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Abstract
Introduction Avascular necrosis of the femoral head is a debilitating disease affecting people of working age and having an important 
medical and social role. Total hip arthroplasty is the only effective treatment for late stages of necrosis. Various joint-preserving 
operations and non-surgical methods can be successfully used for less severe types. There is no unequivocal opinion on the effectiveness 
of various conservative treatments offered for avascular necrosis of the femoral head. The aim was to summarize data on the role of 
medications and physiotherapy in treatment of avascular necrosis of the femoral head through the analysis of the modern world 
literature. Material and methods The original literature search was conducted on key resources including elibrary, PubMed and 
ResearchGate. Results Outcomes of avascular necrosis of the femoral head treated conservatively were overviewed. The effectiveness 
of various treatments using bisphosphonates, anticoagulants, statins, prostacyclin derivatives was evaluated. Physiotherapy with shock 
wave therapy, pulsating electromagnetic fields, and hyperbaric oxygenation was also reviewed. Conservative treatment is reported to 
be effective only for early (pre-collapse) stages of avascular necrosis of the femoral head. Conclusions A conservative treatment used 
as a monotherapy for AVN cannot be assessed as a standalone procedure because various combinations of comprehensive treatment 
are used for the majority of patients. There are no studies in the literature comparing the effectiveness of conservative therapies using 
iloprost and statins, bisphosphonates and anticoagulants, shockwave and hyperbaric oxygen therapy in homogeneous patient samples. 
A deeper study of the underlying pathogenesis of avascular necrosis of the femoral head is required to develop personalized treatment 
strategies.
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INTRODUCTION

The treatment of avascular necrosis (AVN) of the 
femoral head remains an unresolved problem, in early 
stages of the disease, in particular, when the treatment 
is aimed at relieving pain, reducing the volume of the 
lesion and preventing progression [1]. Clinical practice 
guidelines developed by expert clinicians of our country 
suggest that conservative treatment of AVN is indicated 
for patients with early stages of the disease (stages 1, 2), 
but is ineffective for subchondral fracture of the femoral 

head (stages 3, 4) [2]. A variety of conservative treatments 
described in the literature ranges from recommendations 
for weight loss, use of drugs to biophysical therapy. This 
review presents current information on the effectiveness 
of conservative treatment of AVN of the femoral head.

The aim was to summarize data on the role of 
medications and physiotherapy in treatment of avascular 
necrosis of the femoral head through the analysis of the 
modern world literature.

MATERIAL AND METHODS

The original literature search was conducted 
on key resources including elibrary, PubMed and 
ResearchGate. The following terms were used 
as search keywords: aseptic/avascular necrosis / 
osteonecrosis / AVN, femoral head, conservative 
treatment; anticoagulants / bisphosphonates / statins / 
iloprost / extracorporeal shock waves / pulsed 
electromagnetic fields / hyperbaric oxygen therapy. 

We reviewed publications of any type regardless of the 
language and the year of the publication (preference 
was given to publications of the last decade). We placed 
no restrictions on study design: randomized or non-
randomized clinical trials, cohort studies, case-control 
studies. We explored the references of the articles 
reviewed to additionally search for contributions on 
the topic.
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RESULTS AND DISCUSSION

Weight loss Weight loss is traditionally considered 
as an important component of conservative treatment 
of AVN with the effectiveness being debatable. A meta-
analysis of 21 studies concerning the conservative 
treatment of AVN (819 patients, long-term results at 
2.8 years) performed by M. Mont et al. showed that 
progression of the disease was detected radiographically 
in 74 % of the cases and 78 % of patients underwent 
surgical treatment of AVN. The authors reported no 
significant differences in patients with substantial, 
moderate weight loss and in patients without weight 
loss [3]. M. Mont et al. analyzed the effectiveness 
of weight loss (as the only method of therapy) after 
7 years in 819 patients with asymptomatic AVN. The 
authors reported progression to symptoms or femoral 
head collapse in 59 % of patients [4]. Progression of 
the disease was rather dependent on the initial size of 
the necrotic area than the extent of weight loss in the 
course of conservative treatment: AVN progressed in 
32 % of cases with small lesions versus 84 % with large 
necrosis areas. The authors suggested that AVN was 
more “aggressive” in patients with sickle cell anemia 
(femoral head collapse in 74 %) than in patients with 
systemic lupus erythematosus (femoral head collapse 
in 17 %). Progression of AVN was not dependent 
on the extent of weight loss but was associated with 
etiological factors and lesion size [5]. An experimental 
study reported by Okazaki S. et al. showed no effect of 
axial load on the hip joint in the rat models with steroid-
induced necrosis on disease progression [6]. However, 
necrosis of the femoral head was likely to develop in 
different ways in tetrapods and biped animals due to 
different load distribution. Thus, weight loss in an AVN 
patient resulting from the standalone therapy should 
be recognized as ineffective in preventing disease 
progression but the method can be recommended in 
combination with medication therapy and surgical 
treatment [7].

