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The management of bone loss in revision replacement of the knee remains a challenge 
despite an array of options available to the surgeon. Bone loss may occur as a result of the 
original disease, the design of the prosthesis, the mechanism of failure or technical error at 
initial surgery. The aim of revision surgery is to relieve pain and improve function while 
addressing the mechanism of failure in order to reconstruct a stable platform with transfer 
of load to the host bone. Methods of reconstruction include the use of cement, modular 
metal augmentation of prostheses, custom-made, tumour-type or hinged implants and 
bone grafting. 

The published results of the surgical techniques are summarised and a guide for the 
management of bone defects in revision surgery of the knee is presented.

The National Joint Registry for the United
Kingdom estimates that more than 62 000
replacements of the knee were carried out in
2007.1 Although the clinical results of pri-
mary total knee replacement continue to be
excellent, the number of revision procedures
required will increase substantially.2,3 The
greatest challenge during revision surgery is
the management of bone loss, which can
occur as a result of the original disease pro-
cess, the design of the prosthesis, the mecha-
nism of failure or technical error at the initial
procedure. Radiological assessment using
standard anteroposterior and lateral views is
known to underestimate bone loss4 and
further investigations must include oblique
views, the use of image intensification or
CT.5-7

Classification
Several systems of classification have been pro-
posed for assessing bone loss prior to revi-
sion.8-10 The most commonly-used is that of
the Anderson Orthopaedic Research Institute
(AORI)9 which classifies the femur (F) and
tibia (T) separately as follows:

Type-1 - Intact metaphyseal bone with
minor defects which will not compromise the
stability of a revision component.

Type-2 - Damaged metaphyseal bone. Loss
of cancellous bone in the metaphyseal segment
which will need to be filled with cement, aug-
ments or a bone graft at revision in order to
restore the joint line. Defects can occur in one

femoral condyle or tibial plateau (2A) or in
both condyles or plateaux (2B).

Type-3 - Deficient metaphyseal bone. Bone
loss which comprises a major portion of either
condyle or plateau. These defects are occasion-
ally associated with detachment of the col-
lateral or patellar ligaments and usually require
long-stemmed revision implants with bone
grafts or a custom-made hinged prosthesis.

Surgical options
The options for the management of bone loss
in revision knee surgery include: a) the use of
cement, either alone or combined with screws
and mesh, b) modular augmentation of the
components with wedges or blocks of metal,
c) the use of custom-made, tumour or hinge
implants, and d) bone grafting with structural
or morsellised graft.

When selecting the method of reconstruc-
tion and the materials for revision surgery, the
potential for future further revision must be
considered together with the life expectancy,
functional demand and comorbidities of the
patient. Restoration of bone stock is prefer-
able, particularly if a future further revision is
considered likely.

Cement performs poorly in the long term. It
does not restrict deflection of the tibial tray
and provides inferior load transfer with poor
fatigue properties11-13 which may in time lead
to subsequent failure.14 The use of cement in
isolation during revision surgery should be
reserved for AORI type-1 defects, small type-2
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defects of less than 5 mm or those which involve less than a
quarter of the cortical rim. However, cement remains a
good option in the short term and may be suitable for
elderly or infirm patients. Elia and Lotke15 found no differ-
ence between the use of cement and bone grafts for AORI
type-1 and small type-2 defects in the short term, although
they concluded that a bone graft had obvious biological
advantages. The use of cement in combination with screws
for bone defects of more than 5 mm has given excellent
results at 13 years with no failures.16 Lotke, Wong and
Ecker17 also described reasonable results with cement, but
concluded that bone grafting was generally the choice for
defects of more than 20 mm.

Augments attached to the underside of the tibial tray are
a mechanically sound option18 (Fig. 1). The advantages
include ready availability and quick application but prob-
lems may arise from corrosion and from wear debris as a
result of fretting between the tray and the augment. Angled
wedge augments create shear stresses and fail to load the
distal bone. Step wedge augments subject the underlying
interface to compression forces, but may require further
resection of bone to accommodate them. Hockman,
Ammeen and Engh19 found that modular augments alone
failed to address bone loss effectively in 48% of cases and
noted an improved rate of survival when modular aug-
ments were combined with structural allograft. Good
results have been described using augments to manage bone

loss, and Rand20 has reported good or excellent results in
100% of cases with no complications. Although they also
achieved good results using wedge augments, Brand et al18

have suggested that this technique is most suitable for
severe peripheral tibial defects in elderly, low-demand
patients. Typically, augments are used for type-1 defects,
type-2 defects of 5 mm to 10 mm, or segmental defects with
bulk allograft in larger defects. The use of augmentation
has been advised when 40% or more of the projected
implant-bone interface is unsupported by host bone21

resulting in an inability to achieve stability of the trial
implants, or if peripheral defects involve 25% or more of
the cortical rim.

