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Many different approaches have been attempted but with limited 
or varying data to support their use. Perhaps the most popular 

would be the induced membrane technique, although this has 
shown relatively poor results in some reports, as well as others 
that have found outcomes to be more consistent [7, 8]. Other 
treatment options rely on the size of the defect, potential 
availability of iliac crest autograft, fibula autograft (both 
vascularized and nonvascularized), as well as allograft [9, 10, 11, 
12]. In addition, distraction osteogenesis, acute shortening, and 
amputation are possible options [13, 14]. In addition to these 
approaches, many biologic adjuncts have been used including 
bone marrow aspirate, reamer-irrigator-aspirator (RIA) bone 
graft, demineralized bone matrix, bone morphogenic proteins, 
and platelet-rich plasma [3, 15].

Introduction
Segmental bone loss in the post-traumatic and nonunion setting 
is a challenging problem in long bones of the lower extremity. 
Initial management often requires adequate treatment and 
resolution of infection, open fractures, soft-tissue damage and 
coverage, neurovascular deficits, and concomitant injuries or 
implant failures. After stabilization of the patient and once the 
site of injury is acceptable for definitive skeletal reconstruction 
and fixation, critical bone loss presents a dilemma in and of itself. 
No consensus has been approached in terms of management of 
these bone defects [1, 2, 3, 4, 5, 6].

All of these approaches and combinations of techniques attempt 

Author’s Photo Gallery

DOI:10.13107/jocr.2021.v11.i07.2298
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License https://creativecommons.org/licenses/by-nc-

sa/4.0/ , which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms

19

Introduction: Segmental bone loss in the distal femur presents a challenge for reconstruction regardless of etiology. Use of tantalum trabecular 
metal cones with intramedullary fixation and autologous bone graft may be used as a salvage technique in difficult situations where other options 
have either been exhausted or are unavailable.

Conclusions: Use of tantalum metal cones for reconstruction of distal femur nonunion with segmental bone defects can be a successful 
technique in a complex group of patients.

Case Report: Surgical planning and technique for this approach to reconstruction are described. A retrospective review of five cases with >1 year 
of follow-up was performed to provide radiographic and clinical outcomes. All five patients had satisfactory outcomes with clinical union and 
retention of implants at final follow-up (average >4 years).
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Use of tantalum metal cones can be considered for reconstruction of segmental distal femoral bone defects, in native and periprosthetic cases.
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Case Report
For each patient, standard radiographs are obtained including 
anterior-posterior (AP) and lateral views of the femur. The 
radiographs were evaluated for nonunion, implant positioning, 

loosening or broken implants, peri-implant lucency, and size of 
bone defect. Computed tomography (CT) of the femur was 
occasionally obtained but not necessary. Defects that may be 
amenable to trabecular metal cone with bone grafting are those 
with bone defects that are not amenable to shortening but have 
a critical bone defect in the metadiaphyseal distal femur of 3.5 
cm or greater. The pre-operative X-rays are templated to match 
the proximal and distal canal cortices at the defect site to a 
similar sized trabecular cone. We have found that either the 
femoral or tibial cones are satisfactory, but the tibial cones 
match the cortical relationships of the distal femur resulting in a 
more stable construct. In defects >3.5 cm, some shortening may 
be accepted, augments maybe stacked to gain length, or a 
custom shaped trabecular metal shape may be ordered in the 
preoperative period.

to achieve a reconstruction construct that is both structurally 
stable and biologically capable of healing. One method that has 
addressed this issue in the arthroplasty setting is the use of 
tantalum trabecular metal for metaphyseal bone loss [16, 17]. 
T h e s e  b i o c o m p a t i b l e  i m p l a n t s  p r o v i d e  a  p o r o u s 
osteoconductive scaffold and provide additional structural 
support. Tantalum cone augments have a modulus closer to the 
stiffness of bone when compared to other solid metal implants 
or cement possibly leading to an environment more conducive 
to bone formation. Initial studies in the arthroplasty setting 
have shown promising outcomes for this technique [18]. In 
theory, this approach combined with stable internal fixation 
may be effective for management of post-traumatic and 
nonunion segmental bone defects in some cases. We have had 
success with the off-label use of the tantalum trabecular metal 
augments at our institution. We would first recommend the 
usual well-known techniques of internal fixation and bone 
grafting of the bone defect. Our described technique would be 
optional when the bone loss is greater than 3.5 cm, autologous 
bone graft material is limited, or the patient will not tolerate 
shortening or bone transport. We have been more liberal to 
perform this technique in the elderly with or without knee 
arthroplasty. This technique has been helpful to allow early 
weight bearing and to avoid distal femoral replacement. This 
paper presents our technique as well as a case series of five 
patients and their outcomes.

