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Abstract

Background Pelvic reconstruction after periacetabular

tumor resection is technically difficult and characterized by

a high complication rate. Although endoprosthetic

replacement can result in immediate postoperative func-

tional recovery, biologic reconstructions with autograft

may provide an enhanced prognosis in patients with long-

term survival; however, little has been published regarding

this approach. We therefore wished to evaluate whether

whole-bulk femoral head autograft that is not contaminated

by tumor can be used to reconstruct segmental bone defects

after intraarticular resection of periacetabular tumors.

Questions/purposes In a pilot study, we evaluated (1)

local tumor control, (2) complications, and (3) postopera-

tive function as measured by the Musculoskeletal Tumor

Society score.

Methods Between 2009 and 2015, we treated 13 patients

with periacetabular malignant or aggressive benign tumors

with en bloc resection, bulk femoral head autograft, and

cemented THA (with or without a titanium acetabular

reconstruction cup), and all were included for analysis

here. During that time, the general indications for this

approach were (1) patients anticipated to have a good

oncologic prognosis and adequate surgical margins to

allow this approach, (2) patients whose pelvic bone defects

did not exceed two types (Types I + II or Types II + III as

defined by Enneking and Dunham), and (3) patients whose

medical insurance would not cover what otherwise might

have been a pelvic tumor prosthesis. During this period,

another 91 patients were treated with pelvic prosthetic

replacement, which was our preferred approach. Median

followup in this study was 36 months (range, 24–99

months among surviving patients; one patient died 8

months after surgery); no patients were lost to followup.

Bone defects were Types II + III in five patients, and

Types I + II in eight. After intraarticular resection, ipsi-

lateral femoral head autograft combined with THA was

used to reconstruct the segmental bone defect of the

acetabulum. In patients with Types I + II resections, the

connection between the sacrum and the acetabulum was

reestablished with a fibular autograft or a titanium cage

filled with dried bone-allograft particles which was

enhanced by using a pedicle screw and rod system. Func-

tional evaluation was done in 11 patients who remained

alive and maintained the femoral head autograft at final

followup; one other patient received secondary resection

involving removal of the femoral head autograft and

internal fixation, and was excluded from functional eval-

uation. Endpoints were assessed by chart review.

Results Two patients experienced local tumor recurrence.

Finally, eight patients did not show signs of the disease,

one patient died of disease for local and distant tumor

relapse, and four patients survived, but still had the disease.

Three of these four patients had distant metastases without
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local recurrence and one had local control after secondary

resection but still experienced system relapse. We observed

the following complications: hematoma (one patient;

treated surgically with hematoma clearance), delayed

wound healing (one patient; treated by débridement), deep

vein thrombosis (one patient), and hip dislocation (one

patient; treated with open reduction). The median 1993

Musculoskeletal Tumor Society score was 83% (25 of 30

points; range, 19–29 points), and all patients were com-

munity ambulators; one used a cane, three used a walker,

and nine did not use any assistive devices.

Conclusions In this small series at short-term followup,

we found that reconstruction of segmental bone defects

after intraarticular resection of periacetabular tumors with

femoral head autograft does not appear to impede local

tumor control; complications were in the range of what

might be expected in a series of large pelvic reconstruc-

tions, and postoperative function was generally good.

Level of Evidence Level IV, therapeutic study.

Introduction

Pelvic reconstruction after periacetabular tumor resection

is technically difficult and associated with high complica-

tion rates and functional limitations. Commonly used

methods include hip transposition, arthrodesis, autograft

with recycled tumor-bearing bone, allograft-prosthetic

composite, and custom-made or modular pelvic prostheses

[26]. Pseudarthrosis and arthrodesis elicit stable long-term

effects but result in problems with hip function and leg

length discrepancy [24, 25]. Autograft with recycled

tumor-bearing bone and allograft is associated with com-

plications, including infection, nonunion, and fracture

[5, 16]. Pelvic endoprosthetic replacement is generally the

preferred approach when it is possible to be performed, but

it requires adequate bone stock in the ilium for prosthesis

fixation [4] and is associated with a high risk of infection

and mechanical failure [3, 15].

