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Abstract

Background: There is now ample evidence suggesting that extracorporeal shock wave therapy (ESWT) can improve
hip mobility and reduce pain in patients with osteonecrosis of the femoral head (ONFH). The ability of ESWT to cure
bone marrow edema syndrome (BMES) in patients with ONFH, 12 weeks after the initial course of ESWT, needs to be
verified further and more relevant clinical research-based evidence should be consolidated. This study aimed to
evaluate the efficacy of ESWT for BMES caused by ONFH.

Methods: This retrospective cohort study included 67 patients with BMES caused by ONFH who were
participating in a rehabilitation program as outpatients. Before and after ESWT, the area of femoral bone marrow
edema was evaluated by magnetic resonance imaging (MRI), and the Harris score and Charnley score were
evaluated as hip pain and function indicators.

Results: After ESWT, MRI revealed that the area of bone marrow edema decreased from 984.6 ± 433.2 mm2 to
189.7 ± 214.4 mm2 (P < 0.0001). The Harris score increased from 42.2 ± 9.1 to 77.7 ± 10.8 points (P < 0.0001). The
Charnley score increased from 7.3 ± 1.4 to 12.0 ± 1.7 (P < 0.0001). ESWT was effective in treating BMES in 98.5%
of the cases.

Conclusions: This study demonstrated that ESWT can effectively treat BMES caused by ONFH and can aid in pain
relief and functional recovery in patients with ONFH. Thus, ESWT should be included in the classic physical
therapy regimen for patients with ONFH and BMES.
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Background
Numerous studies have proven that extracorporeal
shock wave therapy (ESWT) has a positive effect on the
treatment of musculoskeletal diseases [1, 2]. However,
there are few reports on its effect for the treatment of
osteonecrosis of the femoral head (ONFH) associated
with bone marrow edema syndrome, which may have
various causes. ONFH is caused by a variety of disorders
of local blood circulation in the femoral head, resulting
in the death of the active components of the bone (bone
cells, bone marrow cells). This eventually leads to the
destruction of the trabecular bone in the femoral head,
the collapse of the femoral head, and the loss of joint
function [3]. Bone marrow edema syndrome (BMES) is
an increase in interstitial fluid in the space between bone
marrows. BMES is a common concomitant sign in the
development of ONFH. The clinical symptoms are char-
acterized by increasing hip pain, which usually resolves
spontaneously within approximately 6 to 9months [4].
Compared with joint effusions in ONFH, BMES is more
related to pain [5]. Studies have shown that the hip pain
symptom classification of ONFH patients positively cor-
relates with the degree and area ratio of bone marrow
edema [6]. Magnetic resonance imaging (MRI), T1-
weighted images, and short tau inversion recovery and
T2-weighted images showed typical characteristics, low
signal, and high signal, respectively [7]. In mild BMES,
bone marrow edema only appears around the necrotic
area. If the BMES is aggravated, the area of bone marrow
edema can expand to the femoral neck; in severe BMES,
it expands below the femoral trochanter. The histo-
logical findings of the corresponding area of BMES are
edema in the bone marrow interstitium, amorphous ex-
udate between fat cells, fibrous tissue hyperplasia, and
chronic inflammatory cell infiltration [8]. Although
many bone lacunae are empty, the trabecular bone re-
mains active, and there is no sign of necrosis in the tra-
becular bone and bone marrow tissue, showing that the
area of bone marrow edema is not an extension of the
necrosis range [9]. Pathological analysis of the BMES
area showed a widened trabecular bone space filled with
significant amounts of edema fluid, fat necrosis, continu-
ous trabecular bone, the survival of bone cells, reactive
bone formation, and no bone resorption of progressive
osteoclasts. The increase of bone-like and the decrease
of hydroxyapatite content can explain the decrease of
bone density on a radiograph.
The survival of trabecular bone and active bone forma-

tion indicate a strong regeneration ability [10]. There are
still many controversies about the pathogenesis and
pathological mechanism of BMES, and its relationship
with ONFH. At present, there are mainly three views as
follows: (1) BMES is a congestive edema caused by early
repair response in the area of osteonecrosis [11]; (2)

