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Metaphyseal cones combined with diaphyseal impaction grafting
provide good outcomes and survival in a complex revision total knee
arthroplasty: a matched comparative analysis
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Abstract

Purpose To compare clinical and radiological outcomes, implant survivorship at a minimum of 1-year follow-up using
metaphyseal trabecular cones with or without impaction grafting in a complex revision TKA.

Methods A retrospective comparative matched analysis was performed and 15 patients who underwent revision surgery
using the combination of porous trabecular metaphyseal cone and diaphyseal impaction grafting (MC-IBG) were matched
with a group of 13 patients who also underwent revision surgery using metaphyseal cone (MC) without impaction grafting.
All included patients presented severe bone defect (AORI 2,3) and a rotating-hinge prosthesis were implanted.

Results Both groups were comparable regarding the baseline demographic and clinical data. Patients had previously under-
gone a mean of 4 (range, 2—12) and 3 (range, 2-5) previous procedures in the MC-IBG and MC groups, respectively. The
indications for revision were aseptic loosening in 11 (73.3%) and 11 (84.6%) patients; prosthetic joint infection in 4 (26.7%)
and 2 (15.4%) in the MC-IBG and MC groups, respectively. There was no significant difference in the mean postoperative
Knee Society Score between the study groups (p =0.806). Overall, 4 patients had further revision. Two patients were revised
in the MC-IBG group, one patient for aseptic loosening and the second one after 2 episodes of instability. Two patients in
the MC group presented prosthetic joint infection and underwent a two-stage reimplantation. No significant difference was
observed between the study groups at comparison (p =0.92).

Conclusion Trabecular metal cones with diaphyseal impaction grafting provide an alternative technique in a complex revi-
sion TKA surgery with early clinical and radiographic success.
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Introduction

Over the last decade, there was a dramatic increase in
expected revision total knee arthroplasty (trTKA) procedures
because of the rapidly aging population [1]. Revision total
knee arthroplasty with severe bone loss represents a chal-
lenging situation for many knee replacement surgeons. Sev-
eral surgical options exist for those complex cases classified
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as Anderson Orthopaedic Research Institute (AORSI) [2]
type 2 and 3, such as structural allografts [3—5], modu-
lar metal augmentations [6], distal femoral replacement
megaprostheses [7], and highly porous metaphyseal cones.

The high complication and moderate survival rates
were reported using structural allografts [8, 9] while highly
porous titanium and tantalum metaphyseal cones have been
shown significantly improved short- and long-term survival
rates in the treatment of extensive bone loss [10, 11] com-
pared with the structural allograft [12]. The improved sur-
vivorship of highly porous metaphyseal cones is attributed
to their biocompatibility and high osseointegration capac-
ity. However, rTKA is frequently associated with significant
diaphyseal bone loss, especially after removal of the failed
implants which can severely compromise the fixation and
survivorship of future construct.
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Impaction bone grafting (IBG) can optimally address
substantial bone loss in a previously violated and sclerotic
hots bone [13-16]. The technique is a modification that was
originally described for the treatment of bone defects in total
hip arthroplasty [17, 18]. However, the outcomes of isolated
IBG in a complex r'TKA have not been as successful as in
complex revision hip surgeries [13, 15, 16, 19].

To the best of our knowledge, there is no comparative
data in the literature between using highly porous
metaphyseal cones with and without diaphyseal IBG in
AORI 2 and 3 bone defects and this led us to conduct this
comparative case—control study. The main purpose of the
study was to report clinical, radiological outcomes, and
implant survivorship in 2 matched therapeutic groups. We
hypothesized that the use of MC associated with diaphyseal
IBG can provide a stable and comparable fixation with the
use of MC in isolation.

Material and methods

Between 2018 and 2021, we performed 31 complex rTKA
using a hinged knee prosthesis (LINK Endo-model) in com-
bination with metaphyseal cones (LINK, Hamburg, Ger-
many). Three patients were lost to follow-up. All patients
presented uncontained metaphyseal defect and in 15 patients
extensive cancellous bone loss was observed intraoperatively
with sclerotic diaphysis (Fig. 1). Diaphyseal impaction bone
grafting was used in these patients in addition to metaphy-
seal cones and hinged knee prostheses. In all cases and just
before the surgery a thorough radiographic analysis was
performed to assess the severity of bone defect and for an
image-based preoperative planning. In addition, bone defects

were classified intraoperatively prior to impaction grafting
and cone placement.

