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Abstract
Background: The aim of this prospective study was to evaluate the effectiveness of extracorporeal shock wave
therapy (ESWT) in normalizing the symptoms and imaging features of primary bone marrow edema syndrome
(BMES) of the knee.
Methods: This study compared the outcomes of ESWT (Group A) (n = 20) and intravenously applied prostacyclin
and bisphosphonate (Group B) (n = 20) in the treatment of BMES of the knee in our department between 2011 and
2013. The Visual Analog Scale for pain (VAS, 100 mm), the Western Ontario and McMaster University Osteoarthritis
Index (WOMAC), the SF-36 scores and MRI scans as well as plain radiographs were obtained before and after therapy
between two groups.
Results: Compared with Group B, we found greater improvement in VAS, the WOMAC Osteoarthritis Index and
SF-36 score at 1, 3 and 6 months post-treatment in Group A (P < 0.05). Furthermore, MRI scans showed a higher
incidence of distinct reduction and complete regression of bone marrow edema at 6 months in Group A (95 vs.
65 %; P = 0.018). The MRI at 1 year follow-up showed complete regression in all patients in Group A. However,
two cases in Group B continued to normalize over the subsequent follow-up period.
Conclusions: ESWT can produce rapid pain relief and functional improvement. It may be an effective, reliable,
and non-invasive technique for rapid treatment of BMES of the knee.
Trial registration: Research Registry UIN 528, September 03, 2015.
Keywords: Bone marrow edema syndrome, Extracorporeal shock wave therapy, Knee, Conservative treatment,
Magnetic resonance imaging

Background
Primary bone marrow edema syndrome (BMES) represents a reversible but highly painful increase in interstitial fluid [1, 2]. It is a common finding in MR-imaging of
patients with joint pain following largely non-diagnostic
or normal radiographs. Although various vascular factors
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are known to contribute to bone marrow edema (BME),
the exact pathogenetic processes are not currently
known [3]. The natural time-course for improvement of
clinical symptoms and normalization in MRI lasts from
3 to 18 months [4]. BMES has been reported to occur in
the knee (BMESK); yet, owing to the small number of
reports on this specific entity, little is known about the
optimal treatment of patients with this condition [1].
In general, the therapeutic approach to BMESK is based
on its suspected etiology and ranges from various symptomatic therapies to core decompression (CD) [1–5].
Non-surgical treatments that have been reported as being

© 2015 Gao et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gao et al. BMC Musculoskeletal Disorders (2015) 16:379

