[image: image1.jpg]8226 Regency Drive, Pleasanton, CA 94588, USA
% i ® Telephone: +1-925-223-8242 Fax: +1-925-223-8243
3“‘5h'd°“9 E-mail: bpgoffice@wjgnet.com  http:/ /www.wjgnet.com

K BAISHIDENG PUBLISHING GROUP INC





Copyright Information of the Article Published Online
	TITLE
	Trochanter/calcar preserving reconstruction in tumors involving the femoral head and neck

	AUTHOR(s)
	Hwan Seong Cho, Young-Kyun Lee, Yong-Chan Ha, Kyung-Hoi Koo

	CITATION
	Cho HS, Lee YK, Ha YC, Koo KH. Trochanter/calcar preserving reconstruction in tumors involving the femoral head and neck. World J Orthop 2016; 7(7): 442-447

	URL
	http://www.wjgnet.com/2218-5836/full/v7/i7/442.htm

	DOI
	http://dx.doi.org/10.5312/wjo.v7.i7.442

	OPEN ACCESS
	This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

	CORE TIP
	This is a retrospective study to evaluate the results of trochanter and calcar preserving reconstruction in tumors involving the femoral head and neck. While usual osteotomy for primary total hip arthroplasty is made straightly at 0.5 inch above the lesser trochanter, we made a curved osteotomy in coronal plane from the tip of greater trochanter to lower level or below the lesser trochanter to remove the tumor lesion confined to femoral head and neck. This technique can preserve the greater trochanter and lower portion of the calcar femorale. This surgical technique is a satisfactory treatment for tumors confined to the femoral head and neck.

	KEY WORDS
	Total hip arthroplasty; Reconstruction; Tumor; Femoral head

	COPYRIGHT 
	© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

	NAME OF JOURNAL
	World Journal of Orthopedics

	ISSN
	2218-5836 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


                            Retrospective Study

Trochanter/calcar preserving reconstruction in tumors involving the femoral head and neck

Hwan Seong Cho, Young-Kyun Lee, Yong-Chan Ha, Kyung-Hoi Koo

Hwan Seong Cho, Young-Kyun Lee, Kyung-Hoi Koo, Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, Seongnam 463-707, South Korea
Yong-Chan Ha, Department of Orthopaedic Surgery, Chung-Ang University College of Medicine, Seoul 156-755, South Korea
Author contributions: Lee YK designed and performed the research and wrote the paper; Koo KH designed the research and supervised the report; Cho HS designed the research and contributed to the analysis; Cho HS, Lee YK, Ha YC and Koo KH provided clinical advice.

Correspondence to: Young-Kyun Lee, MD, Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, 82 Gumi-ro, 173 beon-gil, Bundang-gu, Seongnam 463-707, South Korea. ykleemd@gmail.com

Telephone: +82-31-7877204   Fax: +82-31-7874056

Received: March 3, 2016    Revised: April 22, 2016    Accepted: May 10, 2016
Published online: July 18, 2016
Abstract

AIM: To evaluate the results of hip reconstruction with extensive excision for tumor confined to the femoral head and neck. 

METHODS: We designed a resection preserving the greater trochanter and lower portion of calcar femorale, and utilized conventional total hip prosthesis. We retrospectively reviewed 7 patients, who under​went a wide resection and reconstruction using con​ventional hip prosthesis. There were 3 men and 4 women and their mean age was 42.5 years (22 to 65 years). The histologic diagnosis of each patient was low-grade osteosarcoma, diffuse large B-cell lymphoma, liposclerosing myxofibroma, intraosseous lipoma, chondroblastoma, giant cell tumor and focal intramedullary fibrosis. 

RESULTS: One patient with lymphoma died due to disease dissemination at 10 mo postoperatively and the remaining 6 patients were followed for a mean of 4.7 years (3 to 6 years). All patients were able to return to their daily activities and no patient had local recurrence. No radiographic signs of loosening, wear, and osteolysis were found at the last follow-up. 