Patients were followed at 6 weeks, 6 months, 1 year,
and then on a yearly basis. Serial standing AP and lateral
plain radiographs of the knee were obtained preoperatively
and postoperatively, at 6 weeks, 6 months, and at the latest
follow-up. Radiolucent lines at the latest follow-up were
documented according to the Knee Society total knee
arthroplasty roentgenographic evaluation system [21].
The absence of radiolucent lines around the metaphyseal
cone and prosthesis was interpreted as possible bone
ingrowth. Bone graft incorporation was assessed according
to the criteria established by de Waal Malefijt et al. [22].
Radiographs were assessed separately by two reviewers:
an independent senior radiologist and by a treating senior
surgeon. Postoperative functional evaluations were
performed at the time of the latest follow-up using the
Knee Society Score (KSS). The failure was defined if the
prosthesis was removed or revised for any reason.

Surgical technique

The surgical technique was conducted as it was previously
described [23] and was performed through a midline
parapatellar approach. Briefly, failed implants are removed,
fibrotic tissue around the bone and the sclerotic canals are
carefully curetted, irrigated, and the severity of the bone
defect is graded according to the AORI classification system
[2]. Intramedullary canals are reamed, and joint surfaces are
prepared for a relevant size new prosthesis. Morselized fresh
frozen cancellous chips are carefully impacted into the canal
and around the trial stem, after graft impaction the stem is
carefully removed. Care must be taken to remove only the
necessary metaphyseal bone. Once the size of the cone has

Fig. 1 Intraoperative photographs of massive metaphyseal defects on both tibial and femoral side (a); tibial metaphyseal cone was implanted

after diaphyseal impaction grafting (b)
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been decided and preparation is complete, the final cone is
impacted. Metaphyseal cone sizes are decided, and implants
are cemented in a hybrid fashion. In all cases, we used a
rotating hinged prosthesis and antibiotic-loaded cement is
used in all procedures (Simplex P Tobramycin-Howmedica
Stryker Osteonics, Mahwah, NJ, and Palacos R + G, Zimmer
Orthopaedics, Warsaw, IN). Intraoperative tissue cultures are
routinely taken in all patients and intravenous prophylaxis
is given until negative tissue cultures are confirmed.
Postoperative rehabilitation protocol included active ROM
exercises and all patients were allowed full weight bearing
as tolerated.

Statistical analysis

Qualitative variables were described by absolute and
relative frequencies, and quantitative variables by mean
and standard deviation. The chi-squared test was applied
to compare qualitative variables, while the comparison
of quantitative variables exhibiting a normal distribution
versus dichotomous qualitative variables was carried
out using the Student’s t-test. Before-after analyses were
carried out using the student’s #-test for paired samples when
analyzing quantitative variables, and Mc Nemar test for
qualitative variables. The Kaplan—Meier survival analysis
was performed to estimate implant survivorship with a 95%
confidence interval (CI) using implant removal or revision
as the endpoint. Statistical significance was considered when
p<0.05. All statistical analysis was performed using R-3.6.0
(R Core Team 2020, Vienna, Austria).

Results

The mean time of follow-up was 12.3 (SD, +£6.31)
and 12.4 (SD, +6.91) months in the MC-IBG and MC
groups, respectively. The mean age of the patients was
73.9+7.41 years in the MC-IBG and 74.2+9.5 in the
MC group. There were 10 females (66.7%) and 5 males
(33.3%) in the MC-IBG group and 7 (53.8%) and 6
(46.2%) in the MC group. Overall, 24 metaphyseal cone-
IBG were used (11 femoral and 13 tibial sides) in the
MC-IBG group and 17 in the MC group (4 femoral and 13
tibial), and the difference was not significant between the
2 groups at comparison (p =0.079). Table 1 summarizes
the patient”s baseline demographic and clinical data with
the indications for revision surgery.

