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14.1 Introduction

Bone defects encountered in primary total knee
arthroplasty are commonly observed in severe
deformities. As the severity of osteoarthritis
increases, the varus deformity progressively
causes the bone on the postero-medial aspect of
tibia to get eburnated creating a bone defect. It is
usually the opposite in a valgus knee where the
deforming force causes a progressive wear of the
lateral femoral condyle and sometimes the
postero-lateral proximal tibia (contained defect).
Bone loss observed in primary total knee arthro-
plasty can be due to bone cysts, inflammatory
arthritis, previous malunited fractures, osteone-
crosis and previous osteotomies. These defects
are a challenge to the operating surgeon because
for a prosthesis to be stable and positioned in a
good coronal alignment, you need a healthy sta-
ble bone bed. Resecting more bone (12 mm
beyond tibial plateau) is not a favourable option
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as it compromises the attachment of collateral
ligaments, iliotibial band and patellar tendon.
Moreover, the quality of bone decreases as we go
into the metaphysis. There are multiple options to
address these defects depending upon their size
and location. The principles guiding the manage-
ment of these bone defects are based upon the
location, size, depth of defects and percentage
involvement of bone loss in the tibial or femoral
condyles. Other considerations taken into account
while dealing with these bone defects are the
ligament stability, age, activity and life expec-
tancy of the patient. This chapter deals with the
intricacies of bone defect management in such a
complex primary situation.

14.2 Classification

Bone defects can mainly be classified into con-
tained and uncontained (peripheral) defects [1].
Contained defects with bone all around can sim-
ply be filled with morselized bone grafts obtained
from bone chamfers during the process of total
knee replacement (Fig. 14.1a, b). The uncon-
tained defects are commonly seen in severe varus
knees on the postero-medial aspect of proximal
tibia. These are usually addressed depending
upon their size, depth and percent involvement of
tibial condyle. In contrast, the defects seen in
proximal tibia in a valgus knee are centrally
located (essentially contained). Rand in 1991
classified the defects based upon the percentage
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Fig. 14.1 (a) Contained defect in femoral condyle. (b) morselized graft filling the defect

Table 14.1 Rand et al. classification of bone loss in pri-

mary total knee arthroplasty (modified from Rand JA,

involvement of tibial plateau and depth of defect
[2] (Table 14.1).

The most useful and frequently used classifi-
cation is the Anderson Orthopedic Research

Institute (AORI) Classification. This mainly clas-

sifies defects based upon the involvement of

metaphysis and is subclassified based on single/

1991)

Single condyle Depth of
Type involved (%) defect (mm)
I(a/b) Minimal <50% <5
1I(a/b) >50%<70% 5-10
1II(a/b) >70%<90% >10
IV(a/b) >90% >10
(a) intact
peripheral rim
(b) deficient

peripheral rim

both plateau involvement. It is mainly described
for severity of bone loss in revision knee arthro-
plasty but stands true for bone loss in primary
situations as well [3] (Table 14.2).

Table 14.2 AORI Classification of bone defects

Defect

(femoral/ | Metaphyseal

tibial) involvement Description Component stability Treatment options

Type 1 Intact Minor, contained Not compromised Cement, cancellous graft,
cancellous bone loss metal augments
in either condyle

Type 2A Damaged Moderate to severe Needs reconstruction Cement with screws, metal
cortico-cancellous augments,
defect in one condyle Structural graft

Type 2B Damaged Moderate to severe Needs reconstruction Cement with screws, metal
cortico-cancellous augments,
defect in both Structural graft
condyles

Type 3 Deficient Severe cavitatory and | Attachment of collaterals | Trabecular metal cones/
segmental bone loss of | and patellar tendon may be | Metaphyseal sleeves,
both condyles compromised structural allograft, modular

prosthesis
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14.3 Management of Bone
Defects

The defect can be reduced by the following

means:

(a) Lateralizing the tibial component

(b) Undersizing the tibial component

(c) Cutting more than usual (8 mm) of proximal
tibia (maximum acceptable is 12 mm) to
reduce the defect.

