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Abstract 

 

Background The choice of reconstructive procedure to restore limb function is challenging 

after internal hemipelvectomy. Hip transposition arthroplasty, also known as resection 

arthroplasty, removes a malignant or aggressive tumor of the pelvis and acetabulum after 

which the remaining femoral head is moved proximally to the lateral surface side of the 

sacrum or the underside of the resected ilium after internal hemipelvectomy. It may provide 

reasonable functional results and have some advantages such as lowering the risk of an 

infected implant compared with other reconstructions because no foreign implants are used. 

Hip transposition is generally managed with prolonged bed rest or immobilization 

postoperatively to stabilize the soft tissue surrounding the remaining femur. Because enabling 

patients to be mobile while the soft tissues heal might be advantageous, we reviewed our 

experience with external fixation for this procedure. 

Questions/purposes (1) Does temporary external fixation facilitate postoperative 

physiotherapy in patients who undergo hip transposition arthroplasty? (2) What functional 

(Musculoskeletal Tumor Society [MSTS]) scores were achieved at short term in a small 

series of patients treated with hip transposition and temporary external fixation? (3) What 

were the complications of using external fixation in a small series of patients who received it 

for malignant tumors? 

Methods  Between 2008 and 2012, we treated seven patients (three men and four women; 

median age, 37 years; age range, 18–53 years) with acetabular resection for malignant bone 

tumors; all were managed using a hip transposition, initially stabilized using external 

fixation. No other types of procedures were used for this indication in this period. Minimum 

followup in this retrospective study was 45 months, except for one patient who died at 18 

months (range of followup duration, 18–90 months; median followup, 57 months), and no 
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patients were lost to followup. The pins for external fixation were inserted into the affected 

side of the femur and the healthy contralateral ilium. External fixation was removed 6 weeks 

postoperatively and weightbearing was started at that time. Preoperative chemotherapy was 

administrated in four patients, but postoperative chemotherapy was delayed since it was 

given after external fixation removal in three patients. The postoperative rehabilitation course 

and functional results were assessed by chart review, functional results were determined 

using MSTS scores, tallied by physiotherapists who were not part of the surgical team, and 

complications were ascertained through chart review. Major complications were defined as 

complications that were treated with additional operations, such as deep infection, or ones 

that could cause severe postoperative dysfunction, such as nerve injury. 

Results With temporary external fixation, standing next to a bed was achieved in median 7 

days (range, 6–9 days) postoperatively, transferring to a wheel chair in median 8 days (range, 

6–28 days), and gait training using parallel bars in median 15 days (range, 7–48 days). At 

most recent followup, three patients could walk without a crutch or cane, three could walk 

with a cane, and one could walk with a crutch. The median MSTS score at most recent 

followup (median, 57 months) was 63%. Two patients had complications that resulted in 

reoperations; one had a wound dehiscence, and one had an abdominal herniation that 

gradually developed, and which was reconstructed using polypropylene mesh 2 years after 

pelvic resection. Two patients had nerve palsies that recovered by the end of the first year. 

All patients had pin tract infections that resolved with nonsurgical approaches.      

Conclusions Hip transposition with temporary external fixation can stabilize the bone soft 

tissue after pelvic resection. Although we did not have a comparison group of patients, we 

believe that external fixation facilitates early postoperative physiotherapy and rehabilitation 

and provides good functional results without major surgical complications. Because it delays 

the resumption of chemotherapy, more patients with longer followup are needed to determine 
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whether this will be associated with poorer oncologic results. 