Eleven knees (73.3%) in the MC-IBG group and
11 (84.6%) in the MC group were revised for aseptic
loosening of the components as periprosthetic joint
infection was ruled out in intraoperative cultures. In
4 (26.7%) and 2 (15.4%) patients in the MC-IBG and
MC groups a two-staged revision was conducted due to
periprosthetic infection.

In the MC-IBG group, the femoral and tibial canal at
the site of impaction grafting presented a cavitary meta-
physeal defect with sclerotic diaphyseal cortices in all
revised cases (Fig. 1). According to the AORI classifi-
cation, 11(73.3%) patients presented uncontained defect
on the femoral side (F3), and 13 knees (86.6%) showed
uncontained tibial defect (T3). Remaining patients

Table 1 Baseline demographic

.. MC-IBG (n=15) MC (n=13) p value
and clinical data were
Comparable between the study Age 73.9+7.41 742495 0.910
groups Follow up 12.3+6.31 1244691 0.968
Mean number of previous procedures 4(2-12) 3(2-5) 0.212
Time lapse from the last failed surgery to the 2.83+1.71 3.82+2.71 0.267
index revision surgery
Sex n (%) 0.761
Female 10 (66.7%) 7 (53.8%)
Male 5(33.3%) 6 (46.2%)
Site of diaphyseal impaction grafting with a 0.079
metaphyseal cone n (%)
F 2 (13.3%) 0 (0.0%)
T 4 (26.7%) 9 (69.2%)
T/F 9 (60.0%) 4 (30.8%)
Indication for revision TKA 0.792
Aseptic loosening 11 (73.3%) 11 (84.6%)
Infection two-staged reimplantation 4 (26.7%) 2 (15.4%)
Failure rate 1.000
No 13 (86.7%) 11 (84.6%)
Yes 2 (13.3%) 2 (15.4%)
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revealed Type 2 AORI defects on both tibial and femoral
side. On the other hand, in the MC group, tibial side T2B
defect was observed in 9 (69.2%) patients and F2B defect
was found in 4 (30.7%) cases.

Postoperatively, the mean KSS increased significantly in
both groups and when the between-group compare was con-
ducted no significant difference was found (Fig. 2).

Overall, 3 cases (20%) of nonprogressive radiolucency
at the bone-cement interface were observed in at least one
zone in the MC-IBG group. A total of 4 patients (36.3%)

P-value = 0.806
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Fig.2 Postoperative patient-reported subjective outcomes. Group 1:
Metaphyseal cone and impaction bone grafting (MC-IBG); group 2:
Isolated metaphyseal cone (MC)

Fig.3 A 75-year-old female patient with 7 prior surgeries and severe
bone loss underwent revision surgery using metaphyseal cones and
impaction grating. She was doing well until presenting 2 consecutive
episodes of instability and was managed with conversion to arthrode-
sis (WALDEMAR LINK® GmbH & Co.KG). a Lateral X-ray control
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patients presented radiological signs of loosening in the MC
group. These patients were satisfied with their results, and
no impairment in their activities of daily living was reported.
The difference between the study groups was not significant
(p=0.67).

Overall, four patients had further revision or removal of
the construct. Two patients were revised in the MC-IBG
group, one patient for aseptic loosening of the tibial com-
ponent and the second one after 2 episodes of knee insta-
bility (Fig. 3). Both cases were managed with one-staged
conversion to arthrodesis (WALDEMAR LINK® GmbH &
Co.KG). Those patients were the most complex cases with
severe bone loss and who had undergone 7 and 4 previous
knee arthroplasty procedures, respectively. At the time of
component removal, the trabecular metal tibial cone was
fully incorporated with bone ingrowth into the pores of the
cone. Two patients in the MC group presented prosthetic
joint infection (PJI) and underwent a two-stage reimplanta-
tion. Thus, survival free from the revision of the construct
for any reason was 86.6% and 84.6% in the TM-IG and TM
groups and no significant difference was observed at com-
parison (Fig. 4).