beneficial include reduction in weight-bearing load of the
joint, analgesic and anti-inflammatory medication, glucocorticosteroids, bisphosphonates, calcium channel blockers
and prostaglandin inhibitors (e.g. iloprost) [2–4]. Unfortunately, conservative treatment approaches are unable to relieve symptoms in some cases [1, 5]. Surgical
CD, which reduces pain through relief of intraosseous
pressure, is usually used as the last resort, particularly
as the condition is self-limiting in the majority of patients [1, 5, 6]. BMESK can be associated with a prolonged course of disease and invalidity, non-response to
treatment and disease recurrence. Surgical intervention
is a costly approach and carries with it the risk of complications including wound infection, hematoma formation,
reflex sympathetic dystrophy, and bone fractures associated with bone tunnel drilling [1, 2, 6]. Various treatments
have been proposed in an attempt to shorten the natural
course of the disease, which is invariably associated with
severe and long-lasting disability [5, 7]. However, there is
a need for an effective and non-invasive method of treating BMESK.
In musculoskeletal disorders, the effectiveness of extracorporeal shock wave therapy (ESWT) has been widely
recognized and recent research supports its use in the
treatment of the first stages of avascular osteonecrosis of
the proximal femur and in other conditions where bone
marrow edema is present [7–9]. The mechanism by which
shock wave therapy works is being increasingly broad and
in-depth study. It has been shown to activate many cellular processes critical to neovascularization and tissue regeneration. Previous reports have shown that shock wave
has also been reported to control inflammatory processes
and facilitate bone reparative processes [7–11].
On this basis, we performed a prospective randomised controlled study to evaluate the effectiveness of
ESWT in normalizing the symptoms and imaging features
of BMESK. We compared 2 therapies, topical ESWT
chosen as the observation group versus iloprost and bisphosphonate treatment served as the control group. We
hypothesized that topical ESWT would result in rapid
pain relief and functional improvement without substantial complications.
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matched by age and diagnosis from June 2011 to May
2013 (Table 1). All patients provided written informed
consent to participation in this prospective trial, and
the study was approved by the Scientific Review Board
of our institution. Using computer-generated random
assignment concealment with sealed envelopes, patients
were allocated to receive ESWT (Group A) (n = 20) or
alendronate sodium tablets (70 mg po qw; Merck & Co.,
Inc.; Peking) and alprostadil (10 μg ivgtt qd; Peking Tide
Pharmaceutical Co., Ltd.; Peking) (Group B) (n = 20). Exclusion criteria were BME with any finding of avascular
necrosis (demarcation) or advanced osteoarthritis (Ahlbäck
grade 3 or 4). Patients who had received any previous
treatment were also excluded, along with those who
had contraindications for ESWT [8]. The average timeperiod between the onset of symptoms and the beginning of treatment was 3.8 weeks (range 2–8 weeks). All
patients were mobilized with partial weight-bearing and
walking aids for 6 weeks and analgesics on demand
with restrictions for impact sports such as sprinting or
jumping. The groups were examined clinically and evaluated with relevant scoring systems by a single examiner:
the Visual Analog Scale for pain (VAS, 100 mm), the
Western Ontario and McMaster University (WOMAC)
Osteoarthritis Index and the SF-36 scores were assessed
before treatment (t0), at 1 months (t1), 3 months (t2),
6 months (t3) and 1 year (t4) post-treatment. MRI scans
as well as plain radiographs were obtained before, and
6 months and 1 year after, therapy. The mean follow-up
period was 13 (12–18) months. An experienced radiologist
evaluated the area of edema on one slide with the most
obvious edema of the resulting MRI films with the same
fluid sensitive sequence using the PACS software (Kodak
version 11.0, MA, USA) to verify whether the edema lesion showed unchanged, reduced or regressed completely.
Shock wave treatment

The shock wave treatment was applied using an Electromagnetic Shock Wave Emitter (Dornier Compact
DELTA II; Germany), with a penetration depth of between 0 and 150 mm and a focus diameter of 4 mm.
Table 1 Patients characteristics

Methods
This prospective randomised controlled study was
approved by the Ethics Committee of China-Japan
Friendship Hospital (China-Japan Friendship Hospital
drug / device clinical trials Ethics Committee). Written
consents were provided by the patients to be stored in the
hospital database and be used for clinical research.

Characteristics

Group A (n = 20)

Group B (n = 20)

Female, n (%)

9 (45)

11 (55)

Age, years

41.6 ± 9.7

45.1 ± 8.9

Height, m

1.65 ± 0.21

1.68 ± 0.32

Weight, kg

64.2 ± 6.3

67.4 ± 8.6

BMI, kg/m2

25.5 ± 3.7

24.9 ± 5.4

IBST, weeks

2.9 ± 2.7

3.2 ± 1.9

Clinical data

Duration of follow-up, months

12.1 ± 2.5

13.0 ± 1.8

In this single center study, 40 consecutive patients with
MRI-confirmed primary BMESK were prospectively

Note: BMI Body Mass Index, IBST Interval between the onset of symptoms and
the beginning of treatment
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Shock waves were focused around (on the margins of )
the femoral head under radiographic guidance. The
treatment area was prepared with a coupling gel to
minimize the loss of shock wave energy at the interface
between the head of the device and the skin. In Group A,
patients were subjected to high-energy ESWT [12, 13],
and the parameters are prepared and used as follows:
number of levels, 3–4; at a high energy flux density (EFD)
of > 0.44 mJ/mm2 (level 3); 3000–4000 impulses at a frequency of 2–3 Hz. Each patient underwent two therapy
sessions (the time interval between successive procedures
was 1 week). The number of the frequency selected depends on the patient’s condition.
Statistical Analysis

All data analyses were performed using SPSS version
16.0.0 software (SPSS; Chicago, IL, USA). The means
and standard deviations (SD) were calculated for all patients, and 95 % confidence intervals (CIs) were determined. For within-group comparisons, we performed a
paired t-test. A probability (P) value < 0.05 was considered to be of statistical significance.

