
INTRODUCTION

Avascular necrosis (AVN), also known as ischemic bone 
necrosis, osteonecrosis, bone infarction, aseptic necrosis, 
is cellular damage within the bone caused by interrup-
tion of the blood supply. It is reported that AVN occurs 

more frequently in the hip joint than in any other joint [1].  
Since it was first reported as a “Coronary artery disease of 
the hip” in 1948, various approaches have been used to 
identify the cause and the natural history of the disease; 
however, yet the mechanisms remain uncertain with 
many etiological factors, and the disease is one of the 
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Objective  To evaluate the effectiveness of lower energy flux density (EFD) extracorporeal shock wave therapy 
(ESWT) in the early stage of avascular necrosis (AVN) of the femoral head.
Methods  Nineteen patients and 30 hips were enrolled. All subjects received 4 weekly sessions of ESWT, at different 
energy levels; group A (n=15; 1,000 shocks/session, EFD per shock 0.12 mJ/mm2) and group B (n=15; 1,000 shocks/
session, EFD per shock 0.32 mJ/mm2). We measured pain by using the visual analog scale (VAS), and disability by 
using the Harris hip score, Hip dysfunction and Osteoarthritis Outcome Score (HOOS), and the Western Ontario 
and McMaster University Osteoarthritis Index (WOMAC). To determine the effect of the lower EFD ESWT, we 
assessed the VAS, Harris hip score, HOOS, WOMAC of the subjects before and at 1, 3, and 6 months.
Results  In both groups, the VAS, Harris hip score, HOOS, and WOMAC scores improved over time (p<0.05). 
Conclusion  Lower EFD ESWT may be an effective method to improve the function and to relieve pain in the early 
stage of AVN.
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most common intractable diseases [2]. If it is not treated 
with adequate treatments, AVN of the femoral head pro-
gresses to femoral head depression and hip joint destruc-
tion, which require total hip replacement in the end.

Currently, the incidence of AVN of the femoral head 
is gradually rising along with the increased usage of 
steroids in numerous conditions. At the same time, the 
technological advances in radiologic techniques such as 
magnetic resonance imaging (MRI) and computed to-
mography have enabled an early diagnosis of the disease. 
With such trends, an early, effective treatment for AVN of 
the femoral head is drawings more attention.

Clinical treatment of AVN of the femoral head may be 
divided into two categories in general: surgical and non-
surgical treatments. While planning surgical treatment, 
potential risks, complications, and uncertain prognosis 
must be considered. Among surgical treatments, core 
depression with or without bone grafting is considered 
the gold standard femoral head preserving procedure. 
However, the prognosis after the procedure showed wide 
variations and the patients were often unsatisfied with 
the operation results, according to the previously report-
ed cases and papers [3]. 

While treating AVN of the femoral head, the funda-
mental goal of the physician is to preserve the joint and 
its function. Thus, most physicians prefer non-surgical 
treatments to preserve the hip joint as much as possible, 
since AVN usually affects people between 30 and 50 years 
of age.

Non-surgical treatments, such as extracorporeal shock 
wave therapy (ESWT), hyperbaric oxygen therapy, and oral 
alendronate have been reported to be effective methods to 
treat AVN of the femoral head [4]. However, these treatments 
do not cure the disease; they are conservative methods of 
controlling pain and preserving the function. Therefore, 
various innovative attempts have been made for treating 
AVN of the femoral head with non-surgical treatment.

In order to set a standard procedure of ESWT for clini-
cal application, the International Society for Medical 
Shockwave Treatment (ISMST) recommends a protocol, 
using 0.62 mJ/mm2 of energy flux density (EFD) and 4,000 
shocks delivered to the skin close to the damaged bone 
for AVN treatment. Other than the ISMST recommenda-
tion, there are numerous experimental and clinical ap-
proaches to preserve the joint and prevent progression to 
the secondary degenerative joint disease during the early 

stage of AVN of the femoral head [3-5]. Recently, several 
studies verified the effectiveness of the ESWT session un-
der general anesthesia [3-5]. However, the ESWT protocol 
as recommended by the ISMST is difficult to execute at 
the clinical level; the low output of the energy that can be 
generated by the typical clinical machines poses a techni-
cal limitation. In an attempt to overcome this limitation, 
several studies assessed the effectiveness of low-EFD and 
their results suggest that the treatment at a low-EFD of 0.4 
mJ/mm2 is effective in alleviating the symptom [6].

