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Abstract
AIM: To study a modified porous tantalum technique for the treatment of osteonecrosis of the femoral head.

METHODS: The porous tantalum rod was combined with endoscopy, curettage, autologous bone grafting and use of bone marrow aspirates from iliac crest aspiration in 49 patients (58 hips) with a mean age of 38 years. The majority of the patients had idiopathic osteonecrosis, followed by corticosteroid induced osteonecrosis. Thirty-eight hips were of Steinberg stage II disease and 20 hips were of stage III disease. Patients were followed for 5 years and were evaluated clinically with the Merle D’Aubigne and Postel score and radiologically. The primary outcome of the study was survival based on the conversion to total hip arthroplasty (THA). Secondary outcomes included deterioration of the osteonecrosis to a higher disease stage at 5 years compared to the preoperative period and identification of factors that were associated with survival.  The Kaplan-Meier survival analysis was performed to evaluate the survivorship of the prosthesis and the Fisher exact test was performed to test associations between various parameters with survival.

RESULTS: No patient developed any serious intraoperative or postoperative complication including implant loosening or migration and donor site morbidity. During the 5-year follow up 1 patient died, 7 patients had disease progression and 4 hips were converted to THA. The 5-year survival based on conversion to THA was 93.1% and the respective rate based on disease progression was 87.9%. Stage II disease was associated with statistically significant better survival rates compared to stage III disease (P = 0.04). The comparison between idiopathic and non-idiopathic osteonecrosis and between steroid induced and non-steroid induced osteonecrosis did not showed any statistically significant difference in survival rates. The clinical evaluation revealed statistically significant improved Merle d’ Aubigne scores at 12 mo postoperatively compared to the preoperative period (P < 0.001). The mean preoperative Merle d’Aubigne score was 13.0 (SD: 1.8). The respective score at 12 mo improved to 17.0 (SD: 2.0). The 12-mo mean score was retained at 5 years. 

CONCLUSION: The modified porous tantalum rod technique that we present showed encouraging outcomes. The survival rates based on conversion to THA are the lowest reported in the published literature.
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Core tip: In the present study we present the results of a modified porous tantalum technique for the treatment of femoral head avascular necrosis. The porous tantalum rod was combined with endoscopy, curettage, autulogous bone grafting and use of bone marrow aspirates from iliac crest aspiration in 58 hips. The 5-year survival based on conversion to total hip arthroplasty was 93.1% and the respective rate based on disease progression was 87.9%. Stage II disease was associated with statistically significant better survival rates compared to stage III disease, while no other factor was found to associate with outcomes. 
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INTRODUCTION
Osteonecrosis of the femoral head is an increasing cause of musculoskeletal disability, and it poses a major diagnostic and therapeutic challenge. It's a progressive disease that may lead to deterioration of the hip joint even with optimal treatment, and mostly occurs in the young and previously fit population (usually between the third and the fifth decade of life). It is estimated that approximately 10% of the performed total hip arthroplasties (THA) are due to osteonecrosis [1].
Investigators have not yet agreed on the exact pathogenetic mechanisms, which contribute to the disturbance of blood supply to the bone. However, various factors such as trauma, alcoholism, blood cell diseases, corticosteroid administration, pregnancy, collagen disorders (especially lupus), adipogenesis of bone marrow, colon disorders and factors or diseases, which cause immune deficiency, have been reported as etiologic factors for the disease[2,3]. It is also proposed, that hypercoagulability may be a major pathway by which the above-mentioned abnormalities lead to impairment of the vascular supply[4]. In many cases osteonecrosis can be characterized as idiopathic since the patients do not have any risk factor.
While efforts are being made to find ways to prevent and reverse the course of the disease, the main goal of current treatment is to preserve the integrity of the femoral head, before it collapses and leads to hip joint degeneration. In late stages of osteonecrosis in which the subchondral bone is fractured and the collapse of the articular surface leads to arthritic alterations, surface replacement[5] or THA[6] is inevitable. It is therefore critical to treat osteonecrosis in early stages, to delay or possibly prevent the finality of total hip replacement, especially in the young population where poorer long-term outcomes have been reported[7]. Various therapeutic procedures depending on the degenerative stage of the necrosis have been implemented and include restricted weight bearing, osteotomies, core decompression, non-vascularized and vascularized bone grafting[8,9]. However, most of these methods did not showed satisfactory clinical outcomes and were associated with either prolonged surgical times due to the complex surgical procedure, or high donor-site morbidity and prolonged rehabilitation. 
The need for an easy, effective and safe way to support the subchondral bone, has led tο the use of porous tantalum rods, firstly described by Pedersen et al[10] in 1997. Tantalum rods have high volumetric porosity, providing excellent osteoconductive properties, while their elastic modulus is similar to bone and have exceptional biocompatibility[11,12]. They provide structural support like that of bone-graft and avoid the risks associated with bone grafting. The surgical technique is simple and safe, with short operative time and minimal blood loss. Short and mid-term results can be satisfactory, especially in the early stages of the disease (pre-collapse and early post-collapse) but it is essential that particular attention is given to careful patient selection and exact positioning of the rod into the necrotic lesion and the subchondral bone. 
The present retrospective study represents a bi-centre trial that reports on the clinical outcomes of porous tantalum rod for the treatment of femoral head osteonecrosis. The technique used in our study is a variation of the classical technique, since the tantalum rod is combined with endoscopy, lesion curettage, autologous bone grafting and use of bone marrow aspirates. 