Results
From June 2011 through May 2013, 56 patients with
MRI-confirmed BMESK with a single group of surgeons
were screened and assessed for eligibility, as 9 patients
were eliminated by exclusion criteria. 6 patients were excluded from the trial due to patient decline of enrollment.

Fig. 1 The CONSORT flowchart in the trial

Page 3 of 8

A total of 41 patients were randomized to receive the
study treatment using a block randomization technique.
After randomization, one patient withdrew consent prior
to the study, thus resulting in 40 patients (group A: 20 patients for ESWT; group B: 20 patients for drugs) that were
included in the statistical analysis of our trial (Fig. 1).
Clinical results

Compared with Group B, all patients in Group A
showed a greater and earlier improvement in VAS,
WOMAC Osteoarthritis Index and SF-36 score at t1–3
(1, 3 and 6 months post-treatment) after therapeutic
intervention (P < 0.05), and almost all patients in Group
A continued to improve over the follow-up period (Figs. 2,
3 and 4). Significant improvement in the VAS was observed in Group A, from 6.7 ± 1.1 points to 2.6 ± 1.1
points at 1 month (t1) and to 1.1 ± 0.7 points at 3 months
(t2) after therapeutic intervention (P < 0.001) (Fig. 2).
Gradual improvement in the VAS was shown in Group B,
from 6.1 ± 1.7 points to 4.9 ± 2.0 points at 1 month (t1)
and to 2.8 ± 1.3 points at 3 months (t2) after therapeutic
intervention (P < 0.05) (Fig. 2). The mean improvement
between t2 and t3 and between t3 and t4 in both groups
was not statistically significant.
Significant improvements in the WOMAC Osteoarthritis Index were observed in both groups (Fig. 3). Group A
improved from 54.3 ± 10.1 points to 26.6 ± 12.0 points at
1 month (t1), to 10.9 ± 11.1 points at 3 month (t2), to 9.8
± 12.3 points at 6 months (t3) and to 9.7 ± 11.0 points at

Gao et al. BMC Musculoskeletal Disorders (2015) 16:379

Page 4 of 8

Fig. 2 The development of the VAS during therapeutical intervention between two Groups

1 year (t4) after ESWT (P < 0.01) (Fig. 3). Group B showed
significant improvement, from 56.9 ± 11.5 points to 38.7 ±
10.1 points at 1 month (t1), to 27.8 ± 16.7 points at
3 months (t2), to 24.6 ± 11.3 points at 6 months (t3) and
to 20.9 ± 17.8 points at 1 year (t4) after drug therapy (P <
0.05) (Fig. 3). There was a trend towards a greater improvement in Group A than in Group B; this effect was
statistically significant (P < 0.01).
The SF-36 score improved significantly in both groups
at t1 (1 months) (Fig. 4). There was a statistically significant difference in the physical component of the SF-36
score between the groups at 3 months (P < 0.05) (Fig. 4a).
However, there was no significant difference in the mental component of the SF-36 score between the groups at
3 months (P > 0.05) (Fig. 4b). Comparison of the results
within and between the two groups revealed that there
were no significant differences in the VAS, WOMAC
Osteoarthritis Index and SF-36 score at 1 year postintervention (P < 0.05).
Radiological results

The MRI findings demonstrated the progressive regression of the BME. MRI scans of both groups showed

that the patients in Group A had a higher incidence of
distinct reduction and complete regression of BME at
6 months (95 vs. 65 %; P = 0.018). The MRI at 6 months
follow-up in Group A showed a reduction in BME in
35 % (7/20) of all patients and complete regression in
65 % (13/20). In Group B, there was a reduction in
BME in 40 % (8/20) of all patients and complete regression in 25 % (5/20). However, the MRI at 1 year followup showed complete regression in all patients in Group
A (100 %) and most patients in Group B (90 %); two
cases in Group B continued to normalize over the subsequent follow-up period (18 months).
Side-effects

Only minor complications occurred after ESWT, such
as transient soft tissue swelling or minor bruising. No
other adverse effects were noted. No clinically detectable neuromuscular, systemic, or device-related adverse
effects were observed in the ESWT group. Following alprostadil administration, headache was reported in three
patients and a facial rash in two patients; these symptoms
occurred during the first 1 h of infusion. No adverse
events were detected with alendronate.

