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Abstract

The treatments of avascular osteonecrosis
(AVN) include both conservative and surgical
methods which are dependent on the stage
and progression of the disease. The vasoac-
tive-prostaglandin-analogue iloprost (PGI2)
has been utilized in several areas of medicine
and recently has been used for the treatment
of AVN. A total of 108 patients with 136
osteonecrosis of different joints, etiology and
severity were treated with iloprost. The mean
follow-up was 49.71 months: range 15-96
months, and outcome measurements recorded
regarding subjective complaints, visual analog
scale (pain), function and survival. The out-
come scores used include the Harris Hip
Score, Knee Society score, Foot and Ankle
Survey, visual analogue scale (VAS) and a sep-
arate questionnaire. The location and etiology
of AVN in our study demonstrated the typical
pattern. All of the observed side effects of the
therapy were minor and completely reversible.
Most of patients (74.8%) showed a significant
improvement of subjective complaints and
decrease in VAS pain scores after the treat-
ment with iloprost. However, 20% of the treat-
ed joints with the stadium Association for
Research on Osseous Circulation (ARCO)
grade 2, 71% with ARCO 3 and 100% with
ARCO 4 underwent subsequent total joint
replacement. The medical treatment of bone
marrow edema or avascular osteonecrosis by
Iloprost provides an safe and effective alterna-
tive strategy in the management of AVN pre-
senting in the early stages (ARCO 1 or 2). For
more advanced stages (ARCO 3 or 4), surgical
intervention should be prioritized.

Introduction

Avascular osteonecrosis (AVN) is related to
the interruption of blood supply or a disorder of
the circulation to the subchondral bone, which
is a particularly vulnerable location due to the
capillary terminal branches. The detailed
pathogenesis of AVN and the relationship
between the underlying circulatory disorder is
often unclear.1 However, there are many theo-
ries on the cause of AVN and associated risk
factors. The most common risk factors are cor-
tisone therapy, alcohol and nicotine abuse,
fractures and coagulopathies involving the cir-
culatory system.1-5 AVN can affect all joints in
the body, however the highest incidence is
seen in the hip, followed by the knee joint,
humerus, talus and metatarsals. Bone marrow
edema that is typically visible on magnetic res-
onance imaging is directly related to the
osseous perfusion disorder and also indicates
a potentially reversible initial stage of avascu-
lar osteonecrosis. However, the bone marrow
edema may also occur as a transient clinical
condition not associated with AVN. Thus, it is
unclear if the pathogenesis of AVN arises from
the bone marrow edema at the beginning of
the disease or the bone marrow edema is sec-
ondary to another pathological process that is
self-limited which can result in complete heal-
ing 6 to 12 months after conservative medical
therapy (bone marrow edema syndrome).6-10

The treatment of avascular osteonecrosis is
based on the clinical symptoms, stage of necro-
sis and the size of the affected area. To evalu-
ate the evolution of AVN, both the Ficat and the
Association for Research on Osseous
Circulation (ARCO) is the mostly commonly
used classification by clinicians.11-13 Ficat
introduced the original classification of AVN
based on radiographic findings. However,
there is greater difference in the intra and
interobserver reliability associated with the
Ficat system. Furthermore, it does not take
into account the size and location of the
necrotic area into account. Thus, ARCO devel-
oped a classification taking into account of the
size and location of the lesion using both radi-
ographs and MRI to further stage AVN. In the
ARCO classification, there are four stages
based on the findings of both radiographs and
MRI. Surgical intervention during the advance
stages of AVN including core decompression,
osteotomy, and hip replacement is indicated
when there are radiographic signs of
osteonecrosis such as osteopenia, sclerosis,
osteolytic or cystic lesions, joint space narrow-
ing or flattening of the femoral head detectable
in the conventional radiographs. Non surgical
management of patients with AVN can be suc-
cessful only in the early ARCO stages which is
typically seen in patients that present with
bone marrow edema.10,14

Vasoactive prostaglandin analogue iloprost
(PGI2) have been used in several areas of
medicine including in the therapy of severe
peripheral vascular disease, diabetic angiopa-
thy, pulmonary hypertension and after organ
transplantation.15-19 In the recent years Iloprost
has also been used in the therapy of early stage
avascular osteonecrosis and bone marrow
edema with promising short-term results.20-26