There were also 2 additional patients in the MC-IBG
who underwent irrigation, debridement, and component
retention in the early postoperative period for persistent
postoperative drainage. However, no PJI was confirmed in
routine intraoperative cultures.

We found no evidence of graft resorption in the remaining
patients in the MC-IBG group. In 2 patients where impac-
tion grafting was used in isolation no complications related

A NN

after 1-year of follow-up with no radiological signs of loosening. b
Lateral X-ray showing dislocated rotating hinged knee prostheses. ¢
Conversion to knee arthrodesis, still no signs of radiological loosen-
ing around the retained diaphyseal stems and bone graft
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Fig.4 The Kaplan—Meier analysis illustrates revision free patients at
the final follow-up. Group 1: MC-IBG; group 2: MC

to the graft were observed. The remaining metaphyseal
cones were stable, and the diaphyseal impacted bone with
no visible radiolucent lines around the components and no
signs of graft resorption (Fig. 5).

Discussion

So far, this is the first comparative study reported that
evaluates clinical and radiological outcomes of using the
combination of metaphyseal cones and diaphyseal IBG in
a complex rTKA. The main finding of this study was that
the use of metaphyseal cones combined with diaphyseal
impaction grafting offers comparable clinical outcomes and
survival rate with the use of metaphyseal cones in isolation
at short follow-up in patients with substantial bone loss.

Reliable fixation methods are one of the main challenges
in the replacement surgery era in which patients commonly
present severe bone defect after multiple prior procedures.
The results of the use of impaction grafting in a complex
rTKA have not been as successful as in hip replacement
surgeries, and relatively few clinical studies have reported
on the outcomes of impaction bone grafting in revision TKA
[13, 19, 20]

The main goal when using impaction grafting is to restore
bone stock and provide lasting support for the construct.
Lonner et al. [19] reviewed the results of 17 revision
TKA in 14 patients after 3 years of follow-up in whom
large uncontained defects were managed with impaction
allografting and molded wire mesh. They described 1 case
of acute infection developed within 6 weeks after surgery
with no postoperative evidence of clinical recurrence. No
patients required revision surgery, although, nonprogressive

Fig.5 Lateral radiographs of a 74-year-old male patient who under-
went revision surgery for aseptic loosening using a metaphyseal
cone with impaction grafting in the tibia and impaction grafting in
the femur. a Postoperatively at 6 weeks of follow-up; b at 1-year of
follow-up all grafts seemed to be incorporated

tibial radiolucency has been observed in 3 patients. This is
in accordance with our findings as we observed 3 knees with
radiolucency at the bone-cement interface in the MC-IBG
group. However, no further revision was needed in these
patients, and no functional impairment was reported.

Similarly, Lotke et al. [13] reported good mid-term results
of 48 consecutive rTKA presenting both, contained and
uncontained defects and treated with metaphyseal impaction
grafting with an average follow-up of 3.8 years. The same
technique was used as described by Lonner et al. [19] The
authors found no mechanical failures and all radiographs
have shown incorporation and remodeling of the bone
graft. Steens et al. [16] reported implant survival of 76% at
5 years in 30 patients who underwent revision arthroplasty
of the knee using hinge knee prostheses and impaction bone
grafting without metaphyseal cones. No knees were revised
beyond 5 years and no mechanical failures of the revisions
were reported. All their cases showed incorporation and
remodeling of the bone graft. This is in accordance with
our findings as we observed a high rate of graft remodeling
and incorporation.

Conversely, a recent study from the same institution
in the same cohort [15] found a high revision rate in 29
patients with 12 (41%) of them requiring revision surgery
due to mechanical failure after ten years of follow-up. The
authors concluded that IBG alone is not a methodologically
sound technique in the revision of rotational and hinged knee
arthroplasties. One of the main explanations for this high
failure rate at a longer follow-up may be the lack of a stable
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metaphyseal anchorage that is necessary to ensure proper
and durable fixation and cement interdigitation.

