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Abstract Between 1993 and 2002, we treated 43 patients
with malignant musculoskeletal tumours of the knee region.
All patients had partial resection of the femur or tibia to-
gether with endoprosthetic replacement. We were able to
follow-up 23 patients with an average follow-up of 30 (12–
97) months. Complications occurred in ten cases, of which
one was a case of local recurrence.Most of the patients were
completely satisfied with their condition, with a decreased
walking distance as the only notable restriction. There was
no correlation between the functional outcome and life quality
assessment and the type of the implanted prosthesis, length
of resected bone and type of resection. However, patients
with tumours in the distal femur had significantly better
functional and life quality outcome than those with a prox-
imal tibial tumour.

Résumé Entre 1993 et 2002 nous avons traité 43 malades
avec une tumeur musculo-squelettique maligne de la région
du genou. Tous les malades avaient une résection partielle
du fémur ou du tibia avec remplacement prothétique. Nous
avons suivi 23 malades avec un délai moyen de 30 (12–97)
mois. Des complications se sont produites dans 10 cas dont
une récidive locale. La plupart des malades ont été satisfaits
du résultat avec un périmètre de marche diminué comme
seule restriction notable. Il n’y avait aucune corrélation
entre, d’une part les résultats fonctionnels et la qualité de vie
et, d’autre part, le type de résection, la longueur de résection

osseuse et le type de prothèse implantée. Cependant, les
malades avec une tumeur du fémur distal avaient de meill-
eurs résultats pour la fonction et la qualité de vie que ceux
atteints d’une tumeur du tibia proximal

Introduction

Longer survival of those suffering from malignant mus-
culoskeletal tumours not only supports the decision for
limb-saving surgery but also necessitates assessment of
life quality and functional results. In the literature, compar-
ison of different surgical techniques (amputation vs endo-
prosthesis; arthrodesis vs endoprosthesis) can be found
[7, 8]. Articles discussing the results of limb-saving op-
erations have also appeared in the last few years. Here we
report the outcome of endoprosthetic reconstruction of tu-
mours in the knee region performed at our clinic from 1993
until 2002.

Materials and methods

Between 1993 and 2002, we treated 43 patients with ma-
lignant musculoskeletal tumours of the knee region in the
orthopaedic clinic of Semmelweis University using limb-
saving surgery and endoprosthetic replacement. We were
able to follow-up 23 patients, as 16 had succumbed to their
malignant disease and four could not be traced. In 22 pa-
tients, we implanted a modular tumour endoprosthesis (16
cementlessHowmedicaHMRS prostheses and six cemented
Protetim prostheses) while one had a rigid prosthesis and
was therefore excluded from the study. Osteosarcoma,
chondrosarcoma and carcinoma metastases were the most
frequently found tumours.

The average age at the time of surgery was 24.8 years.
There were 12 female and ten male patients. Thirteen pa-
tients had a distal femoral tumour and eight had a proximal
tibial tumour. All had a wide resection, 18 being intra-
capsular and the remaining four extra-capsular. The length
of the resected bone averaged 14.5 cm. The extensor mech-
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anism was repaired by suturing the patellar ligament di-
rectly to the rotated muscle flap. In one case with a distal
tibial tumour, the prosthesis was covered by a rotation flap
from the medial head of the gastrocnemius muscle, as de-
scribed by Malawer and McHale [12]. The average follow-
up was 30 (12–97) months (Fig. 1).

At follow-up, we conducted a physical and radiograph-
ical examination. Tumour status, signs of local recurrence
and septic or other complications were registered. The func-
tional results were assessed by using Enneking’s criteria [4].
For the evaluation of life quality, the Oxford Knee Ques-
tionnaire was used [3]. We used five out of 12 questions and
judged them to represent the entire questionnaire (Table 1).

We correlated functional results and life quality score to
the type of resection (intra- or extra-capsular), length of
resection, type of prosthesis, and tumour site. Statistical
analysis was performed using the Mann–Whitney test.

Results

Of the 24 patients with osteosarcoma, 14 had no signs of
tumour while two had metastases. Of the eight patients
with chondrosarcoma, four were free of disease. All pa-
tients treated for metastatic carcinoma were dead by the
time of the follow-up.

There was no significant correlation between response
to the life quality questions and the type of prosthesis or
length or type of resection. Of 13 patients with distal fem-
oral tumours, 11 were able to wash and dry themselves
without any trouble. Of eight patients with proximal tibial
tumours, four gave a similar response. Four patients with
femoral tumours and one patient with a tibial tumour were
able to use public transportation and to walk down a flight
of steps. A significantly better life quality score was found
in patients with a distal femoral tumour comparedwith those
with a proximal tibial tumour (Table 2).

As with the life-quality assessment, there was no corre-
lation between functional score and type of prosthesis or
type or length of resection. With regard to the entire group,
seven patients could walk without limitation while eight

could cope with a distance of 500–1,000 m without pain.
In half the patients, the range of knee movement (ROM)
exceeded 90°, and an additional third had a ROM between
60° and 90°. Sixteen patients were completely free of pain,
and three complained of mild pain in the treated knee. The
emotional acceptance was graded as enthusiastic in 13 pa-
tients and as good in five (Fig. 2).

