotegerin and bone morphogenetic protein‑2 
protein expression
An increase in both density and broadness of the band 
was consistently observed in the healing tibia samples 
obtained from the shock wave‑treated osteoporotic tibia 
fractures at 7 days, 2, 4, and 6 weeks after treated with 
roughly focused ESWT, compared with the samples from 
the untreated tibia. However, treated tibia showed less 
protein expression of OPG and BMP‑2 at 3 days after the 
treatment than control rats. In the samples obtained 1 day 
and 8 weeks after treated with roughly focused ESWT, 
there was no difference between the results from the treated 
osteoporotic tibia fractures and the untreated osteoporotic 
tibia fractures [Figure 7].

dIscussIon

This study has shown that the influence of bone mass 
and bone microarchitecture on the early phase in a rat 
osteoporotic model can be induced by ovx.[26] BMDs at 
the proximal tibia, femur, and L5 spine were significantly 
reduced after ovariectomy. BMD of proximal tibia was 
12.9% less in the OVX group than in the sham‑operated 
group, indicating that the proximal tibia was sensitive to 
OVX‑induced bone loss [Table 1]. A bilateral oophorectomy 
produced a higher BV/TV, Tb.Th, and Tb.N in the proximal 
tibia of the sham‑OVX animals than in other animals. Tb.Sp 
and SMI were significantly lower in the OVX group than 
in the sham‑operated group. These data showed that bone 
microarchitecture can be affected after ovariectomy.

Three months after bilateral oophorectomy, the changes in 
BMD and bone microarchitecture in the OVX rats confirmed 
osteoporosis. These data confirmed the value of our model 
in evaluating the healing process of fractured bone under 
osteoporotic conditions. This model may be of benefit for 
testing the effects of new therapies meant to promote healing 
of osteoporotic fractures.[5]

Estrogen deficiency is a major cause of postmenopausal 
osteoporosis.[27] Estrogen promoted OPG expression[28] 
in a dose‑ and time‑dependent manner.[28] OPG plays an 
important role in the negative regulation of osteoclastic 
bone resorption.[28] In this way, estrogen enhancement 
of OPG secretion by osteoblastic cells may play a major 
role in the antiresorptive action of estrogen on bone. In 
the present study, osteoporotic rats were treated once with 
roughly focused ESWT by energy density of 0.26 mJ/mm2, 

Table 2: Space parameters of the proximal tibia specimens in sham‑operated and ovariectomized rats  (mean ± SD)

Groups n BV/TV (%) SMI Trabecular 
thickness (mm)

Trabecular 
number (mm)

Trabecular 
separation (mm)

Sham‑operated group 6 45.91 ± 4.87 0.62 ± 0.12 0.18 ± 0.06 2.75 ± 0.49 0.23 ± 0.07
OVX group 6 14.29 ± 3.38 2.31 ± 0.46 0.11 ± 0.04 0.97 ± 0.26 0.53 ± 0.12
t 13.055 8.71 2.38 7.86 5.29
P 0.000 <0.001 <0.05 <0.001 <0.001
OVX: Ovariectomized; SD: Standard deviation; SMI: Structure model index; BV/TV: Lower trabecular bone volume fraction.

Figure 4: A1, A2, and A3 show control groups at 2, 4, and 8 weeks, 
respectively. B1, B2, and B3 show treatment groups at 2, 4, and 
8 weeks, respectively, after shock wave treatment. B1 shows more 
plentiful collagen, osteoblasts, and ossification than A1. OPG levels 
were shown to increase in response to the treatment. OPG was 
mainly expressed in myeloid tissues of the marrow cavity at 4 weeks 
after the treatment, as shown in A2 and B2. B3 shows that the 
reconstruction of the trabecular bone had basically been completed 
and fiber callus disappeared at 8 weeks. The reparative process was 
not adequately completed, and OPG remained visible in the marrow 
cavity (immunohistochemical staining, Original magnification ×200: 
SP method). OPG: Osteoprotegerin; SP: Streptavidin ‑ peroxidase.

B1

B2

B3

A1

A2

A3



Chinese Medical Journal ¦ November 5, 2016 ¦ Volume 129 ¦ Issue 212572

60 doses/min, and 2000 pact quantities to the left tibia. 
Immunohistochemical detection showed compared with 
the control group, plentiful collagen, osteoblasts, and 
ossification in the treatment group were more; OPG levels 
were shown to increase in response to the treatment. OPG 
increased by the shock waves therapy prevents bone loss 
and induces osteoporosis when administered to OVX rats.[28] 
Two weeks after injection of OPG (5 mg·kg−1·d−1) or the 
administration of OPG‑encoding recombinant adenovirus, 
the bone quantity of spayed osteoporosis mice increased 
significantly. There were no abnormal changes observed in 
other tissues or organs.[29,30]

