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Summary. Background and aim of the work: Revision total knee arthroplasty (TKA) is usually made more 
complex by the presence of bone defects, which may be caused by periprosthethic infection, polyethylene 
wear, implant loosening or fractures. The main aim of the present work is to review the available literature 
to understand the current options to manage with the bone loss during knee revisions. Methods: Available 
English literature for bone defects in revision TKAs has been evaluated looking at treatment options and 
their results in terms of clinical and radiological outcomes and failure rates. Results: Anderson Orthopaedic 
Research Institute (AORI) classification is the most frequently used because it helps in the choice of the most 
suitable treatment. Several options are available in the management of metaphyseal bone loss in revision knee 
arthroplasty. For small and contained defects (AORI type 1) cement with or without screws and auto- or 
allograft morcellized bone are available. In uncontained but mild defects (AORI type 2A) metal augments 
should be use while large and uncontained defects (AORI type 2B and 3) are best addressed with structural 
allograft or metal filling devices (cones and sleeves). Stemmed components, either cemented or cementless, 
are recommended to reduce the strain at the interface implant-host. Conclusions: The treatment of bone de-
fects in revision TKAs has evolved during the last years providing different options with good results at a 
short/medium term follow up. With the increasing revision burden, further scientific evidence is requested to 
identify the best approach for each patient. Long-term clinical outcome as well as implant survival after revi-
sion TKA are still sub-optimal and depend upon many factors including cause for revision, surgical approach, 
type of implants used and various patient factors. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

The number of revision total knee arthroplasties 
(TKA) is rising worldwide following the increased de-
mand for primary knee arthroplasty, especially because 
of patients’ higher functional requests and longer life 
expectation (1-3). Whilst performing a revision TKA, 
several factors should be considered, including the pre-
operative planning, the surgical approach, type of pri-
mary component and ease or difficulty associated with 
their removal, the joint line restoration, degree of con-
straint needed to provide a stable construct and ability 

to provide durable component fixation. Additionally, 
these operations become usually more complex be-
cause of the presence of bone defects, which may be 
determined by periprosthethic infection, implant loos-
ening, wear and osteolysis and fractures of either tibial 
plateau or distal femur (4). Revision TKAs require an 
accurate analysis of the host bone quality and of the 
type and location of the defects.

A proper planning is mandatory but the final evalu-
ation of the bone loss is determined intra-operatively 
after the components’ removal and thorough debride-
ment of fibrous and necrotic tissues. It is important not 
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to underestimate the defect and having different treat-
ments options available. Invariably radiographs under-
estimate the extent of the defect. Cement, morcellized 
or structural autografts and allografts, metal augments 
and filling implants may be useful in this set-up to fill 

the gaps and stems are needed to better distribute the 
loads, but currently the optimal method has not yet 
been established. According to the zonal fixation con-
cepts (Fig. 1) (5), these options help in promoting an 
additional fixation in the metaphysis (zone 2) and dia-
physis (zone 3), as joint surface and epiphysis (zone 1) 
are usually inadequate.

The surgical challenge is to obtain a stable platform 
to implant the revision components with an optimal 
joint line level (6).

Classification

A correct classification of the bone defect is manda-
tory to be fully prepared to face a revision TKA and to 
predict and compare outcomes. The potential need of 
bone allografts, long stems and new generation fixa-
tion devices should be predicted before the operation 
time to avoid intra-operative problems. The most use-
ful radiological studies to define the defects are the or-
thogonal tibial radiographs and a lateral distal femoral 
view (7). CT scan may help but it is not mandatory. 
Several classifications have been proposed but actually 
no one fully meets the clinical demands (see table 1) 
(8-15). Subjectivity and underestimation of the defects 

Figure 1. Zonal fixation concept

Table 1. Bone loss classifications

Classification Year Joint side Assessment Informations Guide to Defects
    on implant treatment features
    stability 

