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Abstract Modular segmental replacement system (MSRS) is
one of the options for Limb conservation surgery in bone
tumors. The study analyses a single center experience of use
of MSRS for limb conservation in cases of primary bone
tumors. Retrospective analysis was done for a series of cases
of limb salvage procedures done over a five year period. All
Patients with bone tumors who underwent limb salvage pro-
cedures utilising MSRS prosthesis were included in the study.
The patients’ record were perused for pre operative staging;
neoadjuvant therapy used, if any; surgical procedure done;
follow-up for prosthesis related complications and overall
survival achieved. Total of 50 cases studied,included 28 males
and 22 females . Median age at diagnosis of 28 (10-73) years.
Tumor localized in lower limb in 38 patients, and upper limb
in 12 patients. Tumors were malignant in 28 patients (56 %)
and benign in 22 (44 %). The most common diagnosis was
osteosarcoma (21 patients (42 %)) . The median resection
length was 15 cm (range 6-25). High grade tumors (grade
2a and 2b) was found in 27 of 29 cases(93.1 %) . 14 patients
had prosthesis related complications. The mean follow-up was
5 years (range: 3—7). 42 patients of 50 were alive with the
endoprosthesis at the last follow-up. Survival rate of prosthe-
sis is 84 %. The modular segmental-replacement system pros-
thesis favoured by us in limb sparing surgery for bone tumors
results in satisfactory results in terms of tumor control and
limb function.
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Introduction

Amputation had been the standard method of treatment
for most bone sarcomas, but the 1980s witnessed the
development of limb-sparing surgery for most malignant
bone tumors. Today, limb-sparing surgery is considered
safe and routine for approximately 90 % of patients with
extremity malignant bone tumors .[1] Advances in ortho-
paedics, bioengineering, radiographic imaging, radiother-
apy, and chemotherapy have contributed to safer, more
reliable surgical procedures. Currently, the three most
popular options are using an endoprosthesis, allograft-
prosthetic composite and biological reconstructions.
Each of those methods has its short- and long-term
advantages and disadvantages, and a surgeon should con-
sider each patient individually.[2] We describe a
single centre experience of using modular segmental-
replacement system prosthesis for limb salvage.

Patient and Method

Study Design A retrospective analysis of 50 patients treated
by Limb Salvage procedures in bone tumors during a 5 year
period (2004-2008) at a large tertiary care referral centre.

Inclusion Criteria

All Patients with bone tumors who underwent limb salvage
procedures utilising modular segmental-replacement system
prosthesis

Exclusion Criteria

Patients with bone tumors in whom limb salvage was not

possible. The criteria used to determine if the limb was
worthy of salvage were as follows:
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1. The major neurovascular bundle is free of tumor.

2. Wide resection of the affected bone with a normal
muscle cuff in all directions is possible.

3. All previous biopsy sites and all potentially contaminat-
ed tissues can be removed en bloc.

4. Bone can be resected 3 to 4 cm beyond abnormal uptake
as determined by bone scan

5. The adjacent joint and joint capsule can be resected.

6. Adequate motor reconstruction can be accomplished by
regional muscle transfers.

7. Adequate soft tissue coverage is possible to decrease the
risk of skin flap necrosis and secondary infection.

Investigations Standard Investigations done at our Center
for all the patients include X ray of the part involved and of
the chest, Computed Tomography of the part and of the
chest, and magnetic resonance imaging of the part and, in
some patients,magnetic resonance angiograph. All these
findings were recorded. Following non invasive investiga-
tions, biopsy of the lesion is performed. At our institute we
prefer core needle biopsies/J-Needle biopsies (image guided
biopsies are preferred in deep seated tumors which are
difficult to palpate). An open biopsy was performed in a
few selected cases when core biopsies have failed to achieve
a diagnosis. All biopsies were performed by a trained
oncosurgeon and planned in such a way that the biopsy scar
can be safely included in the incision while performing
definitive surgery. At our institution the use of FNAC is
generally restricted to the confirmation of suspected metas-
tasis. Metastatic workup also includes Positron Emission
Tomography/Computed Tomography (PET/CT) and Tc
99 M Bone Scan.

