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Background: Tibial osseous defects can present a serious challenge in primary total knee
arthroplasty. We describe a technique of using porous tantalum cones along with primary
arthroplasty implants to address large tibial osseous defects in primary total knee arthroplasty
and present the short-term results.
Methods: We present 17 cases (15 patients) in which primary total knee implants and porous
tantalum cones were used to address large tibial bony defects. Clinical results were evaluated
using Knee Society Scores, pre- and postoperative knee range of motion, and serial radiographs.
Results: At an average of 3.5 years of follow-up, all 17 knees had functioning implants with sta-
ble metaphyseal cones demonstrating radiographic evidence of osteointegration. At a minimum
follow-up of two years, no patient had signs of osteolysis, instability, infection, or systemic
complications. All 15 patients had excellent results with an average post-operative Knee Soci-
ety Score of 94.6. Knee flexion improved by an average of 12.0° and knee extension improved
to neutral in all patients.
Conclusion: Primary total knee arthroplasty with porous tantalum cone augmentation produced
excellent short-term results and should be considered an effective method for addressing large
tibial osseous defects in primary total knee arthroplasty.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Large uncontained tibial osseous defects can present a significant challenge for the surgeon performing a primary total knee
arthroplasty (TKA). These defects may vary in size, location, and magnitude and may require augmentation in order to restore
the joint line and, more importantly, provide support for implant stability [1]. A wide variety of techniques to address this prob-
lem have been described including cement and screws, metal augmentation, and bone grafting [2–4]. However, there is no gold
standard fixation option for these defects and size of the defect can limit surgical options. For instance, cement and screws, as well
as autografts, are often limited to smaller defects less than 10mm [2,4].

Larger defects found in revision TKA have commonly been addressed with metal block augments or large structural allografts
[5–7]. Metal block augments theoretically provide increased stability at the tibial bone–implant interface. This technique has also
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been applied to primary TKA with satisfactory results observed in the early post-operative period [3]. A major limitation of this
technique, however, is that bone stock is never restored potentially complicating future revisions. Structural allografts, on the
other hand, are an efficient and cost effective method for restoring bone stock [7,8]. The disadvantage is that there is a risk of
graft failure due to resorption, fracture, and nonunion [9].

Porous tantalum cones provide an excellent option and offer mechanical and osteoconductive properties that allow it to pro-
vide structural stability and host bone integration. Tantalum metal acts as a modular scaffold for osteoblast-mediated bone in-
growth and provides a porous surface for graft and cement incorporation. Additionally, it provides tremendous axial
compressive support for implants [10]. It has proven to be a promising treatment for reconstructing bone loss in revision
arthroplasty in terms of surgical efficacy, low infection rates, and superior radiographic results [11–14].

Advantageous properties of porous tantalum cones and its successful use in revision TKA involving severe bone loss are well
described in the literature; however, to the best of our knowledge, the technique of using these implants in primary TKA with
large tibial defects has not yet been described. The purpose of this study is: 1) To describe our off-label technique of using porous
tantalum cones along with primary arthroplasty implants to address large tibial osseous defects and 2) to present and analyze the
short-term results of this surgical technique.
2. Methods

Seventeen porous tantalum cones cut in half were implanted into 15 patients (nine men, six females) during primary TKA to
address tibial osseous defects. All procedures were done by a single orthopedic surgeon who averages approximately 300 TKA per
year for greater than 12 years. The average age and general demographic data of the study group is shown in Table 1. Demo-
graphic data, intraoperative data, preoperative and postoperative function, type of implant, and complications were collected
from the patient charts and database.

The surgeon preoperatively assessed the plain film in order to anticipate tibial bone loss and porous tantalum cone use. Bone
loss was classified using the Anderson Orthopaedic Research Institute system [15]. All 17 knees were either a 2A or 2B. The final
decision to use a porous tantalum cone was made intraoperatively, with the major indication being defects greater than 20mm
measured from the surface of the tibial cut. All defects were non-traumatic and due to severe wear from long-standing
osteoarthritis.

