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			Abstract

			Radiotherapy represents a highly effective and curative treatment modality for the treatment of pelvic malignancies and for metastatic bone disease. One of the most severe and challenging long-term complication in radiotherapy is osteonecrosis. These changes may be deleterious effects on osseointegration and provide a challenge for long-term implant stability in Total Hip Arthroplasty patients that remains a challenge because of high rates of early failure of traditional implants. The addition of a Kerboull reinforcement cross to the reconstruction reduce the risk of loosening of the acetabular component by giving elasticity to the implant, decreasing the stress applied to the peri-acetabular bone, and allows fixation over a large surface area. There are very few cases of radiation-induced hip necrosis described in the literature. We report two cases of hip joint necrosis with an acetabular protrusion and femoral head deformities, after a therapeutic pelvic radiation for cervical cancer managed by a total hip arthroplasty, by a cemented femoral and acetabular component with the addition of a Kerboull reinforcement cross.
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			Introduction 

			Pelvic irradiation is commonly used in the treatment of pelvic malignancies and for metastatic bone disease [1]. Modern irradiation planning techniques enable very accurate dose distribution and precise beam delivery. However, Frequent osseous complications are summarized as radiation-induced reactions. One of the most severe and challenging long-term complication in radiotherapy is osteonecrosis [2,3]. There are very few documented cases of radiation-induced hip joint necrosis in the literature [4]. We report two cases of hip joint necrosis with an acetabular protrusion and femoral head deformities, after a therapeutic pelvic radiation.

			Case Report

			Case 1

			A 53-year-old female, suffered from cervical cancer, the patient was treated with radical hysterectomy and postoperative chemotherapy and radiotherapy two years before presentation. The exact dose distribution within the pelvis is not available. One years after therapy, the patient started to feel pain in her right hip and the inguinal region increasing with movement, which had been progressive and became worse recently. and had no history of fall, trauma or osteoarthritis in the left hip. She had no fever, 

night sweats, or weight loss. Examination of the left hip revealed painful movements with restriction in the range of motion, and a shortening of the lower left limb of 1 cm. There were no inflammatory signs, and the rest of the general examination was normal.

			A radiograph of the pelvis showed an acetabular osteolysis with protrusion, destruction of the left femoral head and pathological central dislocation of the hip (Figure 1a). Computed Tomography (CT) revealed irregular Osteolytic process of the acetabulum with an ill-defined border and femoral head destruction, with intra-articular bone fragments (Figure 1b). Magnetic Resonance Imaging (MRI) of the pelvis revealed a remodeling of the left hip in T1 hyposignal and hypersignal in T2 and STIR, moderately enhanced by the contrast product and severe destruction of the femoral head, suggestive of osteonecrosis of the hip (Figure 2). The bone scan revealed increased uptake in the left acetabulum and femoral head, but there were no other suspicious areas of increased uptake to suggest metastases (Figure 3). To eliminate the diagnosis of bone metastasis or Septic arthritis of the hip joint, a CT-guided biopsy was arranged showing Chronic inflammatory remodeling without evidence of malignancy, with signs related to bone avascular necrosis. Via a standard posterolateral approach, the patient underwent a total hip arthroplasty, by a cemented femoral and acetabular component. In order to fill the bone loss, we used a cemented reconstruction with the addition of a Kerboull reinforcement cross. With use of bone graft from the femoral head (Figure 4). Cultures obtained at the time of surgery were negative. Pathological examination confirmed osteonecrosis. She received twenty days of thrombo-embolic prophylaxis with low molecular weight heparin with Post-operative rehabilitation and fully weight-bearing mobilization immediately after the operation. At 12 months follow-up she had no pain over the left hip and could walk without sticks,  the Postel Merle d’Aubigné (PMA) score was 17.
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			Case 2

			A 50-year-old woman diagnosed with cervical cancer. She underwent radical hysterectomy; Adjuvant radiotherapy was given for the whole pelvis in April 2015. The exact dose distribution within the pelvis is not available. Two years after therapy, the patient presented to our department with bilateral hip pain which had been progressive and became worse recently. There was no history of fall, trauma or any significant injury prior to the onset of pain. Examination of the hips revealed painful movements, with restriction in the range of motion. The symptoms were more marked on the right side. She had no symptoms of infection and could walk less than one block. The rest of the general examination was normal.

