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Summary

Purpose: To report the clinical and radiological out-
come of limb salvage surgery with the STANMORE® mega-
prostheses.

Methods: We retrospectively studied 33 patients with 
musculoskeletal tumor limb salvage surgery using STAN-
MORE® megaprostheses. Clinical evaluation was done us-
ing the Enneking and the Toronto Extremity Salvage Score 
(TESS). Radiographic evaluation was done using the Inter-
national Society of Limb Salvage (ISOLS) score.

Results: At a mean follow-up of 18 months, 21 patients 
were alive with no evidence of disease and two patients were 
alive with metastatic disease; 9 patients died of metastatic 
disease and one patient of causes unrelated to the primary 
tumor. Local recurrence was not observed in any of the pa-
tients. The mean Enneking and TESS scores were 76 and 
88.4%, respectively. The ISOLS score was excellent or good 

in 30 cases for bone remodelling, 30 cases for the interface, in 
30 cases for anchorage, in 32 cases for the implant body, and 
in 33 cases for the articulation. Extracortical bone bridging 
greater than 25% was observed in 8 prostheses. Mechanical 
survival of the megaprostheses was 97% (32 megaprosthe-
ses). Complications included seroma and hematoma forma-
tion (12%), skin necrosis and dehiscence at the knee wound 
(9%), aseptic loosening and infection (6%), quadriceps ten-
don rupture and peroneal nerve palsy (3%).

Conclusion: The local recurrence-free survival in this 
series supports limb salvage surgery. The 97% survival rate 
of the megaprostheses suggests that the STANMORE® mod-
ular megaprostheses are valuable for reconstruction of bone 
defects after tumor resection.

Key words: limb salvage, megaprostheses, megaprosthetic 
reconstruction, outcome, STANMORE®

Introduction

The goal of oncological surgery is to achieve 
complete tumor excision to optimize survival and min-
imize the risk of recurrence. Compared to amputation, 
limb salvage surgery does not compromise oncological 
principles [1], however, reconstruction of bone defects 
remains a challenge. Options for reconstruction after 
tumor excision include biological and megaprosthetic 
reconstruction, such as custom-made megaprostheses, 
osteoarticular allografts, allograft-prosthesis compos-
ites, arthrodesis, and rotationplasty at the knee joint [2-
5]. Currently, limb salvage surgery and megaprosthetic 
reconstruction has become the method of choice to re-
store function and optimize patients’ satisfaction since 
it provides early mobility, stability, improved quality 

of life, cosmetic appearance and emotional acceptance 
[3,4,6-10]. Compared to biological reconstructions, 
megaprostheses allow for early postoperative adjuvant 
treatments and a more predictable outcome [11].

Current improvements in implant materials and 
metallurgy have greatly increased the indications and du-
rability of modern megaprostheses; custom-made and 
modular megaprostheses have been used to replace the 
femur, the hip joint, part of the pelvis, the knee joint, the 
humerus and shoulder joint, and parts of the ulna and radi-
us in patients with malignant bone tumors and those with 
benign and aggressive but destructive bone lesions unsuit-
able for simple bone grafting. In addition, megaprosthetic 
reconstruction is justifiable in patients with poor prognos-
tic factors, such as metastatic disease, multiple myeloma 
or pathological fracture at presentation [3,4,9,10,12].
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and computed tomography scans. All patients had wide 
tumor resection as confirmed by postoperative histo-
logical margins. Thirteen patients had distal femoral 
replacement, 11 had proximal femoral replacement 
(Figure 1 A,B), 3 had total femoral replacement, 2 had 
megaprosthetic knee reconstruction (Figure 2 A-C), 1 
had proximal tibial replacement, 2 had total scapular 
replacement and reverse constrained humeral arthro-
plasty, and 1 had proximal humeral replacement. The 

Many studies have investigated megaprostheses’ 
survival rates after tumor resection, but the results can-
not be summarized and systematic review cannot be 
performed, mostly because of the small number of pa-
tients and the different types of megaprostheses used. 
In this study we report the clinical outcome and com-
plications from oncological management of patients 
with lower and upper extremity primary and metastatic 
bone tumors and soft-tissue tumors involving the bone 
using limb salvage surgery and reconstruction with the 
STANMORE® megaprostheses.