The importance of metaphyseal fixation during rTKA,
especially when dealing with substantial bone loss (AORI
type 2 and 3 defects) is paramount. The high variability in
clinical and radiological outcomes of structural allografts
with high failure rate [9, 10] and their limited capacity for
incorporation, led to the development of highly porous
metaphyseal cones for the reconstruction of massive
uncontained bone defects. Porous metaphyseal cones have
shown durable long-term fixation in cases with the loss
of the metaphyseal cancellous bone [11]. On the other
hand, diaphyseal impaction grafting offers the possibility
of restoring cancellous bone to the sclerotic femoral and
tibial canals for improved cement interdigitation. It’s
the combination of a stable metaphyseal anchorage and
biological diaphyseal fixation that restores bone stock and
pushes the worst AORI score cases to the less damaged
scenario.

Denehy et al. [10] reported excellent short-term results
with 90.2% all-cause survival and no cases of aseptic
loosening with a mean follow-up of 27 months in 62
rTKAs using highly porous titanium metaphyseal cones.
Potter et al. [24] documented outcomes of 159 tantalum
metaphyseal femoral cones implanted in 157 patients
with 5 years of follow-up. The authors found that aseptic
failure of the femoral cone was associated with the use of
a hinged TKA in a patient with Type 3 bone defects. In
our series of metaphyseal cones and impaction grafting, 8
(53.3%) patients presented AORI F3 and T3 defect where
a hinged prosthesis was implanted. We found one case of
aseptic loosening during the follow-up in these patients. It
is noteworthy that in patients with severe bone loss (AORI
type 3 defect) and sclerotic diaphyseal cortices in addition
to a stable metaphyseal anchorage provided by metaphyseal
cones, diaphyseal impaction grafting ensures proper fixation
for cement interdigitation.

To the best of our knowledge, only one study conducted
by Bedard et al. [23] reported outcomes of using metaphyseal
cones with diaphyseal IBG in 35 rTKA. They noted a
satisfactory high rate of implant fixation with survival
free of revision at 5 years. In our comparative analysis, we
found a survival rate of 86.6% which is comparable to that
reported by Bedard et al. [23]. In our cohort, all but one cone
with impaction grafting (regarded as a failure for aseptic
loosening and the patient underwent knee arthrodesis)
showed signs of radiographic osseointegration at the latest
follow-up. We did not document any stress shielding or early
signs of radiographic loosening in the remaining knees.

This study has several limitations. First and foremost, a
relatively short follow-up enables us to assess the long-term
complications of these constructs. However, our results are
promising and suggest that this technique may be useful for
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managing severe metaphyseal and diaphyseal bone loss in
a complex rTKA. Second, inherent limitations due to its
retrospective nature and small sample size. Nevertheless,
this is the first reported matched comparative study including
complex cases with severe bone defects that hopefully, are
not frequently seen in clinical practice, and are only managed
in highly specialized centers. Moreover, demographic data
were retrieved from medical records, imaging data were
collected on successive knee X-rays, and patient-reported
outcomes were prospectively collected, not subjected to
recall bias. Third, the combination of metaphyseal cones
and diaphyseal impaction grafting was used in all patients
who presented at least AORI type 2 and 3 bone loss either
the tibial or femoral side. However, in 2 patients with type
1 tibial and femoral defect impaction grafting was used
without metaphyseal cone implantation as the diaphyseal
bone was sclerotic, and therefore, it was difficult to achieve
sufficient stability for the cement interdigitation. It is
noteworthy that these patients might have been treated in
other ways in different facilities. Lastly, only one type of
metaphyseal cone was used, and the outcomes may not be
the same using a different design or material cone.

To sum up, the combination of trabecular metal cones and
impaction grafting is a promising tool in the armamentarium
of the reconstructive surgeon that ensures a stable construct
by achieving biologic fixation in the context of large bone
defects. The findings of this study can shape a future
research to deal with these limitations and to focus on
evaluating whether this type of fixation can allow us to
use a short diaphyseal stems in the future. While longer-
term follow-up is necessary, we found the early results
encouraging, and further studies are warranted to clarify
the specific indications to improve long standing clinical
and radiological outcomes.

Conclusion

Trabecular metal cones with diaphyseal impaction grafting
provide an alternative technique in a complex revision
TKA surgery with early clinical and radiographic success.
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