The aim of this report is to evaluate the effectiveness 
of lower energy density ESWT, which is a more practical 
and realistic treatment option at the clinical level, than 
the previously used methods. The evaluations were made 
with respect to the degree of pain, radiological studies, 
and the improvement of, AVN of the femoral head at the 
fracture level.

MATERIALS AND METHODS

Subjects
Our patient pool comprised those who visited Gwangju 

Veterans Hospital from May 2013 to May 2015, with either 
unilateral or bilateral pelvic pain, gait disturbance, and 
radiologically diagnosed AVN of the femoral head using 
magnetic resonance imaging. Our inclusion criteria for 
the subjects were (1) age>30 years; (2) diagnosed as hav-
ing grades from 1 to 3 of the Association Research Circu-
lation Osseous (ARCO) classification of AVN. The exclu-
sion criteria were (1) patients with comorbidities such 
as a neurologic disorder or a hemodynamically unstable 
system; (2) patients who have received steroid injection 
in the past 6 months; (3) patients with a contraindication 
found on MRI; (4) patients with a history of pelvic trau-
ma. We recruited a total of 32 patients and 48 hips, and 19 
patients and 30 hips met our inclusion criteria. Written 
informed consent was obtained from all subjects prior to 
the study. The study was performed in accordance with 
the principles set forth in the Declaration of Helsinki. 

Methods
There are a number of clinical staging standards to de-

termine the appropriate treatment of AVN of the femoral 
head; among these classifications, the ARCO classifica-
tion is the most widely used method [5]. Therefore, we 
adopted the ARCO classification in our study.
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ESWT
We used the Dornier Epos Ultra (Dornier MedTech, 

Kennesaw, GA, USA), which was approved in 2001. Our 
ESWT has an electromagnetic generation source and its 
type is the defocused type; the machine’s maximum level 
of EFD per shock was 20 gauge, which is equivalent to 0.32 
mJ/mm2, and the middle level of EFD per shock was 10 
gauge, equivalent to 0.12 mJ/mm2. We performed block 
randomization via a computerized program; an inde-
pendent researcher assigned the subjects to either group 
A (n=15; 1,000 shocks/session, EFD per shock 0.12 mJ/
mm2, the middle output) or group B (n=15; 1,000 shocks/
session, EFD per shock 0.32 mJ/mm2, the maximum out-
put), but he/she was not involved in the treatment or the 
outcome assessment. All subjects received 4 sessions of 
ESWT, at once weekly intervals, at different energy levels 
according to their group (Fig. 1). The patient was posi-
tioned supine on the table and the affected hip joint was 
rotated externally while keeping every other joint in neu-
tral position; in this position exposes, the femoral head 
is exposed the most. The shortest distance from the skin 
to the femoral head is obtained in this position and it al-
lows concentrating more energy to the head at a lower 
EFD. ESWT was performed by a physician who was not 
involved in the selection and assessment of the patients.

Outcome measures
The primary outcome measure was pain, which was 

measured using a visual analog scale (VAS) [7], with 0 

indicating no pain and 10 indicating maximal pain. The 
secondary outcome measure was ‘disability’, which was 
assessed by using the Harris hip score, Hip dysfunc-
tion and Osteoarthritis Outcome Score (HOOS), and the 
Western Ontario and McMaster University Osteoarthritis 
Index (WOMAC). 

The Harris hip score is an assessment that evaluates 
pain, gait, activity, deformity, and range of motion; it 
gives a maximum of 100 points, with high score repre-
senting low symptom severity [8]. The HOOS is an assess-
ment that evaluates daily activity (stair use, using public 
transportation, sitting, and managing shoes and socks) 
and gait (presence of a limp, support needed, and walk-
ing distance); the score gives a maximum of 100 points, 
with <70 indicating a poor result and 90–100 indicating 
an excellent result [8]. 