Dorr 1989 Tibia Intraoperative No No Morphology
Rand 1991 Femur Intraoperative No No Dimensions
Bargar & Gross 1992 Tibia/femur Pre-/Intraoperative Yes Yes Morphology
Elia &Lotke 1991 Tibia/femur Intraoperative No No Dimensions
Insall 1993 Tibia/Femur Intraoperative No Yes Morphology
Dimensions
Slooff & Malefijt  1995 Tibia/Femur Intraoperative No No Dimensions
Anderson Orthopaedic  1997 Tibia/Femur Pre-/Intraoperative Yes Yes Morphology
Research Institute (AORI)      Dimensions
Massachusetts General Hospital 2000 Femur Intraoperative No No Dimensions
SOFCOT 2000 Tibia/Femur Pre-/Intraoperative Yes Yes Morphology
Dimensions
University of Pennsylvania 2003 Tibia/Femur Preoperatory No Yes Morphology
Clatworthy and Gross 2003 Tibia/Femur Intraoperative No Yes Dimensions
Huff and Sculco 2007 Tibia/Femur Pre-/Intraoperative No Yes Morphology
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are the most common faults among the classifications 
during the pre-operative assessment, especially for the 
femur. On the other hand, intra-operative evaluation 
improves the accuracy, being more factual after the po-
tential bone loss due to the components removal.

The assessed criteria include severity, location, size, 
containment of the defect and implant stability.

Nowadays the most frequently used classifica-
tion is the Anderson Orthopaedic Research Institute 
(AORI), first proposed in 1997 (11). It describes the 
lesions according to the size, localization and soft tis-
sues involvement and it is divided into three ranks. 
Type 1 includes contained defects limited to the can-
cellous bone close to the original joint line with intact 
metaphyseal bone. Type 2A and 2B damages involve 
metaphyseal bone of one or both condyles or hemi-
plateaus respectively. In type 3 the metaphyseal bone 
loss involves also collateral ligaments and patellar ten-
don attachments involvement.

Small/contained defects (AORI type 1)

Several options of treatment should be evaluated: 
cement, cement with screws, autografts or allografts 
bone (16-18).

Cement

Bone cement is the best surgical choice to fill the 
bone loss for bone defect less than 5 mm in width and 
depth, for peripheral deficiency up to 10% of the con-
dylar area, for small central defects, for cystic defects 
and contained bone defects (9, 13, 19, 20). On the oth-
er hand, cement is not a biological scaffold and it is not 
the recommended procedure in case of uncontained 
defects mainly for three reasons: first, large amount of 
cement may lead to potential osseous thermal necrosis 
secondary to the heat polymerization with blood sup-
ply impairment; secondly pressurizing cement in the 
setting of sclerotic uncontained defects may be diffi-
cult; finally cement can lose up to 2% of its volume 
during its polymerization, leading to a decreased me-
chanical stability (21).

Cement versatility gives the opportunity to readily 
fit and fill the size and shape of the defect (21-23).

Indeed, cement is usually the treatment of choice 
for small defects in elderly patients, being its osteoin-
ductive and osteoconductive capacities not significant 
in comparison to bone grafts, which are usually pre-
ferred in younger patient to preserve and possibly im-
prove the residual bone stock in function of further 
revisions (24, 25).

Caution is suggested if host bone has sclerotic fea-
tures because less penetration is allowed into the can-
cellous bone. These cases should benefit of bone drill-
ing (using drill bits of about 3,5 mm in diameter) to 
enhance cement penetration and increase the surface 
contact. Although cement has inferior load transfer 
properties compared to custom implants or metal aug-
ments, its utilization has led to favourable clinical re-
sults in selected cases.

Different authors describe good clinical results in 
long term follow up. Lotke et al reported of 59 knees 
with a defect of 10 to 20 mm (33 knees) or >20 mm 
(23 knees) treated with cement and followed up for a 
mean of 7,1 years. No radiolucent lines were reported 
in 43 knees, with only one failure needing revision. 
There was no correlation between radiolucent lines and 
symptoms (26). Dorr et al reported of 54 patients with 
AORI type 1 defect treated with cement and followed 
up for 7 years, reporting good outcomes in all of them, 
except for one who had loosening (27).

Cement with screws

Some authors also suggest the use of cement in 
combination with screws in case of contained or un-
contained defects between 5 mm and 10 mm both for 
proximal tibia and distal femur (28).

Therefore, this treatment option should be taken 
into consideration for both AORI type 1 and AORI 
type 2A bone defects involving less than 50% of con-
dylar width and up to 10 mm in depth. Screws are used 
to distribute the load away from the joint line and ce-
ment bone interface (29, 30).

