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Abstract: 

Clinical problem: 

Resection of malignant tumors of the pelvis is demanding. To avoid 

disabling hemipelvectomies, years ago internal hemipelvectomy combined 

with partial pelvic replacements had become a surgical procedure. To 

achieve adequate reconstructions custom-made replacements were 

recommended. In early stages of the surgical procedure using 

megaprostheses, individual pelvic models were manufactured. 

Aim of the study:  

Since little is known about the accuracy of such models we analysed the 

charts of 24 patients (25 models) for whom an individual model of the 

osseous pelvis had been manufactured.  

Results: 

Two patients refused surgery. In 23 patients partial resection of the bony 

pelvis was performed followed by a partial pelvic replacement (13 x), hip 

transposition procedure (5 x), ilio-sacral resection (4 x), or revision 

surgery.   

In all patients who received a partial pelvic replacement, the fit of the 

replacement was optimal. No major unplanned resection was necessary. 

The same was observed in patients who received a hip transposition 

procedure or an ilio-sacral resection.  
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Oncologically, in most of the patients we achieved wide resection margins 

(14 x). In 5 patients the margins were marginal (4x) or intralesional (1 x). 

In two cases the aim was a palliative resection because of a metastatic 

disease (1x) or benign entity (1 x).  

Conclusion: 

Pelvic models are helpful tools to planning the manufacture of partial 

pelvic replacements and ensuring optimal osseous resection of the involved 

bone. Further attempts have to be made to evaluate the aim of navigational 

techniques regarding the accuracy of the osseous and soft tissue resection. 
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Introduction: 

Owing to the complex anatomical situation, operative procedures involving 

the osseous pelvis as well as the sacrum present a great challenge to the 

orthopaedic surgeon(1-4). This applies in particular to oncological 

operations in which a false preparation of the soft parts of the pelvis and an 

incorrect osteotomy can have far-reaching consequences regarding the 

oncological quality of resection and thus the long-term survival of the 

patients (1-3, 5-7). 

Historically regarded, oncological operations of the osseous pelvis are a 

relatively new procedure. To our knowledge, the first internal 

hemipelvectomy (IHP) combined with a partial pelvic replacement was 

performed in Germany in 1978/79 (8,9). First attempts to excise such 

tumors were reported by Enneking 1966 (10) and Steel 1978(11). 

Compared to the present, the planning tools and imaging techniques used at 

that time seem archaic: magnetic resonance tomography (MRI) did not 

exist and computer tomography (CT) was a rather new technique. In the 

meantime, both diagnostic procedures have greatly improved and it has 

long since been possible to define the exact extent of a tumor and, in 

particular, its relation to functionally important structures such as the 

nerves and the blood vessels as well as to the intestinal organs.  

Owing to new diagnostic procedures and the option of improving the 

manufacture of custom-made partial pelvic replacements (PPR) using 
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individual pelvic models, the performance of three-dimensional pelvic 

operations has also greatly improved.  

The aim of this paper is to report on results gained from the preoperative 

planning and performance of pelvic resections followed by a PPR 

implementing the above-mentioned pelvic models. 

  

Materials and Methods 

Aim of the study 

We analysed the charts of those patients for whom a pelvic model was 

manufactured either for planning a PPR or a hip transposition procedure 

(HTP) or for another pelvic resection. The intraoperative fit of the PPR was 

approved in the operation report, e.g. if an additional resection to achieve 

an optimal fit was necessary, and in the postoperative X-ray. The 

oncological quality was assessed on the re-sected tissue by the pathologist. 

 

Manufacture of the pelvic models 

The data necessary for the construction of the models were acquired with 

CT.  

Using these data the individual pelvic model was then constructed by the 

manufacturer (W. Link, Hamburg, Germany; ESKA Implants, Luebeck, 

Germany, or Implantcast, Buxtehude, Germany).  

In principle, two different technological methods were employed: 
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The model was cut out of a block of polyurethane or was constructed from 

a liquid polymer which had been hardened layer by layer under an 

ultraviolet lamp. 

 

Preoperative planning of the resection 

The resection was preoperatively planned by means of CT and MRI 

images. The bony line of resection was defined on the pelvic model using 

the osseous anatomical landmarks such as the anterior superior or inferior 

spine, the posterior superior or inferior spine, or the pubic symphysis. The 

definite line of resection was than defined by measuring the distance from 

the above-mentioned anatomical landmarks. 

Depending on the anatomical exent of the tumor according to the 

classification of Enneking & Dunham 1978 (12), in most of the cases a PI 

or PII resection with a horizontal osteotomy in the iliac bone was 

performed for the cranial osteotomies. In a few cases a vertical resection of 

the os ilium according to a P I or PI/IV was necessary. 

