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Abstract 

Background: The aim of the study was to investigate the feasibility and preliminary efficacy of tantalum compo-
nents utility in the reconstruction of acetabular defects following periacetabular oncologic resection of primary 
malignancies.

Methods: We prospectively collected a consecutive of 15 cases that were treated with tantalum components for 
acetabular reconstruction after periacetabular oncologic resection from January 2018 to December 2018. The cohort 
included 8 male and 7 female patients, with a mean age of 47.6 years (range, 33 to 67 years). Pathology types: chon-
drosarcoma (n = 9), malignant bone giant cell tumor (n = 3) and osteosarcoma (n = 3). Clinical outcomes, functional 
and radiographic results were recorded in detail for analysis.

Results: Patients received planned oncologic resection and tantalum components reconstruction without casualty; 
they were followed up with a mean of 39.7 months (35–45 months). The mean operation time was 4.0 h (3.0–6.0 h), 
and the mean blood loss was 1260 ml (800–2200 ml). Functional outcomes were assessed by MSTS-93 scale, with an 
average of 21.8 (12.0–26.0 scores), among which 3 cases were excellent, 11 were good and 1 was fair. The mean Harris 
Hip Score was 79.1scores (46.0–92.0 scores) at 1-year follow-up postoperatively. 3(3/15, 20.0%) cases experienced 
postoperative complications: 2 cases with hip dislocation received closed reduction under general anesthesia and 
were fixed with hip joint abduction braces for 6 weeks; one case had a superficial infection and received debridement 
with a delayed wound healing. Oncologic prognosis: one case relapsed at 8-month follow-up and received hemi-
pelvic amputation; and another osteosarcoma patient experienced relapse with pulmonary metastasis and received 
further chemotherapy. No prosthetic loosening, displacement or fracture occurred during the follow-up period.

Conclusion: Preliminary results suggested that the use of tantalum components in the management of acetabular 
reconstruction following periacetabular oncologic resection provided reasonable improvement on functional out-
comes and early stability of the prostheses. Porous tantalum components are conducive to bony ingrowth, which is a 
potential alternative to various existing reconstruction techniques to achieve better functional outcomes.
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Introduction
Treatment of acetabular defects after periacetabular 
oncologic resection demands proper implant selection 
and is a technical challenge for orthopedic surgeons 
given the complicated anatomies and biomechanics of 
the pelvic ring [1, 2]. Various biological and non-biologi-
cal reconstructive options have been described in recent 
literatures, which include allograft prosthetic compos-
ites [3], modular metallic hemi-pelvic endoprostheses 
[4], modular saddle-shaped prostheses [5], custom-made 
endoprostheses [6], and autologous femoral head implan-
tation [7].

Acetabular defects after periacetabular oncologic 
resection can be comparable to a revision of total hip 
arthroplasty (THA), in which porous tantalum com-
ponents have been successfully used in achieving a 
mechanically stable hip structure [8]. The porous tanta-
lum components possess several advantages over con-
ventional cementless cups: higher percent volume of 
porosity, freely communicating pores, a bony-similar 
flexibility, higher coefficient of friction and biocompat-
ibility for osseointegration and bony ingrowth [9]. Excel-
lent results have been achieved with modular porous 
tantalum shells in revision THAs, with or without the 
use of tantalum augments or buttresses in a mid-term to 
long-term follow-up period [10, 11]. Therefore, the supe-
riority of tantalum components could theoretically solve 
the weaknesses of the hemi-pelvic endoprostheses in 
other scenarios. To the best of our knowledge, there are 
rare reports on the use of tantalum components in the 
acetabular reconstruction following periacetabular onco-
logic resection of primary malignancies.

Therefore, a cohort study was conducted that included 
a consecutive of 15 patients in our single center who were 
recently treated with tantalum components for acetabu-
lar reconstruction after periacetabular oncologic resec-
tion. The purpose of the study was to determine the 
feasibility and preliminary efficacy of this reconstructive 
technique on clinical outcomes, functional and radio-
graphic results as well as complications.