BMES is caused by ONFH intraosseous pressure caused
by femoral vein reflux disturbance, capillary endothelial
cell damage, increased exudation, and increased bone
marrow interstitial water content [12]; and (3) mechan-
ical stress is the cause of BMES [13]. In summary, the
cause of BMES secondary to ONFH is more compli-
cated, and it is difficult for a single pathological factor to
provide a reasonable and comprehensive explanation.
Extracorporeal shock wave therapy (ESWT) is non-

invasive, safe, and effective. It is widely used in the clin-
ical treatment of musculoskeletal diseases [14]. A shock
wave is an acoustic wave with mechanical properties that
produces energy through the rapid or extreme compres-
sion of a medium caused by vibration and high-speed
motion. Its physical characteristics include mechanical
effect, cavitation effect, thermal effect, and biological ef-
fects, which include tissue repair and reconstruction
[15], tissue adhesion release [16], dilation of blood ves-
sels and angiogenesis [17], analgesia and nerve ending
blockade [18], and inflammation and infection control
[19]. While core decompression is the gold standard, the
quality of outcomes is slightly debatable, and therefore,
the choice of treatment should depend on the state of
disease progression. A recent meta-analysis comparing
core decompression with other joint preserving treat-
ments for osteonecrosis of the femoral head showed that
core decompression was not any better than that of con-
servative treatment, and therefore, conservative treat-
ment should be given priority [20]. ESWT in particular
has a strong analgesic ability; for example, the treatment
can significantly reduce the VAS score of patients with
plantar fasciitis [2]. ESWT has been used to treat BMES
caused by ONFH [21]. Therefore, we used focused shock
waves to treat BMES of the femoral head and observed

Fig. 1 Flow chart diagram
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its clinical efficacy to provide medical evidence for clin-
ical ESWT treatment of BMES.

Methods
Participants and design
This retrospective cohort study was conducted at the Har-
bin City Hospital No. 1 Center. It evaluated the efficacy of
ESWT on BMES of ONFH. A total of 67 patients (24 men
and 43 women), aged 25–73 years (average age, 48.6 ±
11.2 years), were diagnosed with ONFH accompanied by
BMES and were treated with ESWT after outpatient diag-
nosis (Fig. 1). The inclusion criteria were fulfillment of the
diagnostic criteria for femoral head necrosis according to
the Association Research Circulation Osseous (ARCO)
classification system; stage I, II, III, or IV ONFH and age
of 18–80 years. The exclusion criteria were pregnancy, a
tumor lesion located at the femoral head as the cause of
ONFH, acute soft tissue infection, or skin disruption in
the topically treated area. All participants signed an in-
formed consent form, which was approved by the ethics
committee of Harbin First Hospital.

Experimental procedure
Experimental design
The study included patients who were diagnosed with
ONFH accompanied BMES in our outpatient clinic from
November 2018 to June 2020 and had completed 12
ESWT treatment cycles. According to the medical history,
the etiologies of ONFH were obtained, and the patients
were divided into four groups: Hormonal agent, Alcohol,
Trauma, and Idiopathic groups. Patients underwent MRI
scanning before and after ESWT treatment and completed
Harris hip score (HHS) and Charnley score.
Effective treatment was defined as a 60% reduction in

the area of bone marrow edema and significant relief of
the patient’s hip symptoms; complete disappearance of
bone marrow edema was defined as being cured.

Sample size calculation
The sample size was estimated to be 4 recipients, in line
with the qualitative response parameters (α= 0.05, double;
power of test 1- β = 0.9; power = 0.9923). This retrospect-
ive cohort study included 67 patients with BMES caused
by ONFH, more than the sample size number.

