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Purpose Metaphyseal bone defects are a challenge in complex primary and revision
total knee arthroplasty (TKA). Recently, several studies have been published with
promising results about the use of Trabecular Metal (TM) cones to address bone
defects. The aim of this study is to review the literature to assess the efﬁcacy of TM
cones to address metaphyseal bone loss.
Methods A comprehensive search was performed on PubMed, Medline, CINAHL,
Cochrane, Embase, and Google Scholar databases using various combinations of the
following keywords: “metaphyseal,” “cones,” “tantalum,” “knee,” and “revision.” Only
papers reporting clinical data about the use of trabecular metal cones were included in
the analysis. In vitro studies, case reports, surgical technique, or other studies where it
was not possible to collect clinical data were excluded. Patients characteristics, details
of the surgical procedures, outcome, and complications were collected from each
included study.
Results No controlled studies were available in the literature and all the papers were case
series. In 16 studies included, the records of 442 patients with 447 implants and 523 TM
cones were reported. The mean follow-up was 42 months (range: 5–105) for 360 procedures.
Among 437 procedures, 30.4% were septic revisions. The Anderson Orthopaedic Research
Institute (AORI) classiﬁcation was available for 352 defects: 13 type 1, 69 type 2A, 115 type
2B, and 155 type 3. To manage these 352 defects, 360 TM cones were implanted.
Intraoperative fractures occurred 13 times (10 femoral/3 tibial), 6 required surgical ﬁxation.
The overall infection rate was 7.38%, and the infection rate for the aseptic procedures was
0.99%. An aseptic exchange was performed 13 times, among these procedures twoTM cones
were loose. Signs of loosening were found just in 1.3% of the 523 TM cones implanted
(5 femoral/2 tibial) during 447 procedures.
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Conclusion The TM cones are an effective solution to manage bone defects in
complex primary and revision TKA at intermediate follow-up. The incidence of
complications was low; however, the femoral metaphysis proved to be more susceptible to complications.
Level of Evidence Level IV, systematic review of level IV studies.

Introduction
Signiﬁcant bone defect can be a challenging clinical problem in
revision total knee arthroplasty (TKA) or in certain complex
primary cases. Several factors such as stress-shielding, osteolysis, instability, previous implant removal, and/or infection
may lead to bone loss.1 As described by Morgan-Jones et al, the
metaphysis, named “zone 2,” is crucial to guarantee axial and
rotational stability of an implant.2 Therefore, the achievement
of a stable ﬁxation at the metaphysis is a key issue for the
longevity of the implant as bone deﬁciency at this level
compromises the stability of the whole implant. Metaphyseal
bone loss can be classiﬁed using the Anderson Orthopaedic
Research Institute (AORI) system3 (►Table 1). Several surgical
strategies are available to address bone loss such as structured
bone grafting, metal augment blocks, and tumor implants.4,5
Porous tantalum cones have been introduced as an option to
restore signiﬁcant bone defects in revision TKA.6
Porous tantalum, commercially known as Trabecular Metal
(TM; Zimmer Inc., Warsaw, Indiana, United States), was introduced as appealing coating for cementless implants and
bone graft substitute. Characteristically, TM has a high volume
porosity7 similar to the cancellous bone, low modulus of
elasticity, and high coefﬁcient of friction.8 Early in vitro studies
reported high potential for rapid bony ingrowth within the TM
structure.9,10 Recently, several studies have been published on
this metal augment with interesting results. Therefore, the aim
of this article is to review the available literature to evaluate if
the TM cones are a valid option to address metaphyseal bone
loss in the setting of complex primary and revision TKA.

Methods
A comprehensive search of PubMed, Medline, CINAHL, Cochrane,
Embase, and Google Scholar databases was performed, covering
the period between 2004 and 2015. Various combinations of
the following keywords were used: “metaphyseal,” “cones,”
Table 1 AORI bone defect classiﬁcation
Type

Description

1

Minor defect with intact metaphyseal bone

2

Defect with damaged metaphyseal bone

2A

One femoral or tibial condyle affected

2B

Both femoral or tibial condyle affected

3

Defect affecting the major portion of
either femoral condyles or tibial plateau

Abbreviation: AORI, Anderson Orthopaedic Research Institute.

