
Abstract Between 1989 and 1996, 21 skeletally imma-
ture patients were treated for osteosarcoma of the extrem-
ity. Their average age was 12.6 years (range 9–16 years).
We classified the location and extent of the lesion in bone
on magnetic resonance imaging (MRI) with reference to
the growth plate and joint margin into five subtypes. This
classification served as a guide for the level of resection
and the type of reconstruction required for a limb salvage
procedure. All patients received neoadjuvant chemother-
apy using a modified T10 protocol before the definitive
operation. These patients were followed up for periods
ranging from 11–86 months, with a mean of 35.5 months.
Patients were assessed for (1) local tumour recurrence,
(2) metastatic disease, (3) allograft complications and (4)
extremity function and joint stability. Excellent function
was retained in 2, good in 13 and fair function in 6 pa-
tients. The MRI classification proved useful for the re-
section and provides an insight into the possible func-
tional outcomes.

Introduction

In children and adolescents, limb salvage surgery is being
increasingly accepted as the standard of care for most ma-
lignant neoplasms affecting the extremities. However,
segmental bone loss following tumour resection presents
reconstructive challenges similar to those in adults but
with added complexity. The primary concern in young pa-
tients is to obtain a durable construct that addresses the
problems of the future growth of the limb.

Metallic spacers and prosthesis, though suitable for
adults, are of unproved benefit in children [4]. Concerns
related to the optimal fixation to the host bone, the
longevity of the implant and the potential complications
have not been satisfactorily addressed. Biological recon-
struction with allografts or autografts or a combination of
both remains the best means to reconstruct large bone and
osteoarticular defects in children [9]. In addition, there
have been attempts to improve contiguous joint function
by means of an intercalary resection preserving the entire
or part of the articular surface. Such a resection was made
possible by understanding the metaphyseal spread of tu-
mour with reference to the adjacent epiphyseal plate [10].
In selected patients intraepiphyseal or even metaphyseal
resections have been performed with oncologically ade-
quate margins and with reasonable results [1, 2, 8]. These
joint sparing resections provide superior joint function
and congruity by retaining the patient’s own joint carti-
lage and stabilizing structures, and in some the potential
for continued axial growth.

We classified the degree of tumour extension with ref-
erence to the epiphyseal cartilage and the joint surface
into five types, based on the preoperative magnetic reso-
nance imaging (MRI) findings. This classification served
to guide the resection margin and the surgical procedure
in 21 skeletally immature patients with high-grade ex-
tremity osteosarcoma.
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Patients and methods

Between 1989 and 1996, 21 skeletally immature patients with os-
teosarcoma were treated with neo-adjuvant chemotherapy and
limb salvage surgery. Their average age was 12.6 years (range
9–16 years). All patients were diagnosed with stage II B osteosar-
coma in the extremity after a complete imaging work-up which
comprised whole-body scintigraphy, thoracic computed tomogra-
phy (CT) scan, and MRI of the affected limb followed by an open
biopsy (Table 1). MRI included coronal and axial T1-weighted se-
quences prior to and following gadolinium enhancement together
with pre-contrast sagittal T2-weighted and fat-suppressed coronal
sequences. Particular attention was paid on MRI to the distance be-
tween tumour/peritumoral oedema and the physes or the joint sur-
face. Based on the MRI findings, we classified the tumours into

five types according to the location and extent of the lesion with
reference to the growth plate and joint margin (Fig.1). Resection of
the tumour with “wide” margins was performed after completion
of two cycles of chemotherapy using a modified T10 protocol [11].

Tumor location

In type 1 lesions (n = 6), the tumour is located more than 2 cm
from the epiphyseal cartilage (Fig.1). In these patients the tumour
was excised with retention of the physeal plate and a small portion
of the adjacent metaphysis (Fig.2a). An intercalary allograft was
used to reconstruct the defect (Fig.2b).

In type II lesions (n = 3), the tumour is located within 2 cm of
the epiphyseal cartilage (Fig.1). The tumour was excised, and the
plane of resection was juxtaphyseal and passed either through or
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Table 1 Patient data (NED no
evidence of disease, DOD died
of disease, DOC died of com-
plications, AWD alive with dis-
ease)

Patient Sex/age Site Extent Reconstruction Follow-up Function Local Survival 
(years) of tumour (months) recurrence data