Autograft is another option for pelvic reconstruction

after tumor resection. Vascularized or nonvascularized

fibular and iliac autografts have been used to maintain the

continuity of the pelvic ring after the ilium is resected

[1, 21, 22]. However, structural autograft is seldom used in

reconstruction after periacetabular tumor resection. Biau

et al. [2] reported on 13 patients with tumor resection in the

acetabulum and pubic region. They procured and implanted

the proximal part of the medial portion of the ipsilateral

femur for pelvic reconstruction. Laffosse et al. [19] used

the entire proximal femur autograft, and six of the 10

included patients had periacetabular tumors involving the

ilium. The harvested femoral autograft was fixed to the

pelvis with screws and one or more osteosynthesis plates.

A new acetabulum was prepared in the remaining tro-

chanteric process in the usual manner using all-

polyethylene cups. Their reconstruction yielded satisfac-

tory mechanical and functional effects, and no fracture or

nonunion of autograft was observed. However, this method

results in sacrifice of the proximal femur. Bulk femoral

head autograft has been used in other pelvic reconstruc-

tions [18, 27], and therefore, it seemed reasonable to

explore its use in tumor situations. However, no studies of

which we are aware have focused on this reconstructive

method after periacetabular tumor resection.

In a pilot study, we therefore evaluated (1) local tumor

control, (2) complications, and (3) postoperative function

as measured by the Musculoskeletal Tumor Society

(MSTS) score.

Patients and Methods

A retrospective study was performed after approval was

obtained from the institutional review board of our hospi-

tal. The medical history and followup information of

patients manifesting pelvic bone neoplasm and receiving

surgical treatment at our institute were collected and

reviewed. The following inclusion criteria were consid-

ered: (1) patients who underwent an intraarticular

acetabular resection and had a preserved uninvolved ipsi-

lateral femoral head for later reconstruction; (2) patients

who had a complete or partial acetabular segmental defect

after tumor resection; (3) patients who underwent recon-

struction of the acetabulum with an ipsilateral femoral head

autograft; and (4) patients who underwent THA for hip

function repair. The following exclusion criteria were

considered: (1) patients with preserved continuity of the

acetabulum; (2) patients who received a chip bone auto-

graft; and (3) patients who underwent other reconstructions

such as a hemipelvic endoprosthesis, allograft, arthrodesis,

or hip transposition.

Between 2009 and 2015, we treated 13 patients with

periacetabular malignant or aggressive benign tumors with

en bloc resection and bulk femoral head autograft, and all

were included for analysis here (Table 1). During that time,

the general indications for this approach were (1) patients

anticipated to have a good oncologic prognosis and ade-

quate surgical margins to allow this approach, (2) patients

whose pelvic bone defects did not exceed two types (Types

I + II or II + III) as defined by Enneking and Dunham

(Fig. 1) [8], and (3) patients whose medical insurance

would not cover what otherwise might have been a pelvic

tumor prosthesis. During this period, another 91 patients

were treated with pelvic prosthetic replacement, which was

our preferred approach. Median followup in this study was

36 months (range, 24–99 months among surviving patients;
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one patient died at 8 months). No patients were lost to

followup. Bone defects were Types II + III in five patients,

and Types I + II in eight.

Of these patients, six were men and seven were women,

with a mean age of 33 years (range, 16–65 years). Their

pathologic diagnoses included five chondrosarcomas, one

Ewing’s sarcoma, one angiosarcoma, one epithelioid

hemangioendothelioma, one giant cell tumor, one chon-

droblastoma, and three metastatic bone tumors that

originated from chordoma, alveolar soft part sarcoma, and

solitary fibrous tumor. The preoperative MR images of the

pelvises of the patients were evaluated thoroughly to

ascertain that the tumor did not extend into the hip. En bloc

tumor resections were performed in all of the patients. The

resected gross specimens were inspected thoroughly during

surgery by surgeons. This femoral head autograft recon-

struction was used only in patients without obvious tumor

violation and there was anticipation of obtaining satisfied

surgical margins. Postoperatively, the final surgical mar-

gins were ascertained by an experienced pathologist (KS).