“tantalum,” “knee,” and “revision.” Two reviewers have independently examined the titles and abstracts from all identiﬁed
articles to assess their appropriateness to this research. Fulltext articles were downloaded or purchased when required. In
addition, each reference list from the identiﬁed articles was
manually checked to verify that relevant articles were not
missed. A total of 57 articles were obtained. All the studies
were in English language. Papers not reporting clinical results
about the use of TM cones were excluded. In vitro studies, case
reports, or surgical technique papers were excluded as well.
Reports on retrieved implants or other studies where it was not
possible to collect clinical data of patients that underwent TM
cones implantation were excluded.
The quality of reporting of meta-analysis (QUOROM)11 ﬂow
diagram illustrates the number of studies that have been
identiﬁed, included, and excluded, along with the reasons for
exclusion (►Fig. 1). Further, each study was evaluated in terms
of the following variables: level of evidence,12 number of
patients (females/male), operated knees, patient age (range),
follow-up time (range), number of septic revisions, type of
implant (revision\primary), level of constraint, type of bone
defect according to AORI classiﬁcation, number of TM cones
implanted (tibia/femur), stem ﬁxation technique, type of
ﬁxation (cemented/cementless/hybrid), and length of the implanted stems. Complications such as intraoperative fractures
(with or without intraoperative ﬁxation) and the incidence of
postoperative infections, either recurrent or new infection,
were collected as well. Infections occurred after subsequent
surgeries were not considered as complications of the replacement procedure involving the TM cones implantation. The
included studies were also evaluated in terms of reoperations
and the data classiﬁed as septic reoperations, including revision
and debridement, aseptic revisions, or other surgeries without
implant exchange. Among the revision procedures, either
septic or aseptic, the status of the involved cones was recorded.
Finally, the signs of loosening of the implanted cones, either
from radiological evaluation or from surgical reports, were
collected.

Statistical Analysis
Descriptive data collected from selected studies were pooled
and expressed as weighted means.

Results
A total of 1613–28 studies published from 2006 to 2015 that
reported clinical data on the management of metaphyseal bone
loss using tantalum cones in the setting of complex primary
and revision TKA were included in the systematic review.
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Fig. 1 The quality of reporting of meta-analyses (QUOROM) ﬂow diagram, depicting the number of studies identiﬁed, included, and excluded as
well as the reasons for exclusion.

Level of Evidence
No controlled studies were available in the literature. All the
papers were case series (Level of Evidence IV).

Patients Demographics
In 16 studies included, the data of 442 patients with 447
implants were recorded. The gender of the patients and the
mean age at surgery was available for 395 patients: 222 females
and 173 males, with a mean of 69 years (range: 32–91). In a study
including 21 patients,27 the follow-up period was not clearly
reported. In another paper,28 including 66 patients, a different
follow-up period for clinical (70 months, range: 60–106) and
radiological (68 months, range: 60–106) evaluation was provided. The remaining 358 patients (360 procedures) were
evaluated at a mean follow-up of 42 months (range: 5–105).
All but one study13 speciﬁed the number of patients undergoing
a septic revision. Therefore, among the 437 procedures described
in these studies, 133 (30.43%) were the second stage procedure of
a septic revision (►Table 2).

hinge, and 25 pure hinge knees. A detailed AORI classiﬁcation of
the bone defects was provided in 11 studies14,15,17,19,20,24–28
including 310 patients presenting with a total of 352 defects
(including both femoral and tibial). Thirteen were type 1, 69
type 2A, 115 type 2B, and 155 type 3. In three studies,13,16,21
the bone defects classiﬁcation was not speciﬁed; in other
two18,23 reports, the classiﬁcation was generally referred to
the patients and not to each speciﬁc defect. To manage these
352 defects, 360 TM cones were implanted. Overall, 523TM
cones, 359 in the tibia and 164 in the femur, were implanted.
The stems ﬁxation technique was described for 413 implants
including 251 with fully cemented and 162 with hybrid
cemented stems. In nine studies,14–18,21–24,28 an antibiotic
was added to the cement in every procedure, in one20 only
in selected cases, and in the other ﬁve13,16,19,25–27 the presence
of antibiotic in the cement was not mentioned. The stem length
was reported in seven studies13–15,17,19,24,28 and it ranged from
30 to 200 mm (►Table 3).