The WOMAC assesses the symptoms of OA, and it is a 
validated disease-specific self-reporting questionnaire 
that refers to the 48 hours before assessment; the score 
ranges from 0 to 96, with high score representing worse 
symptom severity [9].

We assessed the VAS, Harris hip score, HOOS, WOMAC 
of the subjects before and at 1, 3, and 6 months after 
ESWT to evaluate the effectiveness of the treatment. 

Statistical analysis
A student t-test was used to compare the homogene-

ity of baseline characteristics between the two groups 
(groups A and B). The treatment effect within each group 

Assessed for eligibility (n=48)

Randomized (n=30)

Excluded (n=18)

16 did not meet enrollment criteria

2 Withdraw consent

EFD=0.12 EFD=0.32

4 Sessions of ESWT

on both group

Group A

(n=15)

Group B

(n=15)

Fig. 1. A flow diagram, showing 
the treatment process and assess-
ment. ESWT, extracorporeal shock 
wave therapy; EFD, energy flux 
density.
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and the difference in the treatment effect between the 
two groups were examined using repeated measure 
ANOVA. All analyses were performed with SPSS ver. 18.0 
(SPSS Inc., Chicago, IL, USA). A p-value of <0.05 was con-
sidered statistically significant.

RESULTS

Within the group of 30 hips, 24 were male hips and 
6 were female hips. The average age of patients was 
64.35±5.9 years, their average height was 167.25±7.0 cm, 
their average weight was 68.9±5.8 kg, their average body 
mass index (BMI) was 28.6±1.5 kg/m2, and their average 
age at the first symptomatic onset was 49.96±9.2 years. 
Their ARCO stage (I/II/III) was 3/6/6 (group A) and 2/8/5 
(group B) (Table 1).

The average VAS, Harris hip score, HOOS, WOMAC 
scores were 3.28±1.81, 32.42±12.28, 43.22±8.90, and 
39.16±14.83, respectively (Table 2). There were no sig-
nificant differences in sex, age, height, weight, BMI, VAS 
score, Harris hip score, HOOS score, WOMAC score be-

tween the, two groups prior to ESWT treatment. There 
was no case in which the treatment was discontinued due 
to the occurrence of the side effects or complications, al-
though some patients complained of a minor discomfort 
like transient skin color change or swelling.

Change in pain after ESWT
At baseline, the VAS scores in groups A and B were 

3.13±1.87 and 3.43±1.74, respectively. After 1 month, the 
VAS scores in the respective groups were 2.95±1.62 and 
3.12±1.53. After 3 months, the VAS scores in the respec-
tive were 2.57±1.55 and 2.61±1.68, and after 6 months, 
the VAS scores in the respective groups were 2.04±1.47 
and 2.23±1.49. 

Compared to baseline, the VAS scores were significantly 
decreased over time, up to the 6-month follow-up for 
both groups (p<0.05 for time effect, p<0.05 for group-
time interaction) (Fig. 2).

Change in functional scores after ESWT
At baseline, the Harris hip scores in groups A and B were 

Table 2. The baseline clinical characteristics of participants

Variable Group A (n=15) Group B (n=15) p-valuea)

VAS 3.13±1.87 3.43±1.74 0.678

Harris hip score 30.81±12.27 34.03±12.30 0.756

HOOS 44.21±8.89 42.22±8.91 0.812

WOMAC 39.60±14.88 38.71±14.79 0.793

Values are presented as number or mean±standard deviation.
Group A, 0.12 mJ/mm2; group B, 0.32 mJ/mm2; VAS, visual analogue scale; HOOS, Hip dysfunction and Osteoarthritis 
Outcome Score; WOMAC, Western Ontario and McMaster University Osteoarthritis Index. 
a)Student t-test.