Level of Evidence Level IV, therapeutic study.  
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Introduction 

A variety of reconstructive and ablative approaches have been used to manage patients after 

acetabular resections for malignant tumors. Hindquarter (external) hemipelvectomy is an 

accepted surgical treatment for primary malignant pelvic tumors [4, 22]. However, this 

treatment has cosmetic and functional disadvantages because the loss of a limb is associated 

with a high proportion of morbidity. Although internal hemipelvectomy with tumor resection 

and lower extremity sparing has been performed during the last several decades, 

reconstructive approaches vary according to the complicated anatomical location of the 

pelvis, extent of resection, functional demands of the patient, and individual surgeon 

preference. Reconstructive options after acetabular tumor resection include iliofemoral 

arthrodesis or pseudoarthrodesis, combined use of hip arthroplasty with a massive allograft or 

a recycled bone, and use of a pelvic and saddle prosthesis [2, 5, 9, 11, 18, 26]. No particular 

reconstruction method has been shown to be superior to another nor, for that matter, superior 

to leaving the hip flail [3, 5, 16, 25]. The choice of a reconstructive procedure to restore limb 

function is also challenging, and there is a high risk of mechanical, infectious, and 

neurovascular complications after internal hemipelvectomy [1, 10, 13, 23, 24, 26, 27]. The 

use of implants such as allografts, arthroplasties, or both has been associated with a high 

likelihood of postoperative infection because of the extent of dissection, inadequate soft 

tissue coverage, and a large dead space [16]. Surgical time required for resection arthroplasty 

is usually shorter than that when an implant is used, and the technique is usually less 

demanding and possibly associated with a lower complication rate than more complex 

reconstructive procedures are.  

Hip transposition is a reconstructive technique that relies on stabilizing the bone and soft 

tissues after resection of the acetabulum without adding implants. The femoral head is moved 

proximally to the lateral side of the sacrum or the underside of the resected ilium after tumor 
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resection [12, 16]. Hillman et al. [15] reported that hip transposition had the lowest risk of 

complications after resection of the acetabulum compared with the use of a prosthesis alone 

or a prosthesis and an allograft. Another report suggests that hip transposition provides better 

quality of life and functional results compared with other types of reconstruction [16]. The 

absence of large implants and allografts may help to reduce surgical time and may decrease 

infection risk. 

However, patients treated with hip transposition usually have been managed with 

immobilization in bed for 2 weeks followed by an additional cast or soft splint for 4 weeks 

postoperatively to stabilize the soft tissue surrounding the remaining femur [12], and this is 

an obvious disadvantage. Because of this, we began to apply temporary external fixation in 

patients who underwent hip transposition after resection of a periacetabular tumor to stabilize 

the new articulation and facilitate early postoperative physiotherapy. But to our knowledge, 

results using an external fixator for this indication have not been reported. 

We therefore asked: (1) Does temporary external fixation facilitate postoperative 

physiotherapy in patients who undergo hip transposition arthroplasty? (2) What functional 

(Musculoskeletal Tumor Society [MSTS]) scores were achieved at short term in a small 

series of patients treated with hip transposition and temporary external fixation? (3) What 

were the complications of using external fixation in a small series of patients who received it 

for malignant tumors? 

Patients and Methods 

Study Design and Setting 

Between 2008 and 2012, we treated seven patients (three men and four women; median age, 

37 years; age range, 18–53 years) with acetabular resection for malignant bone tumors; all 

were managed using a hip transposition, initially stabilized using external fixation (Table 1). 
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Minimum followup in this retrospective study was 51 months, except for one patient who 

died at 18 months (range of followup duration, 18–102 months; median followup, 69 

months), and no patients were lost to followup. The study was approved by the institutional 

review board of our institute.   

During this time period, we did not use any other form of reconstruction in patients who 

underwent acetabular resection for a sarcoma. Our indication for hip transposition 

arthroplasty with temporary external fixation was simply a malignant primary bone tumor 

involving or located close to the acetabulum and for which we needed to excise the 

acetabulum completely (including at least P2 resection) to achieve a tumor-free margin. 

There were no current or previous patients who were treated this way who did not have 

external fixation for comparison. 

Demographics, Description of Study Population 

The pathological diagnoses were three chondrosarcomas, two osteosarcomas (one 

conventional and one postradiation), one Ewing sarcoma, and one undifferentiated sarcoma. 