Fig. 3 The development of the WOMAC score during therapeutical intervention between two Groups
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Fig. 4 The development of the SF-36 score during therapeutical intervention between two Groups (a, physical component; b, mental component)

Case report
Case 1

Bone Marrow Edema Syndrome (BMES) of the left
knee was diagnosed in a 62-year-old, male professor.
ESWT rapidly produced positive effects with regard to
both pain and BME. The VAS score dropped from 8
points preoperatively to 2 points at 1 months posttreatment. Symptoms of pain were significantly alleviated.
In addition to improvements in the WOMAC Osteoarthritis Index, SF-36 score and VAS, MRI showed a significant reduction in edema between the pre-treatment
(Fig. 5a) and 6-months post-treatment (Fig. 5b) timepoints. The patient has provided consent to publish the
information contained in this case report, as well as Fig. 5
and the accompanying legend.

Discussion
Our study shows that ESWT can also relieve a great deal
of discomfort for BMESK patients. Furthermore, the mean
VAS showed a dramatic improvement from pre-treatment
values at all follow-up time-points in ESWT patients,
especially at t1 (1 month). The clinical improvement in
WOMAC Osteoarthritis Index and SF-36 scores observed following ESWT was obvious in most patients at
1 month post-treatment (P < 0.05). These scores improved significantly earlier than those in the drug

control group (P < 0.05), in which improvements were
observed mainly at 3 months post-intervention. At this
point, all patients had already regained a significant
level of autonomy in their daily lives with a marked reduction in pain, which correlated with the progressive
normalization of MRI features. Although the final outcomes of the various conservative treatments currently
used are similar to those observed in some studies of
ESWT, it is important to note that ESWT is a simple,
non-invasive treatment that does not require the administration of pharmacological drugs, thus avoiding
the reported potential side-effects [8]. Our treatment
protocol required only two therapy sessions as opposed
to the time-consuming extended treatments such as
pharmacological drugs.
Primary bone marrow edema syndrome is a rare, but
underdiagnosed source of pain which mainly occurs
around joints of the lower extremities [2, 5, 14]. There
is still debate regarding the pathogenesis and implications of BME, and this is reflected in the lack of a gold
standard in the treatment of this condition. Because of
the reversibility of BME, conservative treatment has
been recommended, including reduction of weightbearing load, analgesic and anti-inflammatory medication and physiotherapy [5, 6, 11, 14, 15]. Reports of the
use of bisphosphonates relate predominantly to their
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Fig. 5 Pre- (a) and 6 months posttreatment (b) T2-weighted images showing the normalization of a large bone marrow edema within the medial
femoral condyle of the left knee, in a 62-year old male patient. (Note: The patient consented to publish the specific information.)

role in the treatment of BMES. Intravenous prostacyclin
and bisphosphonate can be used to achieve a reduction in
BME, with a considerable improvement in the accompanying symptoms [2]. Prostacyclin improves tissue blood
supply in a variety of situations through multiple mechanisms, including vasodilatation and inhibition of platelet
aggregation [2, 5]. Pain relief and rapid regression of BME
is attributed to the action of prostacyclin in dilating vessels
and reducing capillary permeability [14]. Bisphosphonates
have been shown to improve bone density in a variety of
conditions [2]. Unfortunately, conservative treatment approaches take too long time or are unable to relieve symptoms in some cases [1, 5]. In attempting to shorten the
clinical course BMES, which is invariably associated with
severe and long-lasting disability, various treatments have
been proposed [5, 7, 14]. Core decompression has been
reported as the standard surgical treatment of recurrent
or persistent painful BMES, particularly of the hip, and
improves symptoms of pain through relief of intraosseous pressure [1, 2, 5, 7, 16, 17]. However, surgery is
costly and associated with risks [2, 5, 6]. A consensus is
required regarding the importance of an early treatment to relieve pain and to avoid weakening the bone
trabeculae, which could potentially lead to a collapse or
fracture of the subchondral bone [8]. Some consider
that surgery is too invasive for a self-limiting disease
with a variable clinical course [2, 8, 15].
ESWT has been shown to be effective in treating many
orthopedic disorders, including osteonecrosis [1, 9, 18].
Clinical trials have also highlighted the effectiveness of
ESWT in treating the early stages of avascular necrosis,
reducing bone edema and pain [8, 18]. There are currently few reports addressing the use of ESWT in BMES

