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(Abstract N

The development of radiation induced changes in bone is related to multiple factors such as total dose, per
fraction dose, irradiated volume, bone structure and localization, patient age, and chemo-radiotherapy.
It is known that chang-es in bone occur after 30-40 Gy. There are very few publications on this subject
in the literature, mostly case reports. Therefore, there is no definite consensus about the pathogenesis,

diagnosis, and treatment. In this report, a case of avascular necrosis of bilateral femoral heads after pelvic

radiotherapy will be presented and the relevant literature will be reviewed.
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Background

Avascular necrosis (AVN) or osteonecrosis of the femoral head is a condition that occurs as a result
of disruption of physiological vascularization in the bone for various reasons and is most commonly seen
in the femoral epiphysis [1]. Traumatic and non-traumatic causes play a role in its etiopathogenesis. In
traumatic AVN, ischemia occurs when the vascular structure is damaged following fracture or luxation.
The most common causes of non-traumatic AVN are steroid therapy and excessive alcohol use [2]. Other
risk factors include Gaucher’s disease, systemic lupus erythematosus, organ transplantation, chronic renal
failure, hyperlipidemia, and some hematological diseases. Less frequently, it may develop due to diabetes,
radiation, and hyperuricemia [3]. In this report, we present an uncommon case of bilateral AVN in the fe-
moral heads after pelvic irradiation in a 47-year-old female patient and discuss AVN treatment with the

relevant literature.
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Case Report

A 47-years-old woman with FIGO stage 3 C1 cervical cancer applied to our clinic in August 2019.
She was treated with 50,4 Gy pelvic external beam radiotherapy (EBRT) using the volumetric arc therapy
(VMAT) technique with chemotherapy (cisplatin, total 5 cycles of 40 mg/m?/week). It was followed by
30 Gy intracavitary radiotherapy prescribed to HR-CTV (6 Gy per fraction; once a week). A complete re-
sponse was achieved three months after. During regular follow-up, 12 months after treatment, the patient
complained of pain in her hip and groin. The pain was intensified with movement. In her anamnesis, there
was no previous history of trauma or fall. She was a non-smoker, non-diabetic, and non-obese (Body Mass
Index: 23.8). She didn’t have any comorbidities. On physical examination, there was a bilateral limitation
of motion in hip joints, but there was no visible swelling or redness. Also, the FABER test was positive. The
magnetic resonance imaging (MRI) showed a crescent sign and a fissure with bone marrow edema on the
bilateral femoral heads (Figure 1). In EBRT treatment plan, only 5% of the bilateral femoral head volume
received a dose above 42 Gy. However, the maximum point doses of the right and left femoral heads were
found to be 51.3 and 49.4 Gy, respectively. Coronal and axial plan dose distributions of the femur heads
are shown in (Figure 2). Considering the patient’s radiotherapy history, imaging findings, and physical ex-
amination findings, the patient was diagnosed with bilateral AVN of the femoral head. She was referred to
an orthopedic clinic and was advised to undergo bilateral hip arthroplasty. She refused the operation and
received conservative NSID and physical therapy. The patient was completely relieved with rest and this
regimen. Follow-up MRI at 3- months showed regression of the bone marrow edema on bilateral femoral
heads, but the persistence of fissure lines was consistent with AVN. After 1- year, the patient was pain-free

and had no difficulty in walking.

~

Figure 1: Coronal T1 weighted (left) and coronal STIR (Short tau inversion recovery) image (right). A serpiginous
area of altered signal intensity is seen in the subcortical area of bilateral femoral heads, showing central marrow
signal and ‘double line’ sign (white arrows on left and right). STIR images demonstrates accompanying mild bone
marrow edema surrounding the lesions. Note that mild joint effusion is present as well on the right hip (red ar-
rowhead on right). No related sub-chondral collapse or flattening of femoral head is identified. Findings suggest
“stage [1” avascular necrosis of both hips, according to the Ficat-Arlet classification. )
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Figure 2: Dose distribution of 50,4 Gy around the femoral head area. (a) coronal plan (b) axial plan.

~

C Table 1: Bilateral femoral head AVN cases after pelvic irradiation reported in the literature.

Primer
Author Year N Age Gender Disease Total Dose Treatment Outcome
location
Nobieretal. (29) | 1984 1 53 F Cervix - Conservative Death
Csukaetal. (30) | 1987 1 73 M Prostate -- -- --
. L: THA Mild to moderate
Deleeuw and 1988 | 2 63 : Cervix 67 Gy R: Conservative pain
Pottenger (31)
50 M Anal canal 50 Gy Bilateral THA Conservative
s . Condition
Phillips etal. (32) 1989 1 68 F Uterus 50 Gy Hip Replacement Deteriorated
61 Vulvar 45 Gy Bilateral THA N/A
Jenkins etal. (4) 1995 3 59 F Vulvar 45 Gy Bilateral Hemiarthroplasty N/A
L: THA
66 F Anal canal 49,5 Gy R: Conservative N/A
Dhaddaetal. (5) | 2006 1 @ 41 F Cervix 45 Gy Bilateral THA N/A
?Bu?:;ﬂan et al 2009 1 67 M Urethta 50 Gy Bilateral hip arthroplasty Walks well
L: THA L: Uneventful
Xuetal. (14) 2021 1 1 83 M Prostate - R: Conservative R: Motion limitation
Our case 2023 1 | 47 F Cervix 50,4 Gy Conservative No pain, walks well