Methods

We retrospectively studied the files of 33 patients 
with musculoskeletal tumors treated with limb salvage 
surgery and reconstruction using STANMORE® mod-
ular megaprostheses (Stanmore Implants Worldwide 
Ltd, Middlesex, UK). There were 21 men and 12 wom-
en with a mean age of 49.4 years (range 15-77). Histo-
logical diagnoses included primary and metastatic bone 
tumors and soft-tissue tumors invading the bone; neo-
adjuvant and adjuvant treatments were administered as 
indicated (Table 1). All patients gave written informed 
consent to be included in this study. This study was ap-
proved by the Institutional Review Board/Ethics Com-
mittee of the authors’ institution.

Standard techniques and oncological principles 
for wide tumor resection were used. The resection 
length was determined preoperatively by radiographs 

Figure 2. A: Radiograph of the right knee of a 69-year-old woman with synovial sarcoma of the knee initially misdiagnosed as arthritis 
(Patient 23). B: Extra-articular resection and C: reconstruction using a megaprosthetic knee joint was done; 14 months postoperatively, the 
patient is alive with no evidence of local recurrence or distant metastases.

A Β C

A B

Figure 1. A: Radiograph of the right hip of a 45-year-old man with 
a grade 2 chondrosarcoma of the proximal femur (Patient 9). B: En 
bloc tumor resection and reconstruction with a bipolar proximal fem-
oral megaprosthesis was done; 28 months postoperatively, the patient 
is alive with no evidence of local recurrence or distant metastases.
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(Musculoskeletal Tumor Society Rating Scale, MSTS) 
to assess impairment [13] and the TESS to assess dis-
ability [14]. The Enneking’s system is a subjective non-
parametric system that encompasses several functional 
and emotional domains including pain, overall function, 
emotional acceptance, use of supports, walking capac-
ity and gait cosmetics. Each parameter is rated as excel-
lent (5 points), moderate (4 points), good (3 points), fair 
(2 points) or poor (1 point). The points are added, and the 
functional score is presented as a percentage of the maxi-
mum possible score. The results are graded as excellent 
(75-100%), good (70-74%), moderate (60- 69%), fair 
(50% -59%), and poor (<50%). The TESS system is a 
30-item questionnaire that focuses on the patient’s ability 
to perform activities of daily living. Both systems have 
been shown to be reliable, valid and responsive [13,14]. 
Radiological evaluation was performed according to 
ISOLS [15]; 6 parameters were used, including bone re-
modeling, interface, anchorage, implant body problem, 
implant articulation, and extracortical bone bridging.

Results

At a mean follow-up of 18 months (range 3-60), 
21 patients were alive with no evidence of disease and 
2 patients were alive with metastatic disease; 9 patients 
had died of metastatic disease and one patient from 
causes unrelated to the primary tumor. Local recurrence 
was not observed in any of the patients during the period 
of this study (Table 1).

Survival of the megaprostheses was 97%; in one 
patient with proximal femoral replacement for metastat-
ic lung cancer (Figure 4 A,B) mechanical loosening of 
the trochanteric plate fixation was observed 12 months 

mean length of bone resection was 20.7 cm (range 10.6-
37). A bipolar femoral head was used in all patients in 
whom a proximal or total femoral megaprosthesis has 
been used (Figure 3 A,B). Cemented stem fixation was 
performed in all cases.

Postoperative clinical and radiographic evaluation 
was done at regular intervals and at the latest examina-
tion for the purpose of this study. Follow-up and overall 
survival of the patients and the prostheses were calculat-
ed from the time of surgery to the last date of review or 
death. Local recurrences and metastases, complications 
and their management were recorded. The functional 
outcome was evaluated using the Enneking’s system 

A Β

Figure 3. A: Radiograph of the left hip of a 49-year-old man with 
a recurrent giant cell tumor of the proximal femur (Patient 26). B: 
En bloc tumor resection and reconstruction with a bipolar proximal 
femoral megaprosthesis was done; 14 months postoperatively, there 
is no evidence of local tumor recurrence.