Methods
Patients’ selection
Ethical approval was obtained prior to conducting this 
cohort study by the local institutional review board. 
Patients diagnosed with primary periacetabular malig-
nancies and received acetabular reconstruction with tan-
talum components following oncologic resections from 

January 2018 to December 2018 were collected. The fol-
lowing inclusion criteria were applied: (1) primary per-
iacetabular malignancies that are resectable based on the 
principles of complete resection; (2) the defects can be 
reconstructed using tantalum components and total hip 
replacement; and (3) a postoperative period follow-up of 
more than 2 years. Exclusion criteria included: (1) tumors 
that had undergone previous curettage, resection, and 
cryosurgery or radiofrequency ablation; (2) malignancies 
with multiple metastases; (3) metastatic malignancies. A 
consecutive of 15 cases was identified for analysis accord-
ing to the above inclusion and exclusion criteria, of 
whom 8 cases were male and 7 cases were female patients 
with a mean age of 47.6 years (33.0–67.0 years).

The main manifestation of the malignancies was pain 
and limping of the hip. All patients underwent preop-
erative X-ray, computed tomography (CT) and magnetic 
resonance imaging (MRI) examinations to confirm the 
presence of the tumors; positron emission tomography 
(PET)-CT were obtained for all cases to assess for any 
distant metastases. Preoperative biopsy was performed 
in each case to confirm pathology types, of which 9 
(60.0%) were chondrosarcoma, 3 (20.0%) malignant bone 
giant cell tumor (MBGCT) and 3 (20.0%) osteosarcoma. 
Based on the Enneking pelvic surgical zone, 3 cases were 
located in zone I + II, 1 case in zone II, 6 cases in zone 
II + III and the other 5 case sin zone I + II + III.

Surgical techniques
After confirming the diagnoses of the malignancies by 
imaging and pathology, each patient received a preop-
erative angiography examination to pinpoint the blood 
supply and followed with a vascular embolization. All 
surgeries were performed under general anesthesia with 
patients lying on their unaffected side. An extended ili-
ofemoral Smith-Petersen (S-P) approach, a modified 
Kocher–Langenbeck (K–L) or the combination was uti-
lized to perform the procedures based on the Ennek-
ing surgical zone of each tumor. Surgical techniques 
varied among cases given the nature of different onco-
logic resections and individual reconstructions. How-
ever, there are some basic principles: foremost, a clear 
oncologic surgical margin was initially guaranteed in 
all cases, the surrounding muscles were preserved as 
much as possible to ensure adequate soft tissue cover-
age and to reduce the risk of early dislocation and wound 
complications; after oncologic resection, the off-the-
shelf tantalum components were used to reconstruct 
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the acetabulum on structural and biological remaining 
bone; an acetabular cup was placed with the target of 
40°of inclination and approximately 15°to 20°of antever-
sion, and modular fluted tapered stem or revision stems 
was finally inserted to optimize the limb length and off-
set, meshes were wrapped to the prostheses for soft tis-
sue adherence, the tantalum components and prostheses 
used in this series are modular manufactured by Zimmer 
company.

Acetabular reconstruction was individually performed 
based on the acetabular defects after oncologic resec-
tion. Defects and reconstructions could be divided into 
three types: (1) pelvic continuity with partial acetabular 
defects, which correlates with the Enneking pelvic surgi-
cal zone II or II + III. For this type, the cartilage in the 
acetabulum was reamed by acetabular reamers; thereaf-
ter an appropriate hemispherical tantalum component 
was placed and fixed to the host bone for reconstructing 
the roundness of the new acetabulum. A biological ace-
tabular cup was inserted; the gaps between the cup and 
tantalum component were implanted with the autolo-
gous femoral head fragments. A case is shown in Fig. 1. 
(2) Pelvic discontinuity with partial dome of the acetabu-
lum, which correlates with the Enneking pelvic surgical 
zone II or II + III. In this type, partial cartilage in the ace-
tabular dome was reamed, followed with a rectangular 
tantalum component fixing to the inner and outer plate 
of the ilium. A biological acetabular cup was placed on 
the dome and fixed with screws; the gaps were filled with 
bone fragments. The tantalum component and acetabu-
lar cup were finally coated with polymethylmethacrylate 
(PMMA) cement to increase the initial stability. A case 
is shown in Fig.  2. (3) Complete acetabular deficiency, 
which correlates with Enneking pelvic surgical zone I + II 
or I + II + III. In this type, the acetabular reconstructive 
technique was similar to the above courses. The differ-
ences were that the rotation center needs to be moved 
upwards and a longer femoral side prosthesis with a big-
ger offset was a necessity to increase the tension of soft 
tissue and to maintain the joint stability. A case is pre-
sented in Fig. 3.