MATERIALS AND METHODS
Biomechanical characteristics of tantalum rods
Porous tantalum rods were designed to support the subchondral plate of a necrotic human femoral head. The implant is entirely made by porous tantalum metal which is currently used in a variety of hip, knee and spine components [11]. Tantalum biomechanical characteristics such as porosity and mean pore size have been earlier reported[13].The rod has a 10-mm-diameter cylindrical shape with length options ranging from 70 to 130 mm (in 5-mm increments). There is also a threaded section which engages the lateral cortex of the femur and a hemispherical tip which supports the subchondral plate. Through mechanical experimentation, Tsao et al[12] identified the ability of this implant to support the articular surface. It is also possible that the tantalum induces bone formation without bone grafting, which has been reported in animal models by Bobyn et al[11,13]. 

Patients
Between 2001 and 2010, 49 patients with osteonecrosis of the hip were treated with a porous tantalum rod in the Department of Orthopaedic Surgery of the University Hospital of Ioannina (24 patients) and the Department of Orthopaedic Surgery of the University Hospital of Patras (25 patients). The study was approved by the Institutional Review Board of both participating institutions. Nine patients had bilateral osteonecrosis of the hip that was treated with tantalum rod at separate stages. The classification of osteonecrosis was performed using the Steinberg classification system[14]. Patients with serious subchondral collapse and/or destruction of the hip joint (Steinberg stage IV or higher) were excluded from the present study. We have also excluded patients with previous surgical management of osteonecrosis (i.e., core decompression, osteotomy, bone grafting). Overall, 21 female patients and 28 male patients with 58 affected hips and a median age of 38 years (range 22-55) were included in the study. Thirty-nine patients had the right hip affected. 
Twenty-two patients (45%) were diagnosed with idiopathic osteonecrosis, 16 patients had corticosteroid induced osteonecrosis, 3 patients had primary diagnoses of leukemia and developed osteonecrosis due to a combination of chemotherapy and corticosteroid treatment, 2 patients had osteonecrosis secondary to bowel disease, 2 patients had alcohol induced osteonecrosis, 2 patients had dyslipidemia, 1 patient developed osteonecrosis after labor and 1 patient had polycythemia vera. The grade of osteonecrosis was determined with a combination of plain anteroposterior (AP) and lateral radiographs as well as MRI imaging. Among the 58 hips included in the study 38 hips were of Steinberg stage 2 (6 hips 2a, 22 hips 2b, 10 hips 2c) and 20 hips of Steinberg stage 3 (20 hips 3a). 

