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Background

Large skeletal defects in the pelvis typically exist in the 
setting of primary malignant tumors, extensive metastatic 
disease, major trauma, or end-stage revision arthroplasty. 
Extensive defects in the pelvis usually cause significant 
postoperative morbidity or functional impairment. The 
1970s saw the advent of the limb-salvage procedure 
for malignant tumors in extremities (1,2), and the 
endoprosthesis was gradually accepted by orthopaedic 
oncologists and became popular by the 90s. In the early 
years of the limb-salvage era, reconstruction with custom-
made endoprostheses, also known as megaprostheses, 
allowed for sparing of the extremity (3). The term 
“megaprosthesis” seems to have been first used in the 
International Workshop on Design and Application of 
Tumor Prosthesis, held in Mayo Clinic in 1981 (4). The 

meeting was also the start of the International Society of 
Limb Salvage (ISOLS). However, the disadvantages of the 
custom-made endoprosthesis, such as fabrication delay and 
difficulty in revision, hindered its application in clinical 
practice. The development of modular endoprostheses in the 
1980s was regarded as a new era in complex reconstruction 
in orthopedic oncology. Modular megaprostheses consist of 
a number of different components in readily available sets 
that can be assembled in various combinations to best match 
the actual bone defect allowing for much easier revision 
during surgery. 

With the improvement in preoperative imaging 
techniques,  neoadjuvant treatments,  and surgical 
techniques, limb-preserving procedures have become 
standard procedure for the pelvic girdle in the past few 
decades. Enneking and Dunham (2,5) proposed tumor 
classifications typically associated with four types of pelvic 
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resections and/or reconstructions: type I, the ilium; type 
II, the periacetabulum; type III, the obturator; and type 
IV, the sacrum. For type 1, isolated resections of the ilium 
or ischium and pubis may not require reconstructive 
procedures to achieve excellent postoperative function. 
Type II resections require reconstruction to restore force 
transmission and weight bearing along anatomic axes. 
Adequate excision of type II tumors often requires complete 
excision of the skeletal hemipelvis and large parts of the 
soft tissue of the pelvis. Several different reconstruction 
options have been proposed after this type of resection, 
including ischiofemoral arthrodesis or pseudarthrosis, 
iliofemoral arthrodesis (6,7) or pseudarthrosis, massive 
allograft, autoclaved autograft, allograft prosthetic 
composite, custom-made endoprosthesis combined with hip 
arthroplasty (8-11), or the modular saddle prosthesis (12-15) 
and 3D-printing endoprosthesis (16,17). There are various 
options for reconstruction, each having their respective 
advantages and limitations. For instance, implantation of 
a megaprosthesis in the early years was shown to result 
in a high complication rate with poor functional results. 
Meanwhile, major complications of megaprosthetic 
reconstructions, such as infection, loosening, and 
dislocation, have occurred frequently, at a proportion of 
approximately 25–35% (6,10,18-22).

The main trend in the evolution of pelvic endoprosthesis 
is modularity and fixation mode (13,15,23-26). With the 
advent of megaprosthetic reconstruction in the pelvis, 
custom-made fashion was the main design focus in the 
early days (11,22,27). However, with development of 
endoprosthesis modularity for limb-salvage procedure in 
extremities, the modularity concept was introduced into 
pelvic endoprosthetic reconstruction (15,24). Nowadays, 
three main types of pelvic endoprostheses are used 

worldwide (Table 1). 

Geometric pelvic endoprosthesis

The history of oncologic reconstruction of the pelvis 
using endoprosthesis is intimately associated with the 
development of joint arthroplasty and manufacture 
technology. Naturally, anatomical recovery was attempted 
in the early days using the available materials for orthopedic 
reconstruction. Here, we define this period as “geometry 
pelvic endoprostheses”. The focus of reconstruction was 
anatomical recovery without a well-established design 
style or fixation principles. The requisites for a successful 
implant design should be resistance to corrosion, high 
biocompatibility, biomechanical compatibility, early 
stability, along with the potential for osteointegration and 
soft tissue ingrowth for longevity. However, the approach 
of geometrical restoration in pelvic reconstruction did not 
provided satisfying outcomes (28). 

