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A B S T R A C T   

Background: Fracture nonunion is a major concern among an orthopaedic patient population, 
especially in those who have sustained traumatic fractures involving the tibia. Strong risk factors 
for nonunion include age, smoking history, and a poor diet. The incidence of nonunion also in-
creases with each additional failed surgical intervention. 
Methods: Our retrospective case study involved 56-year-old woman with a history of chronic low 
back pain, osteopenia, malnutrition, smoking, marijuana use, and alcohol use, who presented 
with a proximal tibia fracture after a fall, initial treatment included temporization with multi-
planar external fixation and subsequent internal fixation. Five weeks later, she presented with 
atrophic nonunion. She subsequently underwent multiple unsuccessful surgeries to address her 
nonunion, including open repair with bone grafting and multiplanar external fixation for bone 
transport. Ultimately, the nonunion was addressed by proximal tibia replacement with mega-
prosthesis with excellent clinical results. 
Results and conclusion: Replacement of a proximal tibia with megaprosthesis is a viable option for 
limb salvage, especially when all alternative treatments have been unsuccessful.   

Introduction 

The lack of functional recovery from a fracture after 3 months is an indicator of a nonunion [1], defined by the lack of healing after 
9 months and no radiographic indication of healing at 3 months [2]. The risk of nonunion for traumatic orthopaedic fractures is ~5–10 
% [3,4] and ~ 7.4 % for fractures of the tibia [5]. However, the risk is influenced by many factors [4,6–9], including age, smoking, and 
poor nutrition [9,10], which should be considered when treating patients with tibial fractures [8,11,12]. 

First-line surgical management includes resection and debridement of the nonunion to create healthy bleeding cancellous bony 
surfaces to stimulate healing and maximize surface contact at the fracture site [13]. However, the choice of surgical approach for 
nonunion fractures depends on the adequacy of reduction, construct stability, and soft tissue condition [14]. Notably, nonunion of 
tibial fractures is associated with failures of prior surgical interventions [3]. Less common salvage procedures must be considered after 
others have failed. 
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We present the case of a 56-year-old woman with a proximal tibia fracture who underwent multiple revision surgeries, including 
open repair with bone grafting and proximal tibia resection and multiplanar external fixation to address atrophic nonunion. In a final 
salvage attempt, nonunion resection and proximal tibia replacement (PTR) with megaprosthesis were performed. PTR is typically 
reserved for oncologic nonunion cases [15,16], and this is the first known report of successful PTR after persistent atrophic nonunion. 

The patient was informed that this case would be submitted for publication and agreed to the submission of associated data. 

Case history 

A 56-year-old woman with a history of chronic low back pain, osteopenia, malnutrition (body mass index, 17), smoking, marijuana 
use, and alcohol use was treated for a left proximal tibia fracture from a fall in November 2018: multiplanar external fixation was 
initially performed due to swelling followed by internal fixation 3 days later. 

Five weeks later she reported to the emergency department with pain and erythema at the incision site; superficial cellulitis with no 
drainage or dehiscence was noted. Laboratory test results indicated leukocytosis (15 × 109 cell/L) with an erythrocyte sedimentation 
rate of 37 mm/h. Imaging showed little evidence of bone healing. The patient was discharged after a course of intravenous antibiotics. 

Five months after the initial injury, in April 2019, the patient reported persistent pain and difficulty ambulating. A CT scan showed 
atrophic nonunion of the tibia; a revision open reduction internal fixation was performed with debridement of the nonunion and 
utilization of proximal femur autograft via a reamer irrigator aspirator. The patient was additionally treated with extracorporeal 
shockwave therapy and vitamin D supplementation. Intraoperative cultures at this point resulted as negative. 

The leg pain persisted at 4 months; a CT scan showed nonunion of the tibia as well as fractures of several screws. A second revision 
open reduction internal fixation was performed with debridement and grafting with a mixture of iliac crest, ViviGen, and bone 
morphogenetic protein 2 (BMP-2). Cultures from intraoperative samples tested positive for Klebsiella pneumoniae, indicating chronic 
osteomyelitis. The patient was given ceftriaxone throughout her stay and discharged on a course of ciprofloxacin. She continued 
extracorporeal shockwave therapy and vitamin D supplementation and reported substantially decreasing her smoking. 

