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A B S T R A C T   

Introduction: Reconstruction of a large bone defect of the distal tibia after limb salvage surgery is difficult. The 
options include custom-made ankle endoprosthetic replacement, arthrodesis, and biological or metallic inter-
calary reconstructions. This report introduces a technique that provides the patient with a long-lasting biological 
reconstruction while preserving the native ankle. 
Presentation of case: We present the case of a 47-year-old man with osteosarcoma of the distal tibia. After neo-
adjuvant chemotherapy, wide excision was performed while preserving the ankle joint. Bone reconstruction by 
Plate-assisted bone segment transport (PABST) was performed with a non-invasive growing intramedullary nail. 
At 34 months of follow-up, there was solid union and the Musculoskeletal Tumour Society Score was 26/30. 
Discussion: This is the first report of PABST after distal tibia tumour resection. It shows that this is a viable and 
safe method of reconstruction. Despite the use of adjuvant chemotherapy, regenerate was formed and union was 
achieved. 
Conclusion: PABST is a useful tool in the armamentarium to tackle difficult large bone defects.   

1. Introduction 

Primary bone tumors affecting the distal tibial is uncommon. Only 
3.8% of osteosarcomas present at the distal tibia; the 10-year survival 
rate is 78% [1]. Below knee amputation was the standard treatment for 
such cases. However, limb salvage surgery is now the achievable goal in 
most cases in major tumour centres [2]. 

Reconstruction of the bony defect after limb salvage surgery is 
difficult in this region. If the ankle joint cannot be salvaged, the options 
include a custom-made ankle endoprosthetic replacement and arthrod-
esis. If the ankle joint can be preserved, then the options include bio-
logical (allograft, masquelet technique, recycled-bone autograft, 
vascularized or non-vascularized autograft, distraction osteogenesis) 
and metallic (intercalary prosthesis) reconstructions [2–4]. 

We report a case with distal tibia defect after osteosarcoma resection 
that used Plate-assisted bone segment transport (PABST) with a non- 
invasive growing intramedullary nail for reconstruction. This is the 
first report in the literature using this technique for reconstruction of the 
distal tibia defect after oncological resection. 

This report has been written in compliance with the SCARE 2020 

guidelines [5]. 

2. Presentation of case 

A 47-year-old non-smoking gentleman presented with right leg pain 
for a few months. Examination revealed a bony hard swelling over the 
anterolateral aspect of distal tibia with mild tenderness. 

Radiographs revealed an eccentric lytic lesion at the distal tibial 
metaphysis with cortical erosion (Fig. 1). Contrast MRI found a 27 × 44 
× 59 mm intramedullary mass with breach of the lateral tibial cortex 
and lobulated extra-osseous component. The tumour involved the 
interosseous membrane and abutted onto the fibula, anterior tibial 
neurovascular bundle and peroneal vessels. The lesion was T1-weighted 
intermediate signal, T2-weighted high signal and contrast-enhancing 
(Fig. 2). The lesion was biopsied and shown to be a chondroblastic os-
teosarcoma (Fig. 3). The patient was Enneking Stage IIB [6] as systemic 
involvement was found to be negative. Two cycles of neoadjuvant 
chemotherapy (Cisplatin & Doxorubicin) were given. 

The surgical options of limb salvage surgery and below-knee 
amputation were discussed with the patient. He refused amputation as 
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long as wide local excision was possible. Reconstruction options were 
also discussed in length during multiple visits before the surgery. 
Detailed pre-operative planning was performed based on MRI and CT 
images. Wide local excision of the distal tibia was performed by the 
corresponding author (RY) with the aid of a custom 3D-printed cutting- 

guide and computer navigation. The medial cortex of the fibula was 
resected together with the tumour. 

The resultant bony defect measured 10 cm in length with 2 cm of 
tibial plafond remaining. A Nuvasive Specialized Orthopedics (San 
Diego, USA) Precice® growing nail was inserted. Corticotomy was made 

Fig. 1. AP (A) & Lateral (B) radiograph of right distal tibia with lytic lesion at the lateral cortex.  

Fig. 2. Contrast MRI of the tumour. T1-weighted coronal (A), sagittal (B) and T2-weighted axial (C) cuts showing cortical breach of the lateral tibial cortex and extra- 
osseous soft tissue component abutting on the fibula. 
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in the proximal tibia with bone gap of 8 mm. The tibial defect was 
bridged with a 3.5 mm locking plate. There was an iatrogenic fracture of 
the distal fibula and it was fixed with a distal fibula locking plate (Fig. 4). 

Bone transport began 17 days after the operation at 1 mm per day. 
Final histology report confirmed a chondroblastic osteosarcoma with 

tumour necrosis of less than 5%. Immunohistochemical stain for IDH1 
was negative. The resection margins were clear and Ki-67 proliferative 
index was less than 1%. The patient completed 4 cycles of adjuvant 
chemotherapy (Cisplatin & Doxorubicin). Bone transport continued 
through-out his chemotherapy at 0–1 mm per day. 

At 7 months after the index surgery, the nail reached its maximum 
distraction distance of 80 mm. Approximately 35 mm of defect 
remained. The second surgery was performed to revise the distal fixation 

of the nail. It was complicated by superficial wound infection which 
resolved with debridement and antibiotics. Bone transport resumed 6 
days after the second surgery and continued until docking was achieved 
at 10 months (Fig. 5). 

A third surgery was performed at 13 months where the Precice® nail 
was exchanged with a static titanium nail. Corticocancellous bone graft 
was taken from the iliac crest and fixed to the docking site with a screw. 
Cancellous bone graft from the iliac crest was placed at the regenerate. 
Progressive weight bearing was allowed and at 26 months after the 
index surgery, both the regenerate and docking sites showed bony 
union. 