CONCLUSION: Trochanter/calcar-preserving resection of the proximal femur and reconstruction using con​ventional total hip prosthesis, is a satisfactory treatment for tumors confined to the femoral head and neck.
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Core tip: This is a retrospective study to evaluate the results of trochanter and calcar preserving reconstruction in tumors involving the femoral head and neck. While usual osteotomy for primary total hip arthroplasty is made straightly at 0.5 inch above the lesser trochanter, we made a curved osteotomy in coronal plane from the tip of greater trochanter to lower level or below the lesser trochanter to remove the tumor lesion confined to femoral head and neck. This technique can preserve the greater trochanter and lower portion of the calcar femorale. This surgical technique is a satisfactory treatment for tumors confined to the femoral head and neck.
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INTRODUCTION

The proximal femur is a common site of primary malignant bone tumors, including chondrosarcoma, Ewing’s sarcoma and osteosarcoma[1]. An array of benign bone tumors; giant cell tumor, chondroblastoma, and clear cell chondrosarcoma may develop at the proximal femoral epiphysis and extend to the meta​physis[2-4]. Intra-articular involvement is rare in these tumors, although they might occur following a patho​logic fracture.

Patients with tumors confined to the femoral head have been candidates for curettage-bone graft[5] or an extensive resection of the proximal femur and reconstruction, usually hemiarthroplasty, using tumor prosthesis depending on the biologic aggressiveness of the tumor[6-8]. 

In the process of resection and reconstruction, the greater trochanter is osteomized or excised and after then, the greater trochanter or the insertion of the abductor muscle is attached to the tumor prosthesis with wires or cable grip, which can induce complications including wire or cable breakage, trochanteric fragment migration, nonunion, bursitis, and metallosis[9-12]. 

Tumor prosthesis is highly costive. One more draw​back of the tumor prosthesis is the difficulty on deter​mining the actual length and width of the resected bone even with a use of modular endoprosthesis[13]. Intermediate to long term survivorship of bipolar tumor prosthesis is not satisfactory compared to conventional total hip arthroplasty[7,8,14]. 

Since 2007, we have treated tumors involving femoral head and neck using a trochanter/calcar-preserving resection and conventional total hip prosthesis. In this study, we present the operative technique and evaluate the results after trochanter-preserving resection with use of conventional prosthesis.

MATERIALS AND METHODS
The surgical treatment algorithm of tumors of the femoral head and neck at our department is as follows. The primary treatment for histologically-proven benign bone tumors confined to the femoral head and neck is curettage and bone graft[5]. However: (1) when there is a suspicion of malignancy or solitary bone metastasis; (2) when there is a risk of superior retinacular or lateral epiphyseal arterial damage during the curettage and consequent develop of osteonecrosis; (3) when the lesion is large and located at the subchondral portion of the femoral head apex and consequent collapse is expected after the curettage; and (4) when there is a local recurrence after the curettage, we perform a trochanter/calcar-preserving resection of the proximal femur and reconstruction using conventional hip pro​stheses. 
Tumors with a pathologic fracture, an involvement of the greater trochanter, involvement of the lesser trochanter, cortical penetration, or intra-articular invol​vement are treated with more extensive resection and reconstruction using revision prosthesis or tumor-prosthesis.

Between June 2007 and December 2011, 20 patients were operated due to tumors of the femoral head and neck at the authors’ hospital. Among them, 13 patients were treated with curettage with bone graft (11 patients) or cement filling (2 patients). The remaining seven patients, who were operated with a trochanter-preserving resection of the proximal femur and total hip arthroplasty using conventional prosthesis, were subjects of this study. 

There were 3 men (3 hips) and 4 women (4 hips), and the mean age at the time of operation was 42.5 years (range, 22 to 65 years). All patients presented with a pain of affected hip. The mean time interval between the onset of hip pain and the index operation was 13.6 mo (range, 1.3 to 48.1 mo). 

We made preoperative diagnoses and evaluated the tumor extent on plain radiographs, computed tomography and/or magnetic resonance image. We planned a wide resection (≥ 1 cm from the tumor margin) bearing in mind the possibility of the malignant tumor (Figure 1). 