Diagnostic methods and standards
Two joint surgeons diagnosed femoral head necrosis
based on the patient’s medical history, symptoms,
signs, and imaging findings; scored the degree of pain
in the affected hip according to the pain score item
in the HHS and Charnley score; and classified the af-
fected hip in accordance with the ARCO International
Staging Standard for necrosis staging [22]. Two radi-
ologists with more than 5 years of working experience

with musculoskeletal disorders subsequently diagnosed
and classified the imaging data according to the diag-
nostic criteria of bone marrow edema; they then cal-
culated the area of bone marrow edema. The hip
joint was scanned with high-resolution MRI equip-
ment (Discovery MR750w 3.0 T, GE Healthcare, Bos-
ton, MA, USA); the slice thickness at the hip joint
was 0.2 mm.
MRI diagnostic criteria for bone marrow edema were

as follows [23]: a T1-weighted image below the fat signal
in the medullary cavity, a diffuse high-signal image out-
side the lesion on the T2-weighted image, and a clear
high signal on the T2-fat suppression image.

Personalized ESWT
ESWT was performed using the following procedure:
Starting with 0.25 mJ/mm2, shock wave energy was grad-
ually increased to 0.40 mJ/mm2 over the course of three
cycles of ESWT depending on the patient’s sensitivity to
pain. Each treatment point was pulsed 700 times, and
the treatment was performed every 3 days, with two
treatments per cycle, resulting in 12 consecutive cycles
of ESWT treatment (Fig. 2a). The application of focused
ESWT equipment (XYS.GU-6X; XinYuanSu Inc., Shen-
zhen, China) was conducted without anesthesia by the
same experienced orthopedist, using ESWT under the
guidance of the C-arm, in all the patients (Fig. 2b, c).
According to the area of bone marrow edema, 3–6 treat-
ment points were selected on each side of the femur,
and important nerves and blood vessels were avoided
(Fig. 2d). Any adverse events occurring during ESWT
were recorded.

General treatment
Generally, treatment included quitting smoking and
drinking, and strictly limiting femoral weight-bearing by
using crutches and other appliances. Patients and their
families received training on necessary medical know-
ledge so that they could complete the above treatment
plan together.

Hip function evaluation
To reduce the bias of hip evaluation, the hip function
was assessed both using the HHS [24] and the Charn-
ley score [25]. HHS emphasizes the importance of
pain and function; the evaluation method is a com-
prehensive score of the four indicators of pain, func-
tion, deformity, and joint mobility; and the evaluation
result is represented by a single total score. The
Charnley score includes three items: pain, walking
ability, and activity. The Charnley score is simple and
convenient, and the grade score is easy to remember
and use. Grading according to walking ability can aid
in evaluating unilateral and bilateral patients. Hip
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function evaluation is particularly important in re-
habilitation guidance and enables timely detection of
hidden hip problems. All these evaluations are based
on a patient-centered evaluation system.

Statistical analysis
We analyzed the data of all patients with MRI data
on the BMES of the femoral head, i.e., patients with
valid follow-up data for 12 weeks after ESWT; there
was no attribution to missing data. The Student’s
paired t test was used to compare HHS score, Charn-
ley score, and BMES area before and after ESWT; a
60% reduction in BMES area was classified as a suc-
cessful treatment, while the progression of BMES area
was classified as treatment failure.
The patient data were analyzed using GraphPad

Prism version 7.0 (GraphPad Software Inc., San
Diego, CA, USA). A P value < 0.05 was considered
statistically significant. The difference test of single
group mean was used to calculate the sample size
using power analysis and Sample Size 15.0.5 software
(SAS Institute Inc., USA).
According to the literature, BMES symptoms had sig-

nificantly improved at 12 weeks in the ESWT group, and
after 24 weeks in the untreated group, on average [5];
therefore, the time for significant improvement of BMES
symptoms was taken as the endpoint of this study, while
the untreated, natural process was considered the base-
line [26].