BMPs are hydrophobic acid polypeptides capable of inducing 
the proliferation and differentiation of original interstitial 
cells to bone and cartilage cells.[31] The ability of BMPs to 
induce osteogenesis was confirmed by Ren et al.[32] Among 
twenty subtypes of BMP, BMP‑2 was found to have the most 
pronounced ability to induce ossification.[33] In this study, 
compared with the control group, BMP‑2 levels were shown 
to increase in response to the treatment in the osteoporotic 
fractured area; BMP‑2 was mainly expressed in fibroblasts, 
less collagen formed, and there were fewer osteoblasts. The 
results of immunohistochemistry in the current study support 
the findings of some experiments which showed that ESW 

Figure 5: (a) Amplification of kinetic curves of BMP‑2 mRNA expression; (b) amplification of kinetic curves of GAPDH mRNA expression; 
(c) comparison of BMP‑2 mRNA expression in the control to that of the treatment group at 1, 3 days, 1, 2, 4, 6, and 8 weeks after treated with 
roughly focused ESWT. BMP‑2 mRNA expression in the treatment group and in the control group, P < 0.05 (data not shown) (note: BMP‑2 mRNA 
expression at 1 day after roughly focused ESWT was normalized to 1). ESWT: Extracorporeal shock waves therapy; BMP‑2: Bone morphogenetic 
protein‑2; GAPDH: Glyceraldehyde‑3‑phosphate dehydrogenase; mRNA: Messenger RNA.

c

b

a



Chinese Medical Journal ¦ November 5, 2016 ¦ Volume 129 ¦ Issue 21 2573

treatment significantly upregulated the expression of BMP‑2 
in some musculoskeletal diseases.[34‑37] Ras protein and BMP 
increased by the shock waves treatment were found to induce 
the differentiation of undifferentiated mesenchymal cell into 
cells capable of osteogenesis and promote the formation of 
bone and cartilage.[38] Meanwhile, the results of the present 
study showed roughly focused ESWT to be effective in the 
treatment of osteoporotic fractures by inhibiting bone resorption 
and increasing bone formation by enhancing OPG and BMP‑2.

ESWT has been shown to increase the expression of several 
growth factors.[6] BMP‑2 and OPG may act collectively 

and lead to noteworthy enhancement of bone formation 
and remodeling.[39] In the present study, real‑time PCR and 
Western blotting analysis showed that the shock waves therapy 
significantly increase the expression of BMP‑2 and OPG in 
the callus of the osteoporotic fracture area of rats at all times, 
including 1, 7 days, 2, 4, 6, and 8 weeks, except on day 3. 
In other word, real‑time PCR and Western blotting analysis 
also proved that the roughly focused ESWT significantly 
upregulated the expression of BMP‑2 and OPG in osteoporotic 
tibia fractures area in rats. Many members of BMPs can 
stimulate OPG mRNA expression.[40] A 100 ng/ml dose of 

Figure 6: (a) Amplification of kinetic curves of OPG mRNA expression;  (b) amplification of kinetic curves of GAPDH mRNA expression; 
(c) comparison of OPG mRNA expression in the control to that of the treatment group at 1, 3 days, 1, 2, 4, 6, and 8 weeks after roughly focused 
ESWT. OPG mRNA expression in the treatment group and in the control group, P < 0.05 (data not shown) (note: BMP‑2 mRNA expression at 
1 day after roughly focused ESWT was normalized to 1). BMP‑2: Bone morphogenetic protein‑2; OPG: Osteoprotegerin; mRNA: Messenger RNA; 
GAPDH: Glyceraldehyde‑3‑phosphate dehydrogenase; ESWT: Extracorporeal shock waves therapy.

c

b
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BMP‑2 was found to increase the concentration of OPG 
mRNA by 400% and the concentration of OPG protein by 80% 
in human embryonic osteoblasts.[41] All kinds of local growth 
factors, such as tumor necrosis factor (TNF)‑α, TNF‑β, and 
BMP‑2, adjust the differentiation of osteoclast precursor cells 
and the activity of mature osteoclasts through the regulation of 
OPG/receptor activator of nuclear factor κB ligand (RANKL) 
ratio.[42,43] Recent studies have shown that BMP‑2 markedly 
enhanced osteoclast differentiation induced by RANKL and 
macrophage colony‑stimulating factor.[41] The addition of 

BMP receptor type IA to the culture can significantly inhibit 
osteoclast formation induced by RANKL and BMP‑2. BMP‑2 
increased the survival of purified osteoclasts supported by 
RANKL.[44] In addition, BMP‑2 promoted the synthesis 
of Smad 1, which can bind to the two Hoxc‑8 sites on the 
OPG promoter, resulting in the increase of OPG secretion in 
osteoblast cells.[40] These findings suggest that BMP‑mediated 
signals cross communicate with RANKL‑mediated signals 
and so induce osteoclast differentiation and survival.[44]

In conclusion, the SD rats became a suitable model of 
osteoporosis 3 months after they were OVX. Roughly 
focused ESWT has beneficial effects on the osteoporotic 
fracture healing in rats. It may promote the expression of 
OPG and BMP‑2 in the osteoporotic fracture area in rats. 
BMP‑2 and OPG may act synergistically and may lead to 
significant enhancement of bone formation and remodeling.
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