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BACKGROUND:  For  extensive  metaphyseal  defects,  the  use  of  tantalum  cones  is usually  combined  with
adjuvant  stems  which  may  be cemented/cementless  and  metallic  bone  augments  for  additional  stabil-
ity. A  Tibial  baseplate-Cone  construct  with proud  tibial  cones  and  without  metallic  augments  has  been
described  for  AORI  type  2B/3 tibial  defects.
METHODS:  A  case  series  analysis  of  6 patients  with  AORI  type  3 defects  treated  with  unstepped  proud
Tantalum  tibial  metaphyseal  cones  without  metallic  wedges/full  width  augments.  A follow-up  analysis
done with  clinico-radiographic  interpretation.
RESULTS:  100%  osteointegration  noted in  final  radiographs  of all patients  at an  average  follow-up  of 4.1
years.  Preoperative  average  ROM/KSS  of  75/49  improved  to postoperative  ROM/KSS  of  104/79.  Outcomes
etallic augments
ibia

were  interpreted  as  excellent  in 50%  of cases  and  good  in  the  remaining  50%.
CONCLUSION:  The  “Tibial  base  plate-cone  without  augments  (BCCA)”type  of a construct  may  offer  a  valid
long  term  advantage  over  the  Tibial  base  plate-Augment-Cone  combination  in  massive  tibial  bone  defects.
Simply  building  up the tantalum  cone  to the native  joint  line position  by  increasing  cone  height  can
exclude  use  of augments  or wedges.

© 2018  Published  by Elsevier  Ltd on  behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open  access  article
. Introduction

Massive bone defects presenting concomitantly with com-
onent loosening, subsidence and osteolysis are a routine

ntraoperative finding during Revision TKA. Achieving stability of
he construct in the presence of such bone deficiencies is a matter
f debate and holds prime importance.

Management of bone loss in a Revision TKA represents a humon-
ous challenge. The bone defect may  result from the design of
he primary prosthesis used, the actual initial disease process, the
echnical errors done during the index operation or iatrogenically
hile removing the prosthesis [1].Axial and rotational stability
f implanted components are both highly compromised in the
resence of large metaphyseal and metaphyseo-diaphyseal bone
efects. A stable Bone-implant construct enables correct alignment

∗ Corresponding authors at: Swanson Hip and Knee Center of Excellence and
esearch Institute Desert Orthopaedic Center, Las Vegas, NV, USA.

E-mail addresses: drmohitkukreja@gmail.com (M.M.  Kukreja),
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210-2612/© 2018 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is a
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under  the CC BY license  (http://creativecommons.org/licenses/by/4.0/).

of the components, maintenance of adequate height for the joint
line and ligament balance. Thus, the stability of the construct tailors
the clinical outcomes and determines its longevity [1].

There have been some traditional surgical options that have
been advocated to treat these bone defects and they include- uti-
lization of bulk allografts [2,3], allograft impaction grafting [4,5],
allograft-prosthetic composites [6] and custom/hinged prostheses
[7].

Failure rates of almost 20% at 5 years have been documented
by techniques like structural bone grafting [8]. It is still not known
which is the best treatment strategy for these common revision
TKA scenarios. Ever since the use of tantalum cones was  started
in the USA after the FDA approval,initial reports were published
and technical nuances to use them were advocated [9,10]. Several
other publications have followed up to help us know better about
the efficacy and clinical outcomes pertaining to this biomaterial
use in the management of large metaphyseal bone defects and they

infact seem promising, although have documented only short term
follow-ups [11,12].

Recently, the results of tantalum cones have been published by
the Mayo group [13] with an intermediate follow-up study of about
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Table  1
XXX.

Patient No. Age/Sex BMI  Comorbid Conditions Cause of Revision AORI Defect
Type 2B/3

Pre-op
KSS score

Pre-op ROM
(Flexion)

Post-op
current KSS

ROM
current

1. 68y/M 34.56 Obesity Aseptic loosening Type 3 45 80 80 100
2.  82y/F 25.05 None Aseptic loosening Type 3 52 70 86 110
3.  58y/M 28.7 None Aseptic loosening Type 3 56 90 78 110
4.  82/F 24.8 None Aseptic loosening Type 3 44 75 74 90
5.  65y/M 25.82 Smoking Aseptic loosening Type 3 57 80 87 115
6.  63y/M 37.60 Diabetes, Obesity Septic loosening Type 3 40 55 71 100
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OM = Range of motion.
SS = Knee Society Score.

