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ABSTRACT 

Significant bone loss is a major challenge in revision total 
knee arthroplasties (TKAs), especially with large femoral 
condylar defects. Restoring the metaphyseal-diaphyseal  
junction and central bone loss is critical for stability and 
reducing risk of component loosening. We describe a  
novel technique that uses a helical burr to modify porous 
metal cones intraoperatively, creating a custom fit with-
out impinging on the femoral component. This approach 
promoted reliable osseointegration and stability in two 
patients with femoral condyle osteolysis. Additionally, 
we present a review of data demonstrating the success of 
metal cones in achieving osseointegration and decreased 
instability. Early findings suggest that intraoperative 
cone sizing and custom modification is a reliable tech-
nique for optimizing outcomes in the setting of femoral 
bone loss in revision TKA. 
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INTRODUCTION

The number of primary total knee arthroplasties (TKA) con-
tinues to rise, and the demand for revision TKA is forecasted 
to grow even more rapidly.1,2 Revision TKAs can be costly 
and burdensome on the patient, surgeon, and healthcare sys-
tem as a whole.3,4 The most common indications for revision 
TKA include aseptic loosening, infection and mechanical 
complications.5 Bone defects are often classified using the 
Anderson Orthopaedic Research Institute (AORI) system, 
where smaller defects are categorized as type I and larger 
defects as type II or type III.6 Further, type I defects involve 
cancellous bone about the joint line and do not compromise 
stability; type II defects involve metaphyseal condylar bone 
loss with posterior condylar compromise; and type III defects 
are described as significant metaphyseal condylar bone loss 
with disruption of the collateral ligaments or patellar ten-
don. Significant bone loss poses one of the most unique 
challenges of revision TKA and can make revision surgery 
considerably more difficult. In the setting of revision TKA, 
it is critical to appropriately address bone loss, as failure to 
do so may lead to poor component fixation, stability, and 
postoperative outcomes. 

In the context of substantial bone loss which must be 
addressed during revision TKA, a present gold-standard 
technique has not been established. Bone grafts, metaphy-
seal sleeves, porous metaphyseal cones, cementation and 
metal or metal alloy augments are all current options. While 
bone grafts are relatively inexpensive and may more easily 
be shaped to fit bone defects than metaphyseal cones, bone 
grafts have inherent risk for graft resorption, integration fail-
ure, transmission of disease, and immune reaction. Multi-
ple studies in recent years have shown porous metaphyseal 
cones to be an effective way to manage large metaphyseal 
defects in revision TKA.7-9 The current design of porous 
metal cones has a low volumetric porosity, low stiffness and 
high coefficient of friction which allows for greater preserva-
tion of bone stock and promotes metaphyseal ingrowth.10,11 
Cones are therefore helpful in restoring the metaphyse-
al-diaphyseal junction and central bone loss, forming a sta-
ble foundation for revision components and allowing for 
improved structural and mechanical support. 

We present a novel use of metaphyseal cones for revision 
TKA in two patients presenting with large bony defects of 
a femoral condyle which required special attention during 
reconstruction for structural support.