of the hip [7, 8, 11]. However, the exact mechanism by
which ESWT operates remains relatively unknown.
Tischer et al. demonstrated the amount of new bone formation is directly dependent on the applied EFD [10].
Too low or too high defined energy dose for shock wave
applications is disadvantageous to formation of new
bone. So it is very important to select an appropriate
EFD, and it can improve the efficacy of shock wave and
minimize topical side effects [10]. The close anatomical
and functional links between vascular elements, marrow
stromal and active bone cells may explain the positive
effects of ESWT on bone metabolism [8]. ESWT, as one
of the most frequently used physical therapies, seems to
be able to control inflammatory processes and to facilitate bone reparative processes as well as to activate
many cellular processes critical to neovascularization
and tissue regeneration [7–11]. Some animal studies
have demonstrated positive results in the application of
ESWT on osteonecrosis with a better induction of tissue
ingrowth and neovascularization; it is associated with increased expression of angiogenic growth factors, including BMP-2, vessel endothelial growth factor (VEGF),
endothelial nitric oxide synthase (eNOS), and proliferating cell nuclear antigen (PCNA), and it promotes cell
proliferation and osteogenesis [19–21]. BMP-2 is a key
mediator of bone development and repair through its
capacity to mobilize osteoprogenitor cells. Increased
expression of BMP-2 has been identified in femoral
heads treated with ESWT, thereby promoting osteoblastic differentiation processes and resulting in bone
formation [22]. VEGF, as a specific mitogenic factor for
vascular endothelial cells, may be involved in the mechanism of the positive effects of ESWT. It stimulates the
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proliferation of endothelial cells, promotes neovascularization, and increases vascular permeability [23].
Finally, eNOS promotes neovascularization [18]. It is
reasonable to speculate that neovascularization plays a
role in the improvement in the blood supply to the
femoral head and may promote bone regeneration in
cases of BMES [24, 25]. Early studies indicate that a
similar effect to that of vasoactive drugs can be
obtained with ESWT [9, 17]. The neo-angiogenetic
effect of ESWT appears to reduce the time to symptom
remission. ESWT showed significantly better clinical
results and BME regression rates in MR-imaging
compared to conservative treatment in combination
with partial weight-bearing in the treatment of BMESK
and shortens the natural course of the disease. Besides,
ESWT might have the potential to avoid the need for
surgical intervention according to previous studies [26, 27].
The pathophysiologic mechanism that is responsible
for the dramatic pain reduction in all BMES patients
following ESWT, is still unclear. ESWT for the management of BMES is easy to perform in a clinical setting
and does not carry risk for the patients. Our results indicate that ESWT of BMES with increased bone turnover reduces pain by eliminating the BME and shortens
the natural course of the “self-limiting disease”. The
high regression rate of BME with no bone osteonecrosis
present at the follow-up MRI in this study also supports
the hypothesis that BMES is a distinct clinical entity, rather than an early form of bone osteonecrosis [14, 28, 29].
This study was conducted according to the CONSORT guidelines [30] with a rigorous study design, a
clinically feasible intervention and good adherence to
the programme. There are limitations associated with
this study. The number of patients in the study was
relatively small, and the follow-up time was relatively
short, but similar to prior studies on this subject.
The functional improvement in the knee was assessed
subjectively using the VAS and functional scores, but no
objective measures were utilized. However, the results of
this study warrant confirmation in larger trials with longer
follow-up periods although these studies are complicated
by the off-label-use of ESWT. These patients with ESWT
had not gotten any iloprost and bisphosphonate. However,
we will consider combining topical ESWT with iloprost
and bisphosphonate in the treatment of BMESK in future
studies.