This type of fixation results in 30% less loosening 
of the prosthesis than cement alone in tibial defects 
reconstruction. It may be used with titanium screw for 
distal femoral condyle defects: the screws reinforce the 
cement supporting the deficient condyle, especially 
when the femoral chamfer cuts did not provide enough 
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rotational stability. Screws should be sunk into the ce-
ment enough to avoid contact between their heads and 
the implant. This solution is suitable also for AORI 
type 1 defects when used with standard non-stemmed 
implants. It is reliable, reproducible, easily performed 
and inexpensive (30, 31).

Different authors have described good clinical re-
sults in midterm follow up. Ritter et al reported a study 
with 57 patients with tibial defects followed up for 3 
years. 25% had non-progressive radiolucency at the 
bone cement interface, but none of the components 
failed; after 7 years, there was no progression of ra-
diolucency lines either at the bone-cement or at the 
cement-prosthesis interface (29, 32).

Autografts or allografts bone

These types of grafts are generally used to man-
age moderate sized contained defects, in the form of 
impaction grafting with morcellized cancellous bone 
18,33-(35). Bone chips used should be as large as prac-
tical (about 3-to-5 mm in diameter) to ensure early 
stability. Adequate impaction force makes morcel-
lized bone grafts strong enough to carry the load while 
excessive impaction reduces host bone ingrowth (36, 
37). Impaction grafting is unique in its osteoconduc-
tive ability allowing a more rapid revascularization of 
the bone graft compared to structural allografts with 
progressive incorporation and remodelling of the bone 
graft, shown also radiographically (38). Incorporating 
autograft with the morcellized allograft bone may add 
osteoinductive properties to the construct (39).

Bone grafts are usually preferred in younger patients 
in whom further revisions are predictable and a poten-
tial bone stock restoration is desirable (27). Donor site 
options for autograft include the resected condyles, in-
tercondylar notch and iliac crest with limited availabil-
ity especially in revision TKA; while there are several 
sources for allograft such as the distal end of the femur, 
the proximal part of the tibia and the femoral head, 
with the latter being the preferred one for morcellized 
bone (40). Bone allografts are cost-effective compared 
with metal augments with autologous bone grafts fur-
ther breaking down this cost. Both solutions are able to 
increase physiologic load transfer compared to cement 
(41).

Allograft may be ordered as fresh-frozen, frozen 
with radiation, freeze-dried, mineralized or demineral-
ized. Bone allograft processing, preservation and steri-
lization can alter both its initial physical and chemical 
properties and immune response hence compromising 
the mechanical stability of the surgical reconstruction. 
Cryopreserved cancellous graft are superior to freeze-
dried cancellous grafts and demineralized cortical 
grafts in terms of biological efficacy. Mineralized can-
cellous graft have greater osteoconductive but weaker 
mechanical properties than demineralized cortical 
grafts. Long term stability and outcome are affected 
by the quality of the bone graft, post-harvesting treat-
ment and vascularization of the host cavity (42).

Use of allograft raises the risk of non-union, mal-un-
ion or late collapse, and there is a minimal risk of disease 
transmission compared to autograft. The latter risk is 
further reduced by 25 kGy radiation treatment without 
affecting the solidity of a frozen allograft (43, 44).

Midterm results are available for impaction allo-
graft reconstruction of bone loss in revision TKA.

Lotke et al reported 48 revision TKA cases with 
bone loss treated with impaction allograft (38). All 
radiographs demonstrated incorporation and remod-
elling of the bone graft with no mechanical failures 
at an average of 3.8 years of follow up. Hanna et al 
demonstrated a cumulative prosthesis survival of 98% 
at 10 years: 5 patients (9%) had re-operations for com-
plications unrelated to bone graft and 3 patients (5%) 
developed progressive radiolucencies (18)

While several studies support the versatility and du-
rability of impaction grafting, Hilgen et al highlighted 
the potential limitation of impaction grafting for more 
severe defects. Indeed, they reported a survival rate of 
50% at 10 years of follow up in revision of rotational 
and hinged TKAs with AORI type 2 and 3 defects. 
Failures were related to mechanical breakdown and 
aseptic loosening of the components showing a lack 
of incorporation with bone graft in the femur or tibia 
during the re-revision procedure in all failed cases (45).