–9 years. For extensive metaphyseal defects, the use of Tanta-
um cones is usually combined with adjuvant stems which may  be
emented/cementless and metallic bone augments for additional
tability. These are metallic baseplate augments which are placed
n a stacked fashion to build up the tibial joint surface to the near-
st normal position. The tibial cones are press-fitted in the remnant
etaphysis till they are flush with the large defect and the remain-

ng height is reconstituted by augments.
However, there has been no published data till date that docu-

ents any scope of elimination of these extra metallic constructs by
sing a thicker tibial tantalum cone that builds up the tibial meta-
hysis directly to the base plate. There has not been a single study
r case report sharing the rationale/validity of such a construct and
ts potential benefits/longevity.

We,  thus, report a 2–6 year follow-up results of 6 patients, a Case
eries with large tibial metaphyseal defects(AORI type-3) in a revi-
ion TKA setting treated only with thicker tantalum cones forming
ingle Baseplate-Cone construct and without augments in situa-
ions where augments were otherwise warranted. We  would like
o state that this Case series has been reported in line with the
rocess Statement [14].

. Material and methods

The Tibial Baseplate-Cone Construct without Augments(BCCA)
We  would like to advocate this terminology for such a construct
here one can deliberately eliminate the use of augments by using

 thicker cone and building up the joint surface to the nearest pos-
ible anatomical position] was used in 6 patients with AORI type-3
assive tibial metaphyseal bone loss encountered in Revision TKA.

hese cases were specifically those revisions that had defects where
he augments would have been used otherwise to elevate the tibial
oint surface to a closest native position. The surgeries were car-
ied out by a single Senior surgeon (T.V.S.) at the same Institution
etween 2010-2016.

.1. Patient demographics

Sex distribution was 4 males and 2 females. The average age
t the time of surgery was 69 years with a range of 58–82 years.
MI  was noted for all patients. Comorbid conditions amongst these
atients were 2 patients with obesity, 1 had diabetes and 1 patient
as a chronic smoker at the time of surgery.

.2. Type of defect, previous surgeries and cause for revision

According to the AORI classification, all the defects were AORI
ype-3 intraoperatively as the previous metal was explanted. Our

atients had a prior average of at least 2 knee arthroplasty proce-
ures elsewhere with all having a previous Stemmed tibia Revision
rosthesis. The cause of Revision was aseptic in about 5 patients and

 was a reimplantation as a part of the 2 stage Infected Revision
protocol. The Patient demographics and other details have been
tabulated in Table 1.

2.3. Surgical technique

The surgical technique was  the usual technique used for the
Tantalum cone construct with certain related differences. After
removal of the previous prosthesis with most minimal iatrogenic
bone loss, the bone defect was  re-assessed intraoperatively and
re-classified if evident as per the Anderson Orthopedic Research
Institute Classification [5].

The host bone was prepared for the reception of the Cone with
a high-speed burr. We  tried to use the Cone that would press-fit to
obtain maximum axial stability but at the same time reconstitute
the joint line to the closest native position. After using trials and
predicting a satisfactory reconstitution, the final cone was press-
fitted and morsellized allograft bone/demineralized bone matrix
(DBX; Synthes Westchester Pennsylvania) used to fill in any minute
voids between the host bone and the cone so as to make efforts
for maximal host bone-cone contact area. The femoral and tib-
ial trials with the stems were used to determine and reconfirm
native reconstitution of joint line and patellar tracking. The defini-
tive components were then cemented to the tantalum cone. We
cemented all our tibial stems upto the diaphysis (except one case
where the cement extended only upto the metaphyseal area) and
the tibial base-plate to the proximal surface of the cone. There
was no contact between the baseplate and the host bone in all our
cases and we  took precautions to eliminate any chances of cement
extravasating between the cone and the host-bone. Simplex P bone
cement (Stryker, Mahwah, NJ) was  used in all cases. As per our
antibitotic protocol, we added 1gm of vancomycin and 1.2gm of
tobramycin per batch of cement for all our revision cases.

2.4. Intraoperative peculiarities and construct characteristics

Intraoperatively, all patients required an adjuvant release proce-
dure for better exposure of the knee (Quadriceps snip in 3 patients,
Lateral releases in 2 others and just extended medial femoral tibial
peel was enough in 1 patient).