Custom-made megaprostheses

The first attempts to reconstruct resected pelvic bone 
and to restore the pelvic ring using endoprostheses began 
in the early 1970s (7). Scales and Rodney implanted a 
temporary spacer of acrylic cement and designed a steel 
prosthesis in the shape of a resected iliac bone, but the 
prosthesis was removed due to infection. In 1974, the first 
case pertaining to endoprosthetic reconstruction after 
pelvic tumor resection was reported in the literature and 
described a patient with chondrosarcoma (29). In the earlier 
period, the preoperative plan was determined by X-ray. 
Later, attempts were made to improve the accuracy of 
pelvic prosthesis design and production. The first report on 

Table 1 Comparison of the three types of design in pelvic endoprosthetic reconstruction

Prosthesis Region Year
Fixation 
structure

Fixation mode
Intra-/extra-
medullar fixation

Bone-implant 
osseointegration

Acetabular cup 
adjustability

Modularity

GPSTM (modular 
hemipelvic 
endoprosthesis) (24)

China 2001 Ilium → iliosacral Multi-axis 
screws

Both Bone ingrowth 
by 3D-printed 
porous metallic 
structure

Yes Yes

Pedestal Cup (iliac 
stem prosthesis) (15)

Europe 2001 Ilium (posterior 
column)

Cemented/
uncemented 
stem

Intra-medullar Bone ingrowth or 
cemented

Yes Yes

PAR prosthesis (26) North 
America

2000 Ilium Transverse 
bolts

Extra-medullar – – Yes
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endoprosthetic pelvis reconstruction was by Gradinger in 
1993 (30). The prosthesis was custom-manufactured from 
plain x-rays with low accuracy for intraoperative orientation 
of the acetabulum. The anchorage into the remaining 
sacral ala or iliac bone was mainly provided by screws with 
additional plates or flanges. Ozaki et al. (10) reported a 
series of twelve cases of pelvic prosthetic reconstruction 
following tumor resection based on computer-aided design 
according to preoperative computed tomography (CT) 
scan. Deep infection occurred in 3 of the 12 patients. The 
overall survival of endoprosthesis at 3 years after surgery 
was 42%. Windhager et al. (31) reported a series of 21 
consecutive cases of different reconstruction approaches: 9 
of the 21 patients received a custom-made prosthesis with 
better functional results compared to saddle prosthesis and 
allografts. 

Single-stage by preoperative CT scan and implant design 
or two-stage procedure by mold made from an excised 
pelvis were the two typical approaches during the period 
of time spanning the 1970s to the 1990s. Studies reported 
surgical-related complication rates between 42–50% 
(27,30,31) including deep infection, dislocation, loosening, 
and hardware breakage. The high complication rate and 
lack of flexibility during surgery led to the application of 
saddle prosthesis in periacetabular reconstruction (PAR). 

Transitional period—saddle prosthesis

The saddle prosthesis was designed by Nieder in Germany 
in 1979 (32). Initially, this prosthetic concept was used for 
pelvic reconstruction of large acetabular defects following 
total hip arthroplasty. Since 1984, it has also been indicated 
as a replacement after resection of periacetabular tumors. 
The advantage of this method has been in the simplicity of 
its design, alleviating the need for an acetabular implant. 
However, the disadvantage is the need for postoperative 
immobilization to ensure soft tissue healing. Additionally, 
certain aspects of notch preparation are more challenging. 
Poor range of motion, dislocation, and progressive 
upward migration are common complications after saddle 
endoprosthesis reconstruction. In the literature, dislocation 
was reported to range from 2–20%. Heavy sutures will 
help secure the saddle component to the ilium. Saddle 
prosthesis was evolved from the Mark I, which was one 
piece (monoblock), to the Mark II. The Mark II prosthesis 
is a modular design that provides more flexibility during 
surgery. Studies on the subject support the superiority of 
modular implants. Also, the polyethylene sleeve can provide 

rotation range of motion. 
Stryker PAR endoprosthesis was designed to be secured 

with internal fixation and bone cement applied to the 
remaining ilium to support a reconstructed acetabulum. 
To address the previous mechanical complications found in 
the Mark I and Mark II saddle prostheses, which included 
loosening, migration, and dissociation, PAR endoprosthesis 
was developed as a modular third-generation saddle 
prosthesis. The PAR endoprosthesis consists of a wide iliac 
wing component that is secured to the ilium with cross bolts 
and cement, a constrained bipolar ball-and-socket joint, and 
a modular standard or endoprosthetic femoral stem. The 
design of the prosthesis provided four times the amount of 
osseous support compared to the Mark II prosthesis. The 
complication rate of PAR endoprosthesis was reported to 
be 56%, and implant survivorship was 60% at 5 years; the 
dislocation rate was decreased to 12% (26). 

The saddle prosthesis introduced concepts of modularity 
and clarified iliofemoral weight-bearing axis restoration for 
pelvic reconstruction by metallic endoprosthesis. 