Small/uncontained defects (AORI type 2A-2B)

In the last twenty years, many modular prosthetic 
design have been developed to provide support to or-
thopaedic surgeon in revision TKAs.
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According to the dimensions and the location of 
these defects there are different surgical solutions.

Uncontained, 5 to 20 mm deep defects, with corti-
cal rim breached, may be ideally managed with modu-
lar metal augments that selectively fill bone deficien-
cies, for example at the distal and posterior femoral 
condyles or at the proximal tibia (46). Augments are 
available in wedge or block shape, from 5 mm to 25 
mm of size to fit a wide range of defects of one or both 
condyles (47). They are usually bonded to the implant 
out of the surgical field, then cemented to the prepared 
bone. Contrarily to cement, which fits the gap, aug-
ments require a reshaping of the defects with some 
bone sacrifice, especially if blocks are used. Wedge 
augments, which may be useful in unicompartmental-
to-total knee revision in case of tibial plateau collapse, 
allow more bone preservation, being on the other side 
subject to shear stress because of their oblique nature 
(48, 49). Symmetric blocks help in restoring the joint 
line while asymmetric augments contribute in filling 
the defect and to rotational stability, as it often hap-

pens for the postero-lateral femoral condyle (50). 
Failure commonly happens when the surgeon faces 
severe bone loss with impairment of cancellous bone 
structures. In these situations, the device-host bone 
interface is compromised, thus structural allograft or 
porous metaphyseal implants should be used in addi-
tion to reach a stable construct.

Large/uncontained defects (AORI type 3)

AORI type 2B and 3 defects have been usually treat-
ed with large allograft or with custom made implants. 
The evolution in materials have brought to the develop-
ment of porous coated metal devices to improve meta-
physeal fixation and achieve primary mechanical stabil-
ity. Available options include cones made of tantalum or 
porous titanium and metaphyseal sleeves.

Available literature about these options since 2007 
is reported in Table 2 (for allografts (7,40,51-57)), 
Table 3 (for cones (6,57-73)) and Table 4 (for sleeves 
(16,74-82)).

Table 2. Literature review about allografts

Authors Year Journal Patients/ Classification Joint Allografts Age (range) FU (range)  Failure Failure
   Knees  side  years years for  for
         loosening infection

Engh et al 2007 J Bone Joint  47/49 AORI T 45 FH 67 (39-86) 8.1 (5.1-15.9) 0 1
  Surg Am    3 PT
      1 DF 

Burnett 2009 Iowa 8/8 AORI B 6 FH 67 (52-78) 4.0 (2.0-8.0) 1 0
et al  Orthop J    1 PT
      1 DF 

Bauman  2009 Clin Orhop 74/79 AORI B 63 FH 68 (34-87) 7.5 (5.0-14.8) 8 5
et al  Rel Res     7 PT
       17 DF 

Lyall et al 2009 Knee 15/15 AORI T 15 FH 59 (38-69) 5.4 (2.8-9.6) 1 1

Richards et al 2011 J Arthrop 24/24 AORI B 29 FH 73 (NR) 4.0 (2.0-8.2) 0 0

Franke et al 2013 Acta Orthop 9/9 AORI B NR 72 (60-85) 5.0 (1.0-14.0) 3 NR
  Belg

Wang et al 2013 Bone Joint J 28/30 AORI B 50 FH 70 (53-79) 6.3 (3.2-11.3) 0 0

Chun et al 2014 Knee 27/27 AORI B 27 FH 68 (55-76) 8.9 (8.0-13.1) 0 1

Sandiford 2017 Clin Orthop  30/30 AORI B 30 FH 66 (30-85) 9.1 (6.0-12.0) 0 0
et al  Relat Res 

Total   262/271   265 FH   13 8
      11 PT
      19 DF   

T: tibia; B: both; FH: femoral head allograft; PT: proximal tibia allograft; DF: distal femur allograft; FU: follow up; NR: not reported
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Table 3. Literature review about cones

Authors Year Journal Patients/ Classification Joint Cones Age (range) FU (range)  Failure Failure
   Knees  side  years years for  for
         loosening infection

Meneghini 2008 J Bone Joint 15/15 AORI T 15 68 (41-81) 2.8 (2.0-3.9) 0 2
et al  Surg Am