Neoadjuvant Therapy Before consideration of limb preser-
vation, the patients were appropriately staged and assessed
at a multidisciplinary tumor board meet. All patients with a
proven histopathology of osteosarcoma and ewings sarcoma
were given neoadjuvant chemotherapy. At our centre we use
3 cycles of IAP(Ifosfamide 1.5 gm/m2 Day 1-3,
Adriamycin 25 mg/m2 Day 1-3, Cisplatin 90 mg/m?2) as
neoadjuvant for Osteosarcomas and 4 cycles of IE/VAC
(alternating, Ifosfamide 2 gm/m2 Day 1-3, Etoposide
100 mg/m2 Day 1-3, Vincristine 1.4 mg/m2, Adriamycin
60 mg/m2, Cyclophosphamide 600 mg/m2) for Ewing’s
sarcoma. Response to chemotherapy was assessed by imag-
ing modalities and compared with previous imaging
findings.

Surgical Approach The surgery was performed according to
the general principles of limb salvage surgery as outlined
previously. We have used the modular segmental-
replacement system prosthesis (with a bipolar component)
for the proximal part of the humerus and the proximal part

of the femur,and a simple-hinge component (Howmedica)
for the knee joint, the proximal part of the tibia, and the
distal part of the femur. All stems are cemented in place. We
have used extra cortical fixation for femoral and tibial com-
ponents but not humeral components.

Postoperative Follow-up Isometric exercises and mobiliza-
tion with crutches were started on 2nd postoperative day.
The patients thereafter received adjuvant chemotherapy tai-
lored to the degree of response seen to the neoadjuvant
chemotherapy as evident on histopathology report.

Post Discharge Follow-up The patients were followed up
on quarterly basis for initial two years and thereafter on six
monthly intervals. On follow-up visits, a thorough clinical
examination was carried along with digital X-ray of the
part. Chest imaging was done routinely by digital X ray
and CT Scan of the chest done, if a suspect lesion was seen
on the X ray chest. Bone scan was done as a routine on
yearly basis while PET-CT was reserved for suspected
metastatic lesions.

Result

Demography In the study period a total of 50 cases were
studied which included 28 males and 22 females with a
median age at diagnosis of 28 (10-73) years. The age
distribution of the cases is as per Fig. 1.

Clinical Presentation Upper limb involvement was present
in 12 patients and lower limb in 38 patients. Tumor was
localized in proximal femur in 2 patients, distal femur in 22
patients, proximal tibia in 11 patients, distal tibia in 3
patients, proximal humerus in 8 patients and distal humerus
in 4 patients. The malignant bone tumors were present in 28
patients (56 %), benign tumors in 22 (44 %),. The most
common diagnosis was osteosarcoma in 21 patients (42 %),

Age Distribution of the cases
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Ewing sarcoma in 4 patients (8 %), Chondrosarcoma in
3(6 %) and giant cell tumor of bone in 22 patients (44 %).
Figure 2 represents a composite distribution of tumor type
and anatomical site.

Surgical Resection The median resection length was 15 cm
(range 6-25): the longest resections were performed in distal
femur (median 16 cm, range 12-25), followed be proximal
femur (median 15 cm, range 6-25) proximal tibia (median
12 cm, range 7-15) . No extra reconstructive interventions
were needed for soft tissue coverage in any patients.

Histopathology High grade tumors (grade 2a and 2b) were
found in the majority of malignant bone tumors, 27 of 29
(93.1 %) . Detailed histological findings and tumor grades
are shown in Table 1.

Complications 14 patients had complications details of
which, treatment methods, and final results are shown in
Table 2.

