
Avascular necrosis (AVN) refers to the 
death of osteocytes and osteoblasts. 
AVN is encountered mostly among men  
in their 4th or 5th decade of life. The 
basic treatment for osteonecrosis is 
surgery, and the choice of procedure  
is based on preoperative staging. AVN 
is a very rare complication in radiother-
apy (RT), but it presents an important 
clinical problem, still underestimated 
in oncological practice.
Case report: This report documents 
an extensive symmetric avascular ne-
crosis with acetabular protrusion and 
femoral head deformities in a 71-year-
old woman with unresectable, poorly 
differentiated adenocarcinoma of the 
recto-sigmoid region, after therapeutic 
pelvic irradiation. The pelvic radiogra-
phy, performed 24 months after the 
RT, due to bilateral hip pain, revealed 
advanced acetabular protrusions, with 
secondary deformities of both femoral 
heads. 
It is necessary to take into account the 
bone structures, among organs at risk 
(OAR), involved in irradiation fields. 
The detailed analysis of the dose 
distribution, and the use of collima-
tors, allow a decrease in the total RT 
dose to OAR. Osteoradionecrosis risk 
awareness, early diagnosis, adequate 
management and prompt, appropri-
ate treatment could probably protect 
patients against long-term morbidity.
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Introduction

The term aseptic or avascular necrosis (AVN) refers to the death of osteo-
cytes, caused by insufficient oxygen delivery, due to abnormal local circula-
tion. Its development is related to the influence of different adverse factors 
on bone structure such as corticosteroids, alcohol abuse, chemotherapy or, 
as recently postulated, thrombophilia. Bones such as the femoral or arm 
head as well as small bones of the hands and feet receive their blood supply 
from single, terminal blood vessels only, and thus are more vulnerable to 
AVN, compared with the areas supplied by wide blood vessel networks de-
rived from various overlapping sources [1–5].

The male-to-female ratio for AVN is about 4 : 1 mostly among people 
in their 4th or 5th decade of life. However, according to the literature, there 
is a growing incidence of osteonecrosis among children [2, 6]. It has been 
assessed that at least 50% of atraumatic hip osteonecrosis have bilateral 
involvement. Other bones such as shoulder, knee and talus may also be in-
volved in atraumatic forms of osteonecrosis [3].

The most common cause of mechanical blockade to blood flow, leading 
to osteonecrosis, is trauma including fraction with bone displacement or  
osteoporotic fraction. Osteonecrosis, especially of the femoral head, can also 
occur in pregnancy [1, 7]. An increase in the pressure within the bone marrow 
cavity, as a result of haemorrhage or cellular hyperproliferation (Gaucher’s 
disease or in hypertrophy of adipocytes), can also lead to compression of 
blood vessels and dysfunction in local blood flow [8, 9]. 

Avascular necrosis can be enhanced by disorders associated with dam-
age of blood vessel walls due to inflammatory processes or autoimmune 
diseases of connective tissue such as systemic lupus erythematosus (SLE), 
scleroderma or vasculitis [1].

Non-traumatic factors are related to about 90% of AVN cases and they 
include alcohol overuse, long-term corticosteroid therapy and chemother-
apy [1, 10].

After radiotherapy AVN is a rare and poorly understood phenomenon. 
However, considering the very common use of radiotherapy (30–40 thou-
sand patients per year in Poland), this issue definitely requires more atten-
tion since this late toxicity problem is still underestimated by many physi-
cians.

The pathogenesis of AVN is multifactorial and, depending on the irradi-
ated area, it can involve almost the entire skeleton. The Rubin & Cassaret 
theory explains the effect of irradiation on microvasculature as a result of 
slow vascular leakage of the protein-rich fluid leading to fibrosis caused by 
the accumulation of fibroblasts and macrophages [11–13].

Tolerance doses (TD5/5 – TD50/5) represent the dose of radiation that 
could cause no more than 5% and 50%, respectively, of severe complica-
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tion rate within 5 years after irradiation. Referring to bone 
structures, they range from 20 to 30 Gy for single and  
65 to 70 Gy for fractionated doses. As the volume of irra-
diated bone or cartilage decreases, the dose to produce 
5% or 50% of complications increases. Simultaneously,  
the patient’s bone structure has crucial meaning, as well 
as its localization and the patient’s age. Tolerable doses 
for different types of tissues have been established em-
pirically, based on the frequency of reported early and late 
toxicity, in patients receiving standard RT, using a fraction 
of 2 Gy, once daily. For this reason using new, accelerated 
or hypofractionated RT schedules (above these limits) can 
be related to increased toxicity risk of the normal tissues 
[11, 14, 15]. 

A differential diagnosis of bone pain in oncology pa-
tients receiving RT should always include AVN. A combi-
nation of risk factors for bone destruction amplifies the 
incidence of AVN in this group of patients.

Aseptic necrosis can develop insidiously over several 
months, before its symptomatic manifestation appears 
clinically. It depends on the location and advancement 
(stage) of AVN. The most common symptom is deep and 
throbbing pain with varying intensity and patient mobility 
impairment. It is also worse at night. Locking or a popping 
sensation with motion is often reported. This process can 
simultaneously involve one or more locations. A history of 
radiation therapy, trauma, steroid use, alcohol abuse and 
other risk factors should be sought in order to distinguish 
symptoms from metastases or oncologic disease progres-
sion [3, 10].