All THAs were carried out by one surgeon. The patient was placed in a lateral position on the operating room table. A longitudinal posterolateral incision was made. Trochanteric bursa and underlying fat tissues were removed to expose short external rotators and sciatic nerve. External rotators were cut at their tendi​nous attachments to the trochanteric crest and the posterior capsule of the hip joint was incised. The femoral head was dislocated posteriorly. 

To remove the diseased femoral head and neck, preserving the greater trochanter and lower portion of the calcar femorale, we made a curved osteotomy in coronal plane from the tip of greater trochanter to lower level or below the lesser trochanter according to the tumor margin while usual osteotomy for primary total hip arthroplasty is made straightly at 0.5 inch above lesser trochanter. The posterior cortex and endo-osteal cancellous bone was cut using a 7 mm width osteotome and the anterior cortex was cut with use of a reciprocating saw (Figure 2). This osteotomy is similar to curved varus osteotomy, which has been use for the surgical treatment of femoral head osteonecrosis[15]. 

After the planned intertrochanteric osteotomy, attach​ments of vastus muscles and the anterior capsule were detached from the intertrchanteric line of proximal segment to remove the proximal segment. And attach​ment of psoas was partially detached from the lesser trochanter.

On the inspection of the resected segment, no tumor showed a penetration into the joint or cortical invasion. Resected specimens were submitted for pathological evaluation. 

The rest of the procedure was performed in the ordinary manner of cementless THA. 

Three designs of implants were used; PINNACLE cup with Corail stem (DePuy, Saint-Priest, France) in 4 hips, PLASMACUP® SC acetabular component with BiCONTACT® stem (Aesculap, Tuttlingen, Germany) in 2 hips, and Bencox cup with Bencox stem (Corentec, Seoul, South Korea) in 1 hip. Third-generation ceramic articulation (BIOLOX Forte alumina head and liner; CeramTec, Plochingen, Germany) was used in 2 hips, and fourth-generation (BIOLOX Delta alumina head and liner; CeramTec) in 5 hips. The diameter of the femoral head was 28 mm in 1 hip, 32 mm in 5 hips, and 36 mm in 1 hip. 

The final diagnoses by histological examination were low-grade osteosarcoma, diffuse large B-cell lymphoma, liposclerosing myxofibroma, intraosseous lipoma, chondroblastoma, giant cell tumor, and focal intramedullary fibrosis (Table 1). Surgical margins were negative for the tumor in all patients.

Two patients with malignant tumors underwent a computed tomographic scan of the chest and whole body bone scan, which revealed no evidences of distant metastasis. The patient with lymphoma was treated with adjuvant chemotherapy. Patients were instructed to walk with partial weight bearing with the aid of two crutches for four weeks after surgery. 

Routine follow-up visits were scheduled for six weeks, three, six, nine, twelve months, and six months thereafter. Patients who had not returned for regularly scheduled visits were contacted by telephone. 

Clinical evaluation was performed with use of the Harris hip score (HHS)[16], and the functional classification system of the International Society of Limb Salvage (ISOLS), which includes six functional parameters; pain, function, emotional acceptance, use of walking supports, walking ability, and gait. Each parameter is scored from 0 to 5 (a maximum score of 30)[17]. 

The radiographic evaluation was done to confirm if there was the evidence of recurrence; a newly dis​covered osteolytic or osteosclerotic lesion on follow-up radiographs or MRI. 

Fixations of the acetabular and femoral com​ponents[18,19], ceramic wear[20] and osteolysis[21-23] were assessed on serial radiographs. 

The design and protocol of this retrospective study were approved by the institutional review board in our hospital, which waived the informed consents.

RESULTS

Fracture of the greater trochanter occurred in one patient who was operated due to intraosseous lipoma. The fracture was detected on postoperative 6 wk radiographs. In this patient, the inner portion of the greater trochanter had been removed during the operation to achieve a wide resection and only a thin cortical portion had been left. This patient had no history of trauma, and had little pain postoperatively. Thus, the fracture seemed to be an avulsion fracture. It healed completely with protected weight-bearing for 3 mo and an osseointegration of the prosthesis was achieved (Figure 3).