The only factor having an impact on functional outcome
was the site of the tumour. Of the patients treated for distal
femoral tumours, seven had a pain-free walking distance
of more than 1,000 m. No such individual could be found
in the proximal tibial tumour group. An extension lag was
seen in seven patients with distal femoral tumours and in
six with proximal tibial tumours. Sixteen patients were
completely free of pain irrespective of the site of the tu-
mour; however, the emotional acceptance was 85% in the
distal femoral tumour group compared with only 33% in the
tibial group. Overall, functional outcome was significantly
better in the distal femoral tumour group than in the tibial
group (Table 3).

Reviewing our study material, it turned out that the most
frequent complication was infection. Altogether, five cases
(11%) of septic complications were found, one being super-
ficial and four deep. There were two mechanical complica-
tions: a hinge, and a femoral stem fracture. Aseptic loosening
of the prosthesis appeared in one patient, and in one case, a
patellar tendon avulsion occurred.

Table 1 The five questions from the Oxford Knee Questionnaire
used for assessment of functional outcome

2. Question Have you had any trouble with washing and
drying yourself (all over) because of your knee?

3. Question Have you had any trouble getting in and out of a
car or using public transport because of your
knee (whichever you tend to use)?

9. Question How much has pain from your knee interfered with
your usual work (including housework)?

11. Question Could you do the household shopping on your own?
12. Question Could you walk down a flight of steps?

Fig. 1 a Chondrosarcoma of the
distal femur. b Same patient after
resection of the tumour and
prosthetic reconstruction with a
cementless Howmedica HMRS.
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Discussion

In the last decade, the therapy of malignant musculoskele-
tal tumours has changed. In 1985, amputation was per-

formed in 90% of cases with musculoskeletal tumours
treated at the orthopaedic clinic of Semmelweis Univer-
sity, leaving only 10% treated with limb-saving surgery. In
recent years, this proportion has almost reversed: In 2000,
limb-saving surgery became the dominating (82%) treat-
ment, and the rate of amputation decreased. Since then, this
change has further progressed, resulting in limb-saving
surgery with endoprosthetic replacement in most patients.

Longer survival of patients with musculoskeletal tu-
mours of the knee region has raised interest in comparing
the outcome of the great variety of surgical methods, such as
amputation, arthrodesis, allograft reconstruction, rotation-
plasty and tumour endoprosthetic implantation. Harris et al.
[7] evaluated the results after amputation, arthrodesis and
endoprosthetic replacement. They found that only patients
with prosthetic reconstruction felt themselves close to the
healthy population. However, considering other life quality
aspects, there were no differences among the three groups.
Boyle et al. [2] found no difference in the influence of the
type of surgery on patients’ mental status—whether it was
amputation or prosthetic reconstruction. Hillmann et al. [8]
found better functional results after rotationplasty than after
prosthetic implantation.

Previously, following analysis of the outcomes of dif-
ferent surgical procedures, the use of allografts seemed to
be a good choice that provided adequate anatomical re-
construction. Further investigation, however, has shown an
increased rate of post-operative infections, graft fracture,
non-union, rejection or late arthritis of the knee, resulting
in postoperative complications in nearly 40%. Therefore,
this technique has disappeared from surgical practice [5].

When planning surgical interventions, it is necessary to
take into consideration not only oncological aspects and the
functional outcome, but also the needs of the patient in-
cluding ethnic–cultural–religious differences. This was prov-
en by Grimer et al. [6] in a study in which patients were
given the choice between prosthetic reconstruction and ro-
tationplasty, which gives excellent functional results. Only
one chose rotationplasty while most considered it unaccept-
able. Similar experiences were observed by the same group
with arthrodesis. Taking the risk of a more complex surgical
procedure, the majority of the patients decided to have en-
doprosthetic replacement providing a flexible knee.

In an earlier publication, we reported our experiences
with the Howmedica HMRS prosthesis [15]. In the study,
we evaluated the outcome of all limb-saving procedures

Fig. 2 a Three years after resection of the distal femur and prosthetic
reconstruction, the patient is able to stand on the treated limb without
support. bThere is a minimal active knee extension lag.

Table 2 Average score of the
five questions from the Oxford
Knee Questionnaire (OKS) in
relation to type of prosthesis,
length and type of resection and
tumour sitea

aLower values indicate a higher
life quality

OKS 2 OKS 3 OKS 9 OKS 11 OKS 12

Type of prosthesis Cementless (Howmedica) (n=16) 1.37 2 1.81 1.93 2.37
Cemented (Protetim) (n=6) 1.66 2.5 1.33 1.33 2.16

Resection (cm) ≤14 (n=11) 1.54 2.18 1.63 1.72 2.36
≥15 (n=11) 1.36 2.09 1.72 1.81 2.27

Type of resection Intra-articular (n=18) 1.55 2.16 1.61 1.83 2.27
Extra-articular (n=4) 1 2 2 1.5 2.5

Localisation Femur (n=13) 1.23 1.84 1.53 1.53 2.15
Tibia (n=9) 1.77 2.55 1.88 2.11 2.55
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performed at our clinic for cases of knee-region malignant
tumours, with respect to functional results and life quality.
Sixteen patients succumbed to their malignant disease by
the time of the follow-up, and a further four could not be
traced. In view of their malignancy, it is probable that they
had also died of their disease. We would like to emphasise
that all five patients having surgery performed for carcino-
ma metastases had died by the time of the follow-up.