The characteristics of the Construct are depicted in Table 2 with
the

1. Cement extent = diaphyseal/metaphyseal.
2. Type of cones = Stepped/Unstepped (all our cones were

Unsteppped).
3. Type of implant (prior/revision) and Level of constraint

(PS/Hinge) used.
4. Polyethylene insert size.
5. Stem length.
6. Tibial cone height.

Clinical follow up was  done for each patient. The patients were

assessed preoperatively to note the ROM and the Preoperative
KSS. Postoperative ROM and Postoperative KSS have also been tab-
ulated (Table 1).We did the radiological screening of X-rays on
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follow-up for signs of loosening, osteolysis and other abnormalities.
Knee Society radiographic evaluation criteria modified for long-
stemmed prostheses [15] were used to assess the integrity of the
tibial stem-cone construct. Specific examination was  performed
of the cone-host bone interfaces for evidence of osteointegra-
tion. Complications if any (infection, fracture, resurgery) were
documented. Revision free survival period for each patient was
noted. Results were interpreted as excellent, good, fair, poor. Mini-
mum clinico-radiological follow-up was  1.5 years (maximum being
6 years in one patient and 5 years in 2 patients).These have also been
tabulated in Table 2.

3. Results

The results of these patients are tabulated in Tables 1 and 2.
100% osteointegration noted in final radiographs of all patients

at an average follow-up of 4.1 years. Preoperative average ROM/KSS
of 75/49 improved to postoperative ROM/KSS of 104/79.Outcomes
were interpreted as excellent in 50% of cases and good in the
remaining 50%.

Radiographs of each patient are compiled in the figures with
pre/post-op images. Figure number indicates each patient (numer-
ically) with suffix A and B depicting preoperative (when presented
to us) and postoperative radiographs (at final F/U) respectively.
Years of F/U are stated in Table 2 for each patient with maximum
of 6 years and minimum of 1.5 years (Fig. 1–6).

4. Discussion & review of literature

There has gradually been an exponential increase in the over-
all burden of Revision Total knee replacements, many of which are
complex with moderate to large tibial bone defects. The type of pop-
ulation that suffers from these complex bone defects is now a more
active section of the society [16] with bone deficiencies that are
a result of aseptic osteolysis secondary to particulate wear debris
[17].Many of these lesions are extremely large and sometimes rela-
tively asymptomatic [17,18] and it is difficult to gauge their extent
till they are examined intraoperatively. Further bone loss may  occur
at the time of implant removal. Most times, they are underesti-
mated [17,18] and can complicate preoperative planning, with less
arrangements of predictive intraoperative armamentarium than is
actually required.

The best treatment of such lesions has been a matter of debate
since the inception of the concept of Total knee arthroplasty and the
resultant options for managing this complication [9]. AORI Type 2B
and Type 3 defects are one of the most problematic bone defects
to treat during a revision setting. There have been various options
that have been available to effectively manage these massive bone
deficiencies like use of structural allograft [19], the combined use of
impaction bone-grafting with mesh or the use of custom-designed
implants. However, there have been advantages and disadvantages
of each and the results have been far from satisfying. Also, metallic
augments have not sufficed in treating these major defects. Even
if they are used in majority of the complex knee revisions, they
usually have to be supplemented by structural bulk allografts [19].

The studies available that have evaluated the safety and
effectiveness of using homologous structural grafts from muscu-
loskeletal tissue banks during revision surgery present limited
numbers of cases and lack long-term postoperative follow-up
[5,7], although short-term and medium term outcomes have been
reported in small patient population [20]. Their proposed advan-

tages have been their biologic in growth potential, versatility,
relative cost-effectiveness, potential for bone stock restoration, and
potential for ligamentous reattachment and their ability to unite to
the host bone with a poor cancellous structure [21].
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Fig. 1. Fig. 1A=Preoperative Xrays of Journey II twice previously operated knee with aseptic osteolysis and loosening of the Revision Tibia component which was  revised to
Legion  revision tibia with proud Tibial cone without augments. Fig. 1B depicts radiographs at 5 years follow-up.

Fig. 2. Fig. 2A shows the TC3 Johnson and Johnson Revision prosthesis with Tibial aseptic loosening (AORI Type-3) revised to the TC3 mobile bearing prosthesis with a 30 mm
Tantalum cone (Fig. 2B).