The osteotomies performed in other parts of the bony pelvis such as the 

superior or inferior ramus of the os pubis or os ischium did not need to be 

accurate in the millimeter dimension because these areas of the bony pelvis 

were not needed for implantation of any part of the PPR. 
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Results 

Patients data 

During the period 1995 to 2004, 25 pelvic models were constructed 

preoperatively for the planning of operations in 24 patients. The operations 

were performed in the Department of Orthopaedic Surgery in the 

University Hospital Hamburg by one surgeon (J.B.). Three patients refused 

surgery. Thus, in 21 patients surgical resection of parts of the bony pelvis 

was performed followed by either a partial pelvic replacement  

(13 x PPR), hip transposition (5 x HTP), ilio-sacral resection (3 x ISR), 

ilio-sacral revision and PPR exchange surgery (1 x).  

In all patient who received a PPR the fit of the replacement was optimal, in 

none of them a major unplanned resection was necessary (Fig.1). The same 

was observed in all patients who received a HTP transposition or an ISR or 

the revision surgery.  

 

Oncological data 

Oncologically, in most of the patients we achieved wide resection margins 

(14x). In only 5 patients the margins were marginal (4x) or intralesionsal 

(1x). In two cases the aim was a palliative resection because of a metastatic 

disease or benign entity (1x).  

In one of the patients, a second pelvic model had to be constructed 

following an ilio-sacral resection and reconstruction using a fibula graft 
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and spine instrumentation system, this being necessitated by a fracture of 

the primary fibular implant in order to facilitate better three-dimensional 

orientation. 

Almost all operations had been performed for oncological reasons and had 

aimed at achieving a “wide resection”. Epidemiological data and the 

diagnoses are presented in Table 1. In one patient, the indication for a PPR 

was not related to a tumor but to material breakage ten years after an initial 

PPR owing to a solitary metastasis. The implantation of a new PPR was 

carried out.  

The oncological resection areas and the achieved margins of resection are 

listed in Table 2. Table 3 lists the intraoperative procedures: Out of 25 

patients, 3 refused surgery, in the remaining 23 patients surgery was 

performed.  

 

Accuracy of the pelvic models 

In all patients who received a PPR after an IHP (13 x), an optimal fit of the 

pelvic implant into the remaining bone was achieved. This means, no major 

unplanned additional bony resection was necessary. Even in the patients in 

whom the exchange of the PPR was performed, the fit was optimal. 

In the patients in whom a hip transposition procedure (HTP) (5 x) was 

performed, the fit of the transposed proximal femur to the remaining part of 
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the pelvis was not a problem since this procedure does not need the 

accuracy that a PPR requires.  

The benefit of the pelvic model in the two patients with an ilio-sacral 

resection (3 x ISR) was that it enabled better understanding of the line of 

resection, particularly in the ilio-sacral region. For the reconstruction using 

fibular grafts and spinal instrumentation systems, there was no need for an 

optimal fit as with a PPR.  

However, in one case with breakage of the instrumentation and the 

implantted fibular grafts, a newly-produced pelvic model allowed more 

insight into the ilio-sacral area even after tumor resection. 

 

Quality of resection 

Oncologically, in most of the patients, an adequate resection, i.e. a 

resection with at least wide margins (14 x), was performed: e.g. in all 

patients who had an IHP followed by a PPR. In two of the patients in 

whom a HTP was carried out after an IHP, the resection was marginal and, 

in one of those with an ilio-sacral resection, the tumor had already spread 

into the spinal canal so that only an intralesional resection could be 

achieved (Table 2). In 3 cases the resection was palliative because of the 

metastatic character of the disease. 
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Discussion 

History of pelvic surgery and partial pelvic replacement 

When one considers the present level of technology for the planning and 

performance of complex surgeries of the bony pelvis, it would seem 

particularly heroic under what conditions the first of these IHP’s followed 

by a PPR were carried out (8-11,13,14). 

Without an MRI or pelvic model, it was only possible to roughly plan an 

indivi-dual PPR based on X-rays and CT-scans. Although the use of pelvic 

models had already been reported by Tonner & Engelbrecht (14), in the 

first cases with a PPR and IHP, a fit to the bony line of resection was 

achieved in stages since the modular technology did not exist. The optimal 

fit of a custom-made prosthesis could be accomplished since, intraopera-

tively, the PPR was adapted step-by-step to the extent of the bony resection 

and corrected by the orthopaedic workshop (9). At that time, a correct fit of 

the prosthesis was not the main problem because fixation of the PPR was 

achieved with horizontal screws which secured the fixation arms of the 

PPR to the remaining part of the os ileum. 

Thus, the oncological quality of a resection, whether radical or wide versus 

marginal or even intralesional, was rather compromised (1,6,15,16). 

In 1997 Abudu et al. (1) reported a series of 35 patients who received a 

prosthesis. In the first 17 patients the operative procedure was performed in 

two steps, in the remaining 18, a one-step-procedure was carried out. In the 
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two-step-procedure the resected specimen and a cast made of the cut iliac 

surface were used as templates to manufacture the custom-made pelvic 

prosthesis which was implanted six weeks later. In the one-step procedure, 

the custom-made prosthesis was manufactured on the basis of radiographs 

and 3-dimensional reconstructions.  