Structural pelvic endoprosthesis

Distinct from custom-made endoprostheses, structural 
endoprostheses were designed to reconstruct the key 
stress-loading axes rather than the geometry of pelvic 
bone. Currently, the two main types of structural pelvic 
endoprostheses are the modular hemipelvic endoprosthesis 
and the pedestal cup. 

Modular pelvic endoprosthesis

The modular design was initially discussed by Guo et al. (33) 
in 2007 (Figure 1). There are two main components: the 
iliac fixation part that serves as the main fixation structure 
between the prosthesis and residual bone; and the acetabular 
cup, which connects to the iliac fixation component by 
Morse taper. The pedestal cup or ice-cream endoprosthesis 
is an iliac-based fixation without structure which restores 
the anterior pelvic ring. The advantage of a modular pelvic 
endoprosthesis is the smaller size, which facilitates soft-
tissue coverage and may reduce the infection rate. As for 
the fixation strategy, multi-axial fixation by screws is used 
in Guo’s modular pelvic endoprosthesis and has a low 
breakage and loosening rate. Pedestal endoprosthesis has 
a cemented or press-fit fixation technique, which is similar 
to a megaprosthesis used for extremities. However the lack 
of channel structure and cortical bone in the ilium and 
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iliosacral area leads to difficulties in applying such a fixation 
concept. It seems that it is well accepted that the anterior 
pelvic ring should be left open in prosthetic reconstruction 
due to the rigidity at the pubic connection area. Both 
intramedular-fixation (pedestal endoprosthesis) and 
extramedular-fixation (iliac-flange-fixation) exclude anterior 
ring restoration. 

Compared with the megaprosthesis used for extremities, 
fixation of a metallic pelvic implant remains unsatisfactory 

due to the special skeletal structure of the ilium. Better 
fixation may reduce biomechanical failures. Metal implants 
with an interconnected pore structure exhibit the potential 
to facilitate bone ingrowth and the possibility for reducing 
stiffness. The electron beam melting (EBM) processing 
technique may be a novel approach for enhancing 
osseointegration of the bone-implant interface thus 
achieving durable prosthetic fixation (Figure 2). A prosthetic 
surface with 3D-printed macropores may support bone 
formation deep within the porous network with a high 
level of bone-implant contact. In an attempt to reduce 
mechanical failures, an EBM-based modular hemipelvic 
endoprosthesis was introduced in 2015 and was part of the 
Global Pelvic SystemTM (GPSTM) (AK Medical, Beijing, 
China). The design was similar to a previously reported 
modular hemipelvic endoprosthesis (first generation); 
however, the main fixation structure evolved from the 
residual iliac bone to the strong iliosacral part, which can 
provide more biomechanical compatibility with less shear 
stress on the screws (Figure 3). The bone-contact surface 
of the endoprosthesis was a 1.5-mm-thick layer of titanium 
porous structure to enhance the osseointegration by bone 
ingrowth. The lateral wing of the iliac fixation component 
was modified to match the anatomical surface of the lateral 
cortex of the ilium.

Figure 1 The first-generation modular hemipelvic endoprosthesis 
which contains three parts: the iliac fixation part, the acetabulum 
part, and the pubic connection plate (33).

Figure 2 The second generation of modular hemipelvic endoprosthesis manufactured by EBM. EBM, electron beam melting.
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Iliac stem endoprosthesis

The pedestal cup (Zimmer, Freiburg, Germany) was 
originally designed for severe acetabular revision. It was first 
used in an oncological condition in 2001 in Vienna, Austria, 
as reported by Hipfl et al. (13). The so-called iliac stemmed-
cone prostheses are effectively modified versions of the 
McMinn acetabular reconstruction component. In their 
retrospective review of a series of 48 cases reconstructed 
by stemmed pedestal cup (Schoellner cup, Zimmer Biomet 
Inc.), a complication rate of 40% was found along with a 
median follow-up of 6.6 years. Deep infection was the most 
common complication which affected 17% of the patients. 
The mean function score by MSTS 93 was 71%. 

The “ice-cream” cone reconstruction of the pelvis was 
developed in 2003 by Stanmore Implants and the system 
was named the “coned hemi-pelvis”. The concept was 
based on the old design of the McKee-Farrar stemmed hip 
replacement and has become known as the “ice-cream” 
cone prosthesis, as it looks like an inverted ice-cream cone. 
The prosthesis is inserted into the remnant of the pelvis and 
surrounded by antibiotic-laden bone cement. In one study 
of this method, the overall complication rate was 37% with 
dislocation being the most common type (14.8%), followed 
by deep infection (11.1%) (34). 