Fig. 3. Fig. 3A show the Smith n Nephew Genesis Revision stemmed prosthesis with Type-3 defect which was later revised to Smith n Nephew Legion Revision stem with
the  unstepped Tantalum cone (Fig. 3B). Note that only 15 mm of the cone was in contact with the bone.
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Fig. 4. Fig. 4A illustrates the Genesis-2 augmented tibial tray which was revised for aseptic loosening. The defect got converted into an AORI type-3 after the explant of the
Tibial  tray. It was  converted to the Legion Tibial tray with unstopped Tantalum metaphyseal cone (Fig. 4B).

Fig. 5. Fig. 5A shows the Genesis-2 tibial component with aseptic osteolyis and persistent pain. Note the thick metallic augment which leads to metaphyseal bone loss when
explanted. This was revised to Legion tibial tray with only Tantalum cone without augment. Note the proud cone in the lateral view (Fig. 5B) and thus managing only 10 mm
of  Insert size (6 years F/U radiograph).

Fig. 6. Fig. 6A illustrates the Genesis-2 tray with thick metallic augment subjected to multiple revisions previously (with septic loosening) and revised to a Legion PS tibial
component with a 30 mm unstepped Tibial cone. Note that there was  only 15 mm contact of Cone-Bone interface with a 5 year F/U Xray (Fig. 6B).
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The disadvantages of structural allografts include the risk of dis-
ase transmission, nonunion/malunion, collapse or resorption of
he graft and the meticulous preparation required to maximize
urface contact between the allograft and the host-bone inter-
aces [21]. Repeat revisions with these construct types have been
eported in 23% in one multicenter study [22] and 9% in another
eport [3]. Backenstein et al. [23] reported a failure rate of 21.3%
nd Bauman RD et al. [8] proposed a 22.8% revision rate.

A recent valid addition to these varied treatment options has
een the use of Tantalum metal cones and its proposition as the
losest biocompatible material to treat these extensive bone defects
10]. There have been several properties of this metal like the
igh coefficient of friction, low elastic modulus and high porosity
hat make it an ideal bone substitute [24]. There are also pro-
osed helpful scaffolding properties for osteoblastic activity [25].
hese characteristics help gain excellent initial mechanical stabil-
ty, enables better load distribution(akin spongy bone), reduces
tress-shielding, enables biological osteointegration and cement
nterdigitation. Clinical advantages that translate from these prop-
rties include successful bone ingrowth despite deficient host
one [26], predictive better remodeling potential similar to tanta-

um cups in hip arthroplasty [27],lack of late collapse seen with
llografts, no risk of disease transmission, lower infection risk,
implified surgical technique as less host bone preparation and
mmediate weight bearing postoperatively [26].

Matching of these modular cones to the varied defects of differ-
nt sizes and shapes is easier than matching a bulk allograft to the
ost bone. The only proposed disadvantage of tantalum cones is

ts anticipated difficult removal, if need be for an infection revision
ecause of its potential exuberant in growth potential [9]. Several
mall clinical studies have demonstrated encouraging results with
antalum cones [9–13]. A recent intermediate follow-up study has
n fact reinforced the initial enthusiasm that was kick-started by
ther previous short-term follow-up literature [13].

In the last 10 years of the author’s practice, there has been exten-
ive use of tantalum cones in revision TKAs where reconstitution
f AORI Type 2B/3 defects was warranted with excellent clinical
utcomes in all patients. By reporting this case series of 6 patients
reated with cones that were kept proud to eliminate the need for
sing adjuvant metallic augments, we have attempted to go one
tep ahead in the technical application of this excellent bioma-
erial. Our average follow-up of these patients demonstrate good
esults for using larger tantalum cones which stand out beyond the
etaphyseal tibial sleeve of host bone and thus, exclude the addi-

ion of an extra mechanical construct interface between the tibial
ase plate and the metallic augments. Also, based on the generally
ccepted principle of using shorter cemented stems with tantalum
ones instead of longer diaphyseal fixation stems for early implant
xation and antibiotic elution [13],we used shorter cemented
tems in all the reported cases. Another proposed advantage in such

 situation could be stronger Tantalum cone-cement interdigitation
round the stem due to a longer contact area between them because
f exclusion of metallic augments. Also, the tibial tray baseplate
itting directly on the cone with interfingering cement could be
nother parallel boost to the construct stability over the base plate-
ugment interface with smooth metallic surfaces on both sides. A
alid drawback of this case series report is a small sample size and
n intermediate follow-up (in 4 patients and short-term follow-up
n 2 patients).