According to the classification of Fuchs et al. [10], nine

patients were characterized as having adequate margins

(including wide and marginal resections), and four had

inadequate margins on pathological evaluation (including

intralesional resections).

Tumor resection and pelvic bone reconstruction were

performed by two teams of surgeons, separately. The

reconstruction group was responsible for placement of

spinal instruments. The procedure begins by placing the

patients in a lateral position, and using an approach that

had elements of the ilioinguinal, posterior iliac, and Smith-

Petersen approach. Briefly, the dissection began at the

posterior superior iliac spine, was carried along the iliac

crest to the anterior superior iliac spine, and then directed

medially over the inguinal ligament to the pubic symph-

ysis. Then, an anterior (Smith-Petersen) approach was

performed to create a T-shaped field. The tumor was

resected routinely with an attempt to achieve adequate

surgical margins. The ipsilateral femoral head and neck,

whose surface cartilage was removed from the subchondral

bone, were procured and custom-shaped for autograft.

Pelvic reconstructions were divided in two categories

(Fig. 2) according to different combinations of pelvic

resection type. In five patients with Types II + III resec-

tions (acetabulum, pubis, and ischium), autografts were

fixed to the residual acetabulum or the osteotomy site of the

ilium with at least two cancellous compression screws, and

the puboischium bone was not subjected to reconstruction

[6]. In eight patients with Types I + II resections (ac-

etabulum and ilium), the femoral head was fixed to the

residual acetabulum or the osteotomy site of the pubis and

ischium. For overall consideration of the scale of bone

defects, desire of the patient, and convenience of

manipulation, different choices of reestablishing the con-

nection between the sacrum and the new acetabulum were

made. A nonvascularized fibular autograft was used in one

patient (Patient 10, Fig. 3), an autologous iliac crest bone

graft in two patients (Patients 9 and 12), and a titanium

cage filled with dried bone allograft particles in five

patients (Fig. 4). Continuity of the pelvic ring and stability

among the acetabulum, sacral, and lower lumbar vertebrae

were enhanced by using a pedicle screw and rod system.

Usually, the pedicle screws were inserted in L5 and S1 in

the proximal part, while the other two pedicle screws were

fixed to the pubis and ischium, respectively. The connec-

tions between screws were linked by titanium rods after

compressed fixation. This autograft construct then was

reamed in the usual way to form a new acetabulum, and

reamings were packed in the remaining minor defects.

Afterward, a cemented THA routinely was performed. In

patients who had a large acetabular defect before place-

ment of the autograft, and especially in patients with

complete acetabular resection, a titanium acetabular

reconstruction cup was considered with the goal of

reducing the risk of mechanical failure. A constrained liner

and a 28-mm diameter femoral head were used to avoid hip

Fig. 1 The types of pelvic resections, as described by Enneking and

Dunham [8], are shown.
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Fig. 2A–D A pelvic reconstruction with an ipsilateral femoral head

autograft is presented. (A) The ipsilateral femoral head is harvested

and fixed to the residual ilium after Types II+ III pelvic resection. (B)
A cemented THA is performed to maintain joint function. (C) After a

Types I + II pelvic resection, the acetabulum and continuity of the

pelvic ring are reestablished by the ipsilateral femoral head combined

with fibular autografts. (D) The hip is replaced by a cemented

endoprosthesis.
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dislocation. The remaining abductor muscles were reat-

tached to the ilium or autograft bony structures, and

sutured with abdominal wall muscles to retain muscle tone,

reduce hip dislocation, and improve postoperative gait. The

mean operative time was 377 minutes (range, 190–600

minutes), and the average blood loss during surgery was

2723 mL (range, 400–6300 mL).