Surgical technique
All operations were performed by the senior authors (Megas Panayiotis, Xenakis TA). Under general anesthesia the patient was positioned supine on the fracture table and internal rotation was applied to the affected lower limb. Under fluoroscopic control a guide pin was placed over the skin directed to the exact place of the necrotic area in order to mark the skin incision at the greater trochanter.  A lateral lengthwise 1.5 cm incision was performed and the subcutaneous soft tissue, the fascia lata and the vastus lateralis muscle were blindly dissected.  Under fluoroscopic control a 3.2 mm guide pin was inserted at the level of the upper margin of the lesser trochanter with the goal to place the guide pin exactly within the necrotic region and 5 mm from the subchondral surface of the femoral head. The core was progressively reamed with cannulated reamers up to 10 mm in diameter. At a second stage an endoscopy was performed through the canal in order to evaluate the posterior aspect of the osteonecrosis (Figure 1). The posterior aspect of the ostenecrotic lesion was the only visible area, since the endoscopy was performed through a narrow canal. A partial curettage of the osteonecrotic lesion was then performed, with meticulous care in order not to invade the cartilage. The curettage was performed with small drills into the necrotic lesion using a threaded flexible Ø3.2 × 450 mm kirschner wire through the canal. 
The next step involved bone marrow aspiration from the ipsilateral anterior iliac crest. A 5-mm incision was performed approximately 3-4 cm posterior to the anterior superior iliac spine directly on the crest. A 16-gauge aspiration needle was advanced into the bone marrow with an angle of 15 degrees cephalad by rotating it in an alternating clockwise/counter clock- wise motion. The needle was advanced approximately 4–6 cm into the cancellous bone.  The stylet/trocar was removed and a heparin-coated 30-mL syringe was adjusted onto the needle. 30 mL of bone marrow aspirates were obtained.  If no bone marrow is obtained, the needle was reoriented within the ilium, and the aspiration was repeated. 
The aspirates were divided in 2 equal parts. The first part was mixed with the morselized bone graft from the canal reaming and was then placed into the canal and was pushed to reach the necrotic area. Finally, the tantalum rod (Zimmer, Inc, Warsaw, IN, United States) was impregnated with the second part of bone marrow aspirates (Figure 2).  The impregnation was performed by immersing the rod into the aspirates for 5 min.   
Although the initially described technique involved the measurement of the canal and the placement of the lateral part of the rod at the lateral femoral cortex, we used shorter rods in the majority of the patients so that the rod ended distally at the cancellous bone of the trochanteric area. This method enabled the easier removal of the rod (the lateral edge of the rod was at the level of femoral head osteotomy) and the filling of the cortical defect with bone in case of future arthroplasty. 
Prophylactic antibiotics (second generation cephalosporin) were administered intravenously for 1 d post-operatively, while thromboprophylaxis with low molecular weight heparin according to the body mass index was administered subcutaneously for 4 wk. Postoperative pain was treated with paracetamol and pethidine. All patients followed the same routine rehabilitation program that included mobilization on the 2nd postoperative day with the help of a specialized physiotherapist, partial weight bearing on the operative side with 2 crutches for 6 wk and then full weight bearing with 1 crutch for another 6 wk. No patient required intensive physiotherapy.

Postoperative evaluation
Patients were evaluated clinically and radiologically on the postoperative period. The clinical evaluation was based on the Merle D’Aubigne and Postel score[15] and was performed at 6 mo, 1 year and 5 years postoperatively. The Merle d’Aubigne and Postel score evaluates pain, gait and mobility, on a scale of 1 to 6 for each item, where 1 indicates the worst and 6, the best state of the patient. The total minimum score reached is 3, and the maximum is 18. Scores were compared to those from the immediate preoperative period. All intra-operative and postoperative complications were recorded. The radiological evaluation was performed at 1.5, 3, 6 and 12 mo postoperatively and annually thereafter till the 5th year. The postoperative radiological evaluation included the restaging according to the Steinberg staging system[15] based on plain X-rays and MRI on indication. Post-operative follow-up examinations were performed by two independent investigators who reached consensus on all patients.

Statistical analysis
The follow-up time was calculated from the day of operation. Primary endpoint of the study was the 5-year survival of the hip joint defined as hips that did not underwent total hip arthroplasty. Secondary outcomes included deterioration of the osteonecrosis to a higher disease stage at 5 years compared to the preoperative period.  Finally, we tested for associations between disease stage and etiology of osteonecrosis and survival. 
A Kaplan-Meier survival analysis was performed to evaluate the survivorship of the prosthesis. A Fisher exact test was performed to test associations between various parameters with survival. A t test for independent samples was used to determine whether there was a significant difference in mean values of the clinical scores or not. P values < 0.05 were considered statistically significant; all P values were two-tailed. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS 22.0, Chicago, IL, United States).