. Conclusion
It will be worthwhile to know whether this “Tibial base plate-
one construct without Augments (BCCA)” type of a construct
Swanson’s BCCA technique) has any valid long term advantage
 of Surgery Case Reports 53 (2018) 200–206 205

over the Tibial base plate-Augment-Cone combination in massive
tibial bone defects. Larger cohort based multi-center studies would
be required to explore this concept and its proposed technical
advantage. Also, it would be intriguing to know if these concepts
can also be applied for similar situations on the femoral side.
Although we are presenting a small series of patients, the results
seem to be encouraging and reinforce the already enthusiastic out-
comes of the use of Tantalum cones in the treatment of AORI Type
2A/3 massive metaphyseal bone defects.

Conflicts of interest

None.

Funding source

None.

Ethical approval

Our Institute exempted our Case series surgical technique study
from the need of any Ethical approval.

Consent

Written informed consent was  obtained from the patients for
publication of this case report and accompanying images. A copy
of the written consent is available for review by the Editor-in-Chief
of this journal on request

Author contribution

Dr. Mohit Kukreja- Data collection, Patient interviewing, KSS
scoring, Manuscript writing and Literature collection.

Dr. Todd V. Swanson- Manuscript editing, Proof reading, Bibli-
ography refining and final Agreement.

Registration of research studies

UIN .4191 from Research registry.

Guarantor

Dr. Mohit M.  Kukreja.

Provenance and peer review

Not commissioned, externally peer-reviewed.

References

[1] J.P. Whittaker, R. Dharmarajan, A.D. Toms, The management of bone loss in
revision total knee replacement, J. Bone Joint Surg. Br. 90 (8) (2008) 981–987.

[2] N.L. Parks, G.A. Engh, The Ranawat Award. Histology of nine structural bone
grafts used in total knee arthroplasty, Clin. Orthop. Relat. Res. 345 (December)
(1997) 17–23.

[3] G.A. Engh, D.J. Ammeen, Use of structural allograft in revision total knee
arthroplasty in knees with severe tibial bone loss, J. Bone Joint Surg. Am.  89
(December (12)) (2007) 2640–2647.

[4] A.D. Toms, R.L. Barker, R.S. Jones, J.H. Kuiper, Impaction bone-grafting in
revision joint replacement surgery, J. Bone Joint Surg. Am. 86 (September (9))
(2004) 2050–2060.

[5] G.A. Engh, D.J. Ammeen, Bone loss with revision total knee arthroplasty:
defect classification and alternatives for reconstruction, Instr. Course Lect. 48
(1999) 167–175.
[6] D.A. Dennis, The structural allograft composite in revision total knee
arthroplasty, J. Arthroplasty 17 (June (4 Suppl. 1)) (2002) 90–93.

[7] B.D. Springer, A.D. Hanssen, F.H. Sim, D.G. Lewallen, The kinematic rotating
hinge prosthesis for complex knee arthroplasty, Clin. Orthop. Relat. Res. 392
(November) (2001) 283–291.

http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0035


2 urnal

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

O
T
p
c

06 M.M. Kukreja, T.V. Swanson / International Jo

[8] R.D. Bauman, D.G. Lewallen, A.D. Hanssen, Limitations of structural allograft
in  revision total knee arthroplasty, Clin. Orthop. Relat. Res. 467 (March (3))
(2009) 818–824.

[9] R.M. Meneghini, D.G. Lewallen, A.D. Hanssen, Use of porous tantalum
metaphyseal cones for severe tibial bone loss during revision total knee
replacement, J. Bone Joint Surg. Am.  90 (January (1)) (2008) 78–84.

10] J.L. Howard, J. Kudera, D.G. Lewallen, A.D. Hanssen, Early results of the use of
tantalum femoral cones for revision total knee arthroplasty, J. Bone Joint Surg.
Am.  93 (March (5)) (2011) 478–484.

11] H.C. Schmitz, W.  Klauser, M.  Citak, H. Al-Khateeb, T. Gehrke, D. Kendoff,
Three-year follow up utilizing tantal cones in revision total knee arthroplasty,
J.  Arthroplasty 28 (October (9)) (2013) 1556–1560, Epub 2013 May  8.

12] P. Derome, A. Sternheim, D. Backstein, M.  Malo, Treatment of large bone
defects with trabecular metal cones in revision total knee arthroplasty: short
term clinical and radiographic outcomes, J. Arthroplasty 29 (January (1))
(2014) 122–126.