Postoperatively, two closed-suction drains were main-

tained until the volume of drainage was less than 30 mL per

day. Intravenous antibiotic treatment typically was main-

tained for 1 week after surgery. The affected hip was

immobilized with a brace for 4 to 6 weeks, and patients

were asked to remain nonweightbearing, but they were

encouraged to move the other limb during the early

Fig. 3A–H A female patient (Patient 10) with pelvic dedifferentiated

chondrosarcoma underwent femoral head autograft reconstruction.

(A) Her preoperative plain radiograph and (B) T2-weighted MR

image show involvement of the ilium and superior part of the

acetabulum. (C) An intraoperative view shows the pelvic ring is

reconstructed with a double nonvascularized fibular autograft (one

arrow) and femoral head autograft (two arrows) enhanced by

cancellous compression screws and a spinal pedicle screw-rod

system. (D) A postoperative plain radiograph and (E) CT scan

obtained at the 24-month followup show good local tumor control

with no signs of mechanical failure of the endoprosthesis or internal

fixation. (F) This patient could stand and (G) squat freely without aid

at her 24-month followup.
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Fig. 3A–H continued
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postoperative period. Partial weightbearing using crutches

or a walker was started 6 weeks postoperatively; full

weightbearing was not allowed until bone union was seen

on plain radiographs and CT scans. All of the patients were

followed up clinically and radiologically every 3 months

for the first 2 years, every 6 months between 2 and 5 years,

and yearly thereafter.

Functional evaluation was done in 11 patients who

remained alive and maintained the femoral head autograft

at final followup. One other patient received a secondary

resection involving removal of the femoral head autograft

and internal fixation, and was excluded from functional

evaluation. Endpoints were assessed by chart review,

including oncologic outcomes (local recurrence, distant

metastasis, and death). Chart review was performed by a

physician (HQ) who was not involved in the care of these

patients. Perioperative and prosthetic-related complications

were recorded. Autograft integration in the bone was

evaluated based on the criteria described by Nigro and

Grace [20]. The length of the legs and functional outcomes,

which included pain, function, emotional acceptance,

support, walking ability, and gait, were assessed during the

final followup with the 1993 MSTS system [7] for the

lower extremity.

Results

Local tumor recurrence occurred in two patients (at 5 and

14 months after surgery, in patients with dedifferentiated

chondrosarcoma and classic chondrosarcoma, respectively)

whose margins were inadequate at the time of surgery. The

tumors recurred adjacent to the sacroiliac joint, rather than

the femoral head autografts. One of these patients under-

went secondary resection of the recurrent tumor, the

femoral head autograft and internal fixation were removed,

and the reconstruction was changed to a pelvic endopros-

thesis. Finally, this patient was alive with local tumor

control but still experienced system relapse. The other

patient declined further treatment and died of metastasis at

8 months postoperatively. At latest followup, one patient

died of the disease owing to local relapse and metastases,

four patients were alive with disease with distant metas-

tases, and eight patients had no evidence of disease. The

following complications were observed: hematoma (one

patient; treated surgically with hematoma clearance),

delayed wound healing (one patient; treated with débride-

ment), deep vein thrombosis (one patient), and hip

dislocation (one patient; treated with open reduction). No

patients experienced bone nonunion, fracture, or mechan-

ical failure of internal fixation or endoprostheses. All

autografts completely integrated in bone.

The median MSTS 93 score was 83% (25 of 30 points;

range, 19–29 points). The median MSTS score of the

patients with Types II + III resections was 88% (26 of 30

points; range, 19–29 points) and the median MSTS score of

patients with Types I + II resections was 79% (24 of 30

points; range, 19–28 points). All patients were community

ambulators; one used a cane, three used a walker, and nine

did not use any assistive devices. The median limb length

discrepancy of the 11 hips was 1.5 cm (range, 1–2.5 cm).