Of the nine men, one had simultaneous bilateral TKA and one had staged bilateral TKA. All knees had uncontained medial tibial
plateau defects N20 mm requiring medial porous tantalum cones. All patients had osteoarthritis except for one patient with rheu-
matoid arthritis. Tourniquets were used in all cases except for one case where the tourniquet was not working properly and the
case was done without it. Tourniquets were deflated after closure of the arthrotomy. The average tourniquet times and estimated
blood loss are shown in Table 1. Three different primary total knee arthroplasty systems were used including (six) Zimmer
NexGen, (six) Zimmer Persona, and (two) Ortho Development BKS. Antibiotic loaded bone cement (Palacos Gentamicin, Zimmer
Orthopaedics, Warsaw, Indiana) was used in all cases. All surgeries were performed at a single private institution by a single fel-
lowship trained orthopedic surgeon using porous tantalum cones to reconstruct tibial bone defects.

Patients routinely followed up in clinic at two weeks, six weeks, three months, six months, one year, two years, and five years
following surgery. Knee Society Scores and Knee Society Function Scores were recorded at each visit except the two-week follow-
up appointment and were rated as excellent, good, and fair. Knee flexion and extension were measured at each visit. Standard
plain films of the knee (anteroposterior, lateral, and merchant views) were taken preoperatively and at six weeks, six months,
one year, and at a minimum of two years post-operatively unless symptoms or examination indicated repeat radiographs were
necessary. These films were assessed for signs of loosening, osteolysis, fracture, and implant failure at each time point. We
used radiolucency at the tantalum cone–bone, tantalum cone–tibial base plate, and cement–tibial base plate interfaces, as well
as implant subsidence, as radiographic signs of loosening. Additionally, AP femoral component angle, Anteroposterior (AP) tibial
femoral angle, lateral femoral component angle, and tibial slope were measured on the six-week follow-up film. Tibiofemoral
angle and mechanical axis were measured on hip-to-ankle plain films taken preoperatively and at six weeks following surgery.
Measurements were not repeated, as there was no evidence of collapse or failure.
Table 1
Demographic and intraoperative data.

Age (years) 71 ± 12 (48–85)
Height (in.) 63 ± 6 (55–73)
Weight (lb) 194 ± 71 (105–320)
BMI (kg/m2) 33.0 ± 7.4 (21.4–44.8)
ASA 2.7 ± 0.5 (2–3)
Tourniquet time (min) 69 ± 16 (45–107)
Estimated blood loss (cm3) 82 ± 23 (50–100)



Figure 1. Extra-medullary tibial cutting is used to measure resection of the proximal tibia.
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2.1. Surgical technique

A slightly oblique midline skin incision is made and a medial parapatellar arthrotomy is used to gain exposure of the knee. Any
exposure technique can be used, as long as adequate exposure of the proximal tibia is obtained. An extra-medullary tibial cutting
guide was used in all cases to perform the proximal tibial resection (Figure 1). Measurement of the thickness of tibial cut can be
made based off of the lateral tibial plateau if medial tibial plateau loss is the defect being addressed. The medial tibial plateau is
used for reference if a severe lateral defect is being addressed. It is not recommended to resect to the bottom of the defect, as this
will remove excessive tibia (Figures 2 and 3). Once the proximal tibial cut is made, check to make sure that the tibial platform is
perpendicular to the mechanical axis of the tibia or as surgically intended with the method of your choice (block and rod,
Figure 2. Preoperative templating proximal tibia resection.



Figure 3. Following resection of the proximal tibia, the medial tibial plateau defect can be assessed.