13] Atul F. Kamath, David G. Lewallen, Arlen D. Hanssen, Porous tantalum
metaphyseal cones for severe tibial bone loss in revision knee arthroplasty: a
five to nine-year follow-up, J. Bone Joint Surg. Am.  97 (2015) 216–223.

14] R.A. Agha, A.J. Fowler, S. Rammohan, I. Barai, D.P. Orgill, the PROCESS group,
The PROCESS statement: preferred reporting of case series in surgery, Int. J.
Surg. 36 (Pt. A) (2016) 319–323.

15] P.B. Murray, J.A. Rand, A.D. Hanssen, Cemented long-stem revision total knee
arthroplasty, Clin. Orthop. Relat. Res. 309 (December) (1994) 116–123.
16] S. Kurtz, F. Mowat, K. Ong, N. Chan, E. Lau, M.  Halpern, Prevalence of primary
and revision total hip and knee arthroplasty in the United States from 1990
through 2002, J. Bone Joint Surg. Am.  87 (2005) 1487–1497.

17] G.A. Engh, D.J. Ammeen, Epidemiology of osteolysis: backside implant wear,
Instr. Course Lect. 53 (2004) 243–249.

[

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
 of Surgery Case Reports 53 (2018) 200–206

18] D.J. Berry, Recognizing and identifying osteolysis around total knee
arthroplasty, Instr. Course Lect. 53 (2004) 261–264.

19] D.E. Hockman, D. Ammeen, G.A. Engh, Augments and allografts in revision
total knee arthroplasty: usage and outcome using one modular revision
prosthesis, J. Arthroplasty 20 (2005) 35–41.

20] J.W. Wang, C.H. Hsu, C.C. Huang, P.C. Lin, W.S. Chen, Reconstruction using
femoral head allograft in revision total knee replacement: an experience in
Asian patients, Bone Joint J. 95-B (May (5)) (2013) 643–648.

21] D.A. Dennis, The structural allograft composite in revision total knee
arthroplasty, J. Arthroplasty 17 (January (4 Suppl. 1)) (2002) 90–93.

22] M.G. Clatworthy, J. Ballance, G.W. Brick, H.P. Chandler, A.E. Gross, The use of
structural allograft for uncontained defects in revision total knee arthroplasty.
A  minimum five-year review, J. Bone Joint Surg. Am.  83 (2001) 404–411.

23] D. Backstein, O. Safir, A. Gross, Management of bone loss: structural grafts in
revision total knee arthroplasty, Clin. Orthop. Relat. Res. 446 (May) (2006)
104–112.

24] R. Cohen, A porous tantalum trabecular metal: basic science, Am. J. Orthop.
(Belle Mead NJ) 31 (April (4)) (2002) 216–217.

25] D.M. Findlay, K. Welldon, G.J. Atkins, D.W. Howie, A.C. Zannettino, D. Bobyn,
The proliferation and phenotypic expression of human osteoblasts on
tantalum metal, Biomaterials 25 (May (12)) (2004) 2215–2227.

26] S. Breer, M.  Hahn, D. Kendoff, M.  Krause, T. Koehne, C. Haasper, T. Gehrke, M.
Amling, M.  Gebauer, Histological ex vivo analysis of retrieved human
tantalum augmentations, Int. Orthop. 36 (November (11)) (2012) 2269–2274,
Epub 2012 Aug 15.

27] R.M. Meneghini, K.S. Ford, C.H. McCollough, A.D. Hanssen, D.G. Lewallen, Bone
remodeling around porous metal cementless acetabular components, J.
Arthroplasty 25 (August (5)) (2010) 741–747, Epub 2009 May 26.
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0110
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0115
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0120
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0125
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0130
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://refhub.elsevier.com/S2210-2612(18)30394-8/sbref0135
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Can tibial tantalum cones eventually eliminate the adjuvant use of metallic augments for AORI type 2B/3 metaphyseal defect...
	1 Introduction
	2 Material and methods
	2.1 Patient demographics
	2.2 Type of defect, previous surgeries and cause for revision
	2.3 Surgical technique
	2.4 Intraoperative peculiarities and construct characteristics

	3 Results
	4 Discussion & review of literature
	5 Conclusion
	Conflicts of interest
	Funding source
	Ethical approval
	Consent
	Author contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	References