Outcomes and Complications
Surgical Reports
Out of the 447 replacements included, only 4 were primary
procedures. The level of constraint of the implants was clearly
speciﬁed in 420 cases: 2 implants were cruciate-retaining, 62
posterior-stabilized, 197 constrained condylar, 134 rotating
Joints
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Intraoperative fractures occurred 13 times (10 in the femur
and 3 in the tibia) out of 447 procedures (2.91%); six (1.34%)
of them required surgical ﬁxation. The overall incidence of
septic complications was 33 out of 447 procedures (7.38%).
Of these, 15 cases were described as recurrent infections and
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Table 2 Patients’ demographics
Author

Year

Patients
(F\M)

Knees

Age
(range)

Follow-up mo
(range)

Septic revisions

Radnay and Scuderi

2006

9 (n.s.)

10

n.s.

10 (5–14)

n.s.

Meneghini et al

2008

15 (8\7)

15

68 (41–81)

34 (24–47)

5

Long and Scuderi

2009

15 (8\7)

16

66 (48–83)

31 (24–38)

3

Howard et al

2011

24 (13\11)

24

64 (46–79)

33 (24–50)

7

Lachiewicz et al

2012

27 (14\13)

27

65 (49–84)

39 (24–68)

13

Schmitz et al

2013

38 (n.s.)

38

n.s.

37 (35–42)

0

Rao et al

2013

26 (15\11)

26

72 (62–84)

36 (24–49)

9

Villanueva-Martínez et al

2013

21 (14\7)

21

73 (62–86)

36

5

Derome et al

2014

29 (10\19)

29

70 (36–84)

33 (13–73)

7

Mozella et al

2014

10 (7\3)

10

71 (59–80)

35 (26–45)

3

Jensen et al

2014

36 (11\25)

36

69 (51–84)

47 (3–84)

15

De Martino et al

2015

18 (12\6)

18

73 (55–84)

80 (71–105)

13

Boureau et al

2015

7 (3\4)

7

65 (51–79)

17 (12–25)

3

Brown et al

2015

83 (59\24)

83

69 (32–91)

40 (24–48)

21

Bédard et al

2015

21 (12\9)

21

75 (58–91)

n.s.

3

Kamath et al

2015

63 (36\27)

66

67(41–83)

70 (60–106)

26

Clinical
68 (60–106)
Radiological
Abbreviation: n.s., not speciﬁed.

2 were new infections. No clear information was provided for
the remaining cases. In 13 studies (288 procedures), the
number of septic revisions and the number of recurrent
infections were clearly reported. Therefore, out of these 288
procedures, 202 were aseptic surgeries and the incidence of
new infections was 0.99%. Twenty-nine of these infections
were surgically managed (either implant exchange or irrigation and debridement). In 14 of these septic procedures, the
osteointegration of the related cone was evaluated and only
two times a cone was found loose. An aseptic exchange was
performed 13 times and a TM cone was found to be loose in 2
of the 11 procedures where this data was available. Signs of
loosening of the TM cones (523), either radiological or from
the surgical reports, were reported in 7 cases (1.33%) (2 tibial
cones and 5 femoral cones). Considering the 360 procedures
with a mean follow-up of 42 months (range: 5–105) and a
total of 432 cones implanted, the incidence of signs of
loosening was 1.15% (5 TM cones) (►Table 4).

Discussion
The main ﬁnding of the current review is that the TM cones
are an effective option to manage bone defects in complex
primary and revision TKA. Signs of loosening were found just
in the 1.33% of the 523 TM cones implanted during 447
procedures. Interestingly, 5 of the 7 reported sings of loosening occurred in the femur. Limiting the analysis to the
procedures with an available mean follow-up of 42 months

(range: 5–105), the incidence of signs of loosening was
1.15%. These data conﬁrm the tantalum’s capability to enhance tissue ingrowth and implant stability. Compared with
other porous metal such as titanium or cobalt-chrome,
tantalum has a much higher volume porosity, similarly to
the cancellous bone (75–80%).9,10,29,30 This feature makes
tantalum an optimal substrate for bone ingrowth.8 Canine
studies demonstrated fast bone ingrowth and revascularization of peri-implant bone with TM components.6,9
The high coefﬁcient of friction of tantalum provides an
immediate mechanical stability. Therefore, impacting the TM
cones in the metaphyseal bone offers immediate strong
mechanical support that permits to control the rotational
forces of the implant, therefore protecting the ﬁxation of the
implant, and supporting bone ingrowth from the adjacent
host bone. Another feature of tantalum is its low modulus of
elasticity that reduces the periprosthetic stress transfer to
the host bone.9,10,29,30 This is an advantage considering the
frequent need for high level of constraint frequently in
revision TKA, as seen in this analysis, where 356 out of the
420 described implants were condylar constrained, rotating
hinge, or pure hinge knees. Moreover, tantalum’s immediate
high stability and good stress transfer permits to use shorter
stems compared with the ones required when structured
allograft are used to manage bone loss. Indeed, the structured allografts require the use of long stems to protect their
maturation process and longer stems, and this increases the
possibility to have stress shielding problems.28,31
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Table 3 Surgical reports
Author

Implants

Constrain

Radnay and Scuderi

10 revision

n.s.