Large defects (Fig. 2) may require the use of custom-
made or rotating-hinge implants (Fig. 3). Pour et al22

described the use of the latter in reconstruction of the knee
and achieved a survival rate of 68% at five years, but the
authors cautioned against their use in active or younger
patients. Advocates of custom-made prostheses suggest
that they are mechanically-sound and survive well.23,24

However, the accurate pre-operative assessment of bone
loss is difficult and a custom-made prosthesis may not,
therefore, fit well. In these cases, more bone may have to be
resected to achieve stable function. Custom-made prosthe-
ses are expensive and take time to manufacture. They are
best used when the alternative options are limited.

The use of bone graft allows the augmentation of the
residual bone stock. The ability to contour the graft at
operation and the capacity of the graft to transfer load in a
physiological manner are significant advantages. The dis-
advantages of allografts include unpredictable union, the
theoretical transmission of viral, bacterial and prion
disease25,26 and their availability, which is not universal.

Both autograft and allograft are available in either struc-
tural or morsellised forms. The use of autograft in recon-
struction of the knee has been debated.21 Success has been
achieved with smaller bone defects, whether centrally
contained27-29 or peripherally uncontained,29-31 although
higher rates of failure have been seen in the presence of
instability and large bone defects.32 Structural allograft,
typically used for the reconstruction of large defects, has
shown variable early results,33-35 with reports of nonunion
and collapse of the graft because of resorption.32 Tsahakis,
Beaver and Brick36 found that the early results of structural
grafting are reliable, with a rate of union of 100%, but
commented on the potential concerns of rapid dissolution,
possibly due to immune reaction. Laskin32 had a success
rate of 67% and concluded that structural bone grafting
should only be used for small circumscribed defects. In the
medium term, however, the results are better with a survival
of 92% at five years and 72% at ten years, when failure is
defined as the need for additional surgery related to the
allograft or an improvement of less than 20 points in the
modified Hospital for Special Surgery knee score.37 Ghaz-
avi et al38 have described the results of using a massive
structural allograft in uncontained defects of more than

Fig. 1 

Post-operative anteroposterior radiograph of
the knee showing the use of a medial step
wedge augment on the underside of the tibial
baseplate.
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3 cm. After a mean of 50 months they had a rate of success
of 77%, with a Kaplan-Meier probability of survival of the
graft at five years of 67%. From the same unit, Backstein,
Safir and Gross39 noted satisfactory results after five years
when using structural allograft in 58 patients with uncon-
tained bone defects which were too large to be recon-
structed with metal augments. They observed radiological
allograft-host union in 98%, although allograft-related
complications required additional intervention in 21%.
Parks and Engh40 investigated the biological incorporation
of structural bone graft from the femoral head at a mean of
41 months. They observed dead bone graft centrally with
new bone at the periphery of the allografts. Consideration
must be given to alternative methods of reconstructing
large bone defects in revision knee replacement when eval-
uating these results.

Morsellised impaction grafting, which has been widely
accepted in revision surgery of the hip,41 has been used
sparingly in revision replacement of the knee. It may be
used to treat contained defects and uncontained defects
which can be converted into contained defects by the use
of wire mesh (Fig. 4). Reconstruction involves occlusion
of the canal and compaction of morsellised graft over a
guide wire to produce a stable reconstruction of the corti-
cal tube into which an implant can be cemented. This
reconstitutes bone stock and in the long term incorpora-
tion of the graft occurs, with remodelling of bone by
creeping substitution. The technique has been extensively
supported in animal models and by histological,42,43

radiological and biomechanical studies.44,45 Several cen-
tres have published clinical studies of revision replacement
of the hip using impaction bone grafting, showing good
restoration of bone with evidence of subsidence but no
loosening.46,47

There is a wide variety of opinion in the use of morsell-
ised bone graft in the knee, particularly with regard to
case selection, technique and the outcomes achieved.
Some series have shown radiological evidence of remodel-
ling of cancellous bone graft with no clinical failure or
instability, although the numbers involved were small.48,49

These studies described a technique which involved the
use of washed morsellised allograft combined with unce-
mented long-stemmed components and restricted post-
operative weight-bearing. More recently, Whiteside50

described the use of morsellised graft, even in the presence
of type-3 cortical defects, in 105 patients with a follow-up
of between five and ten years, again with uncemented
long-stemmed implants. The results were excellent with
only one case of aseptic tibial loosening. Concern has been
raised about the use of morsellised bone graft and the pre-
dictability of its initial and clinical stability,51 although
biomechanical52 and clinical studies53 have addressed this.
In order to achieve stability, many authors have used long
press-fit stems which, although they ensure greater initial
stability, largely bypass the graft, unloading it and causing
stress shielding.12,54 This inhibits its early incorporation,
which otherwise remains a major advantage of morsell-
ised over large structural grafts.