WCK M/9 Femur Type I Intercalary 11 Good No DOD
KSY F/9 Femur Type I Intercalary 26 Good No NED
KCY M/11 Femur Type I Intercalary 75 Good No NED
CHW M/16 Femur Type I Intercalary 24 Good No NED
LCK M/16 Femur Type I Intercalary 20 Good No NED
TCY F/16 Tibia Type I Intercalary 64 Excellent No DOD
YCY F/10 Femur Type II Intercalary 28 Good No AWD
WTP M/10 Femur Type II Intercalary 30 Good No NED
BWY F/11 Femur Type II Intercalary 60 Good No NED
AMW M/16 Femur Type III Intercalary 62 Good No AWD
LWS M/14 Tibia Type III Intercalary 61 Good No NED
SKW M/10 Femur Type IV Osteoarticular 13 Good No DOC
TCW M/9 Femur Type IV Osteoarticular 14 Fair Yes DOD
CHL M/16 Femur Type IV Osteoarticular 27 Fair No DOD
PTM M/14 Tibia Type IV Osteoarticular 36 Fair Yes DOD
PK F/16 Tibia Type IV Osteoarticular 21 Fair No DOD
ISM M/11 Femur Type IV Osteoarticular 86 Fair No NED
NWL M/14 Radius Type IV Osteoarticular 30 Good No NED
WCT M/13 Tibia Type V Arthrodesis 36 Good No DOD
YLP F/13 Humerus Type V Arthrodesis 38 Excellent No NED
LYM F/13 Tibia Type V Arthrodesis 18 Good No NED

Fig.1 Classification of the tu-
mours according to their extent
in relation to the epiphysis and
the articular surface on mag-
netic resonance imaging (MRI)



just beyond the epiphyseal cartilage, resulting in complete or par-
tial ablation of the growth plate (Fig.3a). An intercalary allograft
was used to bridge the defect (Fig.3b).

In type III lesions (n = 2), the tumour extends to or beyond the
epiphyseal cartilage, but more than 1 cm of epiphyseal tissue is re-
tained beyond the tumour (Fig.1). An intercalary resection through
the epiphysis with preservation of a thin layer of articular cartilage
and subchondral bone was performed in these patients. The growth
plate cartilage was included in the resection, and an intercalary al-
lograft was used for reconstruction in these patients (Fig.4).

In type IV lesions (n = 7), the tumour breaches the physes and
extends to the subchondral region but does not breach the articular

surface (Fig.3). Less than 1 cm of epiphyseal tissue is preserved,
and joint-sparing resection was not possible in view of the inade-
quate margin. An osteoarticular resection, in which the articular
end of the affected bone is excised, was performed. The joint was
reconstructed with an osteoarticular allograft in order to retain
joint motion.

In type V lesions (n = 3), the tumour breaches the articular sur-
face and involves the adjacent joint. Extraarticular resection and
joint arthrodesis were performed in these patients.

All the specimens were histologically examined for assessment
of tumour necrosis and adequacy of resection margins. Margins
were considered adequate (“wide”) if there was a layer of normal
tissue surrounding the tumour on histological sections. Adequate
(“wide”) margins were attained in 19 of the 21 patients. In two pa-
tients (type II and type V), the margins were “marginal” at some
areas of soft-tissue extension. The margins in bone were wide.

The follow-up period ranged from 11 to 86 months, with a
mean of 35.5 months. Patients were assessed for (1) local tumour
recurrence, (2) metastatic disease, (3) allograft complications and
(4) extremity function and joint stability. Extremity function was
assessed using a system of functional evaluation, while joint sta-
bility was assessed clinically [3].

Results

Local tumour recurrence

There were two local recurrences (Table 1 and 2). These
occurred in patients with type IV and type V tumour loca-
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Fig.2 a Intercalary excision of a femoral type I lesion. Resected
specimen showing extent of tumour and its metadiaphyseal extent.
b Femoral allograft reconstruction. The epiphysis and part of the
metaphysis is spared

Fig. 3 a MRI of distal femur showing type II location of tumour
(tumour just touches epiphyseal plate). b Radiograph showing in-
tercalary reconstruction of the femur with an allograft. The resec-
tion is through the physes and the joint surface is preserved

Fig. 4 a Radiograph of tibial osteosarcoma type III location. b
Type III lesion and extent of proposed intercalary resection. Re-
section plane is intra-epiphyseal. c Resected specimen of the tibia
showing intra-epiphyseal plane of resection. The growth plate car-
tilage can be clearly seen. d Radiograph showing intercalary re-
section and reconstruction with an allograft. The thin proximal tib-
ial fragment is secured to the allograft using wire loops



tion and were seen at 8 months and 24 months after the
operation respectively. In both patients, adequate margins
were achieved, but tumour necrosis following chemother-
apy was less than 50%. In the two patients with “marginal
margins”, no local recurrences were observed. Both these
patients had an excellent response to chemotherapy, with
tumour necrosis in excess of 90 %.

Metastatic disease/survival

Eight patients (38%) died subsequently, including the two
patients with local recurrence. Seven patients died of 
pulmonary metastases, and one of adriamycin toxicity 
11 months after surgery. Mean time of death was 
30 months after diagnosis. Kaplan-Meier survival analysis
was done, and median survival was 42.5 months. The
mortality in relation to location of disease is given in
Table 2.