A Β C D

Figure 4. A: Radiograph of the right hip of a 69-year-old woman with lung cancer metastatic to the right proximal femur (Patient 22). B: En 
bloc tumor resection and reconstruction using a proximal femoral megaprosthesis. C: Mechanical loosening of the trochanteric plate was 
observed 12 months postoperatively. D: The trochanteric plate and screws were removed.
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was not observed in any of the patients during this study. 
Megaprostheses’ survival was 97%. One patient re-
quired reoperation for an implant-related complication.

The small number of patients, its retrospective de-
sign and short to mid-term follow-up may be considered 
important limitations. However, since randomized con-
trolled studies are difficult in tumor patients, well-con-
trolled studies are useful in evaluating the survival of 
the currently available megaprostheses. In addition, we 
did not control for the stem-femur geometry, patients’ 
age, body mass, comorbidities and adjuvant treatments. 
Nonetheless, our incidence of implant failure and sur-
vival is consistent with other published series and repre-
sents a valid finding.

Because of the disadvantages of custom-made 
megaprostheses including the increased production 
time and lack of intraoperative modularity, modular 
megaprostheses became popular [18,22-25], and spe-
cial reconstruction techniques have been developed 
[26,27]. The STANMORE® megaprostheses have the 
longest clinical history for primary oncological, meta-
static and failed conventional prosthetic indications 
with a low complication rate [6,22]. First implanted in 
1949, it was a custom-made prosthesis with cemented 
fixation and a single-axis hinged knee joint. Since 1991, 
a cementless version has been available with a hydroxy-
apatite-coated titanium stem to enhance extracortical 
bone bridging and a rotating hinge knee [6,22].

Aseptic loosening is the most common cause of 
mechanical failure of megaprostheses with a rate up 
to 31% [3,6,8,23,28,29]. At the distal femur, the risk 
of loosening significantly increases with the length of 
resection [6]. Suboptimal press-fit at the anchorage of 
the intramedullary stem or poor-quality cement fixation 
in diaphyseal bone, increased torque associated with 
greater resection length and fully constrained hinges, 
extraarticular resections with wide soft tissue resec-
tion, poor shock absorption of weight-bearing axes, 
and high activity, that means younger age of the pa-

postoperatively (Figure 4 C); the trochanteric plate and 
screws were removed (Figure 4 D). Aseptic loosening 
was observed in 2 patients (6%) with proximal and dis-
tal femoral replacement due to improper cement tech-
nique of intramedullary fixation of the prostheses; in 
both patients aseptic loosening was asymptomatic and 
close follow-up was instituted. Infection occurred in 2 
patients (6%) with distal femoral megaprostheses; these 
were treated by surgical debridement and antibiotics 
administration. Seroma and hematoma formation oc-
curred at the femur in 4 patients (12%), and was treated 
with aspiration and antibiotic prophylaxis. Skin necrosis 
and dehiscence at the knee wound occurred in 3 patients 
(9%) with distal femoral replacement; wound coverage 
was obtained using the local gastrocnemius musculocu-
taneous flap in 2 and with wound dressing changes in 1 
of these patients. Quadriceps tendon rupture occurred in 
1 patient with a distal femoral reconstruction 1 month 
postoperatively; tendon reconstruction using human 
regenerative tissue matrix was done, and knee immobi-
lization in full extension for 6 weeks was necessary. At 
the latest examination, nearly full range of motion was 
observed without re-rupture. Peroneal nerve palsy oc-
curred in 1 patient (3%) with distal femoral replacement 
that recovered completely at 6 months.

The mean Enneking score (impairment) was 76% 
(range, 50-100%); 14 patients (61%) had a score > 80%, 
corresponding to excellent results. The mean TESS 
score (disability) was 88.4% (range 66-100). The best 
postoperative results regarding isolated parameters were 
achieved with respect to reduction of pain and walking 
ability, and participation in ordinary living activities. Hip 
procedures were found to have a higher mean functional 
score (mean 80.4%; range 54-93) (Table 1).

Excellent or good ISOLS scores were obtained in 
30 cases for bone remodelling, 30 cases for the inter-
face, 30 cases for anchorage, 32 cases for the implant 
body, and 33 cases for the articulation. Extracortical 
bone bridging of 75% was observed in 6 patients, 50% 
in 2 patients, 25% in 17 patients, and no extracortical 
bone bridging in the remaining (Table 2).