The prior incisions are used including the straight midline 
incision with a medial parapatellar arthrotomy or lateral 
approach. The nonunion site or site of segmental bone defect is 
exposed and debrided mechanically until healthy bleeding 
bone is present. Bone biopsies and cultures are also obtained. At 

The patients also had the following labs obtained if evaluated 
for nonunion or infection: complete blood count, erythrocyte 
sedimentation rate, and C-reactive protein. Active infection is a 
contraindication to this technique. If the patient demonstrated 
an infection or there is a concern for infection, the procedure 
was staged. The implantation of the cone and revision fixation 
was performed when the infection was ruled out or adequately 
treated. All patients were consented for the off-label use of 
tantalum trabecular metal augments (Zimmer Biomet, Warsaw, 
IN, USA) and bone-grafting from either RIA or autologous iliac 
crest bone grafting.
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Figure 1: Pre-operative (a and b), post-operative (c and d) and 30 month follow-up (e 
and f) radiographs of patient 1.

Figure 2: Pre-operative (a and b), first post-operative (c and d), second post-operative (e and f) and 9 year follow-
up radiograph (g) of patient 2.

Figure 3: Intraoperative photos from patient 2 demonstrating 
interposition placement of trabecular cone on the left, followed by 
final placement of total knee arthroplasty with intramedullary fixation.

Figure 4: Pre-operative (a and b), first post-operative (c and d) second post-operative (e and f) and 24 month follow-up (g and h) 
radiographs of patient 3.



The patients are made touch-down weight bearing with a knee-
immobilizer or hinged-knee brace locked in extension for 2 
weeks to allow incision healing. Antibiotics are continued for 24 
h postoperatively. The drains are removed by the 2nd 
postoperative day. All patients were mobilized on postoperative 
day 1 by the physical therapist. They were kept touch-down 
weight bearing for 6 weeks, and gradually progressed to full 
weight bearing by 12 weeks. Home range of motion exercises 
was encouraged after staple removal and formal outpatient 
physical therapy was deferred until at least 4 weeks 
postoperatively. All patients received low molecular weight 
heparin for deep vein thrombosis chemoprophylaxis. 
Nonsteroidal anti-inflammatory was avoided to minimize risk 
to bone healing.

this time, any prior implants that may interfere are removed (e.g. 
intramedullary nail, cables, or plates) making sure to size the 
amount of bone defect present. A debridement of the defect 
with the tourniquet down allows for evaluation of viable and 
nonviable regions of bone. The medullary canals of the 
nonunion site are opened to establish adequate vascularity, 
often using a reamer. Any reasonable bone that was debrided 
may be used to supplement the autograft. A motorized burr may 
also be used for debridement but great care is taken to avoid 
thermal injury of the bone.
Bone graft may be harvested from multiple donor sites during 
the procedure. A RIA may also be used to obtain autologous 
bone graft from the ipsilateral femur or tibia with the tourniquet 
deflated. The contralateral femur may also be an option but is 
routinely avoided. After femoral reaming, a lamina spreader is 
used to open the defect site for sizing. The longitudinal length of 
the defect is then matched to the length trail cone. The medial to 
lateral width of the bone, metaphysis or diaphysis, was matched 
to the appropriately sized dimensions of the trabecular metal 
cone. The actual cone is placed after a small amount of the bone 
graft is used as a slurry at the interface between the bone and 
cone. A supplemental spanning 3.5 locking plate can be also 
used to temporarily stabilization the cone. The limb is checked 
for appropriate length, alignment, and rotation. The construct 
is confirmed on an AP/lateral intraoperative X-ray. A retrograde 
intramedullary nail is then carefully positioned through the 
trabecular metal cone to avoid displacement. A retrograde nail 
may not be possible if there is a femoral component without an 
open box in which case a lateral plate may be used. A blocking 
screw can also be considered if the trabecular metal cone or 
fracture is malpositioned. The construct is then assessed for 

stability and compressed either with a plate, impaction of the 
distal cross locked nail, compression device, or compression 
through an AO distractor. The proximal cross-locks of the nail 
are finally placed. The remaining bone graft is packed around 
the cone. Standard wound closure was completed and 
subcutaneous drains may be of use if there is an abundant 
adipose layer.