The procedure was rapidly improved by means of a pelvic model (14,17, 

18) but CT-technology was still in its early days. In 1999 Handels et al. 

(19) reported on virtual three-dimensional models for the computer-assisted 

planning and simulation of hip operations for oncological purposes.   

The current technology used in producing an individual 3-D pelvic model 

bases on CT-data from the bony pelvis. The line of resection can be 

determined on such a model as described above. Thus, an individual PPR 

with an acceptable accuracy needed for a good fit to the remaining part of 

the pelvic bone can be produced.  

Although the use of individual pelvic models had already been mentioned 

by Burri and other authors et al. (8,14), to our knowledge, Guarino et al. in 

2007 (20) were the first to mention the particular advantages of such 

rapidly prototyped models in pediatric spinal and pelvic operations, e.g. the 

improvement of preoperative planning, intraoperative orientation and 

navigation and the reduction of operating time. But, the authors did not 

give exact data regarding the accuracy and oncological results.  
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Thus, to our knowledge, our paper is the first to report on surgical and 

oncological results regarding such pelvic models. We believe that the 

results described here are very promising despite the generally high 

complication rate of pelvic tumor resections (1,3,6,15,16).  

Also, our oncological data are acceptable and are in the range of those 

reported previously (1,3,6,15,16)or even better.   

 

Current status of pelvic reconstruction 

Meanwhile, the technology of reconstruction has changed towards a 

modular PPR allowing a better intraoperative adaptation to improve the 

position of the socket and thus improve the off-set for an optimal function 

of the hip replacement. The construction of an individual pelvic model 

using available CT data is the standard method used today in the planning 

of oncological pelvic operations (3).  

Completion of the model takes only a few days and the achieved accuracy 

of the fit is optimal.  

Despite this modern technology, the surgeon still has the intraoperative 

problem of finding the anatomical landmarks that mark the starting-point of 

the resection on the model. Until now, identification and marking of the 

landmarks and mar-king of the resection line has been done with Kirschner 

wires.  
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Aspects for the future 

It is to be expected that the intraoperative navigation technology, which has 

already been comprehensively employed in conventional total hip replace-

ments (21), in some trauma cases (22) and in a few tumor cases (23,24), 

will bring about an improvement of tumor-resection procedures in the 

pelvis. 

Some first experiences regarding the osseous part of resection have already 

been published (23,24). However, the navigation technology for determina-

tion of the oncologically correct line of resection of the soft-tissue part of 

the tumor is still not advanced enough but is currently being improved (25).      

Despite the new planning technology, this type of pelvic intervention is still 

extremely complicated (1-3,6,16) and demands a high level of concentra-

tion, stamina and perseverance from the operating team. So, it is 

recommended that such surgeries should only be performed in specialised 

oncologiccal centres (1-3).  

It is possible that the combined employment of pelvic models and 

navigation technology will help to reduce the length of the operation and 

thereby the high quotient of infections.  
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Legends of the figures: 
Fig.1a:  MRI of the pelvis exhibiting the exact extend of the tumor 
Fig.1b:  Pelvic model before planned resection 
Fig.1c:  Pelvic model after after planned resection 
Fig.1d:  Postop. X-ray 
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Indication for manufacturing the pelvic models:

24 patients with pelvic tumors 25 pelvic models

- 13 male, 11 female; Age: 57.4 yrs (25-69)

- 8 x Chondrosarcoma
- 5 x Ewing-Sarcoma-Group
- 4 x Osteosarcoma
- 1 x Angiosarcoma
- 2 x malignant fibrous histiocytoma (MFH)
- 1 x malignant peripheral nerve-sheath-tumor (MPNST)
- 1 x radiogenes sarcoma
- 1 x benign nerve-sheath-tumor
- 1 x breakage PPR (implanted 10 yrs before)

Table 1
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23 surgeries

- 21x tumor surgeries, 
- 1x PPR-exchange
- 1x revision surgery

Area of resection (Enneking):
- 10x I-II
- 8x II*
- 4x II-III

Quality of resection (Enneking):
- 14 x wide
- 4 x marginal
- 1 x intralesional (Angiosarkom, sacral spine)
- 1 x palliativ (radiogenic sarcoma)
- 1 x benign tumor

*: exchange of a 10 yrs previously implanted PPR

Table 2
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18 patients with IHP + PPR or HTP (1 Surgeon)

- 13 x IHP + PPR: all optimal fit
- 5 x IHP + HTTP: all optimal fit
- 3 x IIio-sacral resection: wide (1) / intralesional res. 

(1) 
- 1 x PPR exchange (no resection necessary):

optimal fit
--------------------------

3 pats.: Refusal of surgery
- 1 pat. (MFH) Tumor progress during manufacturing
- 2 Pat. no surgery: 

- 1 psychiatr. Disease, 
- 1 refusal of surgery duie to the bad prognosis

Table 3
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