Bone defect
(AORI)

Cones
(T\F)

2A (n.s.)

12 (10\2)

2B (n.s.)

Stem fixation
(T\F)

Antibiotic
cement

Stem
length (T\F)

Hybrid 4

n.s.

T 75–200

All

T 30–155

All

T 75–200

Cemented 6

3 (n.s.)
Meneghini et al

15 revision

PS 6

2B (7)

CC 2

3 (8)

15 (15\0)

Hybrid 3
Cemented 12

RH 7
Long and Scuderi

16 revision

CC 16

2A (2)

18 (16\2)

2B (3)

Hybrid 12
Cemented 4

3 (13)
Howard et al

24 revision

PS 3

2B (n.s.)

CC 11

3 (n.s.)

24 (0\24)

Cemented 24

n.s.

n.s.

33 (24\9)

Hybrid 3T þ 5F

All

T 35–145

RH 10
Lachiewicz et al

27 revision

PS 7

2B (4)

CC 17

3 (29)

Cemented 21T þ 4F

F 90–175

RH 3
Schmitz et al

38 revision

RH 13

2A (9)

HK 25

2B (10)

54 (25\29)

Cemented 38

All

n.s.

29 (25\4)

Hybrid 26

n.s.

30–130

29 (11\18)

Hybrid 12

Not all

n.s.

3 (19)
Rao et al

26 revision

RH 26

2A (16)
2B (4)
3 (9)

VillanuevaMartínez et al

21 revision

CC 11

2A (3)

RH 10

2B (6)

Cemented 9

3 (19)
Derome et al
Mozella et al

29 revision
10 revision

PS 11

2B (n.s.)

CC 18

3 (n.s.)

n.s.

2A (3)

33 (17\16)

Hybrid 29

All

n.s.

12 (9\3)

Cemented 10

All

n.s.

40 (36\4)

Hybrid 36

All

n.s.

25 (12\13)

Hybrid 15

All

2B (5)
3 (4)
Jensen et al

36 revision

PS 6

2A\2B (27)

CC 14

3 (9)

RH 16
De Martino et al

18 revision

CC 6

2B (6)

RH 12

3 (19)

Boureau et al

7 revision

n.s.

2B (2)

Brown et al

4 primary

CR 1

1 (13)

79 revision

PS 19

2A (28)

Cemented 3

T 100–155
F 100–155

14 (0\14)

n.s

n.s.

n.s.

94 (76\18)

83 cemented

n.s.

n.s.

25 (17\8)

21 hybrid

n.s.

n.s.

4 hybrid

All

T 30–155

3 (5)

Bédard et al

21 revision

CC 52

2B (47)

RH 11

3 (6)

PS 3

2B (6)

CC 17

3 (19)

RH 1
Kamath et al

66 revision

CR 1

2A (17)

PS 7

2B (25)

CC 33

3 (24)

66 (66\0)

62 cemented

RH 25
Abbreviations: AORI, Anderson Orthopaedic Research Institute; CC, condylar constrained; CR, cruciate retaining; HK, hinged knee; n.s., not speciﬁed;
PS, posterior stabilized; RH, rotating hinge.

Joints

Vol. 6

No. 1/2018

Efficacy of TM Cones to Address Metaphyseal Bone Loss

Bonanzinga et al.

Table 4 Outcomes and complications
Author

Infections
(recurrent)

Intraoperative
fractures
(fixed) [T\F]

Septic
reoperations
(loose cones)

Aseptic
revisions
(loose cones)

Other
surgeries

Signs of
loosening

Radnay and Scuderi

1 (1)

0

1 (0)

0

0

0

Meneghini et al

2 (2)

0

2 (0)

2 (0)

0

0

Long and Scuderi

2 (2)

0

2 (0)

0

0

0

Howard et al

1 (1)

0

0

0

5

0

Lachiewicz et al

1 (1)

0

1 (1)

1 (1)

2

2 (2F)

Schmitz et al

0

0

0

2 (1)

0

1 (1F)

Rao et al

2 (2)

0

1 (n.s.)