Medication therapy
Bisphosphonates Bisphosphonates are effective 

treatments for osteoporosis reducing osteoclast activity 
and increasing bone density. Hypothetically, the use of 
bisphosphonates reducing osteoclast activity in the early 
stages of AVN may help prevent subchondral collapse 
of the femoral head. J. Cardoso et al. suggested that the 
use of bisphosphonates in AVN patients could provide 
favorable results in relieving pain, improving mobility 
and reducing the incidence of articular collapse [8]. 

S. Agarwala et al. explored long-term results of treatment 
with bisphosphonates in 395 patients at a mean follow-
up of 4 years. Patients were treated with oral alendronate 
for three years at a dose of 10 mg per day. Disease 
progression to the stage of femoral head collapse was 
detected in 12.6 % of patients with stage 1 AVN and 
in 55.8 % with stage 2 [9]. Then the authors performed 
a 10-year follow-up study of 53 patients stages 1, 2, 3 
AVN who were treated with alendronate 70 mg/week for 
3 years. Only 13 % of stage 3 AVN cases required total 
hip arthroplasty and more than 70 % of controls who 
received no alendronate had to undergo arthroplastic 
procedure [10]. On the contrary, H. Yuan et al. conducted 
a meta-analysis (5 randomized and controlled trials) 
and reported no statistically significant differences in 
the progression of AVN and the frequency of total hip 
arthroplasty (with the exception of stage 1 AVN) in 
patients taking and not taking alendronate. The authors 
suggested that the effectiveness of bisphosphonates 
in the treatment of AVN was not obvious, and further 
research required. Long-term use of bisphosphonates is 
associated with a risk of osteonecrosis of the mandible 
and atypical hip fractures, and their use should be 
discussed with patients about adverse side effects [11].

There is a controversy in the results reported in a 
prospective randomized multicenter study performed 
for 110 patients with unilateral grades 1-2 AVN of the 
femoral head and neglected cases of small (less than 
30 %) areas of necrosis. The patients were randomly 
divided into 2 equal groups with those who received 
5 mg of zolendronate intravenously once a year for 2 
years (n =  55) and controls who received no drug. The 
collapse of the femoral head that required arthroplasty 
was detected in 19 out of 55 patients in the study group 
and in 20 out of 55 controls with the differences being 
not statistically significant. The authors concluded 
that ineffective use of zolendronate in the cohort of 
patients could be associated with medium-sized and 
large lesions of the femoral head [12]. Despite the fact 
that the effective treatment of early stages of AVN with 
bisphosphonates is recognized, there are still no clear 
recommendations regarding doses and duration of use. 
Treatment with bisphosphonates can be ineffective 
with significant lesions of the femoral head even in 
precollapse stages.

Russian researchers reported efficient use of Forsteo 
(teriparatide) in the treatment of early stages of AVN 
of the femoral head. Teriparatide is a derivative of 
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parathyroid hormone to stimulate bone formation by 
increasing the activity of osteoblasts in comparison 
with the activity of osteoclasts. The effectiveness 
of conservative treatment of precollapse stages of 
AVN of the femoral head can be enhanced with daily 
subcutaneous injections of teriparatide (12 months) 
following intra-articular administration of perftoran 
and demixid into the affected hip joint [13]. There is 
evidence of the successful use of teriparatide in patients 
with AVN of the femoral head with the ineffective use 
of bisphosphonates, non-steroidal anti-inflammatory 
drugs, hyperbaric oxygenation [14].

Anticoagulants Anticoagulants are widely used for 
patients with impaired hemostasis [15]. Effective use 
of anticoagulants can be achieved in early stages of 
AVN. C. Glueck et al. prospectively studied (level of 
evidence 2) 25 patients (35 femoral heads, AVN stages 
1–2) with AVN and thrombophilia or hypofibrinolysis. 
who were anticoagulated for 3 months with 6000 units 
of enoxaparin daily. The results of treatment were 
assessed at 3 years. The authors reported no progression 
of AVN in 95 % cases of primary osteonecrosis that was 
observed only in 20 % of patients with corticosteroid-
associated secondary osteonecrosis [16]. The authors 
concluded that enoxaparin may prevent progression of 
primary hip osteonecrosis, decreasing the incidence of 
total hip replacement. 