In this study, we evaluated 108 patients with a
total of 136 avascular osteonecrosis in differ-
ent joint locations and ARCO stages that have
been managed with medical Iloprost therapy
during the period of 2003 to 2010. The aim of
the present study was to investigate the mid to
long-term results of Iloprost therapy in treat-
ment of bone marrow edema or avascular
osteonecrosis. Furthermore, the clinical and
radiographic results were stratified based on
the location of involvement, severity of clinical
presentation and patient risk factors. Our
hypothesis is that the clinical success of
Iloprost is correlated to the severity of AVN that
is based on the ARCO classification.

Materials and Methods

This study was approved by the Ethics
Committee of the Medical Faculty of the
Heinrich-Heine, University of Dusseldorf
Medical School (ethics number: 2355). A total
of 156 patients with painful bone marrow
edema or AVN were recruited for this study and
treated with Iloprost between the years of 2003
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to 2010 in the orthopedic clinic of the
Heinrich-Heine, University Dusseldorf.
Patients excluded from this study that were no
longer available (n=34), expired (n=4) or
chose not to participate in the study for per-
sonal reasons (n=10). Thus a total of 108
patients (69.2% or 108 out of 156) presenting
with 136 painful bone marrow edema or radi-
ographic evidence of avascular osteonecrosis
were included in our study and followed up ret-
rospectively. These included 48 women and 60
men with a mean age of 47.7 years (11-92
years) at the time of Iloprost treatment (Table
1). All patients included in the study presented
with bone marrow edema and symptomatic
complaint of symptoms (pain) for more than 6
months or documented radiographic evidence
of AVN including osteopenia, cystic changes,
subchondral collapse, or joint space narrowing.
Furthermore, their demographics and associ-
ated risk factors for AVN were recorded and
analyzed. Iloprost therapy was administered in
the inpatient setting with all adverse events
monitored and recorded according to the provi-
sions of the Ethics Committee. Specifically,
Iloprost was dissolved in 0.9% saline and then
administered intravenously over a period of 6
hours. The weight based dose was increased
daily over the treatment period of five days.24

All patients was notified of the risks and bene-
fits of Iloprost therapy and agreed to proceed
with the treatment after signing the consent
form.

In 31 cases, the iloprost therapy was in com-
bination with a surgical procedure. This
included core decompression in 21 cases. In
these particular cases, the Iloprost therapy was
started postoperatively within the first week
and carried out for 5 days postoperatively. The
average follow-up was 49.7 months (15-96
months). The patient demographics including
age and sex, secondary diagnoses and specific
risk factors for the development of avascular
osteonecrosis have also been recorded.
Furthermore, the duration of the symptoms

until initiation of therapy with Iloprost was
documented as well as side effects of Iloprost.
To document the patient satisfaction with the
therapy, the patients were asked the question
whether they would proceed with the Iloprost
therapy for an additional cycle. For objective
assessment of therapeutic success, various
established clinical outcome scores were col-
lected. Depending on the involved joint, the
Harris hip score (HHS), the Knee Society
score (KSS) or the Foot and Ankle Survey
(FOAS) were used in our study. In addition, the
range of motion of the corresponding joints
was also measured with a goniometer and
recorded in clinic. Pain intensity was recorded
by the means of visual pain scale (VAS). This
is a scale ranging from 0 to 10 with 0 repre-
senting no pain and 10 representing severe
pain. The classification of AVN stages was per-
formed according to the ARCO classification.11-13

The initial findings were taken from the
patient’s medical records. All existing radi-
ograph and MRI images of the involved joint
were evaluated and used to determine the
ARCO stage. All radiographs were evaluated by
two fellowship trained orthopaedic surgeons
and in the case of disagreement, a third fellow-
ship trained surgeon evaluated the imaging to
determine the stage. The data were collected
in an Excel table (Microsoft, Redmond, WA,
USA) and then examined with respect to mean
values and standard deviation. Statistical
analysis was performed with significance set
at P<0.05.