RESULTS
The median duration of operation was 40 min (range 35-50 min). One patient had a superficial wound infection at 5 d postoperatively and was treated with oral antibiotic therapy for 1 week without further evidence of infection. No other patient developed any intraoperative (i.e., fat embolism) or postoperative complication. No patient developed any loosening or migration of the tantalum rod. No patient reported any donor site morbidity from the ipsilateral iliac crest. The mild pain or irritation at the iliac crest was not retained for more than 6 wk.
All patients except one were available for follow up for up to 5 years (Figures 3 and 4). One 38 years old patient with unilateral osteonecrosis of stage 3b due to leukaemia died 12 mo postoperatively with no apparent sign of disease deterioration. During the 5-year follow up the radiographic evaluation showed increase of the Steinberg stage in 7 patients. Four hips developed advanced osteoarthritic changes of Steinberg stage V and were converted to THA within a mean time of 27.5 mo (SD: ± 6.2 mo). The 5-year survival was 93.1% (95%CI: 83.3%-98.1%). Patients with stage III disease had increased risk to undergo THA and the difference was statistically significant (P = 0.04) (Figure 5). 
In 2 of the hips that were converted to THA, the removal of tantalum rod was easily performed due to the fact that the rod was shorter ending distally at the cancellous bone of the trochanteric area at the level femoral head osteotomy. In two patients where the lateral part of the rod was placed at the lateral femoral cortex, the conversion was performed with the osteotomy cut through the rod (Figure 6A) and the lateral part of the rod was carefully removed with the use of a lexer chisel. No trochanteric fracture was noticed. The trochanteric hole was filled with morselized bone graft from the femoral head and the 6-wk postoperative X-rays showed callous formation (Figure 6B). The 12 and 24 mo postoperative X-rays in these patients did not show any apparent change.
Among the hips that underwent THA, 1 was of stage IIa and 3 were of stage IIIa. Three hips had disease progression with no conversion to THA. One of these hips was initially of stage IIc and was restaged as stage IIIb at 24 mo postoperatively. Two hips of initial stage IIIa were restaged as stage IV at 12 and 60 mo respectively (Figure 7). The 5-year survival defined as disease deterioration and increase of osteonecrosis stage was 87.9% (95%CI: 76.7%-95.0%). Again patients with stage III disease had increased risk to deteriorate (P = 0.02). 
Among the hips that were converted to THA 2 had idiopathic osteonecrosis, in one case the osteonecrosis was due to corticosteroid use and 1 patient had combined chemotherapy and steroid treatment for leukaemia. No significant association was observed between the aetiology of osteonecrosis and the 5-year survival (P = 0.31 for the comparison between idiopathic osteonecrosis and non-idiopathic osteonecrosis). Similarly, no significant difference was observed in survival rates between steroid induced and non-steroid induced osteonecrosis (P = 0.28).
All patients had available clinical evaluation preoperatively, at 12 mo postoperatively and at 60 mo postoperatively. Patients that had THA were excluded from the 60-mo clinical evaluation. The postoperative clinical evaluation of the patients showed significant improvement compared to the preoperative period. All but 1 patient reported apparent pain relief at 6 weeks postoperatively. The mean preoperative Merle d’Aubigne score was 13.0 (SD: 1.8). The respective score at 12 mo improved to 17.0 (SD: 2.0). The difference was highly statistically significant (P < 0.001). The improved clinical scores were retained till the final follow up at 5 years where the mean score was 16.8 (SD: 1.5). 