Patients with the two osteosarcomas (modified Neoadjuvant Chemotherapy for Osteosarcoma 

[NECO-95] protocol), the Ewing sarcoma (EUROpean Ewing tumour Working Initiative of 

National Groups [EURO-EWING]. Ewing Tumour Studies 1999 protocol), and the 

undifferentiated sarcoma (ifosfamide 10 g/m2/Days1-5 and doxorubicin 60 mg/m2/Days 1-2) 

received preoperative and postoperative chemotherapy. Radiotherapy (54.4 Gy) was 

conducted preoperatively on the Ewing sarcoma. One patient with osteosarcoma (Patient 7) 

underwent preoperative selective arterial embolization to reduce intraoperative blood loss. 

Acetabular lesions were excised according to the classification system proposed by Enneking 

and Dunham (Fig. 1) [7], describing the various subtypes based on the portion of bone 

removed. P12 resection was performed on three patients, P123 resection on two, P124 

resection on one, and P23 resection on one. 
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Description of Experiment, Treatment, or Surgery 

All patients underwent en bloc resection with an adequate wide margin, planned previously 

according to Kawaguchi’s classification guidelines [19]. The patient was placed in a loose 

lateral position, which allows the patient to be flipped forward and backward to provide 

better visualization of the front and back of the pelvis. The extended ilioinguinal or 

iliofemoral approach was used depending on the involvement of the anterior part of the 

pelvis.  

After tumor resection, a modified hip transposition procedure, as reported by Gebert et al. 

[12], was conducted for resection hip arthroplasty (Fig. 2). The femoral head was moved 

proximally to the lateral surface side of the sacrum or the underside of the resected ilium. The 

remaining soft tissue, such as muscle on the femur, sacrum, remaining pelvis, was sutured to  

stabilize the proximally-moved femoral head on the sacrum or the remaining ilium. 

Especially, if the gluteus maximus and/or medius were remained sufficiently, the suture of 

those muscles to the abdominal wall muscles could result in good stability. We avoided using 

a polyethylene terephthalate mesh tube, which can be used to reconstruct the capsule of the 

new hip joint, as reported previously [12, 15], because artificial materials present a possible 

cause of deep infection. After skin closure, the patient was placed in the supine position. The 

pins for external fixation were inserted into the affected side of the femur (subtrochanteric 

region) and the healthy contralateral ilium (iliac crest) under an image intensifier (Fig. 3). 

The affected femoral head was pressed to the lateral surface of the sacrum or the underside of 

the resected ilium, and external fixation was applied and tightened (Fig. 4), with the new hip 

articulation in 20º of flexion and 20º of abduction. The median total surgical duration was 

418 minutes (range, 317–619 minutes), and the median duration to apply external fixation 

was 39 minutes (range, 37–50 minutes). The median intraoperative blood loss was 3160 mL 

(range, 720–4650 mL). 
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Aftercare 

Patient who underwent external fixation started physiotherapy by transferring to a wheelchair 

and performing gait training with 10-kg partial weightbearing on the affected limb 

immediately after surgery. External fixation removal was planned 6 weeks after tumor 

resection. Pin tracts were managed with cleaning using wound antiseptic and dressing 

changes every 1 or 2 days by doctors or nurses. At the time of removal, the stability between 

the femoral head and remaining pelvis was assessed with an image intensifier. After external 

fixation removal, flexion of the new hip articulation and full weightbearing on the affected 

leg was sufficient to begin physiotherapy. Because two patients (one osteosarcoma and one 

Ewing’s sarcoma) who were supposed to get postoperative chemotherapy demonstrated good 

response to preoperative chemotherapy and there would be some risks of deep infection due 

to early start of postoperative chemotherapy, we discussed with the patients and their family 

and decided that chemotherapy was given immediately after external fixation removal. One 

patient with UPS simply refused starting postoperative chemotherapy until he could move 

around by himself.  

Variables, Outcome Measures, Data Sources, and Bias 

Postoperative functional recovery, such as standing, transferring to a wheelchair, and gait 

training, was abstracted by chart review performed by physiotherapists or occupational 

therapists in charge of the patient’s rehabilitation.  