Figure 4. The porous tantalum cone size is chosen to match the defect being addressed with the trial cone sizes available.
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Figure 5. Outline the planned position of the cone with a surgical pen. This will provide the template for burring the trough in which the porous tantalum cone
will be impacted.
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computer navigation, etc.). After selecting the tibial implant size, the proximal tibia can be prepared for the trial implants in the
usual fashion according to the system of your choice. At this point, a porous tantalum cone is chosen according to the size needed
to reconstruct the defect. The size of cone chosen should be large enough to support the tibial implant overlying the defect in
question (Figure 4). With a surgical pen, a preliminary outline of where the surgeon plans to position the cone can be drawn
on the proximal tibia (Figure 5). A high-speed burr is then used to fashion a groove in which the porous tantalum cone will
be impacted. The depth of the groove will be determined by the size of the cone and defect. The goal of this process is to have
the porous tantalum cone sit flush with the tibial cut and provide axial compressive support under the tibial baseplate where
bone is missing (Figures 6 and 7). The porous tantalum cone is then measured, marked, and cut to the size and configuration de-
sired with a reciprocating saw away from the surgical field. Cutting the porous tantalum cone is quick and easy, but technique
dependent and should take no more than around five minutes or less. The porous tantalum cone is held firmly by two clamps,
one on each side of the cut. Irrigation of the reciprocating blade with normal saline or sterile water is required to keep the
Figure 6. A high-speed burr is used to fashion a groove to accept the porous tantalum cone. Be sure to measure the depth of the cone being used and deepen the
groove accordingly. Once impacted into place, the porous tantalum cone should sit flush with the proximal tibial surface.



Figure 7. Finished groove, now ready to accept the porous tantalum cone cut to fit within it.
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blade cool and a very light touch is used to saw the cone. Forceful pressure will usually result in quick dulling of the blade. If this
happens, turn the blade over or a new one will be required (Figure 8). Once the cone is cut to size, rinse it in sterile water or
normal saline to clear debris. The cone can then be impacted into place (Figure 9). The burr may be needed to adjust the bony
groove so it can accept the cone. Do not make the groove too large or deep. The adapted cone should fit snugly within the
bone. The proximal tibial defect should now be fully capable of supporting axial load. If desired, bone grafting with autologous
bone can be done prior to cementing in the area between the porous tantalum cone and the central portion of the tibia
(Figure 10). With the tibial plateau reconstructed, trial implants can be placed and the knee can be checked for alignment and
balance in the usual manner (Figure 11). A primary tibial implant can now be cemented into place, in the usual fashion, directly
onto the porous tantalum cone (Figure 12). Be sure to place cement between the implant and the porous tantalum cone.

Preoperative and postoperative weight bearing radiographs are shown in Figures 13 and 14.

3. Results

Seventeen knees, 15 patients, were included in final analysis. The average length of follow-up was 3.5 years with a minimum
follow-up of two years and maximum follow-up of five years. At final follow-up exams, all 17 knees had functioning implants and
stable metaphyseal cones without radiographic evidence of osteolysis or loosening as evidenced by interface radiolucencies or
component subsidence. In this small cohort of patients, no patient had signs of instability, infection, or any systemic complications.
Figure 8. Measure and cut the chosen porous tantalum cone with a reciprocating saw. Use a light touch with saline or sterile water to cool the blade. The cone is
held firmly with clamps of your choice. With the correct technique, the cone will easily cut within one to five minutes.



Figure 9. Porous tantalum cone cut to fit just prior to impaction.
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At a minimum of two years of follow-up, there were no signs of osteolysis surrounding the porous tantalum cone augments or
bone cement interfaces in any area surrounding the tibial implants.

Clinical results were rated as excellent, good, and fair according to the Knee Society Score and Knee Society Function Score. All
15 patients had excellent post-operative results with an average Knee Society Score of 94.6, improved from an average preoper-
ative score of 19.4. Knee Society Function Scores increased from an average of 41.4 preoperatively, to 78.5 at the minimum two-
year follow-up. Knee flexion improved by an average of 12.0° and knee extension improved to neutral in all patients at a mini-
mum two-year follow-up (Table 2).

The average preoperative and postoperative tibiofemoral angle and mechanical axis as measured from hip-to-ankle films are
shown in Table 3, while individual measurements are shown in Figures 15 and 16. The anteroposterior femoral component position,
tibial component position, lateral femoral angle, and tibial slope as measured from standard radiographs are shown in Table 4.
Figure 10. Fully impacted porous tantalum cone. Bone graft can be impacted into the void between the cone and host bone as indicated by the arrow shown.