Table 1. The demographic data of participants

Variable Group A (n=15) Group B (n=15) p-valuea)

Sex (male:female) 13:2 11:4

Age (yr) 64.9±6.4 63.8±6.2 0.286

Height (cm) 165.8±6.9 168.7±7.3 0.841

Weight (kg) 67.5±5.6 70.3±5.9 0.635

BMI (kg/m2) 28.8±1.7 28.4±1.4 0.873

Age at the first symptomatic onset 49.1±9.3 50.8±8.9 0.623

ARCO stage (I/II/III) 3/6/6 2/8/5 0.715

Values are presented as number or mean±standard deviation.
Group A, 0.12 mJ/mm2; group B, 0.32 mJ/mm2; BMI, body mass index; ARCO, Association Research Circulation Osse-
ous.
a)Student t-test. 
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30.81±12.27 and 34.03±12.30, respectively. After 1 month, 
the Harris hip scores in the respective groups were 
37.84±12.48 and 39.71±12.36. After 3 months, the Harris 
hip scores in the respective groups were 43.64±12.75 and 
44.31±12.77, and after 6 months, the Harris hip scores in 
the respective groups were 45.85±12.82 and 46.55±12.81. 

Compared to baseline, the Harris hip scores were sig-
nificantly increased over time, up to the 6-month follow 
up for both groups (p<0.05 for time effect, p<0.05 for 
group-time interaction) (Fig. 3). 

At baseline, the HOOSs in groups A and B were 
44.21±8.89 and 42.22±8.91, respectively. After 1 month, 
the HOOSs in the respective groups were 36.05±8.72 and 
34.56±8.77. After 3 months, the HOOSs in the respec-
tive groups were 28.36±5.31 and 26.86±6.44, and after 
6 months, the HOOSs in the respective groups were 
24.92±3.28 and 21.88±4.91.

Compared to baseline, the HOOSs were significant de-
creased over time, up to the 6-month follow up for both 
groups (p<0.05 for time effect, p<0.05 for group-time in-
teraction) (Fig. 4). 

At baseline, the WOMAC scores in groups A and B 
were 39.6±14.88 and 38.71±14.79, respectively. After 1 
month, the WOMAC scores in the respective groups were 
31.15±14.60 and 32.33±14.63. After 3 months, the WOM-
AC scores in the respective groups were 26.68±14.48 and 
28.78±14.53, and after 6 months, the WOMAC scores in 
the respective groups were 25.02±14.31 and 24.4±14.20.

Compared to baseline, the WOMAC scores were signifi-
cantly decreased over time, up to the 6-month follow-up 
for both groups (p<0.05 for time effect, p<0.05 for group-
time interaction) (Fig. 5).

DISCUSSION

There are many ongoing studies on non-surgical treat-
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Fig. 2. The visual analogue scale (VAS) score at baseline 
and at 1-, 3-, and 6-month follow-ups after extracorpo-
real shock wave therapy in both groups. This figure shows 
significant improvement in the VAS score in both groups, 
for the entire period (*p<0.05 for time effect, *p<0.05 for 
group-time interaction). Group A, 0.12 mJ/mm2 energy 
group; group B, 0.32 mJ/mm2 energy group.
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Fig. 3. The Harris hip (HH) score at baseline and at 1-, 3-, 
and 6-month follow-ups after extracorporeal shock wave 
therapy in both groups. This figure shows significant im-
provement in the HH score in both groups, for the entire 
period (*p<0.05 for time effect, *p<0.05 for group-time 
interaction). Group A, 0.12 mJ/mm2 energy group; group 
B, 0.32 mJ/mm2 energy group.
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Fig. 4. The Hip dysfunction and Osteoarthritis Out-
come Score (HOOS) score at baseline and at 1-, 3-, and 
6-month follow-ups after extracorporeal shock wave 
therapy in both groups. This figure shows significant im-
provement in the HOOS score in both groups, for entire 
period (*p<0.05 for time effect, *p<0.05 for group-time 
interaction). Group A, 0.12 mJ/mm2 energy group; group 
B, 0.32 mJ/mm2 energy group.
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ments of AVN of the femoral head, especially ESWT; the 
effects on alleviation of symptoms and improvement of 
function are undergoing the verification process. Previ-
ous studies reported that ESWT is an effective treatment 
for AVN of the femoral head. Chen et al. [10] included 17 
patients with bilateral hip osteonecrosis who were treated 
with ESWT (28 kV, 6,000 impulses) on one hip and hip ar-
throplasty on the other hip, and both procedures resulted 
in favorable pain and functional scores. In 2005, Wang 
et al. [11] compared 23 patients with 29 hips treated with 
ESWT (28 kV, 6,000 impulses) and 25 patients with 28 hips 
treated by core decompression, and ESWT showed more 
effectiveness than core decompression in the short term. 
Ludwig et al. [12] reported comparable clinical results of 
ESWT in the treatment of patients with early stages (1–3) 
of osteonecrosis of the femoral head (ONFH), and the vi-
sual analog pain scores were decreased from 8.5 to 1.2 at 
1 year after ESWT treatment while the Harris hip scores 
were increased from 43.3 to 92. There are other numer-
ous data indicating the therapeutic effectiveness of ESWT 
[3-6,13,14]. Our research on the low-energy flux density 
ESWT treatment up to the 6-month follow-up showed 
that it has a significant effect in treating the symptoms of 
AVN of the femoral head; both treatment methods that 
we used showed their therapeutic effectiveness; how-
ever, there was no significant difference between the two 