Patients were followed every 3 to 6 months, mainly so we could evaluate for local and distant 

relapse with imaging. On the same day of their visit to our clinic, they presented to the 

department of rehabilitation to undergo physical, psychological, and social examinations. A 

physiotherapist or occupational therapist measured limb length discrepancy and function, and 

we analyzed data collected from the patient records. The MSTS scoring system for the lower 
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limb [8] was used to assess functional outcomes at the outpatient clinic every 3 to 6 months. 

The physiotherapist or occupational therapist evaluated the MSTS score. The MSTS scoring 

system is based on the analysis of six factors: pain, emotional acceptance, restriction, walking 

distance, support, and gait. Each variable is given a value ranging from 0 to 5 according to 

specific criteria. The overall score is expressed as the sum of all variables, and is then 

converted into a percentage of the maximum possible score. 

Major complications were defined as the complication that was treated with additional 

operation such as deep infection, or that could cause severe postoperative dysfunction such as 

nerve injury. Minor complications were defined as the complication that was treated 

conservatively such as superficial wound infection, or that was not directly related to 

postoperative function. Complications were abstracted by chart review performed by the 

treating surgeons (TK, TF). 

Oncologic Results 

A postoperative evaluation of the surgical margin demonstrated an adequately wide margin 

(at least 2 cm in width) in six patients and a marginal margin in one (Patient 7). The patient 

with osteosarcoma (Patient 7) had local recurrence 8 months postoperatively, which was 

treated with carbon ion radiotherapy; however, this patient developed multiple lung 

metastases. The patient with an undifferentiated sarcoma (Patient 1) developed multiple lung 

metastases 33 months after tumor resection and underwent three metastasectomies. These 

two patients with lung metastases died of their disease at 18 and 48 months after primary 

tumor resection. These two patients were functionally assessed at the time of the most recent 

outpatient clinic visit. The remaining five patients were continuously disease-free. 

Results 

Table 2 summarized timing of postoperative physiotherapy of each patient. The patients 
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treated with temporary external fixation were able to stand next to a bed within median 7 

days (range, 6–9 days) after surgery, transfer to a wheel chair within median 8 days (range, 

6–28 days), and begin gait training using parallel bars within median 15 days (range, 7–48 

days) (Fig. 5). External fixation was removed under general anesthesia at 42 days (6 weeks) 

after surgery. At the time external fixation was removed, the image intensifier demonstrated 

that all new articulations between the femoral head and resected surface of the pelvis were 

sufficiently stable to allow passive mobilization at 90º flexion and 40º abduction. After 

removal, all patients started gait training with full weightbearing and continued postoperative 

physiotherapy. Gait training with two crutches was started within median 51 days (range, 13–

75 days) after the initial surgery. 

Median MSTS score was 63% (range, 57%–100%) (Table 3). Postoperative function had 

been improved until about 1 year after surgery, and since then MSTS score showed little 

change in all patients. All patients remained ambulatory after surgery and walked into our 

outpatient clinic at the latest followup examination (69 months, 76 months, 102 months 

postoperatively)(Fig.6). Three patients were able to ambulate without a cane or crutch and 

two could walk using a heightened shoe heel because of limb length discrepancy due to the 

transposition of the femoral head (Fig. 7). The remaining four patients used one crutch or 

cane with an elevated shoe heel. In our series, there was no deterioration of MSTS score 

during the followup period. Patient 6, who underwent P23 resection with the round 

osteotomy around the acetabulum like rotational acetabular osteotomy, showed 100% of 

MSTS score (Fig. 8). 

Two patients had complications resulting in reoperations, one who had a wound dehiscence, 

and one who had an abdominal herniation gradually developed in one patient, and it was 

reconstructed using polypropylene 2 years after pelvic resection. The patient who had a 

wound dehiscence had preoperative chemotherapy and radiotherapy and underwent surgical 
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débridement to treat the dehiscence. An abdominal herniation gradually developed in one 

patient, and it was reconstructed using polypropylene mesh 2 years after pelvic resection. 