Postoperative management
Drains were removed in cases with a drain volume of less 
than 100  ml in 24  h or on postoperative day 3. Antibi-
otic prophylaxis cefuroxime (1.5  g) was intravenously 
administrated half an hour before operation and another 
equal dose was followed if the operation exceeds 3 h, in 
the postoperative period, prophylactic antibiotics were 
stopped within 72  h and would be delayed or elevated 
to high-grade antibiotics if there is any sign of inflam-
mation. Rehabilitation therapists were involved; patients 
were instructed to practice the muscle strength of lower 

extremity in beds and were mobilized to sit up beside 
the beds 1  week postoperatively, and they were allowed 
to stand up assisted with double crutches at 4  weeks 
postoperatively.

Follow‑up outcomes
Patients received outpatient follow-up at 6  weeks, 
3 months, 6 months post-operation and every 6 months 
afterwards. Pelvic X-ray was routinely performed as 
well as CT if necessary to evaluate the prosthetic situa-
tion. Chest CT was also obtained to exclude pulmonary 
metastases. Patients received a systemic isotope bone 
scan every 6 months after surgery to assess local control 
of the malignancy. Complications were recorded in detail 
if there were any.

Functional outcomes were assessed using the 1993 
Musculoskeletal Tumor Society Scale (MSTS-93) [12] 
and the Harris Hip Scores (HHS) [13]. MSTS-93 scale 
constitutes 6 items, with a total of 30 points. A score of 
80–100% is excellent, 60–79% is good, 40–59% is fair and 
less than 40% is poor. HHS contains 4 items (pain, func-
tion, deformity and range of motion). The score ranges 
from 0 to 100 with a higher score representing less dys-
function and better outcomes. MSTS-93 scale and HHS 
score were obtained pre-operatively and were re-evalu-
ated as primary outcomes at 1-year follow-up.

Results
Demographic data are shown in Table. 1. Patients 
were followed up for at least 2  years with a mean of 
39.7 months (35.0–45.0 months). They received success-
ful surgical procedures with no deaths at the most recent 
follow-up. The average operation time was 4.0 h, and the 
mean blood loss was 1260 ml (800–2200 ml).

During the follow-up period, a patient with chondro-
sarcoma experienced local relapse at 8 months postop-
eratively and was treated with hemi-pelvic amputation. 
This patient was followed for 37  months and had no 
further recurrence or metastasis. One patient with oste-
osarcoma had pulmonary metastasis at 6 months postop-
eratively and received additional chemotherapy, who was 
followed up recently at 39  months postoperatively and 
manifested with no sign of progression. Other patients 
did not show any evidence of tumor relapse or distant 
metastasis at the most recent follow-up.

Functional scoring was assessed at postoperative 1 year 
using MSTS-93 scale system, with an average score of 
21.8 scores. Among them 3 cases were graded as excel-
lent, 11 were as good, and 1 case was as fair. The patient 
graded as fair experienced a local relapse and had hemi-
pelvic amputation. An average score of 79.1 at 1-year 
post-operation by HHS system for the evaluation of 
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Fig.1 A male patient, diagnosed with pelvic chondrosarcoma (Enneking Zone II + III, type1 defects). A: preoperative X-ray indicates a tumor 
located at the right side of acetabulum and ischium; B: coronal MRI T-2 image indicates an enhanced signal at acetabulum and ischium; C and D: 
preoperative cross-section CT and MRI T-1 images indicate the tumor involved acetabulum; E: intraoperative images shows the tumor was resected 
and reconstructed with tantalum components and total hip arthroplasty; F and G: the tumor was completely removed (gross specimen and X-ray 
image); H: X-ray at 1-year postoperatively indicates a stable internal fixation and alignment
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functional outcomes improved greatly compared to those 
assessed before operation.