Allograft complications

There were seven allograft complications, (33%), consist-
ing of delayed union (n = 2),fracture (n = 3) and infection
(n = 2). Delayed union of the host allograft junction was
treated successfully with cancellous bone grafting.

Allograft fracture was seen in three patients. In two pa-
tients the fracture occurred at the diaphyseal location and
required salvage with a vascularised bone graft. One of
these two patients developed major infection in the allo-
graft, requiring repeated debridement and eventual sal-
vage with another bone grafting procedure. One patient
with a type II lesion underwent intercalary resection of the
tumour in the proximal tibia. The proximal articular sur-

face fractured 22 months after the operation. Arthrodesis
of the knee was performed later with a good result.

Allograft-related infection was seen in two patients.
The chronic discharging sinuses were treated with de-
bridement and gentamicin bead implantation. The infec-
tions were controlled, and the extremity function re-
mained unaffected.

Extremity function and joint stability

In type I, II and III lesions, excellent or good function was
achieved in all 11 patients (Table 3). Mean articular range
of motion was 68% (range 52%–89%) of the unaffected
side.

Joint stability was preserved in all 11 patients. For type
IV lesions, one of the patients had good extremity func-
tion, while the remaining six had fair extremity function.
The mean articular motion retained was 43% of the unaf-
fected side (range 34%–58%). Good joint stability was re-
tained in one patient. In six patients the reconstructed
joints were unstable and required the use of a permanent
external brace for support. In type V lesions arthrodesis
was performed. All patients had good extremity function
and excellent stability across the fused joint. Limb length
discrepancy was noted in all patients and ranged from
2–13 cm.

Discussion

Joint instability and incongruity are major problems with
osteoarticular allografts in children. Bone allografts are
almost always obtained from adult patients, and this re-
sults in a size mismatch when used in children. Progres-
sive articular degeneration has been observed as early as 
3 years after implantation [9]. Multi-directional joint in-
stability persists despite ligamentous reconstruction, and
these patients require permanent use of a supporting
brace. Thus, intercalary resection results in superior joint
and extremity function as articular stability is preserved.
The problem of cartilage and joint degeneration that oc-
curs with osteoarticular allografts is also avoided. Our
classification of the location of the tumor with reference
to the epiphyseal plate is a useful guide for planning the
most appropriate resection.

There are, however, problems associated with the se-
cure stabilization of the relatively short distal bone seg-

330

Table 2 Type of lesion margins, recurrence and mortality

Wide Local Marginal Local Deaths
margins recur- margin recur-

rence rence

Lesion
Type I (n = 6) 6 2
Type II (n = 3) 3
Type III (n = 2) 2
Type IV (n = 7) 2 1 1 0 4 + 1 (DOC)
Type V (n = 3) 2 1 1 0 1

Table 3 Functional results
Lesion Type of Range of joint motion Extremity function

reconstruction (compared to 
opposite normal side) Excellent Good Fair

Types I, II, III Intercalary 68% 1 10
(n = 11) Range 52%–89%

Type IV Osteoarticular allografts 43%
(n = 7) Range 34%–58% 1 6

Type V Allograft arthrodesis Fused 1 2
(n = 3)



ments following intercalary resections for type II and type
III cases. Conventional methods of skeletal stabilization
need to be modified. The residual fragments bearing the
articular end are so small that wire loops and Kirschner
wires are the only suitable implants that could be used
without damaging the articular surface. The joint there-
fore needs to be immobilized, and this mandatory immo-
bilization required may offset some of the advantages of-
fered by such limited resections.

Technically, wide resections as performed for patients
of our series are perhaps best described as “limited” re-
sections to distinguish them from marginal resections
where the tumour extends to the resection boundary. Che-
motherapy-induced tumour necrosis influences the
chances of long-term survival as well as of local recur-
rence [5, 6]. The rate of local recurrence in this small se-
ries is 9.5% and appears to be unrelated to the margins.
We have made no attempt to correlate the local recurrence
rate and the degree of tumour necrosis as the numbers are
too few for any meaningful statistical evaluation.

The relatively high rate of distant metastasis (38%),
and thus the mortality, may be related to resistant tu-
mour. The possibility of resistant disease and inefficacy
of chemotherapy are important factors that may influ-
ence the choice of surgery. Our surgical practice tends to
favour intercalary resection with its obvious functional
advantages, and for that we have found this classifica-
tion to be useful. Intercalary resections are possible in
types I, II and III locations, while in types IV and V lo-
cations osteoarticular and extra-articular resections are
required. In types I, II and III cases intercalary resec-
tions are technically possible, but achieving a conven-
tionally “wide” margin may be technically difficult. In
future, we may perhaps limit these “limited” resections
to those patients in whom the response to chemotherapy
has been unequivocally good (as judged by thallium
scans [7] or serial MR) so that we minimize the risk of
residual disease and local recurrence.
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