Results

A total of 136 avascular osteonecrosis in 108
patients was included in our study and fol-
lowed up. These were 60 (55.56%) male and 48
(44.44%) female patients. The average age
was 47.69 years (11-92 years). Regarding the

etiology of AVN, majority of the patients in our
study (32.4%) had steroid induced AVN, 25.9%
were idiopathic osteonecrosis, 18.5% of the
osteonecrosis arise after a trauma, 16.7% were
secondary to nicotine abuse and 7.4% were
related to alcohol abuse (Figure 1). In addi-
tion, 25.9% of the patients with AVN were due
to multifactorial risk factors. Majority of the
AVN presented in the femoral head (52%), fol-
lowed by ankle (20%) and knee (18%). In 8% of
cases, the osteonecrosis was located in the
foot. The duration of symptoms due to the AVN
before the Iloprost therapy was on average 13.6
months, although within the periods of one
month to ten years, a large scatter of data was
present (standard deviation: ±20.4 months).

In terms of symptoms associated with the
Iloprost treatment, overall 52% of the patients
complained of side effects related to the inpa-
tient treatment. The breakdown include 19% of
patients complained of headaches, 10% of hot
flushes and increased sweating, another 10%
described skin and vein irritation, and 7%
complained about nausea and vomiting. All
side effects were reversible and disappeared
completely after treatment. Severe side effects
or mortality were not observed in our treat-
ment group. The pain associated with AVN
declined in the majority of patients at the time
or after the cycle of Iloprost therapy. Overall,
74.8% of patients reported improvement in
their symptoms and decrease in pain by the
Iloprost therapy. However, 25.2% of patients
reported similar symptoms or worsening of
their symptoms after therapy. The question
about patient satisfaction and whether they
would proceed with a second cycle of Iloprost
treatment demonstrated a similar trend. Here,
64% of patients reported that they would per-
form the therapy with Iloprost again, while
21% would not do it again. The remaining 15%
of patients did not give an answer.

The evaluation of the Harris hip score for
the patients who were treated for osteonecro-
sis of the femoral head with Iloprost showed at
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Figure 1. Etiology of avascular osteonecrosis in percent.
Figure 2. Visual analogue scale for pain in percent after iloprost
therapy.
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the last examination an average of 89±15
points (range: 47-100). For patients who were
treated for AVN of the knee, the Knee Society
score had a mean of 150±31 points (range 110-
200). Patients who were treated for
osteonecrosis of the foot or ankle were evalu-
ated by the Foot and Ankle Survey. This result-
ed in a mean of 457±50 points (range: 353-
500) (Table 2). Examining the VAS for pain,
80% of patients were between the values of 0 to
5 with 37% of patients stating a value of 0 or no
pain (Figure 2).

Prior to the treatment with Iloprost, 69% of
the involved joints demonstrated stage 1
changes according to the ARCO classification.
In 18% of the joints, stage 2 was present, stage
3 was seen in 10% of patients and only 2% of
patients presented with stage 4 changes
according to the ARCO classification scheme.
After therapy with one complete cycle of
Iloprost, a restitutio ad integrum in accordance
with the ARCO stages was present in 40%.
Another 27% showed the stadium 1 according
to the ARCO classification, in 11% the stadium
2 and in 5% the stadium 3. Additionally, at final
follow-up, 16% of the joints with AVN had a
total joint replacement (Table 3). In the cases
that received an arthroplasty, the stage accord-
ing to the ARCO classification before the
Iloprost treatment was 18% (Stage 1) 23 %
(Stage 2), 45% (Stage 3) and 14 % (Stage 4).
In terms of the ARCO stages and the patients
that had a joint replacement after Iloprost
treatment, 4% of patients in Stage 1 AVN, 20%
of patients in Stage 2 AVN, 71% of patients in
Stage 3 AVN, and 100% of all patients that pre-
sented with Stage 4 had total joint arthroplasty,
respectively (Table 4). 