Figure 11. The porous tantalum cone provides a solid foundation and trial implants can be placed to check balance and alignment of the knee prior to final
cementing of implants.
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4. Discussion

There are currently limited surgical options to address large uncontained tibial defects (AORI IIA and IIB) in the primary TKA
setting. Techniques for addressing larger defects are often adapted from those utilized in revision TKA, including metal block aug-
ments and large structural allografts. A study by Baek et al. on 92 cases of primary TKA with a minimum two-year follow-up dem-
onstrated the successful use of metal block augmentation with no cases of component loosening [3]. The advantages of a metal
block implant are that the size and profile can be customized intraoperatively and it has superior structural properties that pro-
vide implant stability. However, Brand et al. have questioned the durability of metal augments, citing up to 25% incidence of ra-
diolucent lines at 3.5 years post-revision TKA [6]. Additionally, a major limitation highlighted by Baek et al., is that these metal
augments do not promote restoration of bone stock [3]; which may complicate future revisions.

In contrast, allograft augmentation can be used to restore bone stock in the setting of large osseous defects [7–9]. Additionally,
they can be customized intraoperatively and they provide reliable structural support. Clatworthy et al. demonstrated acceptable
five-year survival rates of structural allografts used for revision TKA; however, there is a potential for these grafts to fail due to
resorption, graft infection, nonunion, delayed union, and fracture [7,9,16].

Studies evaluating the use of porous tantalum cones in revision TKA found improvements in Knee Society Scores, stable im-
plants with osteointegration, and low rates of complications [1,11–13]. Compared to other methods, porous tantalum cones
allow for greater biological ingrowth and substitution of bone stock due to its inherent structural properties. The higher degree
of bone porosity and modulus of elasticity close to that of human bone offers the theoretical advantage of stable and long-
term fixation [17,18]. These properties offer the possibility of early mechanical support without short or long-term resorption.
Figure 12. Final implants cemented in place. Note cement between the porous tantalum cone and tibial baseplate.



Figure 13. Pre- and postoperative radiographs showing medial tibial plateau defect prior to surgery and radiographic results four and a half years following
surgery.
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Our study considers an adapted approach from revision TKA of using porous tantalum cones for large tibial osseous defects in
primary TKA. To our knowledge, this technique has not previously been described. Brown et al. did investigate the use of porous
tantalum cones in complex primary and revision TKA; however, they presented only four primary TKA cases. Furthermore, a de-
tailed surgical technique was not provided and the reported outcomes reflected a heterogeneous group of primary and revision
arthroplasty cases [19]. As such, our paper is the first to describe the use and clinical outcomes of porous tantalum cones in pri-
mary TKA. Our short-term results support the use of porous tantalum cones to reconstruct significant tibial osseous defects in pri-
mary TKA. In all of our patients, there was no interface radiolucency, component migration, or loosening found on radiographs at
any follow-up time point. There were no cases of infection or periprosthetic fractures. Immediate full postoperative weight bear-
ing was initiated in all patients. All patients had excellent Knee Society Scores, improved range of motion, and no complications at
the time of their latest minimum two-year follow-up.

There are several limitations to our study. A selection bias may exist due to our small and heterogeneous (given the use of
three different tibial components) patient population. Our small cohort is due to the fact that severe tibial defects in the setting
of primary TKA is rare even in high volume surgical practices. Furthermore, we intentionally chose to utilize three different tibial
components to demonstrate that our technique is not implant specific and therefore should not be limited as such. This study is
also limited in that it represents the experience of a single surgeon, with extensive experience utilizing porous tantalum cones.
We recognize that these results may be difficult to reproduce in the hands of a less experienced surgeon. Other potential draw-
backs of our technique include the difficulty of implant removal in the setting of infection, higher technical skill required during



Figure 14. Pre- and postoperative hip to ankle films showing deformity correction. Note that preoperative deformity did not allow both legs to fit on one film.

Table 2
Pre- and post-operative functional data.

Pre-operative Post-operative

Knee extension 4.4° ± 6.3 (0°–20°) 0.0° ± 0.0 (0°–0°)
Knee flexion 107.4° ± 15.7 (85°–130°) 119.4° ± 5.6 (110°–130°)
Knee Society Score 19.4° ± 11.5° (0°–41°) 94.6° ± 4.6° (85°–100°)
Knee Society Function Score 41.5° ± 17.0° (0°–80°) 78.5° ± 23.7° (40°–100°)

Table 3
Pre- and post-operative alignment values based on hip-to-ankle plain films.