T. Chotanaphuti et al. retrospectively studied 
36 patients (49 femoral heads) who had stage I-II AVN. 
In the study group, 18 patients (26 hips) received 6,000 
units of Enoxaparin daily for 3 months. In the control 
group, 18 patients (23 hips) received no Enoxaparin. 
All patients were given radiographic evaluations every 
three months for a minimum of 24 months. Long-term 
results evaluated at 2 years showed progression of AVN 
to the collapse of the femoral head in 43 % of cases in 
the experimental group and 78.3 % in the control group 
(p = 0.042). The authors concluded that low molecular 
weight heparins can slow down progression of idiopathic 
AVN of the femoral head [17].

In 2017, P. Guo et al. conducted a meta-analysis to 
explore the effectiveness of anticoagulants based on the 
results of the treatment of a total of 218 femoral heads 
with stage I-II AVN. The authors reported 95 % of 
patients showing no progression of necrosis for 2 years 
due to enoxaparin therapy. The positive effect was noted 
in patients with primary AVN of the femoral head and 
anticoagulants were ineffective in secondary steroid 
induced necrosis [18]. Anticoagulants were shown to 
be effective in early stages of AVN in patients with 

hereditary and acquired thrombophilia and coagulopathy 
but the effectiveness of anticoagulants was not reported 
for other etiological factors in the development of AVN.

Statins. AVN is characterized by fatty infiltration of 
bone tissue and statins can be used for the correction 
of hyper- and dyslipoproteinemia, for secondary 
corticosteroid associated AVN [19, 20]. Many authors 
reported the positive effect of statins on the production 
of bone morphogenetic protein 2 in osteoblasts and the 
improvement of bone formation by reducing the activity 
of osteoclasts that inhibit bone resorption [21, 22, 23].

J. Pritchett et al. retrospectively reviewed the 
records of 284 patients who were taking statin drugs 
at the time they were started on high dose steroids. 
Magnetic resonance imaging scans were used to 
verify the osteonecrosis at 5–11 years and only 1 % 
from the group had osteonecrosis develop. The data 
presented demonstrated the effectiveness of statins in 
the prevention of corticosteroid related AVN [24]. The 
1 % incidence was much less than the 3 % to 20 % 
incidence usually reported for patients receiving high-
dose steroids [25]. H. Yin retrospectively analyzed 
36 AVN patients (58 hips) who were treated with core 
decompression of the affected femoral head. Some 
patients underwent surgical treatment (32 femoral 
heads) combined with simvastatin treatment and the 
rest of the patients underwent surgical treatment alone. 
Successful clinical results were achieved in 84 % in the 
simvastatin group compared with 58 % of patients not 
taking statins [26]. The authors reported no correlation 
between the effectiveness of statin use and the etiology 
of AVN (idiopathic, steroid-, alcohol-induced).

A controversial opinion publication was brought 
out by M. Ajmal et al. who retrospectively identified 
2 881 patients receiving high doses of corticosteroids 
after renal transplantation. Of the 2881 patients, 
338 received statins. At 7.5 years, osteonecrosis of the 
femoral head was reported in 4.4 % of patients treated 
with corticosteroids + statins versus 7 % in patients not 
taking statins with differences being not statistically 
significant. The authors considered the role of statins 
in the prevention of “corticosteroid AVN” being 
questionable [27]. Most authors believe that the use of 
statins is justified in steroid- and alcohol-induced AVN 
considering the pathogenesis and the mechanism of 
the drug action. However, the opinion is not generally 
accepted.

Vasodilators (derivatives of prostacyclin) 
Prostacyclin derivatives inhibit platelet aggregation, 
adhesion and activation, cause dilatation of arterioles 
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and venules, reduce vascular permeability, activate 
fibrinolysis, inhibit adhesion and migration of 
leukocytes after endothelial injury, reduce the formation 
of free oxygen radicals which can promote bone 
regeneration at the cellular level. Vasodilators such as 
iloprost (a derivative of prostacyclin) were shown to 
be effective in the treatment of patients with vasculitis, 
systemic lupus erythematosus, Raynaud's syndrome, 
sickle cell anemia [28, 29, 30]. A. Disch et al. reported 
a prospective comparative study of 16 patients with 
bone marrow edema of the femoral head and 17 patients 
with early-stage AVN; patients received iloprost in both 
groups. Patients showed a significant improvement in 
pain and physical activity in both groups [31]. T. Claßen 
et al. explored the effectiveness of iloprost treatment in 
108 patients with AVN grades 1–4. The need for total hip 
arthroplasty was assessed at 4 years. The authors reported 
the high efficiency of iloprost in precollapse stages. 
However, 4 % of the treated joints with grade 1, 20 % 
with grade 2, 71 % with grade 3 and 100 % with grade 4 
underwent subsequent total joint replacement [32]. 
I. Pountos and P.V. Giannoudis, analytical reviewers, 
reported promising results of iloprost treatment in early 
stages of AVN but further data on its safety, dosage and 
efficiency through randomized multicenter studies were 
desirable in order to reach final conclusions [33].