The main options available to reconstruct the

remaining defect are

. Cementoplasty

. Cement with screw augmentation

. Autograft reconstruction

. Impaction bone grafting

. Structural Allograft

. Metal Augments

Aim:
1. To build up the defect

AN N BN~

2. Axial implantation in neutral alignment over
good base of bone

3. Restoration of joint line

4. Conserve bone for future revisions

14.4 Pre-Operative Planning

Standard weight bearing anteroposterior (AP)
X-rays of knee joints are advised. The AP view
(Fig. 14.2a) shows the defect in the medial proxi-
mal tibia and the amount of varus. The lateral
view (Fig. 14.2b) helps in delineating the defect
which is seen as a crater. The radiographs may
underestimate the size of bone defects and so
final assessment of bone loss is always done
intra-operatively. CT Scans may be warranted for
actual and detailed assessment. An MRI scan
may be warranted in extreme deformities to
assess the condition of collateral ligaments.
During pre-operative clinical examination it is

Fig. 14.2 (a) Transverse line shows the actual extension of proximal tibia. The femoral condyle has sunk into the
proximal tibial defect. (b) lateral view of knee joint showing the crater in proximal tibia (marked with an arrow)
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necessary to assess whether the deformity is cor-
rectable or not on a valgus stress and assess the
amount of fixed flexion deformity.

14.5 Surgical Considerations

After a standard para patellar midline exposure,
make sure that the initial release of medial soft
tissue sleeve is done sequentially and in a stag-
gered way, regularly checking the opening of the
medial joint space. The proximal tibial cut has to
be very conservative, may be <8 mm (Fig. 14.3a,

b). The tibial base plate preparation has to be lat-

eralized as much as possible, without any lateral

overhang and a reduction osteotomy can be per-
formed (this helps in reducing the size of the
defect and balancing the varus deformity).

Another option is to downsize the tibial plate. The

residual defect is measured and quantified in mm

and as a percentage of the proximal tibial condyle

and can be managed in the following manner.

1. Cementoplasty: for defects <5 mm, simply
filling the defects with bone cement [4].

2. Cement and screw augmentation: should be
used in defects 5 mm deep and <25% of tibial
condyle. The cement mantle can break under
load if the thickness is more than 5 mm, so it
is reinforced with a 3.5 mm cortical screw (it
is similar to the concrete being reinforced
using an iron frame).

3. Bone grafts: Bone grafts are available from the
cut proximal tibia and distal femur during pri-
mary total knee arthroplasty. They are both
osteoinductive and osteoconductive. Autografts

are preferred to fill defects which are >5 mm in
depth (range 5-25 mm) and 25-40% of cut sur-
face of the tibial condyle [5]. The defect is
denuded of any residual cartilage and the base
of defect is drilled with a 2 mm drill to make
the sclerotic bone to bleed (Fig. 14.3c). This
helps in graft incorporation. Autograft avail-
able from the cut proximal tibial and distal
femur is prepared according to the technique
described by Windsor et al. [6]. Similar tech-
nique has been described by Dorr, Ranawat,
and Sulco et al. [7]. The bone is placed onto the
raw defect and stabilised with cortical screws
(Fig. 14.4a—c). The tibia implant is prepared in
a standard fashion. A stem extender is recom-
mended to protect the graft if the keel of the
implant is cutting into the defect (Fig. 14.5¢). A
‘step cut technique’ has also been described
where the defect is fashioned into a step cut and
bone graft is fixed using screws as described in
the previous technique [8]. Autograft is the best
cost-effective option for such defects as it is
readily available, preserves bone for future
revisions and incorporates well. There can be
multiple reasons for failure of graft incorpora-
tion like varus alignment, avascular host bed,
incomplete coverage of graft by tibial compo-
nent, inadequate compression at graft bone
junction and cement interposition between
proximal tibia and graft causing failure of graft
to incorporate.

. Impaction bone grafting: Lonner initially and

then Lotke have described the use of impaction
bone grafting along with a mesh for use in
revision total knee replacement [9, 10].

Fig. 14.3 (a) Postero-medial bone defect. (b) Conservative tibial cut. (¢) Drilling of sclerotic bed of bone defect to get
bleeding bone. (d) Preparation of proximal tibia (the residual defect can be seen which needs to be built up)
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Fig. 14.4 (a) Postero-medial defect and tibia prepara- been fixed with screws and fashioned using the technique
tion. (b) Autograft from the bony cuts are used to fill the  described by Windsor et al
defect and temporarily secured with k wire. (¢) Graft has

