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Objective: To evaluate the medium-term outcome of limb-salvage surgery using all-polyethylene 

tibial endoprosthetic replacement following en-block resection for distal femoral tumors.

Methods: Forty-nine patients with distal femoral tumor were treated between June 2006 and 

June 2012. The follow-up period was 6–110 months (average 53.4 months). The prosthetic 

survival was analyzed using the Kaplan–Meier method. The classification of failure of limb 

salvage after reconstructive surgery for bone tumors was adapted. Limb function was evaluated 

with the scoring system of the Musculoskeletal Tumor Society (MSTS).

Results: Complications were observed in six cases (12.2%). Four suffered infection around the 

prosthesis, of which two cases were treated with debridement, drainage, and antibiotics without 

removal of the prosthesis, and the other two cases underwent amputation. Two cases were iden-

tified as radiographically loose at 7 year follow-up and did not require revision surgery. One 

patient underwent amputation due to local recurrence. Failure of limb salvage occurred in nine 

cases (18.4%), of which two cases were of type 1A, two cases of type 2B, three cases of type 

4A, one case of type 4B, and one case of type 5A. The mean MSTS score was 84.3%. Twelve 

cases died due to distant metastases (24.5%), and the average survival time for these patients 

was 13.5 months. Thirty-seven patients survived (75.5%), for whom the average follow-up time 

was 66.3 months and the 5-year prosthetic survival rate was 88.2%.

Conclusion: The outcome of medium-term and long-term clinical follow-up was satisfactory. 

All-polyethylene tibial endoprosthetic replacement following en-block resection can be an 

alternative method of limb salvage for distal femoral tumors.

Keywords: limb salvage, endoprosthetic replacement, all-polyethylene tibia, distal femur, tumor

Introduction
Endoprosthetic replacement is a method of reconstruction after limb-salvage resection 

and is currently the standard treatment for distal femoral tumors.1,2 It has the advantages 

of providing immediate stability, early weight-bearing walking, and long-term good 

limb function. The prostheses used for the reconstruction of distal femoral defects had 

undergone three major reforms, from the initial completely restricted knee prosthesis to 

the use of semi-rotating hinge knee prosthesis, and then the  widespread use of rotating-

hinge total knee prosthesis in recent years.3,4 Recently, most of the rotating-hinge tumor 

knee prostheses used for reconstruction of distal femoral defects included metal-backed 

tibial (MBT) components. Although the clinical outcome was satisfactory,5–7 there were 

also some limits with regard to the use of MBT component for tumor knee prostheses. 
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The metal bottom bracket and polyethylene gasket have the 

possibility of dislocation. In addition, the new metal bottom 

bracket increases the amount of polyethylene gasket wear 

debris at the interface, which may lead to bone loss.8 Also, 

tumor knee prostheses with MBT components were consid-

ered to be expensive.9 Another tibial component which was 

completely made of all-polyethylene was first used in total 

knee arthroplasty (TKA) and became an acceptable device in 

1990s.10 Later, many studies regarding the adaptation of all-

polyethylene tibial (APT) component in TKA followed.11,12 

However, reports about the use of APT component in tumor 

knee prostheses are rare. Tumor knee prostheses differ from 

conventional TKA in both biomechanics and overall implant 

survival.13,14 In order to understand the clinical performance 

of tumor knee prostheses with APT components, we retro-

spectively reviewed patients who accepted APT endopros-

thetic reconstruction of the distal femur for tumor resection 

in our hospital from June 2006 to June 2012.

Methods
Patients
Between June 2006 and June 2012, a total of 49 cases with 

distal femur tumors received limb-salvage surgery using APT 

endoprosthetic replacement following en-block resection 

in our institution (Department of Orthopedics, West China 

Hospital, People’s Republic of China). Of the 49 patients, 

27 were male and 22 were female (aged 16–65 years; 

mean 31.4 years). The pathological types included: 25 cases 

of osteosarcoma, three cases of myofibroblastic sarcoma, 

two cases of fibrosarcoma, two cases of solitary metastatic 

carcinoma including one case of breast carcinoma bone 

metastasis and another of renal carcinoma bone metastasis, 

two cases of malignant fibrous histiocytoma, one case of 

malignant mesenchymal cell tumor, ten cases of giant cell 

tumor, and four cases of giant cell tumor and aneurysmal 

bone cyst. Pathological fractures occurred in ten out of the 

49 cases, of which six cases were of giant cell tumor, three 

cases of giant cell tumor and aneurysmal bone cyst, and one 

case of osteosarcoma. Enneking stages were evaluated and 

included the following: 15 for malignant bone tumor, one case 

of stage IA, one case of stage IB, four cases of stage IIA, 

and 29 cases of stage IIB; for benign bone tumor, five cases 

of stage II and nine cases of stage III. Chemotherapy was 

administered in 33 patients. This study was approved by the 

Institutional Review Board of West China Hospital, Sichuan 

University, and all patients provided written informed con-

sent in accordance with the Declaration of Helsinki.

