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Abstract
The proximal tibia is one of the most common locations for primary malignant bone tumours and is usually seen in a popula-
tion that has not attained skeletal maturity. Most of the surgical techniques for resection and reconstruction of the proximal 
tibia in children involves sacrificing the distal femoral epiphysis, which leads to a significant limb length discrepancy. Hemi-
arthroplasty is a relatively lesser known technique for knee joint reconstruction that preserves one of the epiphyses around 
the knee joint. Pedicle freezing is a sterilization technique used to treat malignant bone tumours, without performing an 
osteotomy of the diaphysis, thereby preventing non-union which is the most common complication of biological reconstruc-
tion techniques. We describe the surgical technique of hemiarthroplasty of the pedicle-frozen proximal tibia for malignant 
bone tumours of the proximal tibia. This is a novel, safe and effective reconstructive method in children, resulting in reduced 
limb length discrepancy and excellent functional outcomes.
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Introduction

After the distal femur, proximal tibia is the second most 
common site of involvement for primary malignant bone 
tumours, and the majority of these bone tumours occur in 
the paediatric and adolescent age group with significant 
remaining growth potential [1]. Biological reconstruction 

of the proximal tibia following resection of bone tumour in 
the form of allografts or recycled autografts are expected to 
provide long-lasting reconstruction [2]. Most of the surgical 
techniques for resection and reconstruction of the proximal 
tibia in children involves sacrificing the distal femoral epi-
physis, which leads to a significant limb length discrepancy. 
In young patients with proximal tibia tumours not extend-
ing into the knee ligaments and the capsule, resurfacing or 
hemiarthroplasty of the proximal tibia spares the physis 
of the distal femur, thereby reducing the final limb length 
discrepancy at skeletal maturity [3]. Among the limited 
reported cases of hemiarthroplasty around the knee, the 
joint resurfacing has all been performed on bone allograft, 
and the resurfaced allograft has been used to reconstruct the 
resected proximal tibia [3–6]. There is no literature avail-
able for hemiarthroplasty performed on sterilized bone auto-
graft following resection for malignant bone tumours of the 
extremities.

We report a novel surgical technique of hemiarthroplasty 
in a pedicle-frozen proximal tibia that has been sterilized 
with liquid nitrogen to eradicate the tumour cells, without 
performing the osteotomy to deliver the tumour-bearing seg-
ment from the limb.

Case selection is more important than the surgical tech-
nique itself and this technique is beneficial in paediatric 
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patients in whom further significant growth is expected 
from the distal femoral physis. The tumour has to the local-
ized to the proximal tibia with no skip lesions and articular 
or capsular extension. Non-metastatic disease with limited 
soft tissue extension and good response to neo-adjuvant 
chemotherapy are favourable indications for this technique. 
In metaphyseal paediatric malignant bone tumours of the 
long bones, if the epiphysis is spared by the tumour, trans-
epiphyseal resection is attempted to salvage the knee joint. 
But if the physeal growth plate is breached with tumour 
extension into the epiphysis, joint cannot be salvaged and 
has to be reconstructed (Fig. 1).

Surgical Technique (Video 1)

With the patient in a supine position and under general 
anaesthesia and tourniquet in the thigh, a curvilinear incision 
should be made along the medial aspect of the distal thigh 
and knee joint extending over the anteromedial aspect of 
the right proximal leg (Fig. 2). Gracilis and semitendinosus 

tendons (medial hamstrings) should be identified on sub-
cutaneous dissection over the medial aspect of the proxi-
mal leg and tagged with fibre wires to prevent them from 
being retracted proximally into the thigh. With the knee 
joint in flexion, the medial gastrocnemius should be cut at 
its attachment to the posterior femoral condyle taking care 
not to damage its vascular pedicle and the underlying poste-
rior tibial neurovascular bundle is isolated and tagged. The 
patellar tendon, knee joint capsule and medial collateral 
ligament should be cut close to their respective attachment 
on the tibia. The cruciate ligaments exposed after anterior 
subluxation of the knee joint is cut close to the tibial articu-
lar surface (Fig. 3). While maintaining adequate soft tissue 
margins circumferentially, the proximal half of the tibia is 
skeletonized and separated from the surrounding tissue and 
prepared for pedicled freezing (Fig. 4).