Follow Up The mean follow-up was 5 years (range: 3-7).
17 of 50 patients had follow-up for more than 5 years. Five
of our patients developed pulmonary metastasis during fol-
low up after surgery. Four patients underwent pulmonary
metastatectomy and are disease free at the last follow up.
Patients who died due to tumor are as follows: 6 of 21
patients with osteosarcoma (30.0 %), 1 of 4 patients with
Ewing sarcoma (25 %)1 of 3(33.3 %) patients with
chondrosarcoma. In total, during the follow-up period, 8 pa-
tients died due to tumor. 42 patients of 50 were still living
with the endoprosthesis at the last follow-up. Survival rate
of prosthesis is 84 %. At the last control examination, 38
patients showed no evidence of the primary disease.

Composite distribution of tumor types
with their anatomical localisation
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Fig. 2 Composite distribution of tumor types with their anatomical
localisation
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Discussion

Primary malignant bone tumors are relatively uncommon
lesions. Before the 1970s, management routinely consisted
of trans bone amputations or disarticulations, with dismal
survival rates (10 % to 20 %). With the development of
more effective chemotherapeutic agents and treatment pro-
tocols in the 1970s and 1980s, survival rates improved.
This,along with better imaging modalities, allowed the fo-
cus of management to shift to limb preservation[1-3]
Osteosarcoma is the commonest malignant bone tumor.[4]
It accounted for 42 % of all bone tumors and 75 % of the
malignant type in our series. Before the use of chemother-
apy (which began in the 1970s), osteosarcoma was treated
primarily with surgical resection (usually amputation).
Despite such good local control, more than 80 % of patients
subsequently developed recurrent disease that typically
presented as pulmonary metastases.[4] The high recurrence
rate indicates that most patients have micro metastatic dis-
ease at the time of diagnosis. The“neoadjuvant (pre-opera-
tive) chemotherapy” has the theoretical advantage of
addressing these occult micro metastases. It has been found
to facilitate subsequent surgical removal by causing tumor
shrinkage and also by“sterilizing” the reactive zone around
the tumor by destroying microscopic disease at the periph-
ery of the primary lesion.[5, 6] Additionally, in some pa-
tients with a relative contraindication to limb salvage, such
as a pathologic fracture in the upper extremity, the use of
chemotherapy with a favourable response may allow limb
salvage to be considered.[7] It also provides oncologists
with an important risk parameter. Patients in whom there
has been a good histopathologic response to neoadjuvant
chemotherapy (>95 % tumor cell kill or necrosis) have a
better prognosis than those whose tumors do not respond as
favourably.[8] Hence, we use neoadjuvant chemotherapy as
a routine for osteosarcoma and ewings sarcoma. In our
series, during the follow-up, 8 out of 28 cases of malignant
tumors died. The cumulative 5-year survivorship was 38 %.
Other similar series report 5 year survivor ship ranging from
28 % to 76 %.[9] It must be borne in mind there were
relatively larger percentage of high grade tumors in our
series and also that it includes chondrosarcoma which do
have a viable and effective chemotherapy regimen.
Currently, 80 % to 85 % of patients with primary malignant
bone tumors involving the extremities (osteosarcoma, Ewing’s
sarcoma, and chondrosarcoma) can be treated safely with wide
resection and limb preservation with or without
reconstruction.[9] Simon et al. [10] published the first
evidence-based study supporting the benefits of limb-salvage
procedures for the treatment of bone tumors. Their multicenter
study, which included 227 patients with osteosarcoma of the
distal end of the femur, reported the rates of local recurrence,
metastasis, and survival. Three groups of patients where studied:
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Table 1 Histpathological grade
distribution of the operated Tumor type
tumors
Benign Bone tumors
Grade 1 Grade 2 Grade 3 Total
Giant cell Tumor 1 7 14 22
Malignant Bone Tumors
Grade la Grade 1b Grade 2a Grade 2b Grade 3 Total
Osteosarcoma 1 1 4 15 0 21
Ewing sarcoma 0 0 1 3 0
Chondrosarcoma 0 0 0 3 0 3
Total 1 1 5 21 0 28

patients in group 1 had a limb-sparing procedure, patients in
group 2 had an above knee amputation, and in group 3, a hip
disarticulation was the procedure of choice. The Kaplan-Meier
curves of the patients who survived and the percentage of
patients without recurrent disease showed no statistical differ-
ence among the three surgical groups after a mean length of
follow-up of 5.5 years (Mantel-Cox test: P=.8). Limb-salvage
surgery was as safe as an amputation in the management of
patients with high-grade osteosarcoma. Thereafter, there have
been multiple recent studies which indicate that limb preserva-
tion is the norm is bone tumors.[11-14]