SURGICAL TECHNIQUE

The below described surgical technique was performed in 
two revision TKA cases, both for presumed aseptic loosen-
ing following a negative infectious workup. The first patient 
was an 81-year-old male who presented to the office with 
persistent right knee pain and instability with medial laxity 
after a primary TKA performed approximately seven years 
prior. Preoperative inflammatory markers including syno-
vial fluid culture, cell count with differential, alpha defen-
sins, ESR and CRP were within normal limits; EOS and 
plain radiographic imaging was without evidence of obvi-
ous osteolysis. The second patient was a 76-year-old male 
who presented to the office with persistent left knee pain 
in the setting of prior primary TKA 11 years prior. Preop-
erative workup including cell count with differential, and 
culture of synovial fluid was negative for infection; EOS, CT, 
and plain radiographic imaging showed evidence of osteol-
ysis and loosening about both tibial and femoral primary 
components. 
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Both patients were indicated for revision TKA after failing 
conservative management and were consented for surgical 
intervention. In both cases a standard medial parapatellar 
approach was performed and once exposure was determined 
to be adequate, a revision TKA was performed as described. 
Primary femoral components were carefully explanted uti-
lizing Depuy hp knee osteotomes. Attention was then taken 
to removal of polyethylene debris and bony lysis with a com-
bination of rongeur and curet utilizing standard technique. 
Once explanted, the remaining femoral bone stock was 
assessed (Figure 1A,B). There was significant bony lysis of 
the femoral condyle centrally with a remaining rim. Atten-
tion was then turned to the tibia where we identified the 
cement metal interface and removed a significant amount 
of subsided overgrown bone from the plateau to access the 
tibia. We then took a series of osteotomes through the metal 
cement interface and worked our way medially as well as 
posteriorly and laterally. The knee was then subluxed and 
tibial baseplate was removed without issues. Using rongeurs 
and curet, all cement from the tibia and femur including in 
the canal were removed. The femur was prepared by ream-
ing the canal to size and placing a 4 in 1 cut guide to bet-
ter assess need for femoral augment and establish femoral 
size and rotation. In case one, we noted a central medial 
femoral condyle defect that was too large for distal femoral 
augments. Therefore, the need for additional medial femo-
ral support was needed and central cones were trialed uti-
lizing the intact medial rim as a reference to estimate the 
size of the femoral defect. We then took the central cone 
reamer and carefully reamed on power to prepare the bony 
bed for improved fit, being specifically careful not to pene-
trate posteriorly. The cones were re-trialed and once the size 
of the cones was decided, indicated implants were opened 
and placed on the back table. In case two, a central lateral 
femoral condyle defect was noted and the same sequence of 
steps were performed to indicate and prepare for cone utili-
zation. The wound was copiously irrigated and dried. The 
revision cone used in case one was a DePuy Attune small 
titanium revision concentric cone (DePuy Synthes of John-
son and Johnson Inc., Raynham, Mass.). The revision cone 
used in case two was a Zimmer Biomet small trabecular 
femoral metaphyseal cone (Zimmer Biomet, Warsaw, Indi-
ana). In both cases it was determined that implantation of 
the entire cone would result in impingement on the femo-
ral box, therefore the cone was sized in approximately half 
utilizing a metal cutting helical burr (Figure 2). Once the 
sized cone was appropriately positioned in a satisfactory 
position, implants were trialed to ensure proper seating of 
the femoral implant and appropriate support of the femoral 
condyle. In standard fashion the knee was trialed for range 
of motion and stability. Trial implants were then removed, 
the cone was carefully inspected, and stability of the cone 
was confirmed. Final revision TKA implants were opened 
on the back table in usual sterile fashion and subsequently 

implanted, a standard arthrotomy and skin closure was 
performed. In the first case, the final implants included a 
Depuy Attune Revision femoral component and a Depuy 
Attune Revision tibial stem. In the second case, the final 
implants consisted of a Depuy Sigma TC3 femoral compo-
nent and a Depuy MBT cemented tibial stem. As per usual 
protocol, postoperative anterior-posterior (AP) and lateral 
radiographic views of the knee were obtained, shown here 
in direct comparison to preoperative radiographs (Figures 
3,4). At one year postoperatively, both patients exhibited 
good functional status, knee range of motion, and a smooth,  
minimally symptomatic gait.

Figure 1A, B. Intraoperative Image 

Preparation of the femur demonstrating intraoperatively well-sized porous  

cone within the medial femoral condyle.

Figure 2. Intraoperative Image

Representative images of intraoperative back-table sizing of the porous 

cone, demonstrating use of a metal-cutting helical burr to achieve appro-

priate fit for reliable integration.
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DISCUSSION

Here we present a novel surgical technique in two cases of 
revision TKA in which both patients were most notably 
found to have significant bone loss about the femoral con-
dyle necessitating cone augmentation for structural support. 
Bone loss due to aseptic and septic causes is a significant 
challenge in revision TKA. Traditionally, allografts have 
been used as they are low cost and can be easily modified 
intraoperatively to fit defects of various shapes and sizes. 
However, they come with risks such as disease transmis-
sion, integration failure, fracture, resorption, and nonunion. 
In retrospective outcome studies investigating structural 
allograft use in revision TKA, 10-year revision-free survivor-
ship rates have been reported to range from 72 to 76%.11,12 
Metal augments therefore have been explored as an alterna-
tive to address these issues. In the last decade, there has been 
a rising interest in metal cones and sleeves for addressing 

Figure 3. Case one

An 81-year-old male who presented to the office with persistent right 

knee pain and instability after a primary TKA performed approximately 

seven years prior. Preoperative inflammatory markers including ESR and 

CRP were within normal limits; plain radiographic imaging was without 

evidence of obvious osteolysis. Patient underwent revision TKA with a 

DePuy Attune small titanium revision concentric cone.

Figure 4. Case two

A 76-year-old male who presented to the office with persistent left knee 

pain in the setting of prior primary TKA in 2011. Preoperative workup 

was negative for infection; plain radiographic imaging showed evidence 

of osteolysis about both tibial and femoral primary components. Patient 

underwent revision TKA using a Zimmer Biomet small trabecular femoral 

metaphyseal cone.

substantial bone loss. In a systematic review comparing out-
comes of structural allografts and tantalum cones in man-
agement of significant bone loss, structural allografts were 
found to have a significantly higher incidence of fracture, 
aseptic loosening, and infection.13 Additionally, Vasso et al 
reported allografts were generally less stable and had shorter 
revision survivorship than metal augments.14