Fig. 2a

Pre-operative a) anteroposterior and b) lateral radiographs of the knee showing severe (type-3) tibial bone loss in a failed
knee replacement.

Fig. 2b
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Published reports of the use of morsellised graft in the
knee need careful interpretation of both technique and
results. Several authors48,50,55,56 have used morsellised bone
graft without impaction, again employing long uncemented
press-fit stems. Whiteside49 has also reported radiological
and histological results which confirm evidence of union
and active bone formation.

The experience of Bradley56 has established the place of
morsellised bone graft as a practical biological solution
capable of achieving good results. He described 19 revision
replacements of the knee using impaction bone grafting
with stems of between 8.5 cm and 10.5 cm in length in all
cases. These were uncemented in 14 cases, cemented in five
and used additional structural allograft in three. His overall
results were good with only one failure. In this case cement
augmentation had been used and he did not use this combi-
nation again. 

The combination of morsellised graft and a long stem
engaging the distal cortex causes a decrease in loading of
the graft by up to 38%.54 Experimental evidence from in
vivo studies has shown that incorporation of the graft can
be improved by early loading and the use of short stems.57

Longer stems may increase toggling or tilting movement.58

This method therefore differs substantially from the Slooff-
Ling technique,59 as used by Ullmark and Hovelius,60 in
which the whole stem was surrounded by graft including its
distal tip.

There is also debate about the use of stems and the choice
of stem length with long stems reported to enhance fixation
and alignment.61,62 However, as has been noted previously,
they increase proximal stress shielding. Excellent mid-term
results have been reported in 84% of patients61 using long
stems when revising for aseptic loosening. However, the use
of large stems results in increased bone loss and decreased
proximal loading. Stern et al,58 in a biomechanical study,
found that longer stem tibial implants were associated with
increased micromovement of the tibial tray. Radnay and
Scuderi63 advised that the length of the stem should be
determined by the integrity of the residual bone and the
diameter of the intramedullary canal. They suggested
cementing a short stem or a longer stem of narrow diameter
for host bone of poor quality, and using a long press-fit
stem engaging the diaphysis for patients with bone of better
quality.

There are only a few reports of genuine impaction bone
grafting64 in revision knee replacement.53,60,65 Ullmark and
Hovelius60 achieved good short-term stability, commenting
that the biological advantages of morsellised bone graft in
the knee had already been established by Samuelson,48 and
with their limited clinical experience concluded that the
technique was encouraging. Van Loon et al51 described
their experience of morsellised impaction grafting in the
knee with histological follow-up at four years. Grafting was
performed for bone loss in both the femur (F2B) and tibia
(T2B) using the Slooff-Ling technique,59 with a short stem
cemented into the graft. Histological examination showed
good incorporation of the graft in the femur, although this
was not seen in the tibia. New cortical bone was found in
the tibia around the containing mesh but approximately
three-quarters of the tibial graft failed to become incorpo-
rated with an area of central necrotic graft. They concluded
that impaction grafting in the tibia did not provide suffi-
cient initial stability and that this led to poor incorporation
of the graft. They discouraged the use of the technique in
the tibia, but recommended it as a promising method in the
femur.51 Heyligers et al65 published a technical note on
impaction grafting of both the tibia and the femur at the
knee. Primary implants with short stems were used and the
results were presented in 11 knees (ten tibial reconstruc-
tions) in nine patients, with a mean follow-up of 23
months. Of the 11 knees, the tibial defect was classified as
T1 in one, T2A in five, T2B in four and F2 in one. The ini-
tial results appeared to be promising, with no subsidence,
no radiolucencies and no resorption of the graft. Their tech-
nique was similar to that used by Ullmark and Hovelius,60

in keeping with the Slooff-Ling philosophy.59 However, full
post-operative weight-bearing was only allowed in four
patients, with five immobilised in casts for between six
weeks and three months.

Mechanical studies have suggested that a short-stemmed
tibial tray surrounded by impacted bone graft will be stable
if the cortical rim provides adequate support. A long stem
should be used if there is a cortical defect.52 Lotke et al53

Fig. 3 

Post-operative anteroposterior
radiograph showing the recon-
struction of severe tibial bone
loss by a hinged prosthesis.
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and Lotke, Carolan and Puri66 recorded promising early
results of impaction grafting using a similar method to that
of the Slooff-Ling technique59 in 45 patients, 11 of whom
required mesh for an uncontained defect. They reported no
mechanical failure at a mean follow-up of 3.8 years and
noted progressive incorporation of the bone graft on the
post-operative radiographs.