Discussion

Although biologically based reconstructions such as allo-

grafts have potential advantages in patients undergoing

pelvic tumor resections whose oncologic prognosis is good,

autograft pelvic reconstruction after periacetabular tumor

resection has rarely been reported [2, 19]. Endoprosthetic

replacement after tumor resection in the pelvis is associated

with a high risk of complications and functional restrictions

[3, 15, 17, 26]. In 2009, we therefore began to use the

ipsilateral femoral head as an autograft to support a

cemented THA for acetabular reconstruction after tumor

resection in a way analogous to patients undergoing THA

for developmental hip dysplasia [18, 27], although even

during this time our preferred approach was endoprosthetic

replacement. We generally used the autograft reported here

for the more-challenging reconstructions. In this small

study, we evaluated this approach in terms of tumor con-

trol, complications, and function at short term.

This study has some limitations. First, the number of

included patients is limited and the followup period is

short; future studies will need to evaluate whether the

Fig. 4 A patient’s (Patient 11) postoperative plain radiograph shows

that the connection between the sacrum and the new acetabulum was

reestablished by a titanium cage combined with a pedicle screw and

rod system.
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results remain durable with time, and whether they are

generalizable in larger patient groups. Second, because we

did not compare the approach described in this study with

another approach, it is difficult to know whether it is

superior or inferior to alternatives; however, in general, the

patients in this series underwent more-difficult recon-

structions. During the same time, we performed another 91

resections and reconstructions for pelvic tumors using

endoprostheses, and that approach generally has shorter

operative time and less blood loss [12, 29]. Third, this

autograft can be used only in limited situations; it is not

suitable for reconstruction of large pelvic bone defects after

Types I + II + III resections. Fourth, selection bias existed

in this study. Patients expected to have adequate surgical

margins and better prognosis were candidates for this

biological reconstruction, which might have had a positive

effect on the results. However, approximately one-third of

the patients in our study had intralesional resections and a

poor prognosis, which would tend to suggest that this

limitation was not severe. The prognosis of malignant

tumors of the pelvis is influenced mainly by its anatomic

site and biological behavior. On the contrary, the inclusion

of patients without medical insurance might have a nega-

tive effect. Care of these patients could be more

complicated and they might have a poor health status.

In this small series, two of 13 patients experienced local

recurrences, and five of 13 had metastatic disease. In

addition, four patients had contaminated margins at the

time of postoperative pathological examination. In a sys-

temic review [26], the local recurrence rates reported in

numerous studies of pelvic bone tumor resections and

reconstructions ranged from 20% to 30%. The risk of local

recurrence after resection of pelvic tumors is greatly

influenced by the ability to achieve adequate surgical

margins [24, 28]. Han et al. [13] reported that the surgical

margin correlated with local recurrence and it was identi-

fied as an independent prognostic factor in surgical

treatment of pelvic sarcoma. In our study, two patients

experienced local recurrence and had inadequate surgical

margins. The result of local tumor control in our series is

comparable to results in other reports [24, 26]. Although no

local relapse occurred from the femoral head autograft, it is

important to verify before surgery that the joint is free from

tumor by using appropriate imaging tests so that the graft

does not result in contamination of the reconstruction with

tumor. In addition, the femoral head autograft should be

changed to an endoprosthetic replacement or hip transpo-

sition if intraarticular contamination occurs.

Three patients in our series experienced four compli-

cations, and but there were no infections, nonunions, or

early mechanical failures. While allograft-based approa-

ches appear similar in some ways to the approach we used,

allograft-based procedures seem more likely to be

associated with serious complications, including a risk of

failure as high as 41% [23]. Recycled tumor-bearing bones

likewise are associated with complications. For instance,

Jeon et al. [16] reported three infections, two fractures, and

three hips with aseptic loosening in 14 patients who

received pasteurized autograft-total hip prosthesis com-

posites for periacetabular tumors. Pelvic endoprostheses

provide immediate reconstruction and result in limited

mechanical complications on a short-term scale. However,

they are expensive, associated with a high infection risk,

and nonbiologic with a high mechanical failure rate on a

long-term scale. Although pelvic autograft reconstruction

might have some advantages when compared with other

methods, complications are still encountered. Hillmann

et al. [14] retrospectively reviewed 110 patients who

underwent surgical removal of pelvic tumors and reported

that infection was more frequent after endoprosthetic

reconstruction (six of 16 patients) and massive allograft

reconstruction (five of 13 patients) than after autograft

reconstruction (one of 12 patients). Laffosse et al. [19]