M: male; F: female; Gy:gray; L:left; Riright; THA: Total Hip Arthroplasty.
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- ™
\\/ Table 2: Current staging systems used in the classification of osteonecrosis of the femoral head. /\
N _

ARCO classification criteria Steinberg classification criteria Ficat and arlet classification criteria
Stage0 - Non-diagnostic imaging --
X-ray normal
Stage | MRI: low signal intensity around i:rell}]; nl(();mal, some changes on MRI Normal radiographic finds
necrosis T
Radiographs or CT scans show focal
0steoporosis or cystic chan.ges n sclerotic and cystic changes in the Normal femoral head, Cysts or
Stage Il | the femoral head but no evidence of - . ;
. femoral head IIA, IIB, IIC osteosclerotic changes in some areas
subchondral fracture, necrotic fracture,
or flattening of the femoral head
Stage 111 Subchondral fracture image on X-ray or | Subchondral collapse (crescent sign) | Subchondral collapse or flattening of
& CT without flattening I1IA, I1IB, IT1IC* the femoral head
Stage IV Narrowing of the hip joint, osteoarthritis, Flattening of femoral head aD:(;thIll)ilii:svciE? Eii:oavl;?;e?fl tlkrllethoeint
& and acetabular changes on X-rays IVA, IVB, IVC* space J J
Joint space narrowing and/or
Stage V acetabular changes VA, VB,VC*
Stage VI | -- Severe degenerative changes -

o [-II-III-IV-VA: Mild (<%15 of femoral head affected)*
o [-1I-1II-IV-VB-Moderate (%13 to %30 of femoral head affected)*
o [-II-[1I-IV-VC: Severe (>%30 of femoral head affected)*

Discussion

Radiation-induced AVN of the femoral head is uncommon but seriously a late toxicity that affects the
patient’s quality of life. Depending on the radiotherapy technology and standards used, the incidence of pel-
vic AVN mightrange from 2.1 to 34% [4,5]. Bilateral femoral AVN cases reported after pelvicirradiation in the
literature are even fewer. When we rewieved the literature for bilateral femoral head AVN in the last 40 years,
we found 11 patient in 8 case reports published. We finally obtained a total of 12 patients’ information with

our case (Table 1). Since itis so rarely seen, there is no definite consensus about its diagnosis and treatment.

When we investigate the pathophysiology, the mechanism of AVN formation is still not fully un-
derstood today. It is generally accepted that bones are relatively slow-proliferating tissues and relatively
more resistant to ionizing radiation. However, higher radiotherapy doses have been shown to significantly
increase the incidence of AVN [6]. This is owing to bone tissue’s high calcium concentration, which absorbs
40% greater radiation than surrounding tissue, making bones a typical location of radiation damage [7].
Although the risk of developing radiation-induced AVN is known to be low at doses below 50 Gy, there is
no such thing as a safe or tolerable dose. Wang et al. suggested that V50 Gy <2% as tolerable dose constrain
for prevention of AVN [8]. Several factors influence the likelihood of radiation-induced changes in bone, in-
cluding fractionation, total treatment dose, dose intensity, and irradiated volume. Tolerance doses (TD5/5-
TD50/5) that would not cause more than a 5% and 50% rate of serious complication rate within 5 years
of irradiation have been reported between 20 to 30 Gy and 65 to 70 Gy for single and fractionated doses,
respectively. The structure of the bone, its location, and the patient’s age are all important factors [9-10].
According to Bragga et al. [11] the threshold dosage for inducing osseous necrosis is 50 Gy. The femoral

head had lower radiation tolerance than the long bones. According to current normal structural tolerance
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criteria, if the complete femoral head is exposed to 52 Gy, there is a 5% chance of AVN, which climbs to 50%
with a dosage of 65 Gy [12]. With today’s advanced RT procedures and infrastructure, it is possible to re-
duce post-irradiation osseous damage to the hip joint by giving high doses to a compact volume and using
protective shields that seal the head. When inguinal lymph nodes need to be irradiated, the femoral head is
inevitably exposed to radiation doses that above the threshold, resulting in osteonecrosis [13]. Even though
the frequency of post-irradiation AVN of the hip has significantly decreased in recent years, our patient still
developed bilateral AVN requiring total hip arthroplasty. The effects of chemotherapy have been accepted
as a possible cause of bone cell susceptibility to radiation damage; yet, the long-term effects of combination

chemotherapy remain poorly known [14].