Evaluating life quality, we found that all patients rated the
therapy excellent or good, regardless of the type of pros-
thesis, length or type of resection or tumour site. Surgical
intervention did not limit their every-day life activities.
However, trouble-free use of public transport or trouble-free
walking on steps was observed three times more often in
patients with a distal femoral tumour. It could be said,
therefore, that the only factor having an influence on life
quality was the site of the tumour. The results in cases of
distal femoral tumours were significantly better than in
those of proximal tibial tumours.

Regardless of the type of the implanted prosthesis, length
and type of resection or tumour site, half of the patients had
a ROM exceeding 90°, and a further 40% had a ROM
between 60° and 90°. Two patients had smaller values (60°
and 30°); both had had a septic complication. Also, apart
from the factors examined by us, more than three fourths of
the patients were completely free of pain. Of the factors
taken into consideration, more than half of the patients in
the distal femoral tumour group had a walking distance of
more than 1,000 m while not a single patient in the group
treated for tibial tumours could do this. The two groups also
differed regarding knee-extension lag. Three quarters of the
patients treated for a tibial tumour had an extension lag
compared to only one third in the group with distal femoral
tumours. The same proportion was observed regarding
emotional acceptance: The surgical procedure was accepted
completely only by one third of the patients in the tibial
group against more than three fourths in the distal femoral
group. So, as with life quality, we observed significantly
worse functional results in the group with tibial tumours
compared with the group with distal femoral tumours.

In the literature, it is widely accepted that the results in
cases of proximal tibial tumours are inferior and complica-
tions more frequent than in cases of distal femoral tumours
[1, 14, 17]. Poor soft tissue coverage, difficulties with an-
choring the patellar tendon and possible injuries to the neu-
rovascular system are the most likely causes for this [11].
Not only has the tumour site seemed to affect the final
outcome. Studies with more patients also show that an in-
crease in the length of resected bone or extra-capsular re-
sections leaving a larger soft tissue defect, both influenced
the outcome negatively [1, 10]. In our relatively small num-
ber of patients, the same effect could not be shown.

Factors including chemotherapy, the large soft-tissue
defects and the relatively long duration of the surgical proce-
dures, result in infections being the most frequent compli-
cations after endoprosthetic reconstruction [9]. The incidence
of infections ranges between 2.9% and 13% [9, 13, 16]. The
highest reported infection rate—33%—was published by
Grimer et al. in cases with proximal tibial tumours [6]. This
unacceptably high infection rate was caused by poor soft
tissue coverage of the prosthesis in addition to the factors
mentioned above. The incidence of septic complications sig-
nificantly decreased, to about 12%, by using a rotation flap
containing the medial head of the gastrocnemius, as de-
scribed by Malawer and McHale [12]. The same procedure
is used at our clinic, providing a septic complication rate of
11.6% and having 9.3% deep infections among them.
Mechanical complications in the form of breakage of pros-
thetic components were observed in 4.6%. Aseptic loosen-
ing is reported in the literature to be rather frequent [13, 16]
but was only seen in one patient in our study. However,
since the average follow-up time was only 30 months, we
will probably see more cases in the future. The most severe
complication is thought to be local recurrence. In our study,
we saw one local recurrence, for which an amputation was
performed.

In our experience, prosthetic reconstruction of musculo-
skeletal tumours near the knee provides excellent functional
results and life quality when performed in centres with ad-
equate oncological background.

Table 3 Average functional
score according to Enneking’s
criteria in relation to type of
prosthesis, type and length of
resection, and tumour sitea

aLower values indicate a better
functional outcome

Walking
distance

Range
of
motion

Stability,
extension
lag

Muscle
strength

Pain Acceptance

Type of
prosthesis

Cementless (Howmedica)
(n=16)

2.06 1.37 1.75 1.31 1.43 1.5

Cemented (Protetim)
(n=6)

2.16 2.16 2.16 1.6 1.16 1.5

Resection
(cm)

≤14 (n=11) 2.27 1.63 1.81 1.45 1.36 1.45
≥15 (n=11) 1.9 1.54 1.9 1.36 1.36 1.54

Type of
resection

Intra-articular (n=18) 2.16 1.61 1.88 1.5 1.33 1.61
Extra-articular (n=4) 1.75 1.5 1.75 1 1.5 1

Localization Femur (n=13) 1.61 1.38 1.46 1.07 1.3 1.15
Tibia (n=9) 2.7 1.88 2.4 1.88 1.44 2
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