Transient nerve palsy was identified postoperatively in two patients; one had femoral nerve 

palsy and one had peroneal nerve palsy, both of which recovered within 1 year of surgery. 

All patients demonstrated pin tract infections that healed after débridement and simple suture 

after external fixation removal. There was no deep infection related to pelvic resection or 

temporary external fixation. The median limb length discrepancy among all patients was 5 

cm (range, 1–7cm), and five of the seven patients used an elevated shoe heel (median 5cm, 

range; 3–6.5cm) when walking.  

Discussion 

 Hip transposition arthroplasty, one type of resection arthroplasty, is a good option for some 

patients given the frequent complications associated with prosthetic reconstructions. 

However, this procedure is usually accompanied by a lengthy convalescence period during 

which time the patient can hardly walk, which itself can cause complications associated with 

recumbency [6, 12, 15, 25]. We therefore began to use external fixation in these patients. 

However, results with this approach have not, to our knowledge, been reported. In the present 

study, hip transposition with temporally external fixation led to good postoperative function 

such as reasonably quick mobilization and decent MSTS scores at about 4 years. There were 

some complications, although they were less common than one would expect from major 

surgery.  

This study had several important limitations. First, there was no comparison group or 

randomization in this study. We described patients who underwent external fixation, and we 

cannot compare our result of hip transposition using temporary external fixation with the 

results of that without external fixation, or of other types of periacetabular reconstructions, 

because all patients included in this study had a single clinical indication and only one 
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treatment was used for this indication. Owing to the small number of patients with pelvic 

tumors involving the acetabulum who underwent internal hemipelvectomy, we are unable to 

provide a control group for comparison. Multicenter trials may be able to compare groups of 

patients in the future. Second, the small number of patients is not likely to adequately 

represent uncommon complications and outcomes, which are less likely to be detected in a 

study of this size.   

In the present study, the patients were able to mobilize the day after the surgery, stand next to 

a bed with partial weightbearing at a median 7 days after surgery, and transfer to a wheelchair 

by a median 8 days after surgery. Temporary external fixation for pelvic reconstruction 

combined with resection arthroplasty was first reported by Kusuzaki et al. [20]. Their patients 

were able to move using a walker 3 weeks postoperatively, and after the external fixator was 

removed at 6 weeks, the patients used an additional hip abduction brace and began to walk 

with double crutches at 10 weeks. In their series of five patients, three could walk without a 

cane or brace. External fixation can provide adequate stability between the femoral head and 

remaining pelvis that is sufficient to allow early rehabilitation, which appears to be an 

improvement over the 4 to 6 weeks of bedrest that has been reported [6, 12]. Assessment 

using an image intensifier at 6 weeks showed that the transferred femoral head was located in 

the same position during its traction, flexion, and abduction; thus, the external fixator was 

removed at that time. All patients then began physiotherapy with full weightbearing, without 

the use of a hip brace. Temporary external fixation can effectively facilitate early 

postoperative physiotherapy and stabilize the new hip articulation after hip transposition. 

We found MSTS scores to be generally good (median, 63%; range 57%–100%) at a median 

followup of nearly 5 years. Hoffmann et al. [ ] evaluated postoperative function on 20 

patients treated with hip transposition and reported mean 61% of MSTS score at median 

followup of 69 months [16], which is similar to the present study. They concluded that hip 
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transposition resulted in better function and fewer complications than other procedures such 

as prosthetic reconstruction. The joint capsule for hip transposition arthroplasty was 

originally reconstructed with a polyethylene terephthalate mesh tube [16], and inducing local 

scarring of the soft tissue could also facilitate stable reconstruction [12]. Although we did not 

use the mesh tube, hip transposition with temporal external fixation might provide good 

postoperative function without prolonged bed rest and brace.  