The pedicled freezing sterilization of the proximal 
tibia is performed as per the described standard technique 
[7] (Fig. 5). The intramedullary extent of the tumour on 

Fig. 1   Plain radiograph of the 
right knee with an osteolytic 
lesion in the medial aspect of 
the proximal tibia metaphysis 
with a wide zone of transition, 
in a patient with high-grade 
conventional osteosarcoma 
(A). T2-weighted magnetic 
resonance imaging of the proxi-
mal tibia before chemotherapy 
with tumour extending till the 
growth plate and no obvious 
extension into the epiphysis (B). 
T1-weighted magnetic reso-
nance imaging after two cycles 
of chemotherapy with varus col-
lapse of the proximal tibia and 
suspicious breach of the growth 
plate (arrow) and tumour exten-
sion into the epiphysis (C)

Fig. 2   Planned line of incision over medial aspect of right knee and 
leg including the biopsy scar, with patient in supine position

Fig. 3   Subluxated knee joint with posterior cruciate ligament and 
tagged posterior tibial neurovascular bundle
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radiological examination along with an additional 2 cm 
as oncological margin is marked and the proximal tibia is 
immersed in liquid nitrogen upto the marked extent. Follow-
ing cryo-sterilization and thawing, the medullary canal of 
the proximal tibia is reamed, and a seven-degree posterior 
slope tibial cut is taken with the help of a cutting jig. The 
articular surface of the tibia is reconstructed using a com-
mercially available tibial tray of a total knee arthroplasty 
system, with bone cement (Fig. 6). Stem extension (pref-
erably uncemented) is used with the tibial tray to obtain 
anchorage into the healthy bone (shaft of tibia not included 
in cryo-sterilization), such that the stem extends for at least 
4 cm distal to the junction of the frozen–unfrozen bone 
interface.

Once the cement is set, a suture anchor with multiple 
fibre wires is inserted into the attachment site of the poste-
rior cruciate ligament (PCL) on the recycled tibia. The knee 

joint is relocated and the posterior capsule of the knee joint 
is first reconstructed with adequate tension, followed by the 
PCL (Fig. 7). A polyethene tibial insert that articulates well 

Fig. 4   Skeletonized proximal tibia before (A) and after (B) preparing for pedicle freezing liquid nitrogen sterilization

Fig. 5   Frozen proximal tibia being thawed in room air

Fig. 6   Implantation of frozen proximal tibia with bone cement around 
the proximal tibial base plate and an uncemented stem (small-sized 
cemented tibial tray [Nexgen LPS, Zimmer, Warsaw, IN, USA])

Fig. 7   Reconstruction of posterior capsule with multiple non-absorb-
able fibre wires
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with the distal femoral articular surface is chosen and the 
insert which is thick enough to keep the knee joint taut is 
implanted. The capsule of the knee joint is then circumfer-
entially reconstructed with multiple interrupted non-absorb-
able sutures and fibre wires. The patellar tendon and the 
medial hamstrings are anchored back into their respective 
site of attachments and the proximal tibia is covered by rotat-
ing the medial gastrocnemius flap [8] (Fig. 8). The wound 
is closed in layers over a suction drain. The knee joint is 
immobilized with a long posterior knee slab till the wound 
heals and is later immobilized on a long cylindrical cast for 
the next 2 months.

Upon removal of the cast, gentle assisted knee range of 
motion is initiated. Partial weight-bearing is started about 
3 months after surgery and weight-bearing is gradually 
increased over the next 3 months. An adjustable walker 
should be used for support while ambulating for the first 
6 months and later replaced with an elbow crutch for the 
next 3 months. Full weight-bearing ambulation without 
support is generally started around 7–9 months after sur-
gery. Care is taken with weight-bearing and assistance is 
compulsory in patients receiving adjuvant chemotherapy to 
prevent fracture. Serial plain orthogonal radiographs should 
be obtained once every 3 months for the first year, and once 
in 6 months thereafter. Retained growth at the distal femoral 
growth plate as evidence in the radiograph depicts success-
ful intent of the procedure (Fig. 9). Recycled proximal tibia 
gradually gets hypertrophied (Fig. 9).

Discussion

While reconstructing the proximal tibia following bone 
tumour resection, maintaining the mechanical stability at 
the knee joint, allowing biological reconstruction of the 
extensor mechanism, and retaining maximum bone stock, 
all are crucial. The technique of bone allograft-prosthesis 
composite (APC) combines the advantages of prosthetic and 

Fig. 8   Pedicled medial gastrocnemius muscle flap rotated over the 
sterilized bone forming a pseudocapsule

Fig. 9   Plain radiograph of the 
proximal tibia and knee with 
anteroposterior and lateral 
views following pedicle freez-
ing and hemiarthroplasty of 
the proximal tibia 1 year (A), 
2 years (B), 3 years (C) and 
4 years (D) after the surgery
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biological reconstruction, providing satisfactory functional 
outcomes and survival of the construct [9]. However, APC 
reconstruction of the proximal tibia in children necessitates 
resection of distal femoral physis, which can result in limb 
length discrepancy (LLD) at skeletal maturity. To reduce 
the LLD, only the proximal tibia can be resurfaced (hemi-
arthroplasty) and made to articulate with the distal femur, 
without removal of the distal femoral physis. Hemiarthro-
plasty can be performed as a definitive procedure or used 
as a temporary measure to extract the full potential of the 
distal femoral growth plate, before performing definitive sur-
gery at adolescence or adulthood. The surgical technique of 
hemiarthroplasty of the proximal tibia has been elaborately 
described [3]; but, there are very few studies available in 
the literature reporting the outcome of this technique [4, 
5]. Campanacci et al. reported good or excellent functional 
outcomes at a mean follow-up of 85 months in 8 of their 13 
paediatric patients, who underwent hemiarthroplasty of the 
allograft for proximal tibia reconstruction. The mean con-
struct survival was 68 months; five patients in whom implant 
was retained for more than 100 months showed radiographic 
evidence of degenerative changes in the distal femur, but 
only one patient presented with severe arthritis [4].