0

0

0

Villanueva-Martínez et al

2 (2)

8 (3) [1\7]

2 (1)

0

0

1 (F)

Derome et al

2 (0)

1 (1 [0\1])

2 (0)

1 (0)

2

0

Mozella et al

0

0

0

0

4

0

Jensen et al

2 (2)

0

2 (0)

2 (0)

0

0

De Martino et al

2 (2)

0

2 (0)

0

0

0

Boureau et al

0

0

0

0

0

0

Brown et al

9 (n.s.)

1 (1 [0\1])

9 (n.s.)

2 (n.s.)

8

1 (F)

Bédard et al

0

3 (1) [2\1]

0

0

0

0

Kamath et al

7 (n.s.)

0

5 (n.s.)

3 (1)

9

2 (T)

Abbreviation: n.s., not speciﬁed.

Jafari et al32 have shown that, among the failed tantalum
cups, 80% did so in the ﬁrst 6 months, suggesting that a longtime survivorship should be expected with tantalum implants.
This is another potential advantage with respect to the use of
structured allograft that is associated with risk of collapse or
resorption over the time.33 However, due to the recent introduction of the TM cones in the clinical practice, there is no
available literature on the long-term survivorship of these
devices. Beckmann et al5 have compared the revision rates of
TM cones and structural allografts. They have collected the
data of 476 knees with 551 allografts and 223 knees with 254
cones. According to their statistical analysis, they found a lower
incidence of aseptic loosening in the TM studies.
Other potential advantages of TM cones include its modularity and the relatively safe and reproducible surgical
technique.8 In this article, incidence of intraoperative fractures was 2.91% and the incidence of intraoperative fractures
surgically ﬁxed was 1.34%. Interestingly, ﬁve of the seven
fractures occurred in the femur. These data, together with
higher incidence of cones loosening on the femoral side,
suggest that particular attention is necessary when preparing the femoral metaphysis. Another possible clue may be the
need for higher modularity on the femoral cones or maybe
different shapes. Villanueva-Martínez et al20 reported about
the need to reshape the cones 4 times out of 18 in the femoral
side and 1 out of 11 implanted tibial cones.
The overall incidence of infection was quite low (7.38%),
further limiting the analysis to the aseptic procedures and
the value was as low as 0.99%. A previous review of the
literature by De Martino and Sculco34 reported the incidence
of infection to be 4.97% and the incidence of new infection

between 1.16 and 1.21%. On comparing the infection rates of
studies reporting on TM cones and structured allografts, we
observed that incidence of new infections was signiﬁcantly
lower in the TM studies, while the reinfection rate was
similar. Possible reasons for this better performance of the
TM cones could be related to the high volume of porosity of
tantalum and to the shorter preparation time required for
cones implantation compared with structured allografts.
The main potential drawback of the TM cones could be the
difﬁculty of removing these augments in case of prosthetic
joint infection. Unfortunately, the literature on this topic is
quite limited.
Other metal options to address bone defects in knee
revisions have been reported in the literature with variable
results. Metal augments proved to be an efﬁcient solution in
contained defects with survival rate reported to be as high as
92% at long-term follow-up.35 However, Hockman et al36
noted that in those patients presenting with a type 3 bone
defect (48% of the series), an additional large structural
allograft was needed. Another option for severe metaphyseal
defects are the titanium sleeves. Promising results have been
published in the recent literature; however, the amount of
studies available and the follow-up length are still limited.37
This study has some limitations. First, all the papers were
case series as no controlled trials were available. Second, no
assessment of methodological quality of the included studies
was provided. Third, due to the lack of homogeneity among the
included reports, not all the data were suitable for inclusion in
the study analysis. For this reason, the calculation of the mean
follow-up did not include one study28 with the second longer
follow-up and the second bigger series.
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In conclusion, the TM cones proved to be an effective
solution to address bone defects in complex primary and
revision TKA at intermediate follow-up with low incidence
of complications. The femoral side is more susceptible to
intraoperative complications and aseptic loosening. Future
studies with a higher level of evidence are needed to evaluate
the long-term survivorship of these tantalum augments.
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