Long et al 2009 J Arthrop 15/16 AORI T 16 66 (48-83) 2.6 (2.0-3.2) 0 2

Howard et al 2011 J Bone Joint  24/24 AORI F 24 64 (46-79) 2.8 (2.0-4.2) 0 0
  Surg Am 

Lachiewicz  2012 Clin Orhop 27/27 AORI B 33 65 (49-84) 3.3 (2.0-5.7) 1 1
et al  Relat Res

Panni et al 2013 Knee Sports 9/9 AORI B 9 75 (65-84) 7.0 (4.5-9.0) 0 0
  Surg 
  Traumatol
  Arthrosc

Rao et al 2013 Bone Joint J 26/26 AORI B 30 72 (62-84) 3.0 (2.0-4.1) 0 2

Schmitz et al 2013 J Arthrop 38/38 AORI B 54 72 (44-85) 3.1 (2.7-4.0) 1 0

Villanueva- 2013 J Arthrop 21/21 AORI B 29 73 (62-86) 3.0 (0.5-4.6) 1 2
Martinez et al 

Mozella Ade 2014 Rev Bras 10/10 AORI B 21 71 (59-80) 2.9 (1.0-3.8) 0 1
et al  Orthop

Derome et al 2014 J Arthrop 29/29 AORI B 33 70 (36.84) 2.8 (1.1-6.1) 0 2

Jensen et al 2014 Knee 36/36 AORI T 36 69 (51-84) 3.9 (0.3-7) 1 2

Bedard et al 2015 J Arthrop 21/21 AORI B 25 75 (58-91) NR 0 0

Boureau et al 2015 Orthop 7/7 SOFCOT F 14 65 (51-79) 1.4 (1.0-2.1) 0 0
  Traumatol 
  Surg Res

Brown et al 2015 J Arthrop 79/79 AORI B NR 69 (32-91) 3.3 (2.0-7.0) 1 8

De Martino  2015 Clin Orthop 18/18 AORI B 26 73 (55-84) 6.0 (5.0-8.0) 0 2
et al  Relat Res

Kamath et al 2015 J Bone Joint  63/63 AORI T 66 67 (41-83) 5.8 (5.0-8.8) 1 1
  Surg Am 

Girerd et al 2016 Orthop 51/52 AORI B 71 68 (42-89) 2.8 (2.0-4.3) 0 4
  Traumatol 
  Surg Res

Potter et al 2016 J Bone Joint 157/157 AORI B 159 64 (24-85) 5.0 (2.0-10.0) 6 14
  Surg Am

Sandiford  2017 Clin Orthop 14/14 AORI B NR 71 (44-84) 7.2 (5.0-9.0) 1 0
et al  Relat Res

Total   660/662      13 43

T: tibia; F: femur B: both; FU: follow up; NR: not reported.



F. Mancuso, A. Beltrame, E. Colombo, et al.104

Allograft 

Structural allograft is an attractive biological option 
in the treatment of bone defects, especially in young 
patient, aiming to potential bone restoration in previ-
sion of eventual further revisions. Alternatives include 
femoral head, bulk distal femur or proximal tibia.

The possibility of shaping the allograft, especially 
femoral heads, according to each case is one of the 
main advantages of this technique. The defect must 
be cleared of all soft tissues, osteolytic membranes and 
residual cement. At this point the graft is prepared re-
moving with a burr or a female reamer the sclerotic 
peripheral bone at the interface with the host to fit 
into the defect (54). If a femoral head allograft is used, 
the diameter of the male reamer to prepare the host 
bone should be 2 mm narrower to obtain a primary 
press-fit fixation. Temporary fixation of the graft is 
improved with 2 or 3 K-wires, usually parallel to the 
expected joint line, which do not interfere with the im-
plant stem. A burr is used to remove excess bone graft, 

then proceeding with canal preparation and usual cuts 
to receive the trial implant.

Stemmed components, either cemented or press-
fit, need to be used to bypass the defect and to reduce 
stresses on the allograft, host bone and fixation inter-
face (53, 83). Additional plates and screws may help to 
achieve primary stability, especially in the larger un-
contained defects.

