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Background and purpose   Loosening of a total knee 
replacement may lead to loss of bone, requiring biologi-
cal reconstruction at revision arthroplasty. Good results 
have been reported from revision arthroplasty of the hip 
using impaction bone grafting. We report our results 
of revision total knee arthroplasty using the same tech-
nique.

Patients and methods   We retrospectively analyzed 
30 patients (involving 34 knees) with a mean age of 
63 (34–81) years who, between 1994 and 2002, under-
went revision arthroplasty of the knee using hinge or 
rotational knee prostheses (Link) and impaction bone 
grafting. The average follow-up was 4 (2–9) years and 
included a questionnaire, a clinical examination, and 
standardized radiographs. 

Results   25 patients were satisfied with their results. 
10 patients reported no impairment in their activities 
of daily living attributed to their operation and did not 
need any walking support. In 5 patients, there were no 
clear radiographic signs of incorporation of the graft but 
that did not compromise the outcome. 5 other patients 
had complications due to aseptic loosening of their pros-
theses with radiographic failure of the graft, leading to a 
periprosthetic fracture in 2 cases. 

Interpretation   Our results with impaction bone 
grafting in knee revision arthroplasty appear to be simi-
lar to those obtained by the same technique in revision 
hip surgery.

■

Impaction bone grafting (IBG) was originally 
developed, and used with cement for acetabular 

reconstruction, by Sloof et al. (1993). The tech-
nique was adapted by Gie et al. (1993) for recon-
struction of the femoral side in failed total hip 
arthroplasty. Loosening of total knee replacements 
may also lead to extensive bone defects. The can-
cellous bone of the distal femur and proximal tibia 
is usually severely damaged or lost completely, 
leaving a sclerotic tube that often has large periph-
eral deficiencies, whereas the diaphyseal cortical 
structure is usually intact above and below the 
knee. Reconstruction of bone defects is a challenge 
in revision total knee arthroplasty, and various tech-
niques have been reported including IBG, and bulk 
allograft and metal augments (Rand 1991, Bradley 
2000, Clatworthy et al. 2001, Dennis 2002).

For patients with small, contained defects (intact 
cortex), primary-type prostheses can be used. 
Larger defects require special implants with stems 
to engage the residual diaphyseal bone, and with 
augmented articular surfaces to rest on the rim of 
the deficient femoral and tibial metaphyses. Stan-
dard implants will not fit the size of larger defects 
without filling of the bone cavities by cement, 
which will lead to further peripheral defects of 
bone stock—worsening the situation if renewed 
loosening occurs.

The surgeon’s choice of autogenous bone graft-
ing is often complicated by the massive extent of 
the bone defect. In these cases, although autog-
enous bone might be the best choice, large quanti-
ties of autograft of sufficient quality are often dif-
ficult to harvest—especially in elderly patients. In 
view of the good long-term results of IBG in revi-
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sion total hip arthroplasty (Schreurs et al. 1998), 
we used IBG for biological reconstruction in knee 
revisions, which has shown promising results 
(Wilde et al. 1990, Whiteside 1993, Ullmark and 
Hovelius 1996, Lotke et al. 2006). Here we report 
the outcome of exchange arthroplasty with a hinge 
or rotational knee prosthesis combined with IBG. 

Patients and methods

36 patients underwent revision total knee replace-
ment in the ENDO-Clinic, Hamburg, between 
1994 and 2002. All patients had a revision total 
knee arthroplasty because of aseptic loosening and 
a type 1–3 bone defect (see below) that required 
allograft reconstruction in the femur, the tibia, 
or both. In all cases, infection was excluded by 
microbiological evaluation of preoperatively aspi-
rated synovial fluid and intraoperative biopsies. 6 
patients died of unrelated causes before the follow-
up examination. They had had no pain or other 

substantial problems in the operated knee until 
they died. We performed a retrospective study of 
the remaining 30 patients (mean age 63 (34–81) 
years; 18 men, 34 reconstructions). The average 
follow-up time was 4 (2–9) years. 

Femoral head allografts from the ENDO-Clinic 
bone bank were used in all cases. 8 grafts were 
placed on the femoral side and 8 were placed on 
the tibial side. 9 cases consisted of both femoral 
and tibial allograft augmentation. All patients 
had a bone reconstruction with IBG. In 3 cases, a 
rotational knee (Waldemar Link, Hamburg, Ger-
many) was changed to a hinge prosthesis (Link) 
and the opposite was performed in 7 cases. Com-
plete or partial exchange of a hinge prosthesis 
was performed in 20 cases. In 4 cases, the fem-
oral component of a rotational knee (Link) was 
changed (Figure 1). All prostheses were fixed 
with cement. 