Medical management of a patient with histopathologi-
cally confirmed diagnosis of AVN depends on the disease 
site and stage of clinical advancement, as well as the age 
and general condition of the patient. 

In cases of femoral head necrosis, stages I and II are re-
versible, while stages III and IV require surgical treatment 
[1, 16]. Additionally pentoxifylline, tocopherol (vitamin E), 
statins, anticoagulants and prostacyclin analogues (ilo-
prost) can be considered as therapeutic options for AVN 
[13, 16]. 

Recently, tissue hypoxia was accepted as the primary 
cause of AVN, and this led to the use of hyperbaric ox-
ygen (HBO) for both treatment and prevention of com-
plications of radiotherapy. However, the benefit of HBO 
has not been validated [12]. According to a consensus of 
the European Committee of Hyperbaric Medicine (ECHM) 
and the Underwater and Hyperbaric Medicine Socie-
ty (UHMS), it is indicated that the osteoradionecrosis of 
the mandible (group I) requires an immediate transfer to  
a specialist hyperbaric oxygen (HBO) therapy centre; in 
cases of AVN in other locations (group II) the HBO thera-
py is less urgent [4].

Case report

A 71-year-old woman diagnosed with unresectable, 
poorly differentiated adenocarcinoma of the recto-sig-
moid region developed bilateral avascular necrosis of the 
hip after receiving hyper fractionated radiotherapy, using 
3D technique, with photon beam × 20 mV and a fraction-
ated dose of 1.5 Gy, 2 times daily, with 6-hour interval. 
The first part of irradiation – to the dose of 42 Gy was de-
livered to rectal tumour and regional lymph nodes. Sub-
sequently a total dose of 66 Gy was delivered to the tu-
mour area. The dose above 60 Gy covered 25% and 10% 
of the right and left femoral head, respectively. The pa-
tient completed treatment without any significant acute 
post-radiation toxicity. However, 24 months after the 

Table 1. International (ARCO) Classification of Osteonecrosis of the Femoral Head [17]

Stage Characteristics 

0 Bone biopsy results consistent with avascular necrosis; normal findings on all other tests 

I 

I-A 
I-B 
I-C 

Positive scintiscan, magnetic resonance image or both; lesions subdivided into medial, central or lateral depending  
on location of involvement of femoral head 
< 15 per cent involvement of femoral head* 
15–30 per cent involvement of femoral head* 
> 30 per cent involvement of femoral head* 

II

II-A 
II-B 
II-C 

Radiographic abnormalities (mottled appearance of femoral head, osteosclerosis, cyst formation and osteopenia); no signs 
of collapse of femoral head on radiographs or computerized tomography scan; positive scintiscan and magnetic resonance 
image; no changes in acetabulum; lesions subdivided into medial, central or lateral depending on location of involvement  
of femoral head 
< 15 per cent involvement of femoral head* 
15–30 per cent involvement of femoral head* 
> 30 per cent involvement of femoral head* 

III 
III-A 
III-B 
III-C 

Crescent sign; lesions subdivided into medial, central or lateral depending on location of involvement of femoral head 
< 15 per cent involvement of femoral head† 
15–30 per cent involvement of femoral head† 
> 30 per cent involvement of femoral head† 

IV Articular surface flattened radiographically, and joint space shows narrowing; changes in acetabulum with evidence  
of osteosclerosis, cyst formation and marginal osteophytes 

*As determined on magnetic resonance imaging 
†As determined on anteroposterior and lateral radiographs. The percentage given for the crescent sign refers to the percentage of the femoral head that the 
crescent sign subtends on the anteroposterior and lateral radiographs. 
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termination of RT, the patient started complaining about 
pain in her hips. On radiology imaging, including bilater-
al hip radiograph and pelvic computerized tomography 
(CT), advanced bilateral acetabular protrusions with sec-
ondary deformities of both femoral heads were found – 
stage IV according to ARCO (Association Research Circu-
lation Osseous) classification, Table 1 [17] (Fig. 1A). There 
were no changes in the patient’s radiographs performed 
before radiotherapy (Fig. 1B).

The patient was referred for an orthopaedic evaluation 
to establish a further clinical pathway and eventual treat-
ment possibilities including bilateral hip arthroplasty.

Summary 

Good results of pharmacologic treatment in early dis-
ease stages and a broad range of orthopaedic and re-
habilitation procedures, improving functional capacity 
of limbs, contribute to better quality of life and allow 
faster adjustment of the patient to new conditions of 
life. Prediction of the consequences of applied RT, includ-
ing an analysis of multiple risk factors for AVN as well 
as prompt implementation of preventive or therapeutic 
methods, are necessary for safe and effective manage-
ment. It is mandatory that the bone structures located 
within the RT target area should be considered as crit-
ical organs. Detailed analysis of RT beam configuration 
and dose distribution as well as using collimator shields 
can effectively reduce the toxicity delivered to organs. 
In summary, osteoradionecrosis risk awareness, regular 
follow-ups with diagnostic imaging and, in the case of 
positive diagnosis of first symptoms, immediate, com-
prehensive treatment could help to protect patients 
from irreversible disability.
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Fig. 1. Pelvis and hips radiographs of a 71-year-old woman with unresectable rectal adenocarcinoma – before (A) and after radiotherapy (RT) (B)
A) performed before RT
B) performed 24 months after RT; protrusions with secondary deformities of both femoral heads – stage IV, according to ARCO classification
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