Results
After the patients were included in the study, no data
was lost. The subjects’ demographic and clinical charac-
teristics at baseline are shown in Table 1.
Table 2 shows the original data, including the mean

and standard deviation of all dependent variables before
and after the test. Statistical significance was set to P <
0.05 (two-sided) for all analyses.
HHS improved from 42.2 ± 9.1 points before treat-

ment to 77.7 ± 10.8 points (Table 2, Fig. 3a), with a sig-
nificant difference before and after treatment (P <

Fig. 2 Personalized extracorporeal shockwave therapy (ESWT). a Technical solution. b Treatment diagram. c ESWT with the guidance of the C-
arm. d The treatment point was selected according to the magnetic resonance imaging findings of bone marrow edema syndrome

Table 1 Demographic and clinical characteristics at baseline

Variable ESWT group

Age, years 48.6 ± 11.2 (range, 25–73)

Male/female, n 24/43

ARCO stage, n

I 10

II 33

III 24

Etiology, n

Hormonal agent 25

Alcohol 11

Trauma 23

Idiopathic 8

Duration of follow-up, months 3

ESWT extracorporeal shockwave therapy, ARCO Association Research
Circulation Osseous

Zhao et al. Journal of Orthopaedic Surgery and Research           (2021) 16:21 Page 4 of 9



0.0001). The Charnley score improved from 7.3 ± 1.4
points before treatment to 12.0 ± 1.7 points (Table 2,
Fig. 3b), with a significant difference before and after
treatment (P < 0.0001). The area of BMES decreased
from 984.6 ± 433.2 mm2 before treatment to 189.7 ±
214.4 mm2 (Table 2, Fig. 3c), and there was a significant
difference before and after treatment (P < 0.0001). After
12 weeks of ESWT, BMES disappeared in 23 patients
(hormonal agent 34.78%, alcohol 21.74%, trauma 17.39%,
idiopathic 26.09%; Fig. 3e), and 44 patients still had
BMES (hormonal agent 38.64%, alcohol 13.64%, trauma
43.18%, idiopathic 4.55%; Fig. 3f) (Fig. 3d). The efficacy
of ESWT in treating BMES was 100% in the hormonal
agent, alcohol, and trauma groups each and 87.5% in the
idiopathic group. The overall efficacy was 98.5% (Fig.
3g). After ESWT, the area of bone marrow edema
caused by the different etiologies decreased significantly
(P < 0.0001, Fig. 3h).
After 12 cycles of focused ESWT treatment, BMES im-

proved significantly, and the area of bone marrow edema
decreased significantly (Fig. 4). The patients’ pain signifi-
cantly reduced, and the joint function significantly im-
proved (Table 2).

Discussion
BMES of the hip is usually a self-limiting disease that
improves within 3 to 9 months without treatment. The
current treatment of BMES mainly includes non-surgical
treatment and surgical treatment [27]. The choice of
treatment for BMES caused by ONFH should be based
on comprehensive consideration of the stage, type, age,
occupation, and compliance with hip preservation sur-
gery; hospital conditions; physician’s skills; and the con-
dition of the individual, with strict adherence to the
surgical indications for BMES caused by ONFH and
consideration of its traumatic and related side effects,
for example, the total failure rate of treatment in pa-
tients with osteonecrosis undergoing total hip replace-
ment is four times that in patients with osteoarthritis
undergoing the same surgery [28]. Thus, non-surgical
treatment, especially physical therapy, stands out due to
its high safety, low treatment cost, and low trauma [29].
Among them, ESWT is gradually being accepted by
people, with good analgesia, high safety, good tolerance,
high compliance, and better treatment of BMES [30]; in
addition, shock waves can significantly reduce both