At the 4-month follow-up, the patient reported pain and difficulty ambulating. Imaging revealed persistent nonunion of the tibia 

Fig. 1. Persistent nonunion after several attempts at revision open reduction internal fixation with bone grafting.  
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fracture as well as failures of several screws and the lateral locking plate from the most recent revision (Fig. 1). After discussing 
alternative solutions, the hardware was removed, exposing massive bony necrosis. The resection of the nonunion left a 6-cm defect, 
preserving the tibial tuberosity and infrapatellar tendon attachment. The decision was made to proceed with bone transport using a 
multiplanar unilateral external fixator and a percutaneous, low-energy osteotomy at the distal tibial metaphysis (Fig. 2). The docking 
site was debrided and an iliac crest bone graft was placed for distal tibia regeneration. The external fixator was converted to a hexapod 
frame after 2 months because of a pin site infection with loosening around the distal femoral ring. 

A scheduled docking procedure was performed 7 months later (July 2020), with open debridement, grafting of cancellous iliac crest 
bone to the docking site, and proximal frame screw compression. Six weeks later, an antegrade intramedullary rod was placed and the 
fixator was removed. Two months later, the patient presented with pain after twisting her left knee while walking. Imaging demon-
strated an acute fracture of the left medial femoral condyle; however, the hardware was intact and the injury was treated 
nonoperatively. 

The patient reported continued pain and deformity at the site of nonunion in December of 2020 (2 years after the index procedure), 
impacting her quality of life (Fig. 3). At this time, below-the-knee amputation and knee arthrodesis were presented as options, but the 
patient elected to continue with attempts to salvage the limb. Thus, the hardware was removed and we performed a proximal tibia 
nonunion resection with total knee PTR arthroplasty. The Ilizarov regenerate of the distal tibia was still flexible, protected by a 90–90 
double plating construct. The tibial tubercle osteotomy was reduced using cerclage wires (Fig. 4). A medial gastrocnemius pedicle 
rotational flap was used to cover the anterior medial portion of the endoprosthesis, and the posterior leg skin defect was covered with a 
synthetic skin graft. Intraoperative vascular consult was needed to assist with hemostasis and dissection of the posterior vasculature 
structures because of the distortion of the anatomy from multiple surgeries. The anterior tibial artery was protected for possible 
devascularization of the lower leg given her multiple operations. 

The postoperative plan included strict immobilization in extension. One month after the PTR, the patient returned for a split- 
thickness skin graft and vacuum-assisted wound closure. Two months after the PTR, the cerclage blocking wires were removed 
from the healed tibial tubercle; passive range of motion at the knee was 0◦-30◦. 

Two months later, the patient presented to the emergency department reporting increased pain in the lower left extremity. Imaging 
revealed that several screws around the distal tibial osteotomy had failed. Nonunion was determined on the basis of the patient’s 
history of nonunion and hardware failure. After a 3 month delay for extensive patient counselling and surgical planning, she un-
derwent hardware removal of the failed distal plates, left fibular head resection for autograft of the distal third tibial nonunion, and 
compression plating with fixation through the tibial crest. Segmental osteotomy of the fibula at the level of the nonunion was per-
formed to allow tibial compression (Fig. 5). Cultures from intraoperative samples grew P. acnes in broth only, which was felt to be 
likely a contaminant per the infectious disease team comanaging her care, and the patient was treated with amoxicillin. She developed 
a transient foot drop, which resolved. 

At nearly 2 years after the megaprosthesis reconstruction, radiographs demonstrated bony healing. The patient reported discomfort 
at the medial aspect of her ankle related to hardware irritation and underwent hardware removal (Fig. 6). 

At final follow-up 5.5 years after her initial injury, and 3.5 years after proximal tibial replacement, the patient maintained neutral 
alignment of her leg, with a 0◦–120◦ range of motion and strength of 5/5; the neurovasculature in her left foot was intact (Fig. 7). She 
wore corrective shoes to account for a 2-cm difference in leg length; overall, her pain and disability significantly improved, reporting a 
Lower Extremity Functional Scale score of 46.3 %. [17] 

Fig. 2. Bone transport using a multiplanar unilateral external fixator was performed, utilizing a percutaneous, low-energy osteotomy at the distal 
tibial metaphysis. 
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Fig. 3. Persistent nonunion after intramedullary nailing with hypoplastic regenerate.  