examined 10 patients who had periacetabular tumors and

received segmental ipsilateral femur autografts. They

observed major complications, including three hip dislo-

cations and one deep infection, but they did not find any

graft fracture or nonunion. In another study [2] involving

13 patients with ipsilateral femur reconstruction of the

acetabulum, two patients underwent revision surgery for

mechanical failure and infection after 49 months of fol-

lowup. Ipsilateral proximal femur autograft is used for

reconstruction after a Type II resection and combined

Types II and III resections. However, the stability created

by a construct in a Type II resection combined with a Type

I resection is likely insufficient. In our study, the resected

ipsilateral femoral head was used as an acetabular auto-

graft, an approach we believe is advantageous for several

reasons. First, the cancellous bone of an autologous

femoral head, which exhibits excellent biocompatibility, is

suitable for bone union. Second, pelvic reconstruction with

autograft instead of a tumor megaprosthesis could result in

a lower deep infection rate, especially in patients with

Types II + III resection who need only limited internal

fixation instruments. Third, the stability of the hip after

arthroplasty is maintained to some extent with an intact

greater trochanter and reattachment of residual abductor

muscles to autograft bony structures. Fourth, this method

can be used for reconstruction after Types I and II resec-

tions. However, as mentioned above, this autograft

approach took more surgical time and resulted in more

blood loss compared with hemipelvic endoprosthetic

replacement. Aortic balloon occlusion or other blood

vessel control methods usually were considered in this

series. Even so, two of our patients still had more than

6000 mL of blood loss. Both of these patients experienced
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an unexpected common iliac vein injury (which was

repaired) during tumor resection which resulted in

hemorrhage.

MSTS scores were generally high in our small group. In

patients with Type II or Types II + III pelvic resections,

acceptable function of the lower limb usually is provided

by applying pelvic endoprosthetic reconstruction to main-

tain an intact ilium. Bus et al. [3] reported on pedestal cup

endoprosthetic reconstructions after periacetabular tumor

resections and found a mean MSTS score for 24 patients

(51%) of 21 of 30 points (70%; range, 30%–93%) after a

median followup of 39 months. Falkinstein et al. [9] used

endoprosthetic reconstruction of Type II pelvic resection

and reported a mean MSTS functional outcome score of 20

(range, 11–27) for 10 survivors. They also observed that

nine of the 10 patients were able to walk. However,

function is relatively poor when periacetabular tumors

affect the ilium. In one study [17] on endoprosthetic

reconstruction after pelvic tumor resection, the mean

MSTS 93 score for patients with iliosacral joint involve-

ment was 39%, which is lower than that without iliosacral

joint involvement (58%). Hip transposition is another

option with few complications, but this procedure can

result in leg-length discrepancy [11]. In the current study,

most patients who received Types II + III and Types I + II

resections could walk without assistive devices. However,

the interference with gait is inevitable owing to loss of the

gluteus and its bony attachment in patients with Types I +

II resections.

In this small series at short-term followup, we found that

reconstruction of segmental bone defects after intraarticu-

lar resection of periacetabular tumors with femoral head

autograft does not seem to impede local tumor control;

complications were in the range of what might be expected

in a series of large pelvic reconstructions, and postopera-

tive function was generally good. Future studies might be

performed with larger numbers of patients with longer-

term followup, to ascertain whether the apparent advan-

tages of this biological reconstruction endure with time in a

consistent way.
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