The numerous techniques for bone grafting and their
varied results suggest that the ideal method of restoring
bone stock at the knee has not yet been achieved. If the
bone graft is to be incorporated, there must be initial
mechanical stability of the construct and no subsequent
migration. Whether this is possible in the tibia has been
questioned.51

Future developments
New innovations include the use of metaphyseal filling
metal cones. These may help the surgeon to achieve
improved stability of the implant in patients with larger
bone defects, particularly in the presence of diminished or
sclerotic bone stock. The use of these cones in combination
with new materials such as porous tantalum63 may offer
improved metaphyseal fixation.63,67-70 Porous tantalum
combines a high coefficient of friction, a volumetric poros-
ity of 70% to 78%71 and encourages accelerated bone
ingrowth,71 which can be potentially enhanced further by
additional coatings.72

Although these cones may provide structural support
they will not reconstitute bone stock and need to be
cemented to the prosthesis to ensure stable fixation. The

medium- and long-term outcome of this technique is
unknown. In the short-term, porous tantalum metaphyseal
tibial implants have demonstrated good results when used
for severe bone loss in the tibia (type-2B and type-3
defects). In a series of 15 patients with a mean follow-up of
34 months, the Knee Society clinical scores improved from
52 points pre-operatively to 85 points at the latest follow-
up with more of the metaphyseal tibial implants demon-
strating radiological signs of migration or loosening.73

Theoretical improvements in achieving bone ingrowth
may be seen with agents such as recombinant bone
morphogenetic proteins (BMP)-7 (osteogenic protein (OP)-1)
and BMP-274,75 used to enhance osteo-induction or osteo-
genesis. However, other animal studies have not shown
benefits with the use of BMP-7 (OP-1) when the animal was
allowed to load the graft76-78 and there are no clinical data
to recommend their use in revision knee surgery. In animal
studies, alterations in the graft mix have been used to
improve the mechanical stability of a graft/stem construct,
although the effect of this in vivo is not known. Biomechan-
ical and animal studies have suggested that improved stabil-
ity can be achieved with cancellous bone particles of more
than 2 mm79 with the further addition of stiffer particles
such as ceramics, cortical bone, bovine bone and hydroxy-
apatite.79-83

Summary
Biological solutions have obvious advantages, particularly
for the younger active patient who requires a revision pro-
cedure. Reconstruction with bone graft has merit, but the

Fig. 4a

a) Pre-operative anteroposterior scaled radiograph used to template the bone defect in preparation for impaction bone grafting with the use of a wire
mesh to contain the defect, b) intra-operative photograph of tibial impaction bone grafting for a type-2 defect. A wire mesh has been used on the
medial side and morsellised allograft bone has been impacted around a central metal post within the proximal tibia, and c) post-operative anteropos-
terior radiograph showing the wire mesh secured to the medial tibia with screws and impacted morsellised bone graft in the proximal tibia.

Fig. 4b Fig. 4c
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final choice of technique will depend on the age and level of
activity of the patient, the extent and distribution of bone
loss, the quality of the remaining bone, the experience of
the surgeon and the availability of bone graft and implants.
This review of the literature supports the following tech-
niques for reconstruction. Cement or bone graft should be
used with a primary implant for small cavitary defects
involving less than one quarter of the cortical rim, with
consideration being given to the use of revision prostheses
with metal augments when larger segmental defects or
greater involvement of the rim are encountered. For type-2
defects, either cement alone or compacted morsellised bone
graft with mesh may be used for small defects. For larger
defects of 5 mm to 10 mm, reconstruction can be per-
formed either with metal augments alone or in combination
with compacted morsellised bone graft. With further bone
loss, particularly on the femoral side, the use of a contoured
fresh-frozen femoral head or metal augments may be con-
sidered, while bearing in mind that the size of the augment
is limited to 15 mm when attached to the prosthesis. Type-3
defects generally require reconstruction with a tumour-type
prosthesis, although a structural bulk allograft, a custom-
made prosthesis or a trabecular metal cone may be appro-
priate. The combination of ligamentous instability and
bone loss demands a constrained prosthesis. The use of a
short, cemented stem is recommended when there is good
cortical support or a well-supported augment. As the size of
defect increases or the degree of support decreases, a longer
stem should be used. In older patients, we prefer to use a
narrow cemented stem, reserving the use of a press-fit stem
for when the distal bone is of better quality. Traditionally,
tumour prostheses and hinged prostheses have been
cemented as they tend to be used in older patients.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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