A total of 3 (20.0%) cases had postoperative complica-
tions. 2 patients experienced hip dislocations during the 
hospitalization, who were treated with closed reduction 
under general anesthesia and followed by an abduction 
brace fixation for 6  weeks, neither had further disloca-
tion. 1 case of chondrosarcoma had continuous faint 
yellow wound drainage and diagnosed with superficial 
infection, who was followed by the treatment of debride-
ment and antibiotics and had a delayed wound healing. 
No other complications were detected in this cohort at 
the most recent follow-up. Radiographic evaluations 

showed no evidence of prosthetic loosening, displace-
ment or fracture during the follow-up period.

Discussion
Reliable reconstruction of acetabular defects after per-
iacetabular oncologic resection of primary malignancies 
has historically been challenging whereas with limited 
options for selection. In the present study, we utilized 
porous tantalum components to reconstruct these ace-
tabular defects in a consecutive of 15 patients. Here, we 
demonstrated a technical feasibility in the intraoperative 
manipulation and a reliable fixation in the setting of ace-
tabular deficiency. In addition, a substantial improvement 

Fig.2 A male patient, diagnosed with pelvic MBGCT (Enneking Zone II + III, type2 defects). A: preoperative X-ray indicates tumor located at the 
right side of acetabulum; B: preoperative CT scan indicates the tumor involved the lower part of the acetabular; C, D: preoperative MR images 
indicate huge soft tissue mass involved acetabulum and ischium; E: intraoperative image showed the tumor was completely removed with dome 
of the acetabular reserved; F: intraoperative image showed the acetabular was reconstructed with tantalum component and bone cement; G: X-ray 
image of the resected tumor; H: pelvic X-ray at 1-year postoperatively indicates a stable internal fixation and alignment
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in functional outcomes with relatively low complications 
was achieved at an early postoperative follow-up period.

In 1974, Schöllner and colleagues [14] presented the 
first case of pelvic prosthetic reconstruction as an alter-
native to hemipelvectomy; and thereafter, the Harrington 
technique with threaded pins and a cemented acetabu-
lar implant was widely used for acetabular reconstruc-
tion after periacetabular oncologic resections [15]. Even 
though the design and materials of the prostheses are 
constantly improved, the long-term survival of these 
non-biological reconstructions remains low and prosthe-
sis-related complications did not decrease [16, 17]. With 
the evolving of medical techniques in patients with pri-
mary periacetabular malignancies, life expectancy has 
increased. As such, achieving a biological reconstruction 
is vitally important [18]. The advent of porous tantalum 
components had achieved excellent clinical outcomes in 
the reconstruction of acetabular defects in revised THA 
procedures [9, 11, 19, 20]. Joglekar et  al. [21] demon-
strated reliable and durable constructions in patients 
who received a THA with a porous tantalum compo-
nent following prior pelvic radiation. The success of 
these tantalum components has spurred a great interest 
in the oncologic arena. Houdek et al. [22] retrospectively 

reviewed a total of 58 patients treated with a tantalum 
acetabular implant and THA to reconstruct the meta-
static neoplastic periacetabular lesions. At mid-term fol-
low-up, it showed that the porous tantalum components 
can successfully serve as a stable, well-fixed and dura-
ble construct, without any case of mechanical failure. 
In primary periacetabular malignancies, a more precise 
resection can be achieved under meticulous preopera-
tive planning and principles of complete resection. As 
such, part of the acetabulum or ilium can be preserved. 
The utilization of these porous tantalum components for 
reconstruction should theoretically prolong the pros-
thetic survivorship, especially for those who are younger 
and have prolonged life expectancies for curative pur-
poses [7, 18]. In our cohorts, procedures suggested that 
the malignancies were settled under the principles of 
complete resection, thus the reconstructive techniques 
were not related with oncologic prognosis but with thera-
peutic expectancy as well as functional rehabilitation. 
The porous tantalum components provided with reliable 
fixation, thus, allowed patients to perform earlier rehabil-
itation exercises to achieve better functional outcomes.