BMES symptoms and pain within 3 months. This study
provides medical evidence for the efficacy of ESWT for
BMES in a short period of time.
The appearance of BMES is a special phenomenon in

the progress of necrosis, which is considered to be a sign
of potential progression to advanced femoral head ne-
crosis, and when BMES is observed, it is necessary to
carefully check for femoral head necrosis [13]. Meier
et al. believe that once BMES appears, it means that
femoral head necrosis has entered ARCO stage III [31].
Clinically, it has been observed that BMES may continue
to exist for a long time after ONFH collapse. The reason
may be related to the instability of the femoral head after
ONFH collapse. Previous studies have shown that the
occurrence of femoral head necrosis is mainly related to
mechanical factors. After the collapse, the stability in the
femoral head is obviously lost, and the instability in the
femoral head produces stress concentration, which re-
sults in the presence and long-term existence of BMES
[8]. The presence of BMES also provides a certain refer-
ence for the treatment of ONFH after a collapse. The
unstable femoral head requires proper braking rest,
physical therapy, and necessary surgical intervention to
create a stable mechanical environment for the repair of
necrosis. In ONFH without BMES, this situation can
allow patients to perform the necessary functional exer-
cise activities. Therefore, the presence or absence of
BMES in the femoral head after collapse can be used as
an evaluation standard for the effect of treatment of
ONFH, and it is also the clinical imaging basis for fur-
ther treatment. However, this concept needs to be com-
bined with long-term clinical follow-up and evaluation
to reveal its existence.
BMES can be divided into congestive, tumorigenic,

traumatic, or vasogenic by different mechanisms [32].
Congestive BMES secondary to ONFH caused by drugs,
such as steroids, is usually caused by vascular occlusion
[33]. The mechanism of the therapeutic effect of ESWT
may be due to the shock wave’s dilation of blood vessels
and angiogenesis [17]. Because ESWT has a powerful
ability to generate pressure waves and cavitation, it can
improve blood microcirculation [34]. To a certain ex-
tent, it can explain the efficacy of ESWT in treating
BMES due to hormonal agent in this study. In congest-
ive BMES secondary to ONFH caused by trauma, trau-
matic trabecular bone fracture leads to bleeding, and

Table 2 Change in hip function evaluation score after extracorporeal shockwave therapy

ESWT Before (0 week) After (12 weeks) P value

HHS 42.2 ± 9.1 77.7 ± 10.8 < 0.0001

Charnley score 7.3 ± 1.4 12.0 ± 1.7 < 0.0001

Area of bone marrow edema, mm2 984.6 ± 433.2 189.7 ± 214.4 < 0.0001

ESWT extracorporeal shockwave therapy, HHS Harris hip score
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interstitial fluid enters the extracellular space, causing
BMES. ESWT can promote bone tissue repair and re-
generation and accelerate the repair process [35]. To a
certain extent, it can explain the efficacy of ESWT in
treating BMES caused by trauma in this study. Ethanol
can significantly reduce the proliferation and osteogenic
differentiation of bone marrow mesenchymal stem cells

[36], which is one of the pathogenesis factors of ONFH.
ESWT significantly promoted bone morphogenic protein
(BMP)-2, BMP-3, BMP-4, and BMP-7 mRNA expression
in the callus [5], and BMP is essential for fracture heal-
ing. To some extent, it can explain the efficacy of ESWT
in treating BMES due to alcohol in this study (Fig. 3g,
h). We believe that ESWT has a therapeutic effect

Fig. 3 Extracorporeal shockwave therapy (ESWT) evaluation. a Harris hip score. b Charnley score. c Area of bone marrow edema. d Bone marrow
edema syndrome (BMES) number after 12 weeks of ESWT treatment. e No BMES etiology. f BMES etiology. g ESWT effective treatment rate for
BMES (%). h Area of bone marrow edema. ***P < 0.01
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because it breaks the vicious circle of bone marrow
edema and necrosis. By improving BMES, ESWT can re-
duce intraosseous pressure and thus alleviate the pain
caused by ONFH. By causing trabecular fractures to pro-
mote bone healing, necrotic bone tissue re-enters the
cycle of bone reconstruction.
The purpose of BMES treatment is to shorten the clin-