Limb-salvage procedures can be divided into two groups:
arthrodesis or arthroplasty. An arthrodesis is usually obtained
using bone allografts [ 14], vascularised autografts[15] or both.
An arthrodesis provides a stable, durable reconstruction which
requires limited postoperative follow-up. But the inherent
disadvantages include the loss of joint function, increased
energy expenditure, and the additional abnormal mechanical
stress to other joints.[16]

An arthroplasty preserves the joint. This can be accom-
plished with an allograft [17, 18] or a metallic prosthesis.[19]
Early metal designs were custom made, resulting in obvious
manufacturing delays between diagnosis and reconstruction;
consequently, intraoperative flexibility was limited .However,
malignant bone tumors are dynamic tumors that change with
time and treatment. Hence, currently endoprosthetic recon-
struction is performed with the use of modular prosthesis
(Figs. 3 and 4). Modularity of prosthetic design allows
intraoperative flexibility based on the final amount of tissue

resected. A rigorous rehabilitation program can be initiated
immediately after implantation, allowing early joint range of
motion and weight bearing. Prosthetic reconstruction carries a
lower risk of deep infection than do allografts, and non union is
not a concern because there are no osteosynthesis sites.
Endoprosthetic use also avoids the risk of disease transmission
and immune responses that exists with allograft reconstruction.
Longevity, complications, and functional outcome vary by
anatomic site, type of prosthesis, and fixation technique.[17,
20] In our series, we have used the modular segmental-
replacement system prosthesis as the preferred modality for
limb preservation. The advantages of the modular segmental-
replacement system prosthesis include simplicity, adaptability,
and reduced operating time. We had an overall complication
rate of 28 % and a prosthetic survivorship of 84 % at 5 year.
Many studies have been performed to investigate
endoprosthetic survival rates after tumor resection, but the
results cannot be summarized and systematic review cannot
be performed, mostly because of a small number of patients, as
well as different models and principles of endoprosthesis.
Tumor endoprosthetic survival rates are mostly about 60 %
to 80 % at 5 years, and 40-70 % at 10 years.[21-23] For the
current rotating-hinge knee design, reported follow-up is lim-
ited to approximately 10 years. Malawer et al. [24] in 1995
showed an 83 % survival of prostheses at 5 years and 67 % at
10 years. They had a revision rate of 15 %, infection rate of
13 %, amputation rate of 11 %, and local recurrence rate of
6 %. Overall, 44 % of patients had at least one complication. In
an attempt to determine prosthesis and extremity survivorship,

Table 2 Complications, their

treatment and final outcome Complication Diagnosis Treatment Final result
Infection GCT (2) Curettage NED(2)
OS (3) Curettage NED(3)
Local recurrance 0S (3) Forequarter amputation (2) DOD(3)

Re-resection (1)

* Number in brackets represents Loosening GCT (3) Implant Reapplied (3) NED(3)
number of patients 0S (2) Implant Reapplied (2) NED (2)
DOD died of disease; NED no Periprosthetic fracture 0OS (1) Elongation of Endoprosthesis NED (1)

evidence of disease
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Fig. 3 (a) Osteosarcoma of
upper end humerus (b)
Resection of tumor followed by
shoulder prosthesis placed

Horowitz et al. [25] reviewed their experience with 93 pros-
thetic reconstructions over 8 years: 16 proximal femur, 61
distal femur, and 16 proximal tibia. Minimum follow-up was
24 months (mean, 80 months). Prosthesis survival at 5 years
was 88 %, 59 %, and 54 % for proximal femur, distal femur,
and proximal tibia reconstructions, respectively. The overall
event-free prosthesis survival was 63 % at 5 years and 36 % at
10 years. Limb survival for the entire group was 87 % at 5 years
and 81 % at 10 years.