One patient with lymphoma recovered well and returned to his normal activity after the operation. The postoperative radiographs at 6 mo were uneventful. However, this patient died because of disseminated disease at the 10 mo postoperative. 

The remaining 6 patients were followed-up for an average of 4.7 years (3 to 6 years). All patients returned to their daily activities and were walking with full weight bearing. At the last follow-up, the mean HHS was 98.0 points (range 96-100 points), and the mean ISOLS functional score was 29.2 points (range 28-30 points) (Table 1). During the follow-up there was no evidence of local recurrence. At the latest follow-up, there were no radiographic signs of aseptic loosening, wear, or osteolysis (Figure 4).

DISCUSSION

The proximal femur is a common site for primary bone tumors and the most common site of metastatic tumors. Since the introduction of tumor prosthesis in 1980s, tumors in the femoral head and neck have been treated with extensive resection and reconstruction of the proximal femur. The femur is resected below the lesser trochanter and the greater trochanter is resected or osteomized. The reconstruction is consisted of a hemiarthroplasty with use of an endoprosthesis. Although modular system improved the endoprostheic reconstruction[14], there are several drawbacks in this procedure. The greater trochanter is osteotomized or the abductors are transected through their tendinous attachments. If the greater trochanter is resected en-bloc, the remaining abductors are attached to the prosthesis. If a fragment of the greater trochanter is remains, it is fixed to the prosthesis with a cable grip system.

However, problems have appeared after the use of cable grip. Silverton et al[24] reviewed 68 trochanteric osteotomies, which were repaired with Dall-Miles cable grip system (Howmedica, Rutherford, NJ). Trochanteric nonunion occurred in 25%, with fraying and fragmen​tation of the cable. Among the 51 patients with troch​an​teric union, 35% also had signs of fraying and fragmentation. Osteolysis around the cable was seen in 10%. Metallosis at the inferior border of the acetabulum were seen in 12%[24].

As the life expectancy of patients with bone tumors improves, endoprosthetic replacement of the proximal femur is not durable in young patients with low-grade tumor (IA/IB or benign)[7]. Bernthal et al[7] reviewed 86 proximal femoral replacements used for tumor reconstruction. Their study included 43 high-grade tumors (IIA/IIB), 20 low-grade tumors (IA/IB or benign), and 23 with metastatic disease. The 5-, 10-, and 20-year survival for IIA/IIB patients was 54%, 50%, and 44%, respectively; all patients with low-grade disease survived; the 5-year survival rate for patients with metastatic disease was 16%. The 5-, 10- and 20-year implant survivorships were 93%, 84%, and 56%, respectively. Although bipolar proximal femoral reconstruction proved a durable technique in patients with metastatic disease and high-grade disease, patients with low-grade disease outlived their implants[7]. In this study, there was a suspicious solitary bone metastasis (patient 6), which was confirmed intramedullary fibrosis. Solitary bone metastasis is defined as a single skeletal metastasis with no tumor in any other part of the body including the primary cancer site or with a primary lesion in resectable status. Although there has been some debate on whether curative resection for a solitary bone metastasis leads to survival gain, most authors believed that patients with a solitary bone metastasis from several cancers live longer than those with multiple metastasis regardless of treatment modalities. Jung et al[25] reported that patients who had wide resection for a solitary bone metastasis had a disease-specific survival rate of 100% at mean follow-up of 69 mo. Therefore, they suggested that patients with solitary bone lesion are candidates for aggressive surgical treatment with curative intent. In addition, durable reconstruction is needed to avoid revision surgery which may complicate future management for cancer.

Our study showed that trochanter/calcar preserving resection allows adequate surgical margins for tumors in femoral head and neck and reconstruction using conventional total hip prosthesis affords a satisfactory functional outcome without local recurrence or pro​sthetic loosening. 