From a clinical standpoint, we applied MSTS-93 scale 
and HHS scoring system to evaluate the postoperative 

Fig.3 A female patient, diagnosed with pelvic chondrosarcoma (Enneking Zone I + II + III, type3 defects). A: preoperative X-ray indicates tumor 
located at the right side of acetabulum; B: preoperative CT scan indicates a huge soft tissue mass involved ilium; C, D and E: preoperative MR 
images indicate huge soft tissue mass involved acetabulum and ilium; F: the tumor was completely removed (gross specimen); G: pelvic X-ray at 
1-year postoperatively indicates the upper-shifted rotation center, a stable internal fixation and alignment
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1-year functional outcomes. Early results showed an 
average MSTS-93 scale score of 21.8 with an excellent 
and good rate of 93.3%, and an average HHS of 79.1 in 
the current cohorts. The overall functional results sug-
gested that they were not inferior to those after hemi-
pelvic prosthesis reconstruction [6, 23, 24]. We came 
across two cases of dislocation that were treated with 
closed reduction under general anesthesia and were 
fixed with abduction braces. This is consistent with 
other studies in the literature describing dislocation 
as a common problem in patients receiving acetabular 
reconstruction after periacetabular oncologic resection 
[17, 25]. Abdel et al. [26] reported 3 cases of early dis-
location among 10 patients who underwent oncologic 
acetabular reconstruction, of whom 2 were revised 
with constrained liner. We assumed that the hip dis-
location was due to the destroyed hip abductors dur-
ing oncologic resections. Whether an increased level 
of constraint or delayed sitting and walking exercises 
were necessary remain to be an issue mandating further 
investigation.

After a pelvic tumor resection, individual reconstruc-
tion should be comprehensively considered on the basis 
of a patient’s age, tumor location, functional requirements 
and life expectancy [27]. Houdek et  al. [28] compared 
saddle prosthesis with tantalum THA and found that in 
selected cases, reconstruction with tantalum THA is of 
benefit with higher MSTS scores. Wang et  al. [29] retro-
spectively reviewed 25 patients who received pelvic tumor 
resection and hemi-pelvic endoprosthesis reconstruction, 
results indicated that total complication rate was 56.0%, 
periprosthetic infections and aseptic loosening were most 
common. Guo et  al. [30] developed modular hemi-pelvic 
prostheses to reconstruct acetabular defects; early results 
indicated an acceptable outcomes. Whereas, another Guo 
team reported mid-term outcomes indicated an increased 
rate of major complications requiring surgical intervention 
and a decrease in functional outcomes, which were draw-
backs commonly observed in the hemi-pelvic prostheses 
reconstruction [31]. In the current cohorts, hemi-pelvic 
prostheses were notably not an optimal choice for those 
who were younger with potential long life expectancies. In 
contrast, biological reconstruction might be a better con-
sideration in the context of a complete oncologic resec-
tion [7, 22]. In certain cases whose partial acetabulum or 
ilium was retained, the porous tantalum component is an 
alternative solution for the reconstruction of hip functions 
with additional autologous femoral head segments uti-
lized for implantation. Early radiographic results indicated 
stable fixations with no evidence of prosthetic loosening, 
displacement or fracture at the most recent follow-up. 
Improved long-term prosthetic survivorship would be 

anticipated by performing this biological reconstruction in 
the following follow-up period.

Several limitations of the present study need to be 
addressed. Foremost, this study represented a very small 
cohort. This was because periacetabular malignancies are 
rare and only a few patients are indicated for this recon-
struction. Second, the follow-up period was relatively short 
to evaluate the oncologic prognosis and long-term pros-
thetic survivorship. Lastly, we were unable to compare the 
performed technique to hemi-pelvic prosthesis reconstruc-
tion or others, resulting in a difficulty to verify whether our 
technique is superior to the alternatives. Despite limita-
tions, we prospectively collected 15 consecutive patients 
and demonstrated a feasible and reliable technique to man-
age acetabular reconstruction after periacetabular tumor 
resections. We are looking forward to the long-term fol-
low-up results of this cohort to further evaluate the onco-
logic prognosis and confirm longer prosthetic survival.

Conclusion
The porous tantalum components represent a surgical 
solution to manage acetabular reconstruction after periac-
etabular tumor resection of primary malignancies. Prelimi-
nary results indicated that this reconstructive technique 
provided a reliable fixation with substantially improved 
functional outcomes and acceptable complication rates 
during early postoperative follow-up. The porous tantalum 
components are conducive to bony ingrowth, thus can be 
expected to improve long-term survival of the prosthesis.
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