Weaknesses of the allograft comprise of a limited 
availability, a higher susceptibility to infection (51), 
non-union, fracture and periprosthethic reabsorption 
resulting in implant loosening (53). According to Buck 
et al, the risk of diseases transmission, although pre-
sent, is very low if strict donor selection criteria and 
screening are performed (39). Baumann et al found in 
65 knees a greater than 20% rate of complications and 
failures mainly related directly or indirectly to the al-
lografts. In their series allograft size seems to have a 
role in the failure mechanism, as smaller allografts like 
femoral heads tend to fail because of resorption with 
secondary implant loosening. On the other side, larger 

Table 4. Literature review about sleeves

Authors Year Journal Patients/ Classification Joint Sleeves Age (range) FU (range)  Failure Failure
   Knees  side  years years for  for
         loosening infection

Alexander  2013 J Arthrop 28/30 AORI T 30 71 (48-83) 2.8 (2.0-4.3) 0 1
et al 

Agarwal et al 2013 Bone Joint J 103/104 AORI B 164 69 (48-92) 3.6 (2.5-5.4) 2 0

Barnett et al 2014 J Arthrop 40/40 AORI T 40 66 (49-88) 3.2 (2.0-5.2) 0 1

Huang et al 2014 Orthopaedics 79/83 AORI B 119 64 (NR) 2.4 (2.0-3.7) 2 6

Bugler et al 2015 J Arthrop 34/35 AORI B 59 72 (55-86) 3.3 (2.0-5.2) 0 0

Graichen 2015 J Arthrop 121/121 AORI B 193 74 (NR) 3.6 (2.0-6.1) 4 4
et al

Chalmers  2016 J Arthrop 227/227 AORI B 322 66 (31-90) 3.2 (2.0-8.0) 2 12
et al 

Dalury et al 2016 Knee 40/40 NR B NR 73 (50-80) 4.8 (4.0-12.0) 1 0

Gottsche 2016 Arch Orthop 71/71 AORI B NR NR NR 1 1
et al  Trauma Surg

Martin- 2016 Knee Sports 150/150 AORI B NR 75 (51-88) 6.0 (1.0-8.9) 0 2
Hernandez  Surg Traumatol
et al  Arthrosc

Total   893/901      12 27

T: tibia; B: both; FU: follow up; NR: not reported



Bone loss in revision knee arthroplasty 105

allografts were more frequently affected by infection or 
non-union leading to failure. Other factors affecting 
the bony union are the immune response of the host 
and the graft type.

Although good clinical results are found in success-
ful implants, the unpredictability of the incorporation 
process with very limited revascularization and remod-
elling have been already described by Stevenson et al 
(84, 85). As found by Parks et al after an average of 
41 months, only the peripheral portions of the grafts 
were infiltrated by some new bone without evidence 
of remodelling and revascularization. This explains an 
incidence of non-union of 11% for large frozen allo-
grafts, even if it does not always mean that the graft is 
not retained (85, 86). 

More experience and longer follow up studies than 
porous metal augments are available for allografts in 
the literature since the first nineties’.

For uncontained defects the use of impaction graft-
ing is not recommended, except in combination with 
metal augments ormeshes (87). 

Highly porous tantalum cones

Highly porous cones have been using for many 
years in a variety of reconstructive procedure, especial-
ly in hip replacement to treat severe acetabular bone 
loss (60, 88-92). They are usually made of tantalum 
but more recently porous titanium devices have been 
introduced. Available literature is focused mainly on 
the former as the latter does not have any long-term 
published data at present.

An average porosity of 80% with modulus of elastic-
ity (3 GPa) close to cancellous bone allows for a more 
physiological load transfer reducing stress shielding 
and improving osteoconductive properties with better 
potential osteointegration (60, 93, 94). The low mod-
ulus of elasticity and the high coefficient of friction 
contribute in providing a stable scaffold aimed to joint 
reconstruction (85). Furthermore, histological studies 
have shown low potential for bacterial adherence with 
greater leucocyte activation, reducing the risk of infec-
tions (95, 96).