There were several limitations in our study. Our study was a retrospective review performed in a small number of cases. There was no control group of wide resection of the proximal femur and reconstruction using endo-prosthesis. However, the mean HHS (98 points) was satisfactory at last follow-up, which was comparable with that of primary THA[26]. Our procedure is applicable on the condition that the lesion was confined to the femoral head and neck. Therefore, a careful evaluation of tumor extent using MRI is mandatory preoperatively.

Our results of trochanter/calcar preserving resection and reconstruction using conventional total hip pro​sthesis were satisfactory. We would recommend this procedure as a primary surgical treatment along with curettage and bone graft for tumors confined to the femoral head and neck, especially in young patients.

COMMENTS

Background

Tumors confined to the femoral head have been treated by curettage-bone graft or tumor prosthesis following an extensive resection of the proximal femur according to the suspected pathology. When using tumor prosthesis with high cost, an extensive resection of the proximal femur leads to sacrifice of the greater trochanter or the insertion of the abductor muscle. In this study, the authors presented a trochanter/calcar-preserving resection and conventional total hip prosthesis in tumors involving femoral head and neck, and evaluated the outcomes.

Research frontiers

This study contributes to presenting the surgical technique of total hip arthroplasty following trochanter/calcar-preserving resection in the selected patients.

Innovations and breakthroughs

In this study, trochanter/calcar-preserving resection was presented for patients with tumor confined to femoral head and neck. This technique does not require a sacrifice of greater trochanter which abductor muscles are inserted. This means that patients can preserve their abductor mechanism, even though surgery of proximal femur.

Applications

This study suggests that trochanter/calcar-preserving resection is useful for treatment in patients with tumor confined to femoral head and neck.

Terminology

Calcar: The dense, vertically oriented bone present in the posteroemedial region of the femoral shaft inferior to the lesser trochanter of the femur.

Peer-review

The effort to reduce postoperative morbidity by preserving trochanter and calcar seemed to have yielded a good result.
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Figure Legends
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Figure 1  Preoperatively a wide resection margin was planned ≥ 1 cm from the tumor margin. 
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Figure 2  To obtain adequate resection margin from tumor, the curved osteotomy is performed from middle to lower portion of the lesser trochanter to the tip of greater trochanter.
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Figure 3  Radiographs of patient 3. A: Preoperative magnetic resonance imaging of a 64-year-old woman shows a high signal lesion confined to femoral head and neck; B: Postoperative radiograph at 6 wk after total hip arthroplasty with extensive excision at the intertrochanteric level shows an avulsion fracture of greater trochanter; C: Postoperative radiograph at 5 years after total hip arthroplasty with extensive excision at the intertrochanteric level shows no evidence of local recurrence and implant loosening or osteolysis.
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Figure 4  Radiographs of patient 1. A: Radiograph of a 36-year-old woman shows an osteolytic lesion confined to femoral head and neck; B: Preoperative magnetic resonance imaging shows a low signal intensity lesion with well-defined surrounding rim; C: Postoperative radiograph at 6 years after total hip arthroplasty with extensive excision at the intertrochanteric level shows no evidence of local recurrence and implant loosening or osteolysis.
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Table 1  Patients demographics


  Patient


�
Sex/age


�
Initial diagnosis on MRI


�
Final histologic diagnosis


�
Follow-up (yr)


�
ISOLS score


�
�
  1


�
F/36


�
Giant cell tumor


�
Liposclerosing myxofibroma


�
6


�
30


�
�
  2


�
F/38


�
Low-grade osteosarcoma


�
Low-grade osteosarcoma


�
6


�
29


�
�
  3


�
F/64


�
Clear cell chondrosarcoma


�
Intraosseous lipoma


�
5


�
28


�
�
  4


�
M/22


�
Chondroblastoma


�
Chondroblastoma


�
5


�
30


�
�
  5


�
M/33


�
Giant cell tumor


�
Giant cell tumor


�
3


�
30


�
�
  6


�
F/60


�
Breast cancer metastasis


�
Focal intramedullary fibrosis


�
3


�
28


�
�
  7


�
M/41


�
Aneurysmal bone cyst


�
Lymphoma


�
Died at 10 mo


�
�
�
F: Female; M: Male; MRI: Magnetic resonance imaging.
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