groups regardless of the difference in EFD per shock lev-
els. 

The mechanism of ESWT is not completely understood; 
however, it is assumed that ESWT affects the disease pro-
cess at the molecular level; ESWT shockwave treatment 
significantly up-regulated cell proliferation, vascular 
endothelial growth factor (VEGF), alkaline phosphatase, 
bone morphogenetic protein-2 (BMP2), runt-related 
transcription factor 2 (RUNX2), and osteocalcin mRNA 
expressions and resulted in more mature mineralized 
nodules [1]. Furthermore, ESWT was suggested to pro-
mote angiogenesis and bone remodeling and to exert a 
regenerative effect through the induction of the NO path-
way in AVN of the femoral head [13,15].

ESWT is a new therapeutic technology and it has the 
potential to replace surgery in patients with AVN of the 
femoral head without any surgical risks. In this research, 
ESWT at low-EFD seems to be beneficial in-patients with 
the early stage of AVN of the femoral head. 

This study has several limitations. Because the control 
group that follows the ISMST ESWT protocol was not 
employed, we could not make a statistical comparison 
between our results and the ISMST recommendations. 
Due to the lack of the control group, comparisons with 
other conservative treatments of AVN of the femoral head 
could not be made. Also, our research did not include 
the evaluations of the osteogenic growth factors and the 
hematologic tests, which were reported to be the influ-
ential factors in the ESWT treatment; thus, the study of 
the treatment effects at the anatomical, molecular, and 
biochemical levels remains incomplete. We suggest that 
further studies including the control group and other 
evaluations of various factors, such as a larger patient 
pool, sex, age, AVN stage, operative technique and so on, 
should be performed.

Although our study lacks a complete laboratory testing 
of the effectiveness of the treatment, we conclude that 
the study has its own significance because the patients 
experienced alleviation of pain and improvement of joint 
function after the treatment. Therefore, ESWT at low-
EFD, which can be readily adopted in the general clinical 
environment, has a significant importance. Researches 
on ESWT for treating AVN of the femoral head have not 
been actively performed due to the technical limitation. 
However, with application of this experimental low-
energy density ESWT, we expect that numerous attempts 
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Fig. 5. The Western Ontario and McMaster University 
Osteoarthritis Index (WOMAC) score at baseline and at 
1-, 3-, and 6-month follow-ups after extracorporeal shock 
wave therapy in both groups. This figure shows signifi-
cant improvement in the WOMAC score in both groups, 
for entire period (*p<0.05 for time effect, *p<0.05 for 
group-time interaction). Group A, 0.12 mJ/mm2 energy 
group; group B, 0.32 mJ/mm2 energy group.
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will be made to treat AVN with greater ease; thus, helping 
to reduce patient discomfort.
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