Discussion

Avascular necrosis of the bone can occur at
various locations in the musculoskeletal sys-
tem. Majority of the studies in the literature
have evaluated AVN associated with the
femoral head, which also accounts for the
majority of patients in this study. In the United
States, femoral head necrosis are responsible
for between 5 to 10% of all total hip replace-
ments.27 According to a survey by Solacoff and
Mont, 80% of the patients with femoral head
necrosis were younger than 50 years of age at
the time of surgery.28 Therefore, AVN is a dis-
ease that is responsible for a significant med-
ical and economic burden to the younger
patients that develops early onset AVN.
Although in some cases of AVN involving
smaller lesions and early stages, spontaneous
healing reaction may occur, however, in 90% of
patients that presents with larger lesions or
higher ARCO stage of AVN, spontaneous heal-
ing does not occur which results in further col-

lapse of the femoral head that may ultimately
necessitate surgical intervention.29 Currently,
there are more conservative treatment meth-
ods available to treat AVN but usually with lim-
ited success. In addition to modified loading of
the involved extremity, various pharmacologi-
cal approaches have also been explored, such
as the use of lipid-lowering agents, anticoagu-
lants and bisphosphonates.23,30-35 There are
also experiments with hyperbaric oxygen, elec-
trical stimulation and capacitance coupling.
However, a review of 21 studies with a total of
819 non-surgically treated hips with AVN
showed a success rate of only 23%.36 In many of
the cases that presents with advanced stages
of AVN, surgical treatment is often necessary.
Surgical options include either joint preserv-
ing operation (core decompression) with or
without combination of stem cell or bone sub-
stitute therapy, displacement femoral osteoto-
my, vascular pedicled fibular grafts or ultimate-
ly, a total joint replacement or arthrodesis.37-39

The primary pathogenesis of AVN involves a
dysfunction in the circulatory system, thus
recent studies have evaluated the conservative
treatment of AVN with the prostaglandin ana-
logue Iloprost. Iloprost leads to vasodilation

and promotes microcirculation with increased
blood flow. Initial studies evaluating Iloprost
for the treatment of AVN demonstrated good
results, particularly in patients that presents
with early stages of AVN.20-26 Aigner et al.21

evaluate 6 patients with talus bone marrow
edema treated with one cycle of Iloprost simi-
lar to the dosage used in our study and report-
ed excellent outcome (Mazur foot score: 58 to
93 points) with no progression in the stage of
the lesion at final follow-up. In a follow up
study, Meizer et al.34 analyzed 104 patients
with painful bone marrow edema in different
joint locations that was treated with Iloprost.
With a short term follow-up of 4 months, the
authors reported 73% of the patients had a
decrease in their pain level and 65% of the
patients had a decrease in their bone marrow
edema size or complete normalization during
the follow up time period. Similar to our study,
this improvement in the pain score and MRI
finding was seen in a heterogeneous group of
patients. What is different is that in their
study, majority of the patients presented with
knee bone marrow edema, whereas in our
study, majority of the patients presented with
hip bone marrow edema or AVN. More specifi-
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Table 1. Survey of patient data.

Joints with AVN         Follow-up, months          Age, years                          Gender

136                                                49.71 (15-96)                      47.7 (11-92)                male 55.56% / female 44.44%
AVN, avascular osteonecrosis.

Table 2. Clinical outcome scores after iloprost treatment.

Harris Hip score                            Knee Society                          Foot and ankle 
(range: 0-100)                         score (range: 0-200)              survey (range: 0-500)

89±15                                                                       150±31                                                    457±50

Table 3. ARCO stages before and after iloprost treatment.

ARCO-stage                                 Before therapy,%                      After therapy, %

0                                                                                      0                                                               40
1                                                                                     69                                                              27
2                                                                                     18                                                              11
3                                                                                     10                                                               5
4                                                                                      2                                                                0
Arthroplasty                                                                 -                                                               16

Table 4. Portion of replaced joints in percent.