Discussion

Long-term survival rates for tumor megaprosthe-
ses have failed to reach those of primary total joint re-
placements [1,3,7,8,10,11,16-19]. Implant-related com-
plications are common, with failure rates of 17-52% at 
5-10 years [20,21]. In this study, we evaluated the clini-
cal outcome and complications in tumor patients treated 
with limb salvage surgery and reconstruction with the 
STANMORE® megaprostheses. Local tumor recurrence 

Table 2. Radiographic results of the patients included in this study 
(ISOLS score)

Parameter Excellent Good Fair Poor
 Patients, n Patients, n Patients, n Patients, n

Bone remodeling 25 5 3 –
Interface 30 – 3 –
Anchorage 24 6 3 –
Implant body 32 – – 1
    (trochanteric
    plate
    loosening)
Articulation 33 – – –
Extracortical bone – 6 2 17
bridging
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two systems measure different concepts of function. 
Impairment (Enneking score) [13] is process-oriented 
and does not account for compensatory actions, while 
disability (TESS) [14] is goal-oriented such that com-
pensatory actions such as stiff knee gait may affect the 
end result. These differing measurements would explain 
why factors such as gait cosmetics and use of supports 
were poorly related to the TESS.

In conclusion, the local recurrence-free survival 
in this series supports limb salvage surgery for muscu-
loskeletal tumors of the extremities. Although at short-
term, the 97% survival rate of the megaprostheses sug-
gests that the STANMORE® modular megaprostheses 
are valuable reconstructions with a low rate of compli-
cations.

References

1. Sim IW, Tse LF, Ek ET, Powell GJ, Choong PF. Salvaging the 
limb salvage: management of complications following endo-
prosthetic reconstruction for tumours around the knee. Eur J 
Surg Oncol 2007; 33: 796-802.

2. Natarajan M, Bose JC, Rajkumar G. Proximal femoral recon-
struction with custom mega prosthesis. Int Orthop 2003; 27: 
175-179.

3. Biau D, Faure F, Katsahian S, Jeanrot C, Tomeno B, Anract P. 
Survival of total knee replacement with a megaprosthesis after 
bone tumor resection. J Bone Joint Surg Am 2006; 88: 1285-1293.

4. Orlic D, Smerdelj M, Kolundzic R, Bergovec M. Lower limb 
salvage surgery: modular endoprosthesis in bone tumour treat-
ment. Int Orthop 2006; 30: 458-464.

5. Enneking WF, Eady JL, Burchardt H. Autogenous cortical 
bone grafts in the reconstruction of segmental skeletal defects. 
J Bone Joint Surg Am 1980; 62: 1039-1058.

6. Unwin PS, Cannon SR, Grimer RJ, Kemp HB, Sneath RS, 
Walker PS. Aseptic loosening in cemented custom-made pros-
thetic replacements for bone tumours of the lower limb. J Bone 
Joint Surg Br 1996; 78: 5-13.

7. Mittermayer F, Krepler P, Dominkus M et al. Long-term fol-
lowup of uncemented tumor endoprostheses for the lower ex-
tremity. Clin Orthop Relat Res 2001; 388: 167-177.

8. Plotz W, Rechl H, Burgkart R et al. Limb salvage with tumor 
endoprostheses for malignant tumors of the knee. Clin Orthop 
Relat Res 2002; 405: 207-215.

9. Gupta A, Pollock R, Skinner J, Cannon SR. A knee-sparing 
distal femoral endoprosthesis using hydroxyapatite-coated 
extracortical plates: preliminary results. J Bone Joint Surg Br 
2006; 88-B: 1367-1372.

10. Tan PK, Tan MH. Functional outcome study of mega-endo-
prosthetic reconstruction in limbs with bone tumour surgery. 
Ann Acad Med Singapore 2009; 38: 192-196.

11. Wunder JS, Leitch K, Griffin AM, Davis AM, Bell RS. Com-
parison of two methods of reconstruction for primary malig-
nant tumors at the knee: a sequential cohort study. J Surg On-
col 2001; 77: 89-99.