A modification type of pedestal endoprosthesis, 
LUMiC® (implantcast, Germany) was introduced in 2003. 
The LUMiC® prosthesis is a modular device, built of 
a separate cemented or uncemented stem with an HA-
coated acetabular cup. The cup is also available with silver 
coating for anti-infection effect. The cup is connected to 

the stem by sawteeth allowing for rotational adjustment of 
the cup position after implantation of the stem. A 6-year 
multicenter study including 47 patients showed a 13% 
dislocation rate for single-time dislocations and a 9% rate 
for recurrent dislocations. Infection was the most common 
type of complication (28%). 

T h e  d e s i g n  e v o l u t i o n  o f  t h e  p e d e s t a l  p e l v i c 
endoprosthesis is summarized in Table 2. The change 
of design over time reflects the main concepts of pelvic 
endoprosthesis: modularity and adjustability of the 
acetabular cup. Figure 4 shows the main phases of the 
development of the pelvic endoprosthesis. 

Conclusions

Modern modular pelvic megaprostheses have allowed 
limb-preserving surgery to be the preferred choice, as they 
facilitate efficient reconstruction of extensive defects after 
tumor removal. Improvements in the design of the implants 
have reduced the rate of mechanical complications. In 
addition, the functional outcome after surgery appears to 
be satisfactory, offering a good quality of life to the patient. 
While research should focus mainly on the elimination of 
non-mechanical events, such as infection, there are still 
some mechanical drawbacks present in modern designs, 
such as bone-implant integration and the reattachment 
of soft tissues. Introduction of 3D-printing technology 
may provide some solutions to certain problems. Indeed, 
additional improvements and advances in the field that 
will further improve the results of surgery are eagerly 
anticipated. 

Figure 3 The second generation 3D-printing-based modular hemipelvic endoprosthesis. The fixation location has been shifted from the 
iliac osteotomy surface (first generation, 2003–2015) to the iliosacral part with screws passing through the iliosacral joint (second generation, 
since 2016). 



Page 6 of 8 Annals of Joint, 2019

© Annals of Joint. All rights reserved. Ann Joint 2019;4:29 | http://dx.doi.org/10.21037/aoj.2019.06.01

Acknowledgments

Funding: One of the authors (T Ji) received funding from 
the National Key Research and Development Program of 
China (2016YFB1101502), the Capital Health Research 
and Development of Special (No. 2018-2-4088), and 
the National Natural Science Foundation of China (No.  
81872180). Author (W Guo) received funding from 

the Beijing Municipal Science and Technology Project 

(Z161100000116100).

Footnote

Provenance and Peer Review: This article was commissioned 

by the editorial office, Annals of Joint for the series 

Table 2 Comparison of pedestal cups (13,15,25,34,35)

Schoellner cup Coned hemi-pelvis LUMiC

Manufacturer Zimmer Stanmore ImplantCast

Since (year) 2001 2003 2008

Modularity Monoblock Monoblock Modular

Fixation Cemented Hybrid Cemented/uncemented

Cup adjustability N/A N/A Yes

Anti-infection coating N/A N/A Silver

Deep infection 7% 11.1% 9.2%

Dislocation 13% 14.8% 22%

Loosening 2% 4.4% 6%

1970           1980               1990                 2000                 2001                             2003                     2008                   2015 20191970

Saddle 
mark I

Saddle 
mark II PAR

Custom-made pelvic 
endoprosthesis 

Pedestal
schoellner cup

zimmer

Pedestal
coned hemi-pelvis

stanmore

Pedestal
LUMiC

Implantcast
1974           1979          1987                   2000                            2001                  2003                  2008                        2015

2001

Modular hemipelvic 
endoprosthesis

3D-printed
modular hemipelvic 

endoprosthesis
AK GPSTM

Design/
Structure

Geometrical
restore

Screws
extramedullar

Monoblock

N/A

CAD

Flail Flail

Monoblock Monoblock Monoblock

N/A N/A N/A

Porous structure at 
implant-bone interface

Silver-coating

Yes Yes Yes Yes Yes

Modular

Cross-
locking bolt

Ilium fixed

Cemented 
stem

Ilium (posterior 
column

Ilium (posterior 
column

Ilium (posterior 
column

Iliosacral fixed with screws 

passing sacroiliac joint

Cemented or 
uncemented 

stems

Multi-axis screws 
Intra- and extramedullar 

and
osseointegration interface

Hybrid stem 
with additional 

screws

Modular Modular Modular Modular

Multi-axis 
screws

Intra- and 
extramedullar

Modularity

Cup 
Adjustability

Others

Fixation

Loading 
axis

Loading 
axis

Loading 
axis

Figure 4 The development of the pelvic endoprosthesis since the 1970s.
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