The gold standard in the diagnosis of AVN is the histologic demonstration of atrophy and cell dam-
age in bone tissue. However, histologic examination is not essential and is not routinely performed in the
clinic. The diagnosis is mostly based on several evaluations such as previous radiotherapy history, presence
of clinical symptoms, physical examination and radiologic imaging findings [14]. The clinical presentation
is usually progressive pain, stiffness, and crepitus. On physical examination, patients typically complain of
limited range of motion and pain in the hip joint, particularly with difficulty in internal rotation [15]. Dis-
eases affecting the hip joint and giving similar clinical symptoms, and bone metastases, especially in cancer
patients, should be considered in the differential diagnosis. Since AVN and bone metastases show similar
characteristics in conventional imaging, they are usually not sufficient for diagnosis. Computed tomog-
raphy and magnetic resonance imaging examinations are generally preferred. The imaging findings vary
according to the stage and size of the lesion. In the early period, an increase in density is observed in the af-
fected area, cystic changes occur due to the resorption of dead bone tissue, and various degrees of collapse
occurs in the bone [16]. Currently, there are several staging systems based on radiological findings (Table
2). The most well-known among these are the Association Research Circulation Osseous (ARCO) staging
system, the Ficat and Arlet staging system, and the Steinberg staging system. The ARCO staging system is
widely used in clinical practice because it is more systematic, comprehensive, practical, and more sensitive
in diagnosis, predicting treatment efficacy and prognosis than other staging systems [17]. Recovery is pos-
sible if treatment is provided in early-stage disease (without collapse of the femoral head). However, if this
process is not treated, it causes irreversible joint damage and losses affecting hip function [14]. Femoral
head AVN treatment can be categorized into [2] different groups surgical and non-surgical methods. Non-
surgical treatments consist of pharmacological agents, and biophysical treatments; Surgical treatment in-

cludes joint sparing and joint replacement surgeries [14,18].

Medical management of radiation-induced AVN includes pentoxifylline, alpha-tocopherol, and
bisphosphonates [19,20]. Pentoxifylline increases red blood cell elasticity and blood flow by dilating the
vessels in damaged tissue. It is also believed that it reduces the cytokine cascade that promotes the pro-
gression of AVN with its anti-tumor necrosis factor activity [20]. Alpha-tocopherol increases the release of
nitric oxide from endothelial cells, superoxide in neutrophils and macrophages, and can inhibit platelet ag-
gregation [21]. At the same time, a-tocopherol is a weak antioxidant, it eliminates reactive oxygen species
that play a role in the pathophysiology of AVN by inducing peroxidation in the cell membrane [23]. Stud-

ies have shown the efficacy of the combination of pentoxifylline and tocopherol in the treatment of body
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radiation injury compared to placebo and drug monotherapy [20,23]. Clodronate stimulates osteoblast’s
function while inhibiting osteoclast activity, reducing the inflammatory expression and proliferation of fi-
broblasts. Ultimately reduces the incidence of collapse in osteonecrotic hips [24]. Biophysical therapies are
hyperbaric oxygen (HBO) therapy, pulsed electromagnetic therapy, and extracorporeal shock wave therapy
(ESWT). ESWT has been established to induce angiogenesis, restore oxygenation in tissues and reduce
edema. It may be an alternative to invasive methods for early-stage AVN cases. [t was also associated with
both pain and functional improvement and observed a reduction in necrosis and bone marrow edema at
follow-up [25,26]. HBO increases the extracellular oxygen concentration. It has been suggested that it re-
verses cellular ischemia and reduces the inflammatory response in symptomatic early-stage AVN. It is also
expected to reduce edema by creating a high concentration of dissolved oxygen [27]. Conservative treat-
ments are mostly used in early-stage patients. However, the efficacy of these treatments is limited and there
are no clear recommendations for their use, and the level of evidence is low. The most common procedure
in the early stage of the surgical treatment of AVN is core decompression; in advanced disease, total hip
arthroplasty (THA) is performed [14,15,28]. In recent years, as new treatment strategies, stem cell therapy,
which can help the bone formation and remodeling, has been tried. Also, cells believed to promote bone

growth have been developed and new implants such as porous titanium rods are being used [2].
Conclusion

In conclusion, a case of bilateral femoral head AVN developed after RT for cervical cancer is pre-
sented. The etiology in this patient may have been the higher doses to which the femoral heads were ex-
posed during radiotherapy. Although the effect of concomitant chemotherapy is unknown, the possibility
of contribution should be considered. Currently, the RT dose threshold that poses no risk for AVN is un-
known. It is also necessary to consider bone tissue among organs at risk (OAR) located in the irradiated
field. Attention to dose distribution and the use of collimators during treatment planning allows the total
dose delivered to the OAR to be reduced. The possibility that radiation-induced AVN is a stochastic effect
should not be excluded who have received pelvic radiotherapy and it should be considered in every patient
with a painful hip. Early detection of AVN is very important to start treatment before the collapse and to
get successful results. It will also increase the quality of life by enabling surgical intervention in appropri-
ate patients. Careful and prompt management and appropriate treatment can protect patients from long-
term morbidities. Although AVN appears to be a relatively unusual adverse effect of radiotherapy, clinicians
should be aware of it since it can cause substantial functional impairment in individuals who have been

cancer-free for a long time.
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