Pre-operative Post-operative

Tibiofemoral anglea −17.4° ± 8.0° (−37° to −3°) 4.8° ± 3.5° (0° to 11°)
Mechanical axis −22.8° ± 7.0° (−40° to −9°) −0.86° ± 3. 2° (−6° to 4°)

a Valgus values are positive.
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Figure 15. Individual and average pre- and postoperative tibiofemoral angle (TFA) values based on hip-to-ankle plain films. Numerical averages, standard devia-
tions, and ranges presented in Table 3.

Figure 16. Individual and average pre- and postoperative mechanical axis (MA) angles based on hip-to-ankle plain films. Numerical averages, standard deviations,
and ranges presented in Table 3.

Table 4
Post-operative alignment values based on standard plain film views of knee.

Post-operative

AP femoral component angle 5.6° ± 1.5° (3° to 8°)
AP tibial component angle 0° ± 1.5° (−3° to 3°)
Lateral femoral component angle 0.6° ± 2.3° (−3° to 5°)
Tibial slope 2.7° ± 2.6° (0° to 8°)
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implantation, as well as the need to remove minimal bone to fit and properly seat the adapted porous cone. Additionally, it is
important to note that it is unknown whether cutting the tantalum cone to custom fit the tibial defect has any resulting effect
on its strength and integrity. As such, our technique of custom cutting porous tantalum cones based on the tibial defect size
should be considered an off label use. Finally, surgeons may question the additional cost of porous tantalum cone augments.
On average, porous tantalum cones cost approximately $2000. At our institution, primary TKA implants average approximately
$3000. Therefore, a total of approximately $5000 can be expected when porous tantalum cone augments are used for primary
TKAs. In comparison, the cost of utilizing a revision tibial implant system at our institution, which typically consists of a stemmed
revision tibial baseplate and at least one medial or full block augment, in addition to a standard primary femoral component,
would total approximately $8000. Thus, despite the added cost, using porous tantalum cones still appears to be the more econom-
ical choice. Despite the potential limitations of this study we believe that the use of porous tantalum cones provides an immedi-
ately stable, compressively resistant reconstructive option to support a primary tibial baseplate in the presence of large tibial
osseous defects encountered during a complex primary TKA.
4.1. Conclusion

In conclusion, in the short-term post-operative period we have demonstrated that porous tantalum cones provide an effective
solution when faced with large osseous defects in the primary TKA setting. Furthermore, complex or more expensive revision sys-
tems are not required for good clinical results. Future studies with a larger series of patients and longer follow-up are needed to
determine if this adapted technique provides long-term clinical success and does not produce mechanical or biologic complica-
tions not encountered to date.
Ethical statement

We wish to declare that all the authors have contributed to the paper. There are no financial or personal relationships with
other people or organizations that inappropriately influenced this work. Dr. Nakasone has disclosed that he is a consultant for sev-
eral companies; however, this relationship does not bias our work as we do not recommend any specific brand of TM cones or
primary implants. We confirm that this work is original and has not been published elsewhere nor is it currently under consid-
eration for publication elsewhere. The institutional review board has approved it.
References

[1] Cuckler JM. Bone loss in total knee arthroplasty: graft augment and options. [in eng] J Arthroplasty Jun 2004;19(4 Suppl 1):56–8.
[2] Ritter MA, Harty LD. Medial screws and cement: a possible mechanical augmentation in total knee arthroplasty. [in eng] J Arthroplasty Aug 2004;19(5):587–9.
[3] Baek SW, Kim CW, Choi CH. Management of tibial bony defect with metal block in primary total knee replacement arthroplasty. [in eng] Knee Surg Relat Res Mar

2013;25(1):7–12.
[4] Windsor RE, Insall JN, Sculco TP. Bone grafting of tibial defects in primary and revision total knee arthroplasty. [in eng] Clin Orthop Relat Res Apr 1986;205:132–7.
[5] Partington PF, Sawhney J, Rorabeck CH, Barrack RL, Moore J. Joint line restoration after revision total knee arthroplasty. [in eng] Clin Orthop Relat Res Oct 1999