Fig. 4. Proximal tibial replacement arthroplasty was performed, with 90–90 double plating at the Ilizarov regenerate of the distal tibia, as it was 
still flexible, and reduction of the tibial tubercle osteotomy using cerclage wires. 
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Discussion 

The patient in this case was at risk for fracture nonunion based on multiple factors including her age, smoking, and poor nutrition 
[9,10] and had undergone multiple surgeries that failed to heal the fracture or relieve her pain and disability. Quality of life with tibial 
nonunion is reportedly poorer than after myocardial infarction or stroke, [18] with significant risk for increased opioid use. [19] 

Although nonsurgical treatments such as extracorporeal shockwave therapy can be successful [20], tibial nonunion is typically 
treated with revision open reduction internal fixation with bone grafting [21] or external fixation [22]. However, atrophic nonunion is 
notoriously difficult to treat, possibly because of a lack of vascular support [23] and stem cell activation [24]. External fixation is used 
to restore function with minimal deformity [25] and is typically successful in patients with infected tibial nonunion. [22] Deformities 
in patients with proximal tibial nonunion can be corrected with total knee arthroplasty [26], whereas PTR is typically performed in 
oncology patients [27]. The patient in this case had indications of chronic osteomyelitis, and the treatment failures prompted dis-
cussions of all options. In an effort to avoid amputation, the decision was made to perform PTR. 

PTR is a surgically challenging technique, with considerations to be made firstly towards surgical dissection and exposure. Even in 
the setting of PTR for limb salvage outside of an oncologic indication, the complexity of the vascular anatomy in the popliteal fossa 
must be fully appreciated and protected. [28] Typically, the anterior tibial vessels need to be ligated as they pass from the posterior 
compartment anteriorly; however, in the setting of our patient with a multiply operated limb, special consideration was made towards 
protecting these vessels to ensure the limb remained perfused. There is risk of infection with PTR, [29] but this has been reduced with 
new soft tissue coverage techniques such as the medial gastrocnemius rotation flap, which is frequently electively performed, pref-
erably dissected after proximal tibial resection but before final prosthesis implantation. [30,31] 

Attention must also be paid towards maintenance of the extensor mechanism, which is mandatory to allow for active knee 
extension and full functional recovery. The patellar tendon is typically resected proximal to its attachment on the tibia during 
resection, and anchored into hooks or holes on the anterior surface of the implant with heavy suture, into which a bone plug is wedged, 
with the goal of eventual permanent biologic attachment. [28] In our case, the patellar tendon was able to be resected with the 
attached tibial tubercle, and cerclage wires utilized to provide stability. After these wires were removed, flexion of the patient’s knee 

Fig. 5. Nonunion at the distal tibial osteotomy was addressed via hardware removal of the failed distal plates, left fibular head resection for 
autograft of the distal third tibial nonunion, and compression plating with fixation through the tibial crest, with segmental osteotomy of the fibula at 
the level of the nonunion to allow tibial compression. 
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improved to 120◦. While it is common for patients to require assistive devices after PTR [15], our patient has demonstrated excellent 
functional outcome with independent ambulation. 

PTR can be complicated by aseptic loosening and extensor mechanism dysfunction [15], [27,32], which interferes with functional 
recovery, but has been described as a salvage method in patients with substantial bone loss [16]. Specific to our patient, the modular 
stem of the PTR located just proximal to the site of the nonunion in our patient likely contributed to nonunion at the distal tibial 
osteotomy, which was later addressed with autograft and compression plating, going onto uneventful healing. 

PTR has been demonstrated to be a viable option for limb salvage in the setting of consideration otherwise for amputation or knee 
fusion; however, the longevity of PTR implant does limit its long-term utility. Five-year survivorship of the PTR implant in oncologic 
literature has been estimated between 69 and 72 %, and 43 % at 10 years. [33,34] A cohort described by Meyer et al. reported even 
lower rates of revision in their comparison of fixed vs. rotating hinge implants, estimating 12–32 % at 5 years, 25–61 % at 10 years, and 
30–75 % at 15 years favoring a cemented, rotating hinge design after tumor resection. However, it is hypothesized that without 
concern for oncologic recurrence and radiation-induced complications, the survivorship of PTR prostheses for non-oncologic in-
dications may prove to be superior to the survivorship of the implant reported as related to oncologic literature. [15] 

Summary 

We suggest that PTR with megaprosthesis can be successful for managing massive bone loss at the proximal tibia. This option offers 
the possibility of saving the affected limb, restoring much of its function, and improving the patient’s quality of life, but patients should 
be counseled on associated risks and expectations after surgery, including the expected possibility of future revision given the survival 
rate of the implant. 

Fig. 6. Removal of the symptomatic medial plate after complete bone healing.  
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