12. Renard AJ, Veth RP, Schreuder HW, van Loon CJ, Koops HS, 
van Horn JR. Function and complications after ablative and 
limb-salvage therapy in lower extremity sarcoma of bone. J 
Surg Oncol 2000; 73: 198-205.

tients, are the most common causes of aseptic loosening 
[6,7,22,30,31]. Cementless fixation becomes a problem 
if a very long section is resected, leaving a short proxi-
mal or distal remnant [18]. In the present series, aseptic 
loosening was observed in 2 patients (6%) with a proxi-
mal and distal femoral reconstructions that was attrib-
uted to improper cement fixation.

Infection rate of primary megaprosthetic recon-
structions ranges from 2 to 35% [4,7,18,29,32] and up 
to 43% after revision surgery [4]. There are many factors 
that are difficult to control, including the large implant 
surface exposed to the environment during surgery, the 
lengthy and extensive open procedures, and the immu-
nocompromised status of the patients secondary to che-
motherapy [33]. Several methods have been devised to 
decrease the risk of infection including hygienic precau-
tions, hydrophilic materials to minimize bacterial adhe-
sion and impregnation with antiseptics and antibiotics, 
and use of titanium alloys or third generation silver-
coated metals [34]. Flap coverage facilitates eradication 
of the infection and salvage of the prosthesis by provid-
ing well-vascularized tissues [35]. Muscle and muscu-
locutaneous flaps such as the latissimus dorsi flap have 
shown better results compared to other flaps [35,36]. In 
the present study, skin necrosis and dehiscence at the 
knee wound occurred in 3 patients (9%). In 2 of these 
patients, surgical debridement and coverage using a gas-
trocnemius muscle flap was necessary.

Rupture of the extensor mechanism following 
proximal tibial resections occurs in 4-15% [3,7,11,30]. 
Biologic reconstruction is recommended [3] and pres-
ervation of the continuity of the extensor mechanism 
by periosteal elevation. Extracortical bone bridging has 
been considered responsible for stability of the mega-
prosthesis [16,22,37]. Others reported that extracorti-
cal bone bridging is a common radiological finding but 
it does not seem to contribute to additional stability [38]. 
In our series, although we cannot document stability by 
extracortical bone bridging, in none of the patients with 
aseptic loosening extracortical bone bridging was ob-
served.

In the present study, 23 patients (70%) had a mean 
Enneking (impairment) and TESS (disability) function-
al score > 70% which corresponds to a good or excel-
lent result; these results are consistent with the litera-
ture [10,19]. Hip procedures had a lower impairment 
and higher disability score (mean Enneking score 77%; 
mean TESS score 90.6%) compared to knee proce-
dures (mean Enneking score 79.8%; mean TESS score 
89.4%). The best results were achieved with respect to 
reduction of pain and walking ability, and participation 
in ordinary living activities. The Enneking score was 
only moderately correlated with the TESS score, as the 



360

26. Cannon CP, Zeegen E, Eckardt JJ. Techniques in endopros-
thetic reconstruction. Oper Tech Orthop 2005; 14: 225-235.

27. Bruns J, Delling G, Gruber H, Lohmann CH, Habermann CR. 
Cementless fixation of megaprostheses using a conical fluted 
stem in the treatment of bone tumours. J Bone Joint Surg Br 
2007; 89: 1084-1087.

28. Skaliczki G, Antal I, Kiss J, Szalay K, Skaliczki J, Szendroi 
M. Functional outcome and life quality after endoprosthetic 
reconstruction following malignant tumours around the knee. 
Int Orthop 2005; 29: 174-178.

29. Heisel C, Kinkel S, Bernd L, Ewerbeck V. Megaprostheses for 
the treatment of malignant bone tumours of the lower limbs. 
Int Orthop 2006; 30: 452-457.

30. Jeon DG, Kawai A, Boland P, Healey JH. Algorithm for the 
surgical treatment of malignant lesions of the proximal tibia. 
Clin Orthop Relat Res 1999; 358: 15-26.

31. Muschler GF, Ihara K, Lane JM et al. A custom distal femoral 
prosthesis for reconstruction of large defects following wide 
excision for sarcoma: results and prognostic factors. Orthope-
dics 1995; 18: 527-538.

32. Wirganowicz PZ, Eckardt JJ, Dorey FJ, Eilber FR, Kabo JM. 
Etiology and results of tumor endoprosthesis revision surgery 
in 64 patients. Clin Orthop Relat Res 1999; 358: 64-74.