               ARCO-stadium                                                  Replaced joints, %

                                    1                                                                                                   4
                                    2                                                                                                  20
                                    3                                                                                                  71
                                    4                                                                                                 100
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cally, our study includes a heterogeneous
patient population that included different loca-
tions of AVN involvement (52% hip, 20 % ankle,
18% knee), different etiologies (32.4% steroid
induced, 25.9% idiopathic, 18.5% traumatic,
25.9% multifactorial) and ARCO stages (69%
ARCO 1, 18 % 2 ARCO, 10% ARCO 3, 2% ARCO
4). In addition, Iloprost therapy has been com-
bined with a surgical intervention in 31
patients (decompression core) in this study.
Furthermore, in the present study with a mid
to long term follow-up of patients treated with
Iloprost for either painful bone marrow edema
or AVN as demonstrated by the ARCO staging
system. With mid to long term follow-up, over
75% of all patients expressed an improvement
in the subjective pain complaints and symp-
toms after Iloprost therapy. Majority of the
patients in this study had VAS pain of less than
5 after Iloprost treatment and 40% of the
patients had no pain. Furthermore, assess-
ment of the different functional scores (Harris
Hip Score, Knee Society score, Foot and Ankle
Survey) also demonstrated good to excellent
results. In terms of patient satisfaction, 64% of
the patients in our study were satisfied with
the original Iloprost treatment and reported
that they would perform a second cycle of
Iloprost therapy and only 21% of patients was
not satisfied. 

A total of 16 % of the patients treated with
Iloprost proceeded to a total joint replacement.
Most of these patients had ARCO necrosis
stages of 3 to 4 (59%) before treatment. In the
69% of patients with ARCO stage 1 treated with
Iloprost therapy, only 4% of these patients had
total joint replacement. However, in the
patients with stage 4 ARCO grading and
advanced AVN, 100% of the patients ended up
with a total joint replacement after one cycle of
Iloprost treatment with mid to long term fol-
low-up. Long-term results of this study there-
fore reflect the results of other studies which
look in particular on the effect of Iloprost at the
ARCO stages 1 and 2. In patients with earlier
stages of AVN or bone marrow edema, multiple
studies have reported positive clinical and
radiographic effects after Iloprost treatment
with short term follow up.20-26 The present mid
to long-term study showed that the positive
clinical effects of Iloprost therapy persist even
with a longer term of follow up. However, in
patients with advanced stages of AVN (ARCO
stage 3 and 4) surgical intervention resulted in
better functional outcome and symptomatic
improvements. In contrast to our findings,
Disch et al.23 reported similar outcomes in
patients with bone marrow edema versus
necrosis in the proximal femur after treatment
with Iloprost. In their study, both groups
(edema vs. necrosis) had significant improve-
ment in the range of motion, Harris Hip
Scores, and MRI findings after Iloprost treat-
ment. Furthermore, Aigner et al.40 compared

the results of Iloprost with core decompression
in patients with bone marrow edema syn-
drome. The authors reported the parenteral
application of Iloprost resulted in equal or bet-
ter results compared to core decompression at
3 months comparing the Harris hip score and
MRI findings post treatment. A risk factor to
the Iloprost treatment is the minor side effects
of therapy. In our study, about 50% of patients
complained of minor reversible side effects
that included headaches, nausea, vomiting,
and increased in pain before clinical improve-
ments, but we did not find any serious or major
side effects. Similar side effects have also
been reported in the literature associated with
Iloprost therapy.23

Limitations
A major limitation of our study is a loss of

31% of patients to follow-up from the original
156 patients that received a cycle of Iloprost
treatment for painful bone marrow edema or
AVN from the years 2003 to 2010. A total of 108
patients (69%) were included in this study and
followed up. We cannot predict the outcomes
or the symptomatic relief of pain after Iloprost
therapy in this patient population that was lost
to follow up. A second limitation is the hetero-
geneity of the patient population in our study
which is certainly a weakness with regard to
the comparability of the results, but this is also
due to the disease of AVN itself which occurs at
various locations and has various presenta-
tions and etiologies. Therefore a general ther-
apeutic approach is very difficult. However, the
strength of our study is the large number of
patients that were treated with Iloprost therapy
and the overall longer term of follow-up.
Another point is that it is not clear whether the
positive effect especially in the ARCO stage 1
relates to the iloprost treatment or is it the nor-
mal progress of the bone marrow edema which
is in some cases a self-limiting disease.
Perhaps it is possible to get the same effect
with weight bearing for example.

Conclusions

In summary, the sole use of Iloprost therapy
in the early stages of AVN (ARCO Stage 1 or 2)
as well as a combination with joint-preserving
operational procedures (later stages of ARCO 3
or 4) represents an effective therapeutic
option for the treatment of bone marrow
edema and AVN involving different location in
the body.
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