Traditional Chinese medicine The possibilities with 
traditional Chinese medicine in the treatment of AVN are 
reported in the literature. Q-S. Wei et al. reported the use 
of herbal medicine (capsule Huo Xue Tong Luo) with 
a pro-angiogenic pharmacological effect in patients 
with idiopathic necrosis. The HXTL capsule contained 
Kayan leaf, Chinese angelica sinensis, red peony root 
and others. The study included 59 patients with early 
stages of AVN (54 asymptomatic, 5 symptomatic) and 
the effectiveness of treatment was assessed at 6–16 years 
with very encouraging results obtained. The collapse of 
the femoral head (pronounced progression of the disease) 
was observed in 3.4 % at 4 years, 16.5 % at 6 years and 
39.8 % at 9 years [34]. Chinese experts offered the HUO-
GU formula for the treatment of steroid-induced necrosis 
of the femoral head. The drug was aimed at suppressing 
adipogenic differentiation in bone marrow stromal 
cells and improving osteogenesis [35, 36]. The herbal 
medicine was prescribed to 45 patients (86 femoral 
heads) with steroid-induced AVN grade 1–2. The 
results were followed up for 14 years: total arthroplasty 
was performed in 5 patients only [37]. The study was 
conducted only on the Asian population. However, the 
high efficiency of herbal medicine attracted the attention 

of researchers. E.E. Volkov and V.B. Simonenko reported 
the experience with traditional Chinese medicine in the 
treatment of AVN that allowed them to avoid collapse in 
more than 80 % of patients [38].

Physiotherapeutic methods of treatment
Extracorporeal shock wave therapy Extracorporeal 

shock wave therapy (ESWT) induces the expression 
of angiogenic growth factors that stimulate 
neoangiogenesis [39]. The physiotherapy can be 
effective in AVN. C. Wang et al. suggested that ESWT 
appeared to be more effective than core decompression 
and nonvascularized fibular grafting in 57 hips with AVN 
involved in a randomized controlled trial [40]. M. Vulpiani 
et al. reported the effectiveness of ESWT in reducing pain 
and in slowing down the progression of bone damage 
evaluated in 36 patients with unilateral AVN grades I, II 
and III at 2 years in a prospective study. Patients from 
stage I group and stage II group achieved significantly 
better results than patients from stage III group at follow-
up time points (p < 0.005). Moreover, 66 % of patients 
with stage 3 AVN required total hip arthroplasty [41]. 
The authors of a meta-analysis conducted in 2018 also 
reported the effectiveness of ESWT in the treatment of 
patients with early-stage AVN (4 articles, 230 patients). 
There were patients who received a course of ESWT 
(study group) and those who did not (control group). 
The authors established a significant improvement in 
the Harris Hip Score in the study group compared to 
the controls with no differences in the intensity of pain 
identified in the study and control groups [42]. ESWT 
was shown to improve the hip joint in the early-stage 
AVN and to be ineffective in the collapsed femoral head. 
However, there have been no guideline issued for the use 
of the method in clinical practice.

Pulsed electromagnetic field Pulsed electromagnetic 
field (PEF) and ESWT can be used in the treatment of 
AVN stimulating osteogenesis and angiogenesis [43, 44]. 
L. Massari et al. conducted a retrospective study of 
76 patients with AVN stages 1-2-3 who underwent PEF 
for 5 months, 8 hours a day. Long-term results were 
assessed at 2 years: total hip replacement was required 
for only 6 % of patients with AVN stages 1–2 and 80 % 
of cases with AVN stage 3 [45]. Most of publications on 
the use of electromagnetic fields in the treatment of AVN 
date back to 1980–2010, and several fundamental studies 
published in the last few years reported a positive effect 
of a PEF electromagnetic field on osteoblast proliferation 
and the clinical course of osteoporosis [46, 47]. This 
suggests a positive therapeutic effect of a PEF for AVN. 
There have been no clear clinical recommendations for 
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