Loosening, dislocation is the most common complication
after primary or secondary femur endoprosthetic reconstruc-
tion, regardless the indication. In our series we noted 5 pa-
tients (10 %) with loosening of endoprosthesis, who were then
managed successfully with re application of endoprosthesis.
Periprosthetic fracture occurred in 1(2 %) patient during sport

Fig. 4 (a) Giant cell tumor
proximal end femur (b) Hip
prosthesis placed after resection
of upper end femur

@ Springer

activity and was managed with endoprosthetic elongation.
their series, Malawer et al. noted aseptic loosening as cause
for failure in approximately 20 % at 5 years and 30 % at
10 years. Similarly, a review of other series too note an
incidence of this complication ranging from 5-30 % .
Another common complication is infection. The incidence
of infection was 10 % in our study. In the previous literature,
the rate of deep infection has ranged from 4 to more than
30 %.[26] Curettage, debridement and irrigation were
performed in these patients, we had satisfactory final results.

The location of bone tumors in the growing areas of bone
commonly mandates the removal of the affected growth
plate. Subsequent continued growth in the contra lateral
extremity results in limb-length inequality which result in
orthopaedic dysfunction.[17] Expandable prosthesis were
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developed to address this issue. Custom expandable pros-
theses system consists of a fixed stem with a screw or a
multiple plate extension mechanism. The obvious disadvan-
tage in these systems is that a surgical procedure is required
for the subsequent expansions.[27] The Stanmore expand-
able prosthesis (Stanmore Implants, Stanmore Middlesex,
United Kingdom) allows non-invasive expansion. When the
implanted prosthesis is placed at the center of a rotating
electromagnetic field, the poles of a magnet within the implant
are captured, causing it to rotate in synchrony. The external
field rotates at a fixed speed, causing the implant to expand at a
rate of 0.23 mm per minute (1 mm every 4 min).[28] We do not
have experience with these systems.

It is pertinent to mention that limb salvage surgery
requires high-level infrastructure which includes an ex-
perienced multidisciplinary team of orthopaedic sur-
geons and oncologists, high-quality prostheses, a good
tissue bank for allografts, adequate blood bank facility
and state-of-the-art intensive care facilities and rehabili-
tation training modules. The prosthesis itself entails a
major cost burden. Thus, limb salvage protocols can be
implemented in limited, tertiary level centres.
Arthrodesis, as mentioned earlier, remains a viable op-
tion for limb preservation where such detailed infra-
structure does not exist. The Van Nes rotationplasty is
another alternative for skeletally immature individuals
.When an above knee amputation is indicated, a “more
functional” limb that will act as a below knee amputa-
tion can be obtained with this procedure. In a study by
Lindner et al. [29], out of 136 patients with a high
grade osteosarcoma, 79 were treated by limb salvage,
21 by Van Nes rotationplasty,and 33 by amputation .
The patients were then followed for a mean of
43 months. The authors demonstrated that the functional
result of the Van Nes rotationplasty was superior to that
of amputation or limb salvage. In our Center, we have
treated a select few cases with arthrodesis and rotation
arthroplasty too, but the number is too few to draw any
meaningful comparison.

Conclusion

The surgical management of patients with malignant
tumors of bone is challenging. The modular segmental-
replacement system prosthesis favoured by us in limb
sparing surgery for bone tumors results in satisfactory
results in terms of tumor control and limb function. The
case selection needs to be precise to obtain good long
term results. It has inherent disadvantage of requirement
of specialised infrastructure. Amputation remains as a
valid procedure in cases where limb preservation is not
possible.
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