The porous design of modern metal cones closely mim-
ics metaphyseal cancellous bone, which allows for and 
promotes bony ingrowth. Studies have consistently shown 
satisfactory osseointegration with modern cones, providing 
more reliable fixation and improved stability. Several stud-
ies involving modern metal cones have reported 100% sur-
vivorship free of revision for aseptic loosening at mid-term 
follow up.15-17 Also, recent publications have shown low 
incidence of intraoperative fracture and immediate intra- 
operative complication with use of metaphyseal cones.15,18

To this effect, we present two patients with substantial 
femoral condyle bone loss, which intraoperatively was deter-
mined to be beyond structural reconstruction provided by 
standard allograft or metal augment. As demonstrated, this 
novel technique can be utilized for bony defects in either the 
lateral or medial femoral condyle with generic, non-company 
specific cones, highlighting its versatility and reproducibil-
ity. One year after surgery, both patients showed excellent 
functional outcomes, with a full range of motion and a 
smooth, nearly asymptomatic gait. To date, we are unaware 
of a study or prior surgical technique which has described an 
off-label use of porous metal cones to effectively address fem-
oral condylar bone loss in the setting of revision TKA. How-
ever, You et al have investigated the off-label use of porous 
cones to address substantial tibia defects intraoperatively.19 
The authors described a case series of 17 knees where they 
used an off-label technique involving porous tantalum cones 
during primary TKA to address large tibial bone defects 
(AORI type IIA or IIB). In this study, posterior stabilized 
implants were combined with porous tibial cones that were 
cut in half intraoperatively to address knee defects greater 
than 20 mm from the surface of the tibial cut. At 3.5 years of 
follow-up, all knees showed stable metaphyseal cones with 
no radiographic evidence of osteolysis or loosening, and no 
patients experienced subjective instability, infection, or sys-
temic complications. Additionally, every patient had excel-
lent Knee Society Scores and improved range of motion.

A stacked configuration of two metal cones has been 
investigated as an alternative method for partial or near 
complete loss of the femoral condyle in revision TKA. Raj-
gopal et al reviewed 16 TKAs whose indications included 
septic loosening, giant cell tumor, periprosthetic fracture, 
aseptic loosening and distal femoral comminuted fracture.9 
The authors showed evidence of adequate osseointegration 
in all cases with no signs of radiolucency or loosening, with 
no complications related to the metal cones. However, the 
authors noted pitfalls of this technique, including increased 
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cost of an already costly procedure with addition of a second 
cone, and risk of malposition of the femoral component due 
to inability to use offset stems with the stack technique. 

The well-documented osseointegration, survivorship 
without revision, and low rates of migration and complica-
tion make metal cones a reliable option for cases of severe 
femoral condyle bone loss. We again propose the use of a 
single cone as a viable and appropriate option at this time. 
Additionally, the success of our approach suggests that fur-
ther advances in femoral cone design may be needed. Specif-
ically, there is potential for custom porous metal cones to 
become a legitimate management option for patients with 
significant osteolysis of the femoral condyle. McNamara et 
al reported a successful case using a custom cone in a re-re-
vision TKA.20 The 55-year-old patient had severely com-
promised bone stock in the distal femur and proximal tibia 
(AORI type III) after four previous arthroplasty procedures 
for arthrofibrosis and periprosthetic fracture. A custom tan-
talum cone was used for the femur and a custom tibial stem 
with interlocking screws and a standard trabecular metal 
cone was used for the proximal tibia. At two year follow-up, 
the patient had well aligned, fixed components, and no pain. 

Although revision arthroplasty is most commonly per-
formed by arthroplasty-trained surgeons, we describe a 
reproducible, effective technique for any orthopedist who 
performs primary and revision arthroplasty. Additionally, 
patients with aseptic loosening and osteolysis often present 
initially to general practitioners or emergency departments. 
A basic understanding of management and novel treatment 
options is essential for conducting an initial work-up, pro-
viding informed patient counseling, and making appropriate 
referrals.

Future studies with larger sample sizes should be per-
formed to further assess the safety and effectiveness of this 
novel surgical technique we present. By optimizing treat-
ment for this subset of patients, we can help reduce the 
costly burden associated with failed revision TKAs, espe-
cially in the setting of significant bony lysis. 

SUMMARY

In patients presenting for revision TKA with preoperative 
and intraoperatively appreciated substantial femoral condy-
lar bone loss, we feel porous metal cones which are appro-
priately sized intraoperatively by the operating surgeon are 
an effective, reliable and reproducible technique for main-
taining functional outcome. Further, we present survivor-
ship data supporting use of porous metal cones to achieve 
more reliable osseointegration and decreased patient reports 
of instability. We hope our technique becomes a consider-
ation for future patients presenting with substantial femoral 
condylar bone loss as it is critical to appreciate and appropri-
ately address bone loss for improved postoperative outcomes 
in the revision TKA patient. 
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