Nowadays several sizes and shapes of cones are 
available for both knees with symmetrical and asym-
metrical options to fit most of the defects (97). The 

surgical technique for cone insertion include host bone 
sculpturing with a broach or free-hand high speed burr 
to optimise cone contact and enhance bone ingrowth. 
The cone is press-fitted into position and cement is used 
only to fix the implant to the porous device, allowing a 
wider range of implant rotation and alignment, inde-
pendently from cone location. Eventual gaps between 
the porous surface and the host bone should be filled 
with morcellized bone allograft, autograft or bone sub-
stitutes (60). Axial stability is provided by stems, ei-
ther cemented or cementless, while rotational stability 
is improved by keel and box together with the cone for 
tibial and femoral component respectively.

Cones did not affect the use of uncemented stems 
allowing to reach a canal fill ratio >85% in most pa-
tients, as Bedard et al showed (58). In selected cases of 
severe bone loss, using two overlapped cones has been 
described by Boureau et al in 2015 to manage massive 
femoral defects (59).

Immediate metaphyseal stability allows an early 
weight bearing.

Re-operation need is usually determined by an infec-
tion relapse while device aseptic loosening at the bone-
cone interface is very rarely reported (less than 1% ac-
cording to the available literature) (60), indeed a secure 
fixation at 5 years of follow up has been confirmed also 
using radiostereometric analysis (RSA) (97-99).

The main disadvantage of cones similarly to sleeves, 
is the difficult extraction in case of further revisions, 
showing solid osteointegration also in situations of re-
infection (6, 61, 100), thus making cones not the first-
line option for bone loss in young patients. A careful 
surgical technique is recommended to reduce the risk 
of patellar tendon avulsion and of intra-operative frac-
tures during broaching or cone impaction in consid-
eration of the low-quality residual bone stock (70, 97).

Available literature, mainly about tantalum, con-
firms that metal cones represent a viable option in 
term of surgical efficacy, clinical and radiological re-
sults, being at least as effective as other strategies.

Titanum sleeves

Metal sleeves are available both for tibial and femo-
ral component. Unlike cones, sleeves are bonded to 
the implant with a Morse taper junction instead of 
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cement, removing a possible source of failure at the 
cement-implant interface (16).

Primary stability, either axial and /or rotational, is 
achieved press-fit by an instrumented broach which 
help in preparing the host bone (16, 75, 78). On the 
other hand, the porous surface is aimed to obtain a 
long-term bone ingrowth to improve the secondary 
stability.

Various size and lengths of sleeves are available to fill 
the defects. Usually the Morse junction allows some de-
gree of rotation of the tibial component to fit each case.

The first step of tibial preparation is sequential 
medullary canal reaming until a stable endosteal fit 
is reached to achieve a satisfactory rotational stability 
(16, 75). During broaching the metaphyseal area, it is 
relevant to check the proper orientation according to 
surgeon experience and usual reference points as the 
final stepwise pattern of the endosteal metaphyseal 
bone will force the component rotation.

The final step is the proximal resection using the fi-
nal broach as a tibial cutting guide. Tibia is now ready 
to hold the trial implant.

If there is significant bone loss also on the femoral 
side, a sleeve may be used, eventually with augments. 
It is important to establish the distal cut which deter-
mines the joint line. The medullary canal is reamed in 
the same way of the tibia, being aware of the femoral 
bowing, which may force the component in the wrong 
position if a too long stem is chosen (78). Once the 
surgeon is satisfied with the trials, final components 
are assembled to the sleeves through the Morse junc-
tion on the instrument table and then finally implant-
ed onto the broached area (74).

The most frequent intra-operative complication re-
lated to sleeves is fracture during broaching or when 
impacting the final components, as it may happen in 
total hip arthroplasty on the femoral side (75, 76). 
End-of-stem tibia pain is one of the most frequent 
long term complications (16). It is usually due to the 
stem length, which should be sufficient to help intra-
operative alignment and to contribute to early stability, 
not forgetting that the main fixation relies mainly on 
the metaphyseal press fit of the sleeves (78)

In case of re-revision, removal of a well-fixed sleeve 
may become a problem, determining a further and 
more severe bone loss. Special instruments are avail-

able but a tibial tuberosity osteotomy is often neces-
sary to remove the sleeve. 

As the final stability is reached with secondary os-
teointegration of the sleeves, weight bearing may need 
to be protected at the beginning especially when the 
sleeve is used on the femoral side where rotational sta-
bility may be more compromised.