33. Hardes J, Gebert C, Schwappach A et al. Characteristics and 
outcome of infections associated with tumor endoprostheses. 
Arch Orthop Trauma Surg 2006; 126: 289-296.

34. Gosheger G, Goetze C, Hardes J, Joosten U, Winkelmann W, 
von Eiff C. The influence of the alloy of megaprostheses on 
infection rate. J Arthroplasty 2008; 23: 916-920.

35. Rao K, Lahiri A, Peart FC. Role of staged endoprosthetic revi-
sion with flap cover for limb salvage in endoprosthetic failure. 
Int Orthop 2006; 30: 473-477.

36. Eckardt JJ, Lesavoy MA, Dubrow TJ et al. Exposed endopros-
thesis. Management protocol using muscle and myocutane-
ous flap coverage. Clin Orthop Relat Res 1990; 251: 220-229.

37. Myers GJ, Abudu AT, Carter SR et al. Endoprosthetic replace-
ment of the distal femur for bone tumours: long-term results. J 
Bone Joint Surg Br 2007; 89: 521-526.

38. Tanzer M, Turcotte R, Harvey E, Bobyn JD. Extracortical 
bone bridging in tumor endoprostheses. Radiographic and 
histologic analysis. J Bone Joint Surg Am 2003; 85A: 2365-
2370.

13. Enneking WF. Modification of the system for functional evalu-
ation of surgical management of musculoskeletal tumors. In: 
Enneking WF (Ed): Secondary modification of the system for 
functional evaluation of surgical management of musculoskel-
etal tumors. Churchill Livingston, London, 1987, pp 626-639.

14. Davis AM, Wright JG, Williams JI, Bombardier C, Griffin 
A, Bell RS. Development of a measure of physical function 
for patients with bone and soft tissue sarcoma. Qual Life Res 
1996; 5: 508-516.

15. Glasser D, Langlais F. The ISOLS radiological implants evalu-
ation system. In: Langlais F, Tomeno B (Eds): Limb salvage—
Major reconstructions in oncologic and nontumoral condi-
tions. Springer-Verlag, New York, 1991, pp xxiii-xxxi.

16. Shin DS, Choong PF, Chao EY, Sim FH. Large tumor endo-
prostheses and extracortical bone-bridging: 28 patients fol-
lowed 10-20 years. Acta Orthop Scand 2000; 71: 305-311.

17. Bickels J, Wittig JC, Kollender Y et al. Distal femur resection 
with endoprosthetic reconstruction: a long term follow up 
study. Clin Orthop Relat Res 2002; 400: 225-235.

18. Bhangu AA, Kramer MJ, Grimer RJ, O’Donnell RJ. Early dis-
tal femoral endoprosthetic survival: cemented stems versus the 
compress implant. Int Orthop 2006; 30: 465-472.

19. Schindler OS, Cannon SR, Briggs TW, Blunn GW. Stanmore 
custom-made extendible distal femoral replacements. J Bone 
Joint Surg Br 1997; 79: 927-937.

20. Frink SJ, Rutledge J, Lewis VO, Lin PP, Yasko AW. Favorable 
long-term results of prosthetic arthroplasty of the knee for dis-
tal femur neoplasms. Clin Orthop Relat Res 2005; 438: 65-70.

21. Morgan HD, Cizik AM, Leopold SS, Hawkins DS, Conrad EU 
3rd. Survival of tumor megaprostheses replacements about the 
knee. Clin Orthop Relat Res 2006; 450: 39-45.

22. Unwin PS, Cobb JP, Walker PS. Distal femoral arthroplasty 
using custom-made prostheses. The first 218 cases. J Arthro-
plasty 1993; 8: 259-268.

23. Blunn GW, Briggs TW, Cannon SR et al. Cementless fixation 
for primary segmental bone tumor endoprostheses. Clin Or-
thop 2000; 372: 223-230.

24. Parvizi J, Sim FH. Proximal femoral replacements with mega-
prostheses. Clin Orthop Relat Res 2004; 420: 169-175.

25. Cobb JP, Ashwood N, Robbins G et al. Triplate fixation: a new 
technique in limb-salvage surgery. J Bone Joint Surg Br 2005; 
87-B: 534-539.