The latest follow-up was at 34 months after index surgery. The range 
of motion of his knee was 0–130◦, and 0–30◦ for his ankle. He was able to 
walk on hiking trails and could drive. The Musculoskeletal Tumour 
Society Score [7] was 26/30. There was good consolidation of the cor-
ticotomy and docking sites (Fig. 6), and no evidence of recurrent or 
metastatic disease on surveillance MRI and PET/CT scans. 

3. Discussion 

Reconstruction of distal tibia bone defects after resection of a ma-
lignant bone tumour is a challenge due to the difficulty to obtain good 
soft tissue coverage [8,9] and lack of established endoprosthesis for the 
ankle joint; hence below-knee amputation was the standard treatment in 
the past. Satisfactory functional results were reported [1,10] but 
nowadays amputation is not easily accepted by the patient. Early 
rehabilitation is offset by significant psychological, social and prosthetic 
issues in the longer term [10,11]. Many tumour centres can now perform 
limb salvage surgery for most of their patients and a multitude of 
reconstruction methods have been reported for distal tibia defects 
without clear superiority [2–4]. 

The ideal reconstruction should have biological affinity, resistance to 
infection, adequate biomechanical strength, durability and minimal 
complications [12]. 

Fig. 3. Haematoxylin & Eosin stain of biopsy sample showing a chondroblastic 
osteosarcoma [Original magnification 40×]. 

Fig. 4. Postoperative AP (A&B) & Lateral (C&D) radiographs showing resection of distal tibial tumour, and corticotomy, with Precice® nail and locking 
plates inserted. 
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Endoprosthetic replacements restore skeletal integrity immediately 
and allow early rehabilitation. However, late complications such as 
infection, wear, and loosening subject the long-term survivor to revision 
surgeries and the risk of delayed amputation [13–15]. 

Allografts can be used to reconstruct both small and large defects. 
However, they may not be readily available [16] and obtaining a good 
fit is sometimes difficult. Moreover, their use is associated with high 

rates of fracture (12–20%), nonunion (11–17%) and infection (12–15%) 
[17,18]. 

Autografts provide a biological means of reconstruction for small 
defects while large defects demand the use of vascularized fibular graft 
which is technically demanding and has significant donor site 
morbidity. In our case, the use of the ipsilateral fibula as a pedicle graft 
was not desirable as the resection margin included the medial cortex of 

Fig. 5. AP (A) & lateral (B) radiographs at 10 months follow-up showing docking of the transported bone segment and regenerate formation.  
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the distal fibula. 
Bone recycling is an attractive option due to its simple technique and 

exact size-matching. However, complete incorporation by living bone 
takes a long time [19]. 

Distraction osteogenesis is a biological reconstructive technique that 
can generate healthy bone [20–25]. When the regenerate ossifies and 
there is union at the docking site, skeletal integrity is restored with living 
bone that has resistance against infection and can remodel to stress [26]. 
This technique has been widely used for the treatment of deformity, 
limb-length discrepancy, osteomyelitis, non-union and traumatic bone 
defects [3]. Traditional distraction osteogenesis requires the prolonged 
use of external fixator which carries a significant risk of infection. This is 
particularly undesirable for oncological patients who undergo chemo-
therapy. There is also some concern that chemotherapy may affect the 
formation of regenerate. However, the evidence is discordant [27–31] 
and no conclusion can be drawn at the present. 

Tsuchiya et al. [29] reported the use of distraction osteogenesis for 
reconstruction of bony defects after excision of tumour. In their series of 
19 patients with defects in the femur or tibia, unilateral frame or Ilizarov 
external fixator was applied with additional intramedullary nail in 
selected cases. Excellent results were achieved although complications 
were present for 10 of the 19 patients. 

With the development of a non-invasive growing intramedullary 
nail, the risk of infection in distraction osteogenesis is reduced. Its use in 
PABST was reported recently [32]. This is an attractive technique for the 
musculoskeletal oncology patient as it provides skeletal stabilization 
with all-internal fixation and bone transport can be continued during 
adjuvant chemotherapy by the patient at home. After the regenerate has 
consolidated, this biological reconstruction should last the patient's 
lifetime. 

The reconstruction by this technique is limited by the distraction 
length of the Precice® nail (80 mm). Hence a second operation was 

required to reset the distracted nail. It also had to be exchanged to a 
static titanium nail subsequently as it was not MRI-compatible. Union at 
the docking site and consolidation of the regenerate are also variables 
that may require close monitoring and additional bone grafting 
procedure. 

In our literature search for bone transport via an all-internal fixation 
technique, we found only a few examples of oncological patients and 
only one involving the tibia [33]. We report this first case of PABST after 
distal tibia tumour resection to demonstrate the feasibility of an un-
common technique in this difficult area. The addition of a bridging-plate 
gives adequate stability for a defect close to the joint. Given the risks 
inherent to the prolonged use of external fixator, many surgeons may not 
consider bone transport as a viable option without awareness of this 
technique, and may not attempt to salvage the native ankle joint. We 
believe this is a useful tool to add to the armamentarium of the ortho-
paedic oncologist. 

4. Conclusion 

This is the first case report of bone transport using the PABST tech-
nique after distal tibia tumour resection. It shows that this is a viable and 
safe method of reconstruction for a difficult distal tibia large bone 
defect. Despite the use of chemotherapy, regenerate was formed and 
consolidated to give the patient excellent long-term prospects. 

Sources of funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Fig. 6. AP (A&B) & lateral (C&D) radiographs at 34 months follow-up showing consolidation of regenerate and union at docking site. Static titanium tibial nail has 
been inserted. 
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