A small case series is presented in this report. Details of these 
patients and procedures are shown in (Table 1). All five cases 
were performed as salvage procedures for distal femur 
metadiaphyseal nonunions. In three cases, these were proximal 
to a total knee arthroplasty, while one case was distal to a long 
stem revision total hip arthroplasty component and one case 
with a previous intrameduallary nail. In all cases, prior hardware 
used initially to treat the fracture was removed. All patients were 
non-smokers and none were diabetic. Four of the patients 
presented initially to an outpatient clinic for care of nonunion 
after initial treatment at outside facility. All patients had 
minimum 1 year follow-up and had achieved union and 
remained ambulatory at that time with no revision surgery. All 
but one of the patients has been followed for over 2 years. Pre-
operative and post-operative radiographs for each patient are 
shown in (Fig. 1, 2, 3, 4, 5, 6). Intraoperative images from patient 
2 are shown in (Fig. 3).
One of these cases was performed for infected nonunion 
(Patient 3). In this case, the patient initially underwent 
irrigation and debridement with removal of hardware and 
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Figure 5: Pre-operative (a and b), post-operative (c and d) and 40 month (e and f) follow-up 
radiographs of patient 4.

Figure 6: Pre-operative (a and b), intra-operative (c), post-operative (d and e) and 6 month follow-up (f 
and g) radiographs of patient 5. Intraoperative image demonstrates preliminary plate fixation after 
removal of hardware and resection of nonunion.

Patient Age Presentation

Bone defect 

after 

debridement

Bone graft utilized
Type of distal 

fixation

Final 

follow up
Complications

1 76 Referral for nonunion 8 cm Illiac crest rIMN 30 months
Persistent knee 

pain

2 46

Referral for nonunion of 

osteotomy for remote distal 

femur malunion

9 cm
Calcium phosphate 

and femur reamings

Stemmed revision 

TKA component
9 years Knee stiffness

3 76
Infected nonunion of 

periprosthetic fracture
5 cm

Cancellous allograft 

and reamings

rIMN through TKA 

component
24 months None

4 69
Referral for periprosthetic 

nonunion
6 cm RIA

rIMN through TKA 

component
40 months 1 cm LLD

5 71

Referral for nonunion of 

intraoperative periprosthetic 

fracture during THA revision

5 cm RIA
Short rIMN abutting 

long stem THA
12 months None

Table 1: Summary of patients with distal femur reconstruction using trabecular metal cone for non-union.

IMN: Intramedullary nail; rIMN: Retrograde intramedullary nail; LLD: Limb length discrepancy; RIA: Reamer-irrigator-aspirator; THA: 

Total hip arthroplasty; TKA: Total knee arthroplasty
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placement of antibiotic cement in the bone defect. They 
completed 6 weeks of IV antibiotics and after 4 months, revision 
with trabecular metal cone and final fixation was performed 
after verifying no ongoing signs of infection, including 
normalized inflammatory markers.

Treatment of post-traumatic and nonunion segmental bone loss 
presents a challenging problem in patients who are at high risk 
for complications. The case series reported here represents 
successful application of a technique used at our institution for 
these cases. Fortunately, in these cases good outcomes and 
fracture healing have been obtained. Inevitably, as the technique 
continues to be used there will likely be failures as well. It is 
worth pointing out that patient selection likely played a role in 
the successful outcomes in this series. All patients undergoing 
these significant reconstructions were non-smokers with no 
significant medical co-morbidities. Considering the complexity 
of these procedure and the problems that they are addressing, 
we find it relatively acceptable to have the minor complications 
that are listed in (Table 1), including on ongoing knee pain 
requiring cortisone injections and a 1 cm limb length 
discrepancy.
The described technique does haves several theoretical and 
practical advantages which are worthy of discussion. In terms of 
the material of the trabecular metal cone that is used, this offers 
an osteoconductive surface while also providing structural 
support with a modulus that is closer to bone than that of 
cement or solid metal implants. In addition, the hollow nature 
of it allows for the use of intramedullary fixation.

Conclusions
Use of tantalum metal cones for reconstruction of distal femur 
fractures and nonunions with segmental bone defects has been 
a successfully used technique at our institution. Further use and 
study of it is worthy of consideration in patients with complex 
distal femoral bone loss.

Discussion

As previously mentioned, this technique is limited to a narrow 
subset of patients; however, it does provide a practical solution 
to a difficult clinical problem. We anticipate that similar 
techniques will become more prevalent in the future, especially 
if more tailored implants are made available, including custom 
implants for similar applications.

From a technical standpoint, one significant advantage over the 
induced membrane technique is that it can be completed in 1 
surger y,  al lev iat ing both patient morbidity,  r isk of 
complications, as well as costs. In addition to this, the structural 
nature of the implant (including the combination of 
intramedullary fixation), allow for a breadth of bone autograft 
options that can fit patient and surgeon preference since a 
structural autograft (or allograft) is not required.

Clinical Message

Reconstruction of distal femur fractures and nonunions is a 
challenge especially in the presence of bone loss, previous 
infection, and previously placed implants. Use of tantalum 
metal cones for segmental bone defects in these cases 
provides a reliable, structural building block that has yielded 
excellent clinical results in our experience.
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