According to various short-to-medium term results, 
these cementless metaphyseal sleeves seem to offer a 
proper option to manage AORI type 2B and 3 defi-
cits, in terms of subjective, functional and radiological 
outcomes.

Mega-prosthesis and modular endoprosthesis

Distal femoral and proximal tibia replacement are 
usually indicated for knee reconstruction after tumour 
resection. In selected elderly patients with severe bone 
loss, articular deformities and extreme ligamentous 
instability, they may represent an appropriate limb-
saving procedure to reach an immediate stability also 
in these non-oncological conditions (101).

Original designs, consisting in hinged implant 
without any degree of rotation, were affected by high 
rate of mechanical failure because of implant loosen-
ing. The introduction of rotating hinge platform has 
lowered the failure rate, allowing a more physiological 
load transmission (102).

Modular endoprosthesis have progressively re-
placed custom-made mega-prosthesis because of the 
cost, ductility and prompt availability in the operation 
theatre (103). Furthermore, in case of mechanical fail-
ure of the implant, it is possible to replace only the 
failed component.

Functional outcomes, especially in elderly low-de-
mand patients (104), appear to be satisfactory in terms 
of quality of life.

Main issues with this kind of replacement are the 
restoration of the correct length and rotation of the 
limb, the reconstruction of the extensor mechanism, 
the primary and secondary stability and the wound 
healing (105). Because of the associated poor soft-
tissue envelope, the extended approach and prolonged 
operative time, infection represents one of the most 
common and disastrous complications, which usually 
lead to above-the-knee amputation (106).
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Modular stems

Stemmed components are mandatory in revision 
TKA to bypass the metaphyseal bone defect and to 
reduce the strain at the implant-host bone interface, 
providing additional surface for implant fixation. Their 
length is important but the cornerstone is the bone/stem 
engagement level at which a stable fixation is achieved. 

Cementless stems are used with a hybrid fixation, 
engaging the cortical bone of the diaphysis but with 
cement at the implant-host bone interface close to 
the joint. They allow a good primary stability and are 
easier to remove (58). On the other hand, longer stems 
may determine end-of-stem tibial pain (up to 10% of 
patients) and may require off-setting if diaphyseal en-
gagement results in mal-alignment or increased risk 
of fracture (38, 78, 107-109). This is the reason why 
cementless stems are preferred if good diaphyseal bone 
of adequate geometry is available.

Cemented stems become more useful for patients 
with large, osteopenic endomidollary canals or in pres-
ence of axial deformities. They are metaphyseal engag-
ing with cement filling the gaps between stem and 
cancellous bone. They are usually shorter than press-fit 
stems because they do not need to engage the endomi-
dollary cortical bone, not influencing the final implant 
positioning but with higher risk of mal-alignement (58, 
110). In case of re-revision smooth and tapered stems 
are usually easy to remove but the residual cement may 
determine further bone loss during its removal.

Both cemented and press-fit stems have good out-
come and may be useful in specific patients but the 
choice remains controversial (78, 111). In a recent level 
IV systematic review by Wang et al, no significant dif-
ference was found in terms of in failure for any reason, 
reoperation, aseptic loosening and infection between 
revision TKA with cemented or cementless stem fixa-
tion (112). Overall bone quality and bone defects, to-
gether with the surgeon’s preference seem to lead the 
choice.

Conclusions

Several options are available in addressing meta-
physeal bone loss in revision TKA. The choice depends 

on the type, size and location of the defect and on the 
quality of the host bone.

Classifications are useful to quantify the defects and 
to plan the operation, but the final evaluation should be 
intra-operative once components have been removed. 

“Fill and fix” is the cornerstone concept to pursue 
during revision TKAs resulting in filling the defects 
with impaction grafting, cement or metaphyseal po-
rous devices to achieve a satisfactory fixation.

Literature does not provide any evidence based 
approach. Data are hardly pooled for the differences 
among studies in terms of classification, techniques, 
follow up and definition of failure. Available system-
atic review and meta-analysis are usually of low quality 
mainly because examined studies are case series with-
out control groups. The wide variety of intra-operative 
scenarios and the confidence of the surgeon in one 
technique rather than another make difficult to con-
duct a controlled trial comparing different options. 
Further studies with long term results are desirable to 
draw firm conclusions.
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