Fig. 14.5 (a) Pre-op AP and lateral views of knee show-  larger defect in the right knee reconstructed with autograft
ing the defects. (b) Post-op X-rays showing the screws fixed with screw and stem extenders used to support a
holding the autograft in place. (¢) Another patient with  large defect
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Impaction bone graft (auto/allograft) is used
to fill in large vertically oriented defects mea-
suring >25 mm in depth and involving >40%
of cut surface of tibial condyle. The defect is
prepared in a standard way and a v-shaped
stainless steel mesh (stryker) is fixed with cor-
tical screws to stabilise the mesh (Fig. 14.6a).
Now the contained defect is filled with mor-
selized autograft obtained from the bone cuts.
The recommended size of grafts is 5-7 mm
and they are impacted in a cobblestone man-
ner to obtain stability (Fig. 14.6b, c). This
construct is always stabilised with a stem on
the tibial side (Fig. 14.7a, b) [5].

. Structural Allograft. The need to use allografts

rarely arises in primary situations, as auto-
grafts are readily available from the bone cuts
obtained during primary knee arthroplasty.

6.

Structural allograft like a femoral head can be
fashioned to fill the defect in a similar manner
as described for autografts and stabilised with
screws or can be mixed with autograft and
used for impaction bone grafting. The advan-
tages include bone restoration for revisions,
biocompatibility and low cost. Major disad-
vantages are risk of disease transmission,
resorption, non-union and late collapse.

Metal Augments: These can be used in place of
bone graft. Brooks described them to be biome-
chanically equivalent to customised implants [4].
These wedge and tibial base plate construct
behave similar to a customised prosthesis. They
can be cemented after the tibia is prepared to
match them. They provide immediate stability
but do not conserve bone and ideally should be
augmented with a stem extender. The advantages

Fig. 14.6 (a) V-shaped stainless steel mesh being stabilised with two 3.5 mm cortical screws at top and one screw at
bottom. (b) Cobblestone appearance of impacted autograft. (¢) Final implantation

Fig. 14.7 (a, b) Post-op X-rays of knee AP and lateral after impaction grafting
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of the metal augments are that they are available
in different shapes like wedges, hemi-wedges,
blocks, full tibial plates and can be customised
on table according to the defect to be filled. There
is no need for these to be incorporated into bone
and carry no risk of collapse or non-union in
comparison to a bone graft. They can be used to
fill defects up to 20 mm deep. Their main disad-
vantages are the cost, associated metallosis and
inability to restore bone stock. Metal augments
should be preferably used in elderly as revision
may not be required in the near future (refer to
Chap. 1).

Recently the focus has shifted towards use of
tantalum metal augments. Their porosity pro-
vides a scaffolding for the osteoblast mediated
bone ingrowth and they have a good biocompat-
ibility and low modulus of elasticity. Their use is
commonly restricted to revision scenario.

14.6 Complications

Commonly seen complications are related to
graft non-union and failure of graft to incorporate
and late collapse.

Case discussion: A 70 year old female pre-
sented with severe varus in both knees and
inability to walk. Radiographs of knee showed
advanced medial compartment osteoarthritis
with postero-medial bone defects in tibia.
Reconstruction was done using a conservative
tibial cut. Cement with screw augmentation
sufficed on the right side and left side had to
be grafted with autografts. Stem extenders
were used on tibial side on both sides
(Fig. 14.8).

14.7 Tips and Pearls

1. Always raw the base of crater to get a bleed-
ing bone.

2. Morselized graft should be washed with saline
to remove blood and cartilage should be
removed.

3. Preferably use stem extenders to protect the
bone graft.

4. Weight bearing should be encouraged soon as
graft incorporates under load.

5. There should be no contact between the screw
(SS) and the tibial base plate (titanium/

Fig. 14.8 (a) Pre-operative standing AP and lateral radiographs of knee. (b) Post-operative radiographs showing
cement with screw augmentation to fill relatively smaller defect on right side and non-union of bone graft on left side
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CoCR), as it may lead to loosening due to bat-
tery effect.

14.8 Current Concept

Metaphyseal sleeves (commonly used in revision
situations) may be used in the large bone defects
as they provide immediate scratch fit in zone 2.
Such defects are rarely seen in primary total knee
replacements, but may sometimes be encoun-
tered in post-traumatic situations.

14.9 Discussion

Among the techniques available for filling bone
defects in primary TKA, autografts are a cost
effective, readily available and easy to use option
for large uncontained postero-medial defects in
tibia. Table 14.3 describes the options available
for reconstructing the defects according to size
and involvement of condyles.