The amount and type of bone loss was rated 
according to the ENDO classification (Engelbrecht 
1993), which is based on radiographic and intraop-

Figure 1. Both rotational (left) and hinge 
(center) knee prostheses, optionally fur-
nished with patella flange (right). Flexion 
and rotation of the rotational knee prosthe-
sis take place in a cross-joint. A connect-
ing piece, which is fixed to the tibial com-
ponent and links it to the femoral compo-
nent of the hinge knee prosthesis, features 
a borehole for the joint axis. 



Acta Orthopaedica 2008; 79 (5): 683–688 685

erative findings (Figure 2). There were 23 type-1 
defects, 10 in the femur and 13 in the tibia, 8 type-
2 defects, 6 in the femur and 2 in the tibia, and 3 
type-3 defects, 1 in the femur and 2 in the tibia. 
Type-4 defects were not treated with IBG. 

Surgery

The loose prosthesis was removed together with 
cement, debris, and fibrous membrane. The caverns 
were reamed to obtain continuity with the femoral 
and tibial marrow canals, and to ensure exposure of 
viable bone at all accessible surfaces. The marrow 
canal was occluded by a firm-fitting acrylic plug 
or homologous bone plug placed at the end of the 
revision cavern. IBG was then performed with 
instruments for bone transplantation in knee revi-
sion surgery developed by Ullmark and Hovelius 
(1996). A centralizing device screwed into the plug 

was left in place during the graft impaction proce-
dure. Bone grafts were prepared from frozen femo-
ral heads using a bone mill. The morselized grafts 
were partially defatted by washing in saline solu-
tion at 40°C. Then the grafts were packed firmly 
down on top of the plug in the distal end of the 
revision cavern with an impactor, until they reached 
some centimetres above the planned level of the 
tip of the stem. The entire cavern was then filled 
with morselized grafts that were gently pressed 
together. An impactor “dummy” was then inserted 
on the centralizer down in the grafted cavern to 
obtain firm graft impaction. Additional grafts were 
then impacted up to the end of the impactor. The 
centralizing device was then detached. After that, 
the impactor was extracted and antibiotic-loaded 
cement was filled into the remaining cavern with a 
cement gun. The cement was pressurized for a few 

1 2 3 4

Figure 2. ENDO classification (Engelbrecht 1993) with regard to constrained knee prostheses: increasing loss of bone 
stock (colored red) from type 1 to type 4. Type-1 defects are minor bone defects with thin radiolucent lines but no subsid-
ence of components. Type-2 defects involve moderate bone loss, evidenced by wider radiolucent lines around the entire 
implant and clear signs of subsidence. Depending on the model used, there may be thinning of the distal femoral or tibial 
proximal cortex or of the cancellous bone within the region of the femoral and tibial condyles. Type-3 defects are severe 
loss of bone with widening of the distal femur or proximal tibia, cortical thinning with perforations, and severe condylar 
defects. Type-4 defects are massive: there is total or severe loss of bone stock. More than half of the femur is defective, 
or the remains of the middle or proximal parts are weakened by severe cortical thinning or severe osteoporosis from lack 
of use. 
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seconds to force it into the grafted 
bone. The prosthesis was inserted at 
an early stage of cement polymer-
ization.

The postoperative management 
varied according to the extent of 
the operation. Early movement 
was encouraged, and patients were 
allowed to bear weight (limited to 
10 kg) for 2–10 weeks according to 
the surgeon’s evaluation. This was 
followed by increasing weight bear-
ing, ranging from 10–20 kg every 
week. Only 3 patients were per-
mitted full weight bearing imme-
diately after the operation. Full 
weight bearing was allowed when 
there was evidence of union at the 
allograft-host bone junction. 

Follow-up

The Knee Society score (KSS) 
was used for clinical assessment 
(Insall et al. 1989). Anteroposterior 
and lateral radiographs were taken 
immediately in the recovery room 
after surgery, before starting full 
weight bearing, and at the follow-
up examination. Radiographic 
allograft incorporation was evalu-
ated according to de Waal Malefijt 

the femoral graft after 8 months (Figure 3). The 
replacement was changed to a cemented hinge-
type prosthesis with restricted axial rotation mech-
anism. The cavity was reconstructed again using 
IBG, with a good result at latest follow-up (median 
KSS = 156 points). 

3 patients (B, C, and D) had failure of the tibial 
graft after 19, 32, and 34 months, respectively. In 
2 of these cases (B and C) the loose prosthesis was 

Radiographic assessment of bone graft incorporation

 Trabeculae  Border of graft Bone density

Evident incorporation normal pattern absent normal
Unclear incorporation not organized vague normal
Sclerosis of the graft not organized clear increased
Disintegration absent – –

Figure 3. Postoperative control after IBG reconstruction of the femoral 
cavity in patient A, who had a type-3 defect.

et al. (1995) (Table).