ical course and reduce pain. Related clinical studies have
shown that anti-tuberculosis drugs, prednisone, calci-
tonin, and sympathectomy of the lumbar spine confer
no significant treatment benefits in patients with BMES.
Bupivacaine and nifedipine can alleviate the patient’s
pain to a certain extent but cannot affect the progress of
the disease [37]. The use of pulsed electromagnetic fields
for treating BMES has been reported. In a study involv-
ing six patients with talus BMES, pulsed electromagnetic
field stimulation was used daily for 30 days. In five pa-
tients, BMES improved after 1 month of treatment and
completely resolved within 3 months [38]. However, the
study had a small number of patients, and 30 days of
continuous treatment might have resulted in poor pa-
tient compliance, highlighting the need for stronger clin-
ical evidence. The average clinical recovery period of the
eight patients treated with alendronate oral therapy was
6 months [39], whereas the average clinical recovery
period of the six patients treated using calcitonin was
4.7 months [40]; the duration of recovery following core
decompression therapy was between 1 week and 8
months (median: 1.5–2 months) [40]. However, although
core decompression is the surgical gold standard, achiev-
ing immediate decompression and hip pain relief after
surgery, this is an invasive treatment; possible side
effects include infection, hematoma, etc. In our study,
the efficacy of ESWT for BMES was 98.5% at 3 months;
the patients showed higher compliance, and no side
effects were observed.
Regarding the use of ESWT for treating BMES, there

have been reports of satisfactory treatment results. Leilei
et al. used ESWT to treat 34 patients with hip BMES
and found that compared with that before treatment,

hip pain was relieved to varying degrees in the first and
third months after treatment; HHS was significantly im-
proved, and visual analogy score was significantly re-
duced (P < 0.05). MRI results showed that the diffuse
BMES of the femur disappeared completely [30].
D’Agostino et al. treated 20 patients with ONFH and
BMES through ESWT [41]. The study found that com-
pared with before treatment, in the sixth month after
treatment intervention, hip pain was significantly re-
lieved, hip function was significantly improved, and the
average area of bone marrow edema decreased from
981.9 ± 453.2 mm2 before treatment to 107.8 ± 248.1
mm2 after treatment. A study involving 36 patients with
avascular necrosis of femoral head showed that ESWT
can help control the progression of non-vascular necro-
sis areas in patients with ARCO stages I and II and sig-
nificantly reduce pain [42]. ESWT is an effective
physical therapy that can quickly relieve pain, improve
function and help normalize the area of bone marrow
edema. In this study, although the overall cure rate for
BMES was only 34.3%, ESWT significantly reduced the
area of bone marrow edema, and the efficacy of ESWT
for BMES was 98.5% (Fig. 3g). The area of BMES de-
creased from 984.6 ± 433.2 mm2 before treatment to
189.7 ± 214.4 mm2 (Table 2, Fig. 3c), and there was a
significant difference before and after treatment (P <
0.0001). Our research results support the above
evidence.

Strengths and limitations of this study
Given that research on ESWT for treating ONFH caused
by BMES is insufficient, this article provides a reference
for its clinical application. In addition, the cure rate of
ESWT for BMES caused by ONFH of different etiologies
was discussed. The advantage of this research lies in its
relatively easy operation and repeatability. While this
study has achieved a good therapeutic effect, we need to
acknowledge the following limitations of the study: the
number of patients with BMES due to ONFH caused by
different etiologies was small; there was no control

Fig. 4 Cases of bone marrow edema syndrome affecting the femoral head after extracorporeal shockwave therapy
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group, and the follow-up time was short. Therefore, we
look forward to adopting a large sample size, long-term
follow-up, and a standardized multicenter randomized
controlled trial in the future for further research. The
mechanism by which ESWT exerts a therapeutic effect
should be further revealed.

Conclusions
ONFH has a multifactorial etiology, and the causes of
BMES also vary. This study demonstrated the effective-
ness of ESWT in treating BMES caused by ONFH by
providing pain relief and enabling functional recovery.
Given that the efficacy of ESWT for BMES was 98.5%
and that ESWT is easy to perform, inexpensive, safe, and
related to good tolerance and high compliance, our re-
sults further validate ESWT as the treatment of choice
for BMES.
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