Conclusions
In summary, ESWT is an effective, reliable, and noninvasive technique for rapid treatment of BMESK,
followed by a progressive normalization of the MRI appearance. ESWT represents an innovative technology
applicable to orthopedics, although further development is required. Further exploration of its mechanisms
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and prospects would be worthwhile, as it has the potential to resolve the suffering of BMESK patients rapidly
and effectively.
Abbreviations
ESWT: Extracorporeal shock wave therapy; VAS: Visual Analog Scale for pain;
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index;
BMES: Bone marrow edema syndrome; MRI: Magnetic resonance imaging;
CD: Core decompression; EFD: Energy Flux Density; VEGF: Vessel endothelial
growth factor; eNOS: Endothelial nitric oxide synthase; PCNA: Proliferating
cell nuclear antigen.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
FQG and WS conceived of the study. FQG and WS carried out the data
collection and performed the statistical analysis and drafted the manuscript.
WSG, ZRL, WGW, LMC, DBY, and NFZ also carried out the data collection.
ZRL and AS participated in the design and coordination and helped draft
the manuscript. All authors read and approved the final manuscript.
Acknowledgements
We would like to thank the members of the Department of Epidemiology
and Bio-statistics, School of Public Health, Peking University for help with
the statistical analysis, and Fan Meng (experienced nurse) for help with data
collection. This study was supported by the National Natural Science Foundation
of China (81372013) and the Research Fund of China-Japan Friendship Hospital
(2013-MS-27, 2014-4-QN-29). China-Japan Friendship Hospital Youth Science and
technology excellence project (2014-QNYC-A-06).
Received: 20 February 2015 Accepted: 30 November 2015

References
1. Berger CE, Kröner AH, Kristen KH, Grabmeier GF, Kluger R, Minai-Pour MB,
et al. Transient bone marrow edema syndrome of the knee: clinical and
magnetic resonance imaging results at 5 years after core decompression.
Arthroscopy. 2006;22:866.
2. Baier C, Schaumburger J, Götz J, Heers G, Schmidt T, Grifka J, et al.
Bisphosphonates or prostacyclin in the treatment of bone-marrow oedema
syndrome of the knee and foot. Rheumatol Int. 2013;33:1397.
3. Hofmann S, Kramer J, Breitenseher M, Pietsch M, Aigner N. Bone marrow
edema in the knee. Differential diagnosis and therapeutic possibilities.
Orthopade. 2006;35:463.
4. Meizer R, Radda C, Stolz G, Kotsaris S, Petje G, Krasny C, et al. MRI-controlled
analysis of 104 patients with painful bone marrow edema in different joint
localizations treated with the prostacyclin analogue iloprost. Wien Klin
Wochenschr. 2005;117:278.
5. Patel S. Primary bone marrow oedema syndromes. Rheumatology (Oxford).
2014;53:785.
6. Hofmann S, Engel A, Neuhold A, Leder K, Kramer J, Plenk Jr H. Bone-marrow
oedema syndrome and transient osteoporosis of the hip. An MRI-controlled
study of treatment by core decompression. J Bone Joint Surg (Br). 1993;75:210.
7. Baiano C, Romeo A, Zocco A, Chierchia M, Denaro S. Bone marrow edema
syndrome of the hip: effectiveness of extracorporeal shock waves therapy
associated with clodronate. a case report. Bone. 2010;47:S91.
8. d’Agostino C, Romeo P, Lavanga V, Pisani S, Sansone V. Effectiveness of
extracorporeal shock wave therapy in bone marrow edema syndrome of
the hip. Rheumatol Int. 2014; 23. doi 10.1007/s00296-014-2991-5.
9. Wang CJ, Wang FS, Yang KD, Huang CC, Lee MS, Chan YS, et al. Treatment
of osteonecrosis of the hip: comparison of extracorporeal shockwave with
shockwave and alendronate. Arch Orthop Trauma Surg. 2008;128:901.
10. Tischer T, Milz S, Weiler C, Pautke C, Hausdorf J, Schmitz C, et al. Dosedependent new bone formation by extracorporeal shock wave application
on the intact femur of rabbits. Eur Surg Res. 2008;41:44.
11. Xu JK, Chen HJ, Li XD, Huang ZL, Xu H, Yang HL, et al. Optimal intensity
shock wave promotes the adhesion and migration of rat osteoblasts via
integrin β1-mediated expression of phosphorylated focal adhesion kinase.
J Biol Chem. 2012;287:26200.