Results

There were no substantial intraoperative complica-
tions and no deep infections. 5 knees (in 5 patients) 
were revised during the study period because of 
aseptic loosening. One patient (A) had failure of 
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removed, the tibial marrow canal was prepared, and 
the tibial components were cemented—with good 
results by the time of follow-up (median KSS: 149 
points and 161 points). Failure of the tibial graft 
in patient D required implantation of a cemented 
custom-made long-stemmed prosthesis, with mod-
erate result at the time of follow-up (KSS = 121 
points).

One patient (E) had failure of both the femo-
ral and the tibial graft after 42 months, leading 
to a periprosthetic femoral fracture. A cemented 
custom-made implant had to be inserted, with mod-
erate result at the follow-up examination (KSS = 
101 points). 

Prosthesis survival at 5 years was 76% (95% CI: 
56–96). No knees were revised later than 5 years 
(Figure 4). 

In the 29 knees where our primary reconstruc-
tion had not been revised, there was no apparent 
radiographic bone loss. Bone graft incorporation 
with formation of trabecular pattern was found 
in 24 cases, with no signs of graft demarcation or 
graft resorption. The incorporation was unclear in 
5 cases, with no organized trabecular formations 
and no well-defined graft demarcations. None of 
these patients had developed progressive widening 
of small circumscribed lytic lesions indicating graft 
resorption. Disintegration of the graft occurred in 5 
other cases, with no trabecular pattern but osteoly-

sis of the graft and adjacent host bone. Mild corti-
cal hypertrophy was occasionally seen. 

The median Knee Society score was 125 (93–
162) in the 21 patients with remaining prosthe-
ses and radiographic graft incorporation (24 with 
IBG). The score was median 130 (101–142) in the 
5 patients with unclear incorporation (all 5 with 
IBG).

Discussion

The outcomes of revision arthroplasties are deter-
mined by a number of factors, the degree and man-
agement of bone stock loss being one of them. 
Cement filling or IBG is good for small, contained 
defects (Dorr et al. 1986, Lucey et al. 2000, Ritter 
and Harty 2004). However, there is no concensus 
on the best method to fill massive bone defects. 
Several treatment options have been discussed—
including structural allograft, porous metal aug-
ments, or custom implants (Harrison et al. 2006, 
Radnay and Scuderi 2006, Engh and Ammeen 
2007).

IBG, successfully used for hip revisions, was 
reported by Samuelson (1988) in revision total 
knee arthroplasty of 22 patients using cementless 
stemmed components. The clinical results were 
similar to those in primary arthroplasty. Most grafts 
showed radiographic evidence of remodeling. Vari-
ous bone reactions, not fitting any particular pat-
tern, occurred around the stems. Early migration of 
the implants occurred in over a third of the grafts, 
but stabilized later on.

Whiteside (1993) described morselized recon-
struction of bony defects in 56 knees using long-
stemmed, uncemented prostheses augmented 
by screws through the tibial baseplate. All grafts 
had radiographic evidence of remodeling and all 
implants except 2 achieved stable fixation to bone. 

De Waal Malefijt et al. (1995) performed IBG 
on the tibial side in 17, and on the femoral side in 
6, of 36 cemented knee replacements. There was 
unquestionable radiographic incorporation in all 
except 2 in the tibia. Lotke et al. (2006) reported 
favorable medium-term results in 48 consecutive 
cemented revision total knee arthroplasties with 
uncontained defects, and treated with IBG and 
additional steel mesh. He described no mechanical 

Figure 4. Kaplan-Meier survivorship. The endpoint used 
was: any part of the prosthesis removed or revised for any 
reason. 
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failures; there was incorporation and remodeling 
of all bone grafts, but there were 2 periprosthetic 
fractures related to poor host bone quality, 2 infec-
tions, and 2 patella clunk syndromes. 

In our study, 5 of 34 allograft reconstructions 
failed. We had 2 periprosthetic fractures (in 3 
ENDO-classification type-3 defects), which indi-
cates that type-3 defects may represent a border-
line situation with regard to IBG. 

For radiographic evaluation, we used the divi-
sion into 4 groups according to a previous study 
in which 3 radiographic aspects of the graft were 
assessed (de Waal Malefijt et al. 1995). An unclear 
(n = 5) or failed (n = 5) integration of the graft was 
found in 10 of the 34 reconstructions. Increased 
stability (reduction of micromovements between 
graft and implant) may be obtained by the use of 
larger-sized bone chips than those we used (Ull-
mark 2000). 
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