Kharbanda and Sharma have reported suc-
cessful outcomes in 54 knees reconstructed
using autografts and impaction grafting. They
did not find graft failure in any patient followed
over a period of 5 years [S]. Dorr has reported
use of bone grafts in 24 knees and it is incorpo-

rated in 22 knees [7]. Laskin reported failure of
graft incorporation in four cases out of 26
patients he operated for bone defects [11].
Whereas Liu et al. operated 50 cases of bone
defects and used screws to fix the graft, Pei et al.
used a step cut bone graft to treat 19 knees with
bone defects and no screws were used [12, 13].
Quantifying the defect guides in better manage-
ment of defects using either structural or impac-
tion bone grafting and/or use of sleeves and
mega prosthesis (Table 14.3). Use of stem
extenders has been shown to reduce the micro-
motion between implant and bone interface and
thereby reducing stress on the graft [14]. Brooks
et al. showed that a 70 mm stem used in conjunc-
tion with bone grafts carried 23-38% of axial
load thereby protecting the graft [4]. Stems may
be fixed using a fully cemented (short stubby
stems), press fit uncemented (long with a dia-
physial purchase) or hybrid techniques (prosthe-
sis and metaphyseal region of stem is cemented
and rest of the stem is uncemented). Meneghini
et al. have suggested the use of cemented stems
as they allow load sharing and protect the graft
and help in bone incorporation into cones if used
[15]. Cemented stems are useful in osteoporotic
bones with large canals and can be adjusted
intra-operatively. The problem with these is that
they are difficult to remove at the time of revi-

Table 14.3 Management of bone defects encountered in TKA according to the size

Size of defect (depth in mm and
% of cut surface of tibial

condyle) Reconstruction Advantages Disadvantages
<5 mm <10% of cut tibial Cement alone Stable, cost >5 mm thickness of cement
condyle effective, easy cracks under load

>5 mm <25% of cut surface of
tibial condyle

Cement PLUS_SPI screw

Cement does not
crack under load

Not useful for larger defects

>10 mm, 25-40% Autograft Cost effective, Failure to incorporate, collapse
readily available
10 mm, 25-40% Metal wedges Easy to use Cost

10-25 mm, >40% Impaction bone graft

Mesh can cause irritation,
difficulty closure

Large vertical
defects

>50% of condyle (usually
seen in revision scenario)

Sleeves, Modular
prosthesis, structural
allograft

Can reconstruct
large defects

Technically challenging,
costly, failure of allograft to
incorporate

Collaterals involved Hinged prosthesis,

megaprosthesis

Bypass defect Limited implant survival
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sion and are not helpful in component alignment
[16, 17]. Cementless stems are helpful in com-
ponent alignment and provide stable fixation at
the diaphysis [18]. Our preferred way is to use a
hybrid fixation of stems.

Impaction bone grafting has been used by Cai
et al. in 74 knees to fill bone defects in varus and
valgus knees. He used pulverised 5 to 8§ mm
bone grafts to impact into the defect [19].
Bradley has used impaction allografting in revi-
sion knee arthroplasty and he advocated that spe-
cific to the technique, a solid support of
implant-graft interface, graft-host bone interface
and the use of a tight supportive stem is impera-
tive [20]. The same principles apply while using
allografts (if needed in primary situation). Tigani
et al. used structural allografts in primary total
knee for reconstruction of bone defects after
proximal tibial plateau fractures and reported
excellent results without any loosening or graft
collapse [21].

Recently metaphyseal sleeves have been used
to address severe bone loss encountered in pri-
mary total knee arthroplasty, especially after
post-traumatic bone loss in proximal tibia.
Hernandez has reported a 100% survival rate at
mean follow-up on 79 months in 25 patients who
underwent total knee arthroplasty using metaph-
yseal sleeves to fill defects in the proximal tibia
[22]. Gill et al. have used metaphyseal sleeves for
reconstruction of bone defects in primary (n = 12)
and revision (n = 31) total knee arthroplasties fol-
lowed for a mean 5.42 years and reported no fail-
ures due to aseptic loosening [23]. Metaphyseal
sleeves definitely hold the future for management
of severe bone loss encountered during knee
arthroplasty.

14.10 Summary

Use cement and screw for small defects, auto-
grafts for larger defects in young since they are
readily available in a primary knee replacement
and preserve bone for future revisions. A metal
wedge may be used in elderly where a future
revision is not contemplated.
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