			Radiographs showed destruction of both femoral heads and osteolysis of the right acetabulum (Figure 5a). Computed tomography revealed no evidence of infection, bone metastasis, tumour recurrence, or radiation sarcoma (Figure 5b). The CT-guided biopsy revealed no evidence of malignancy in the right hip. The patient underwent a total hip arthroplasty by a cemented femoral and acetabular component. Pathological examination revealed no signs of malignancy. At eight months follow-up she had no pain over the right hip and could walk without sticks, the Postel Merle d’Aubigné (PMA) score was 15.
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			Discussion

			Radiotherapy represents a highly effective and curative treatment modality for the treatment of pelvic malignancies and for metastatic bone disease [1]. Because of the anatomic vicinity of these cancers, the femoracetabular articulation can be exposed to a large dose of radiation that may induce changes in the skeletal system [2,5,6]. These injuries range in severity from radiation osteitis, through stress fractures and avascular osteonecrosis, to pathological fractures [1,3]. There are very few cases of radiation-induced hip necrosis described in the literature [4]. It is characterized by cellular death of bone components, due to the cellular depletion caused radiation and the local ischemia resulting from radiotherapy-induced microvascular damage [2,4]. These changes may be deleterious effects on osseointegration and provide a challenge for long-term implant stability in THA patients [7]. 0.44% of symptomatic osteoradionecrosis involve pelvic bones, and the median time of onset is 44 months [6]. Post-irradiation lesions are often bilateral (21%) [8]. In the first case, only the left hip was affected by osteonecrosis, perhaps resulting from a higher radiation dose on the left hip, or even inadequate shielding of the left hip during the radiotherapy.

			Radiation-induced protrusion is very rare, the mechanism relates to the weight-bearing forces operatives in the hip, and multiple insufficiency type stress fractures superimposed upon the diminished structural strength occurring during bone revascularization and remodeling [9].

			The probability of radiation induced changes in bone depends on many factors, such as dose per fraction, total dose, dose intensity and irradiated volume [2]. The reported incidence of pelvic Osteoradionecrosis varies widely, with a range of 2.1–34 % depending on technique, criteria applied and many factors, such as dose per fraction, total dose, dose intensity and irradiated volume [2]. The extent on bone depends on patient-related factors such as age, sex, body weight, skeletal co-morbidities and co-medications, primarily corticosteroids [3]. Osteoradionecrosis constitutes a very difficult diagnostic problem, as the symptoms often appear many years after radiotherapy and patients do not associate them with past treatment [2,8]. It is important to differentiate osteoradionecrosis from local recurrence of the malignancy, bone metastasis, radiation induced sarcoma, and infection, especially in patients with a history of malignancy [6]. While computed tomography (CT) plays an important role in fracture detection, magnetic resonance imaging (MRI) is more sensitive to bone marrow abnormalities and to evaluate the viability of the femoral head [3-10]. Bone scan shows a typical symmetric uptake pattern in osteoradionecrosis, whereas metastasis appears asymmetrical [6,11].

			THA in a patient with a post-irradiated pelvis remains a challenge [7]. Rates of early failure of traditional implants have been documented as high as 44% and 52% at 2–6 years, for both cemented and uncemented components due to dense sclerotic bone, and risk of infection du to damaged tissues that may provide a site for colonization following bacteremia [12]. In addition, host defense mechanisms may have been compromised by irradiation-induced damage and by the lymph stasis or lymphedema [5]. The failure of uncemented components is due to poorly elastic bone, reduced capacity of bone matrix to remodel over time and his decreased capability for osseous integration. The use of cemented cups with or without augmentation rings prevent early loss of fixation [12]. However, reported outcomes of THA have been disappointing [7]. The failure of cemented components is due to bad cement interdigitation and inability of bone to withstand the stress around the implant, microfractures are created inducing implant fails [1,13].

			The addition of a Kerboull reinforcement cross to the reconstruction reduce the risk of loosening of the acetabular component by giving elasticity to the implant, decreasing the stress applied to the peri-acetabular bone, and allows fixation over a large surface area [1-8]. The use of trabecular metal implants has shown better primary stability and bone ingrowth because of their high coefficient of friction and porosity [1,14]. Joglekar et al. [15] investigated outcomes of 22 hips under-going primary THA using tantalum acetabular cups in patients who had previously undergone pelvic radiotherapy. At 5-year follow-up, no patients presented signs of acetabular loosening [8].

			Conclusion

			The long-term side effects of radiotherapy depend on many factors, but the pathologic features are consistent. Although Osteoradionecrosis seems to be a very rare side-effect of radiotherapy, it may lead to severe functional impairment in patients who often have been cured of cancer. An early diagnosis and proper treatment may protect patients from long-term morbidities.
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Figure 3: bone scan revealing increased uptake in the left acetabulum and femoral head
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Figure 4: Postoperative control x-ray showing THA with a Kerboull reinforcement cross
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Figure 1:
A radiograph showing an acetabular osteolysis, destruction of the left femoral head and pathological central dislocation of the hip.
B: Computed Tomography revealing Osteolytic process of the acetabulum and femoral head destruction
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Figure 2: MRI of the pelvis showing osteonecrosis of the hip.
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Figure 5:
A: Radiographs showed destruction of both femoral heads and osteolysis of the right acetabulum.
B: Computed tomography revealed no evidence of infection, bone metastasis, tumour recurrence, or radiation sarcoma.