Gao et al. BMC Musculoskeletal Disorders (2015) 16:379

Page 8 of 8

12. Wang CJ, Wang FS, Ko JY, Huang HY, Chen CJ, Sun YC, et al. Extracorporeal
shockwave therapy shows regeneration in hip necrosis. Rheumatology.
2008;47:542.
13. Gao F, Sun W, Li Z, Guo W, Kush N, Ozaki K. Intractable bone marrow
edema syndrome of the hip. Orthopedics. 2015;38, e263.
14. Korompilias AV, Karantanas AH, Lykissas MG, Beris AE. Bone marrow edema
syndrome. Skeletal Radiol. 2009;38:425.
15. Berger CE, Kröner AH, Minai-Pour MB, Ogris E, Engel A. Biochemical markers
of bone metabolism in bone marrow edema syndrome of the hip. Bone.
2003;33:346.
16. Radke S, Rader C, Kenn W, Kirschner S, Walther M, Eulert J. Transient marrow
edema syndrome of the hip: results after core decompression. Arch Orthop
Trauma Surg. 2003;123:223.
17. Beckmann J, Schmidt T, Schaumburger J, Rath B, Lüring C, Tingart M, et al.
Infusion, core decompression, or infusion following core decompression in
the treatment of bone edema syndrome and early avascular osteonecrosis
of the femoral head. Rheumatol Int. 2013;33:1561.
18. Vulpiani MC, Vetrano M, Trischitta D, Scarcello L, Chizzi F, Argento G, et al.
Extracorporeal shock wave therapy in early osteonecrosis of the femoral
head: prospectiveclinical study with long-term follow-up. Arch Orthop
Trauma Surg. 2012;132:499.
19. Frairia R, Berta L. Biological effects of extracorporeal shock waves on
fibroblasts. A review. Muscles Ligaments Tendons J. 2012;1:138.
20. Wang CJ, Huang KE, Sun YC, Yang YJ, Ko JY, Weng LH, et al. VEGF
modulates angiogenesis and osteogenesis in shockwave-promoted fracture
healing in rabbits. J Surg Res. 2011;171:114.
21. Haake M, Thon A, Bette M. Unchanged c-Fos expression after extracorporeal
shock wave therapy: an experimental investigation in rats. Arch Orthop
Trauma Surg. 2002;122:518.
22. Ma HZ, Zeng BF, Li XL, Chai YM. Temporal and spatial expression of BMP-2
in sub-chondral bone of necrotic femoral heads in rabbits by use of
extracorporeal shock waves. Acta Orthop. 2008;79:98.
23. Ma HZ, Zeng BF, Li XL. Upregulation of VEGF in subchondral bone of
necrotic femoral heads in rabbits with use of extracorporeal shock waves.
Calcif Tissue Int. 2007;81:124.
24. Hausdorf J, Lutz A, Mayer-Wagner S, Birkenmaier C, Jansson V, Maier M.
Shock wave therapy for femoral head necrosis-Pressure measurements
inside the femoral head. J Biomech. 2010;43:2065.
25. Wang CJ, Yang YJ, Huang CC. The effects of shockwave on systemic
concentrations of nitric oxide level, angiogenesis and osteogenesis factors
in hip necrosis. Rheumatol Int. 2011;31:871.
26. Wang CJ, Wang FS, Huang CC, Yang KD, Weng LH, Huang HY. Treatment
for osteonecrosis of the femoral head: comparison of extracorporeal shock
waves with core decompression and bone-grafting. J Bone Joint Surg Am.
2005;87:2380.
27. Mutluoglu M, Sonmez G, Sivrioglu AK, Ay H. There may be a role for
hyperbaric oxygen therapy in Transient Osteoporosis of the Hip. Acta
Orthop Belg. 2012;78:685.
28. Bartl C, Imhoff A, Bartl R. Treatment of bone marrow edema syndrome with
intravenous Ibandronate. Arch Orthop Trauma Surg. 2012;132:1781.
29. Papadopoulos EC, Papagelopoulos PJ, Kaseta M, Themistocleous GS, Korres
DS. Bone marrow edema syndrome of the knee: a case report and review
of the literature. Knee. 2003;10:29.
30. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ,
et al. CONSORT 2010 explanation and elaboration: updated guidelines for
reporting parallel group randomised trials. Int J Surg. 2012;10:28.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