 We had several serious complications, including two patients who underwent further surgery 

(one for a wound dehiscence, and one for a large abdominal hernia), as well as two patients 

who had neurapraxias that resolved within a year of surgery. We believe that these major 

complications were caused by surgical resection of pelvic tumor and hip transposition, not by 

temporary external fixation. The current study also demonstrated that the application of 

temporary external fixation without the use of a tube resulted in no postoperative deep wound 

infections in our patients, even in those treated with high-dose adjuvant chemotherapy. This 

is in stark contrast to one prior study, in which infection was seen in a large proportion of 

patients treated with hip transposition and reconstruction with a polyethylene terephthalate 

mesh tube [13]. They reported postoperative deep infection in 10 of 36 Type IIa hip 

transposition arthroplasties, resulting in mesh tube removal in five patients. Other studies 

regarding resection arthroplasty or flail hip without the use of artificial mesh reported no 

postoperative deep infection [17, 25]. Because the high rate of infection in their series of 

patients with hip transposition might have been partially because of the use of an artificial 

tube and external fixation without using the tube could provide adequate stability of a new 

hip articulation, we avoided using a tube. Other studies have found high rate of complication 

rate ranging from 55% to 77% of patients [1, 2, 3, 5, 13, 14, 18, 21]; main documented 

complications are wound healing problems, implant loosening, and deep infection. One study 

on 62 patients with hip transposition demonstrated 14 wound healing problems, 18 deep 
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infection, six neurological deficits and 25 revision surgeries [13]. The incidence of 

complications in pelvic tumor surgery is generally higher than that in extremity tumor 

surgery, since pelvic tumor surgery has a longer operative time and more extensive soft tissue 

dissection, and results in massive blood loss.   

 Our study showed that temporary external fixation can yield good stability between the 

femoral head and remaining pelvis and facilitate postoperative physiotherapy in the early 

postoperative period in patients treated with hip transposition after pelvic sarcoma resection. 

The MSTS scores at a median of nearly 5 years after surgery reflected good function among 

our small group of patients, and the complications we observed were not surprising in the 

setting of major pelvic surgery for a life-threatening diagnosis. Future studies might evaluate 

the long-term functional outcome and complications in more patients treated with hip 

transposition and temporal external fixation and the possibility of reducing the time required 

for temporal external fixation. Because it delays the resumption of chemotherapy, more 

patients with longer followup are also needed to determine whether this technique might be 

associated with poorer oncologic results. Since it might be extremely difficult to analyze 

clinical outcome sufficiently on such rare disease as pelvic sarcoma, a multicenter study 

should be conducted to compare each group of reconstructions.   
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Legends 

Fig. 1 A classification system proposed by Enneking and Dunham [8] was generally used for 

pelvic tumor resection. 

Fig. 2 This scheme illustrates hip transposition arthroplasty.  

Fig. 3A-B An AP radiograph at 3 weeks postoperatively of 43-year-old patient with 

chondrosarcoma (Patient 2) (A) and 18-year-old patient with Ewing’s sarcoma (Patient 4) 

(B), show external fixation with pins inserted into the affected femur and the contralateral 

healthy ilium. 

Fig. 4 This postoperative photograph demonstrates the appearance of external fixation. 

Fig. 5A-B Photographs show the patients sitting on a wheel chair (A) and walking exercise 

using parallel bars (B) at the time of postoperative physiotherapy with external fixation. 

Fig. 6A-C An AP view of radiographs of Patient 2 taken 1 month after removal of external 

fixation (A), at 1 year after surgical resection (B) and at 4 years after surgical resection (C) 

show that the femoral head slightly indicated an osteoarthritic change at 4 years after surgery. 

The patient is able to walk without crutch or cane at the most-recent followup (9 years 

postoperatively). 

Fig. 7A-B Three-dimensional CT imaging show the limb length discrepancy of Patient 2 at 9 

years postoperatively (A) and of Patient 4 at 6 years postoperatively (B) 

Fig. 8A-C An AP view (A) and oblique views (B, C) of three-dimensional computed 

tomography imaging show semicircular resection of the acetabulum with remaining posterior 

part of posterior column of the pelvis at 2 years 9 months postoperatively of Patient 6. 

 