(367):165–71.
[6] Brand MG, Daley RJ, Ewald FC, Scott RD. Tibial tray augmentation with modular metal wedges for tibial bone stock deficiency. [in eng] Clin Orthop Relat Res Nov

1989(248):71–9.
[7] ClatworthyMG, Ballance J, Brick GW, Chandler HP, Gross AE. The use of structural allograft for uncontained defects in revision total knee arthroplasty. Aminimum

five-year review. [in eng] J Bone Joint Surg Am Mar 2001;83-A(3):404–11.
[8] Harris AI, Poddar S, Gitelis S, SheinkopMB, Rosenberg AG. Arthroplasty with a composite of an allograft and a prosthesis for knees with severe deficiency of bone.

[in eng] J Bone Joint Surg Am Mar 1995;77(3):373–86.
[9] Dennis DA. The structural allograft composite in revision total knee arthroplasty. [in eng] J Arthroplasty Jun 2002;17(4 Suppl 1):90–3.

[10] Sagomonyants KB, Hakim-Zargar M, Jhaveri A, Aronow MS, Gronowicz G. Porous tantalum stimulates the proliferation and osteogenesis of osteoblasts from el-
derly female patients. [in eng] J Orthop Res Apr 2011;29(4):609–16.

[11] Jensen CL, Winther N, Schrøder HM, Petersen MM. Outcome of revision total knee arthroplasty with the use of trabecular metal cone for reconstruction of severe
bone loss at the proximal tibia. [in eng] Knee Dec 2014;21(6):1233–7.

[12] Meneghini RM, Lewallen DG, Hanssen AD. Use of porous tantalummetaphyseal cones for severe tibial bone loss during revision total knee replacement. [in eng] J
Bone Joint Surg Am Jan 2008;90(1):78–84.

[13] Villanueva-Martínez M, De la Torre-Escudero B, Rojo-Manaute JM, Ríos-Luna A, Chana-Rodriguez F. Tantalum cones in revision total knee arthroplasty. A prom-
ising short-term result with 29 cones in 21 patients. [in eng] J Arthroplasty Jun 2013;28(6):988–93.

[14] Derome P, Sternheim A, Backstein D, Malo M. Treatment of large bone defects with trabecular metal cones in revision total knee arthroplasty: short term clinical
and radiographic outcomes. [in eng] J Arthroplasty Jan 2014;29(1):122–6.

[15] Engh G, Rorabeck C. Bone defect classification (revision total knee arthroplasty). Baltimore, MD: Lippincott; 1997.
[16] Mabry TM, Hanssen AD. The role of stems and augments for bone loss in revision knee arthroplasty. [in eng] J Arthroplasty Jun 2007;22(4 Suppl. 1):56–60.
[17] Findlay DM, Welldon K, Atkins GJ, Howie DW, Zannettino AC, Bobyn D. The proliferation and phenotypic expression of human osteoblasts on tantalummetal. [in

eng] Biomaterials May 2004;25(12):2215–27.
[18] Welldon KJ, Atkins GJ, Howie DW, Findlay DM. Primary human osteoblasts grow into porous tantalum andmaintain an osteoblastic phenotype. [in eng] J Biomed

Mater Res A Mar 2008;84(3):691–701.
[19] Brown NM, Bell JA, Jung EK, Sporer SM, Paprosky WG, Levine BR. The use of trabecular metal cones in complex primary and revision total knee arthroplasty. [in

eng] J Arthroplasty Sep 2015;30(9 Suppl):90–3.

http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0005
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0010
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0015
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0015
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0020
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0025
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0025
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0030
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0030
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0035
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0035
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0040
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0040
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0045
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0050
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0050
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0055
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0055
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0060
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0060
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0065
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0065
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0070
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0070
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0075
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0080
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0085
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0085
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0090
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0090
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0095
http://refhub.elsevier.com/S0968-0160(18)30623-9/rf0095

	Addressing large tibial osseous defects in primary total knee arthroplasty using porous tantalum cones
	1. Introduction
	2. Methods
	2.1. Surgical technique

	3. Results
	4. Discussion
	4.1. Conclusion

	Ethical statement
	References