DISCUSSION
Management of femoral head osteonecrosis in young adults where THA does not represent the ideal solution is challenging. Indeed the survival duration of a THA in a young patient and the need for future revision favours joint preserving techniques for femoral head osteonecrosis. In our study we report on the clinical and radiological outcomes of a novel variation of the classical porous tantalum rod technique that was combined with canal endoscopy, curettage of the lesion, impaction of autologous bone graft mixed with bone marrow aspirates from the iliac crest and impregnation of the rod with these aspirates.  This technique showed encouraging outcomes for the treatment of osteonecrosis of the femoral head. The 5-year survival defined as conversion of the tantalum rod to THA was 93.1%. The 5-year survival defined as disease deterioration and increase of disease stage was 87.9%. Both survivals were statistically significant associated with the disease stage, since patients with Stage II disease had increased survival rates compared to patients with stage III disease.
One treatment option for osteonecrosis of the femoral head is free vascularized fibula grafting (FVFG). This technique was introduced approximately 40 years ago and has shown efficiency in preserving the hip joint[16,17]. The popularization of the technique highlighted that there are certain indications for its application and its efficiency is depended on proper patient selection[18,19]. Several disadvantages of FVFG have been also highlighted, such as long surgical time, demanding operative technique and donor morbidity[20-22]. These limitations make tantalum core decompression an attractive option for femoral head osteonecrosis. 
Several studies have evaluated the efficacy of porous tantalum rod in the treatment of femoral head osteonecrosis, with controversial outcomes. In the majority of these studies porous tantalum rod has proven an effective and safe management for osteonecrosis of femoral head[23-25]. However, other studies showed poor outcomes with high rates of conversion to THA[26]. A recent meta-analysis showed that porous tantalum rod application was associated with higher improvement in Harris Hip Score as well as better survivorship and complication rate in comparison to bone grafting techniques[25,27]. Specifically, femoral collapse occurred in approximately 6% of the patients, which was significantly lower compared to 28% in the bone grafting group[27]. Tantalum rod results in less bleeding, fewer transfusions, and shorter hospitalization[27].  Our findings confirm the effectiveness and safety for porous tantalum rod in these patients. Our series utilizing a modified technique o porous tantalum rod show improved effectiveness compared to the published literature. Conversion to arthroplasty within the 5-year follow up was performed in 7% of our patients that represents the lowest rate up to date in such a long term period.
The effectiveness of porous tantalum rod in osteonecrosis treatment may be correlated with the material properties of the tantalum. Porous tantalum has a porosity of 75%-80% and allows more than 40% of bone ingrowth within the first 4 weeks of implantation and up to 80% at a later stage[13]. Recently, reports of new bone ingrowth with associated small blood vessels at the bone/tantalum interface highlighted the biocompatibility of the material[28]. At the same time is less stiff than the traditional tantalum, with a stiffness that approximates that of the subchondral bone[13]. Thus, it provides an environment that favours bone remodelling, which is critical in femoral head osteonecrosis. 
Porous tantalum insertion at the femoral head removes the necrotic lesion, forms a decompression zone, and provides support to the subchondral bone. Core decompression has been reported to be an effective method in preventing the progression of osteonecrosis[29,30]. However, it was proven that it offers more symptomatic relief rather than delay in the natural history of femoral head osteonecrosis and subsequent collapse and degeneration[31]. Furthermore, it has been suggested that decompression alone may weaken the cancellous bone in an area adjacent to the necrotic area with obvious disadvantages[8]. Therefore, porous tantalum offers mechanical support to the subchondral bone, which not only addresses the concern of bone weakening, but also may represent a key intervention for osteonecrosis progression[12,32].
In our series porous tantalum rod has been combined with other techniques in an attempt to increase its efficiency. An endoscopy of the lesion through the canal was performed in order to evaluate the situation of the subchondral bone. Consequently, curettage of the lesion was performed in order to remove the necrotic bone and to create sockets which the morselized bone graft and the new bone will fill. Finally, in order to enhance new bone formation from the tantalum rod, the rod was impregnated with bone marrow aspirates before implantation. This the first time in the published literature that such a combination was used. Moreover, the outcomes of the present study confirm all previous published studies that improved survival rates are associated with the earlier disease stage.  Finally, associations of factors such as corticosteroid use or chronic systemic disease that were previously reported to correlate with higher failure rates[24] were not found in the present study. Previously reported complications from the use of tantalum rod such as fat embolism[33] and subtrochanteric fractures[34] were not seen in our series. 
Porous tantalum implant appears to play a prominent role in treatment of osteonecrosis of the femoral head, especially when combined with other techniques that can increase its effectiveness and applicability. Combination of tantalum rod insertion with vascularized iliac grafting have shown a survival of more than 90% for stage II and III osteonecrosis[35]. Recently, in a randomized control trial Mao et al[36] has reported the combination of tantalum rod with targeted intraarterial infusion of peripheral blood stem cells, with improved survival compared to the control group (6.5% conversion to THA in the combined group). Another recent study where tantalum rod was combined with curettage of the sequestrum and insertion of nano-hydroxyapatite/polyamide 66 material showed 19.3% conversion to THA in 45 mo[37]. Finally, porous tantalum rod may be used in combination with low intensity ultrasound in order to promote bone ingrowth into the porous implant that could enhance the effectiveness of this technique[38]. 
In conclusion, the modified porous tantalum rod technique that was applied to our series is a safe and quick method that showed encouraging outcomes and improved survival rates compared to previous reported techniques. The limitations of the present study include the retrospective design, the limited sample size, the inhomogeneous group of eligible patients, the absence of control groups and the absence of long term survival outcomes exceeding 10 years. These limitations should be considered in future study designs.  