Osteoarticular allograft of the proximal tibia is another 
method of saving the distal femur growth potential. Despite 
having the biological advantage over an endoprosthesis, 
osteoarticular allografts are associated with high mechani-
cal failure rates and infection [10, 11]. There is a high risk 
of subchondral collapse if osteoarticular allografts as creep-
ing substitution do not occur at the articular end [11]. The 
subchondral collapse may be the reason why osteoarticular 
allografts fail more frequently than intercalary allografts, 
and prosthetic replacement of the articular surface may pro-
long the survival of osteoarticular allografts [12].

Endoprosthesis (EP) reconstruction of proximal tibia 
results in early return to activities, independent ambula-
tion and weight-bearing. The loss of distal femoral growth 
plate adds to the LLD and the rates of complications tend to 
increase with age; hence EP does not seem to be a favour-
able option in younger individuals [13]. Even non-invasive 
lengthening implants have not shown benefits over conven-
tional designs and are associated with a higher risk for infec-
tion and amputation [14].

Tsuchiya et al. described the technique of sterilizing 
tumour-bearing bone with the hypothermic effect of liquid 
nitrogen and reimplantation of the recycled autograft [15]. In 
contrast to other sterilization techniques such as autoclaving, 
pasteurization and irradiation, the capacity of bone induction 
due to retention of bone morphogenic proteins is maintained 
during cryo-sterilization thereby facilitating bone union and 
strength. The technique of cryo-sterilization was later modi-
fied to prevent the complications of delayed union and non-
union [16]. In the modified “pedicle freezing” technique, the 

diaphyseal osteotomy is avoided, and the tumour-bearing 
segment is delivered extracorporeal from the surrounding 
soft tissue attachments for sterilization while maintaining 
the bony continuity [7, 16]. Following pedicle freezing of 
the proximal tibia, either recycled bone-prosthetic composite 
or an osteoarticular reconstruction is performed to obtain a 
functional knee joint. The technique described here involves 
a combination of preserving the growth plate of the distal 
femur by performing the hemiarthroplasty of the proximal 
tibia and the advantage of not performing a tibial osteotomy 
by performing pedicle freezing. As per the combined knowl-
edge of the authors, hemiarthroplasty of a pedicle-frozen 
proximal tibia has never been reported to date.

Deep infection and failure of the extensor mechanism are 
the common early complications of biological reconstruction 
of the proximal tibia [4]. A longer follow-up is warranted as 
late complications of bone allograft or recycled autograft 
like metaphyseal collapse or fracture and bone resorption 
are not uncommon [4, 17]. There is a high prevalence of 
metaphyseal fracture (up to 80%) in osteoarticular proximal 
tibia reconstructions [18]. Manfrini et al. [3] in their initial 
description of hemiarthroplasty of the proximal tibia, used 
a short-stemmed tibial component and a plate that spanned 
adequately beyond the allograft into the host bone to sta-
bilize the construct. Eventually, with the experience of the 
technique, they suggested the use of a long-stemmed tibial 
component to reduce the chances of graft fracture; they also 
recommended against the use of bone cement in the host 
bone as it sacrifices the diaphyseal bone stock in children 
[3]. We prefer to use bone cement around the metaphysis of 
the frozen bone and underneath the tibial baseplate, with an 
uncemented stem extension that extends well into the unfro-
zen host bone. The pedicle-freezing technique enables not to 
supplement the construct with plate fixation as osteotomy is 
not performed. Lesser orthopaedic hardware and limited use 
of bone cement can be considered advantages, especially in a 
younger age group of patients who might require additional 
surgeries in the future where the preserved bone stock may 
be essential.

Conclusion

Indications for hemiarthroplasty is crucial; children who are 
younger than 12 years at the time of surgery, with tumour 
not involving the articular cartilage, knee joint capsule or 
the cruciate ligaments are ideal candidates for the proce-
dure [3]. Hemiarthroplasty around the knee joint in children 
considerably lessens the LLD at skeletal maturity, reduc-
ing the number of surgeries and allowing surgeons more 
options for reconstruction [5]. Liquid nitrogen sterilization 
of bone tumours yield recycled autografts with better bone 
healing with fewer complications [17]; pedicle freezing of 
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the proximal tibia avoids the need for an osteotomy its asso-
ciated complications. Hemiarthroplasty of a pedicle-frozen 
proximal tibia in a child is a novel, simple and effective 
technique of biological reconstruction in select cases.
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