COMMENTS
Background
Osteonecrosis of the femoral head is an increasing cause of musculoskeletal disability, and it poses a major diagnostic and therapeutic challenge.  Although various factors have been reported as etiologic factors, the exact pathogenetic mechanism of the disease is unknown. The goal of current treatment modalities is to preserve the integrity of the femoral head and prevent hip joint degeneration and eventually total hip arthroplasty (THA). Various therapeutic procedures depending on the degenerative stage of the necrosis have been implemented and include restricted weight bearing, osteotomies, core decompression, bone grafting (either non-vascularized or vascularized) and the use of porous tantalum rods. In this study we evaluated the efficacy of a modified porous tantalum rod technique where the tantalum rod was combined with endoscopy, lesion curettage, autologous bone grafting and use of bone marrow aspirates.

 Research frontiers
The surgical technique of porous tantalum is simple and safe, with short operative time and minimal blood loss. The majority of the published literature showed promising clinical outcomes with low rates of conversion to THA especially in the early stages of the disease. The results of the present study where a modified technique is used contribute to further improvement of clinical outcomes, by lowering the rates of conversion to THA. 

Innovations and breakthroughs
In this study, the modified porous tantalum technique showed increased 5-year survival rates compared to the published literature. The 5-year survival defined as conversion of the tantalum rod to THA was 93.1%. The 5-year survival defined as disease deterioration and increase of disease stage was 87.9%. Patients with Stage II disease had increased survival rates compared to patients with stage III disease, in concordance to the published literature.

Applications
The modified porous tantalum rod technique that was applied to our series is a safe and quick method that showed encouraging outcomes and improved survival rates compared to previous reported techniques. The use of our technique can lower the conversion to THA.

Peer-review
The authors of this paper evaluated the use of a modified porous tantalum technique in the treatment of femoral head osteonecrosis of 58 hips that were followed for 5 years. They describe a novel technique with good results which has potential to be adopted by other surgeons. 
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Figure 1 Endoscopic view of the osteonecrotic lesion. View obtained from the endoscopy through the canal. The posterior aspect of the osteonecrotic lesion is seen at the center of the image (arrow) as a white non vascularised area, surrounded by normal purple-coloured bone (vascularised bone).
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Figure 2 Tantalum rod. The tantalum rod used in the present series by Zimmer (Zimmer, Inc, Warsaw, IN, United States). The rod was impregnated with bone marrow aspirates obtained from iliac crest aspiration.
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Figure 3 Pre- and post-operative imaging of femoral head osteonecrosis. Imaging of a 42 year old patient with corticosteroid induced osteonecrosis of the femoral head treated with porous tantalum. A: Preoperative MRI of Steinberg stage II osteonecrosis of the left femoral head; B: One year postoperative X-ray after the implantation of the tantalum rod, No pathological findings are seen; C: Five years postoperative MRI of the left hip with absence of pathological findings. MRI: Magnetic resonance imaging.
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Figure 4 Pre- and postoperative X-rays of osteonecrosis of the femoral head. X-rays of a 47 year old patient with idiopathic osteonecrosis of the femoral head. A: Preoperative X-ray with Steinberg stage II osteonecrosis; B: 6 mo postoperative X-ray showing no disease deterioration; C: 5 years postoperative X-ray of the same patient with no pathological findings. 
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Figure 5 Survival plots for patients with stage II and stage III disease. Within the 5-year follow up period 4 patients with osteonecrosis treated with tantalum rod were converted to total hip arthroplasty. One patient had Steinberg stage II disease and 3 patients had Steinberg stage III disease. Patients with stage III disease had increased risk to undergo THA. The difference was statistically significant (P = 0.04).
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Figure 6 Conversion of tantalum rod to THA. A: The osteotomised femoral head with the tantalum rod in a 55-year-old patient that underwent THA due to disease deterioration. The osteotomy of the femoral neck was performed through the tantalum rod; B: Six-week post-THA X-ray of the same patient. The X-ray shows callous formation within the trochanteric hole. THA: Total hip arthroplasty.


[image: DSCN3026][image: DSCN3043]









B
A


Figure 7 Disease progression after tantalum rod implantation. Thirty-eight year-old female patient with osteonecrosis of the left femoral head due to leukemia. A: The immediate postoperative X-ray after the implantation of tantalum rod showing Steinberg stage III osteonecrosis; B: X-ray of the same patient showing deterioration to Steinberg stage IV osteonecrosis 12 mo after the implantation of tantalum rod.
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