Prosthesis
All the prostheses (Chunlizhengda Medical Instruments Co., 

Ltd, Beijing, People’s Republic of China) were custom-made 

and had a rotating hinge joint (Figure 1). Both the femoral 

Figure 1 The prosthesis shown in its entirety, and then as components.
Notes: (A) The aPT component prosthesis; (B) 1: stem of femoral, 2: femoral condyle, 3: polyethylene surface; (C): the aPT component.
Abbreviation: aPT, polyethylene tibial.
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stem and tibial component were cement type. The prosthesis 

stem was made of Ti–6Al–4V titanium alloy. The femoral 

prosthesis coat of a polyethylene plastic prosthesis keeps 

the shape and volume of the femoral condyle intact, and can 

reduce the weight of this prosthesis. The femoral condyle 

was made of CO–Cr–Mo alloy. The tibial component was 

completely composed of polyethylene material. The pros-

thesis flexion angle range was 0–150 degrees and internal or 

external rotation angle range was 0–12.5 degrees in extension 

position. The diameter of the femoral stem was 11–13 mm 

and that of the femoral stem terminal was 6–8 mm (approxi-

mately half the diameter of the femoral stem). The thickness 

of the APT component was 12 mm (Figure 2).

Procedure for tumor resection and 
reconstruction
All patients had X-ray and contrast-enhanced magnetic reso-

nance imaging (MRI) of affected limb, computed tomography 

(CT) of chest, and a radionuclide bone imaging examination 

preoperatively. Antibiotic bone cement filling was performed 

after the biopsy. According to the imaging data, measure-

ment parameters for the patients were obtained for creating 

a customized prosthesis. All operations were performed 

by the senior surgeon (Chongqi Tu). Wide tumor resection 

was performed in 39 patients, and marginal tumor resection 

was performed in ten patients. Extra-articular resection was 

performed in two patients, and intra-articular resection was 

performed in 47 patients. The length of the resected femur 

ranged from 7.5 cm to 28 cm (average 14.3 cm). After resec-

tion of the tumor, the bone marrow at the cutting side of femur 

was taken and an intraoperative biopsy was performed to 

ensure complete resection has been achieved with no tumor 

invasion. More than three segments of the quadriceps femoris 

muscle was resected in two patients. All patients used APT 

components at tibial side. Femoral stem and tibial component 

were fixed with gentamicin bone cement (CMW®; Depuy 

International Ltd., Leeds, UK). Three patients needed local 

musculocutaneous flap to cover the defects in the soft tissue 

and skin after prosthetic reconstruction. Popliteal lymph node 

dissection was performed in 37 cases during tumor resection 

procedure, and these lymph nodes were sent for biopsy to 

ensure that metastasis had not occurred.

statistical analysis
All patients were followed up for a period of 6–110 months 

(average 53.4 months). Prosthetic survival rate, knee func-

tion, and oncological results were evaluated. SPSS 22.0 

software (IBM Corporation, Armonk, NY, USA) was used 

for the statistical processing of the data. The prosthetic 

survival rate was calculated as the time from surgical 

reconstruction, using tumor knee prostheses of polyethyl-

ene tibia, to prosthetic failure, and cases that died were not 

included for prosthetic survival evaluation. Prosthetic failure 

was defined as aseptic loosening, periprosthesis fracture, 

dislocation, breakage, and amputation due to infection and 

recurrence. The International Society of Limb Salvage 

system (ISOLS) classification of failure of limb salvage 

after endoprosthetic reconstruction was adapted.16 Survival 

curves were constructed using the Kaplan–Meier method. 

Patients were censored from statistical analysis (observation 

stopped before the event occurred) if their endoprosthesis 

had not failed by the time of their last assessment. The 

log-rank test was performed to compare the survival of the 

patients. A value of P,0.05 was considered to be signifi-

cant in all statistical analyses. The Musculoskeletal Tumor 

Society (MSTS) scoring system was applied to evaluate the 

limb function.17

Results
Twelve cases died due to distant metastases (24.5%), and 

the average survival time for these cases was 13.5 months. 

Thirty-seven patients survived (75.5%), of which 35 cases 

survived without tumors. The average follow-up time for 

37 survival cases was 66.3 months. Local recurrence occurred 

in three cases (6.1%), including two cases that were treated 

with local excision and showed no tumor recurrence at 

their last follow-up, and the remaining one case ended up 

62 mm

12 mm

100 mm

Figure 2 The parameters of the aPT component.
Note: The thickness is ~12 mm, and the width can be changed along with the width 
of the patient’s tibial plateau.
Abbreviation: aPT, polyethylene tibial.
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with amputation. Limb flexion and extension function was 

evaluated at 6–12 months after surgery. Except for two 

patients who had a large resection of more than three seg-

ments of the quadriceps femoris muscle and knee extension 

of only -20 degrees, all patients were able to reach close to 

0 degrees extension (Figure 3). The average MSTS score 

was 84.3%±8.53%.

Complications were observed in six cases (12.2%). Four 

suffered from periprosthetic infection, of which three cases 

occurred within the initial 2-year postoperative period and 

one case occurred after the initial 2-year postoperative period. 

The median time to infection in our study was 13.5 months. 

Among the four infection cases, two cases were treated with 

debridement, drainage, and antibiotics without removal of the 

prosthesis, and in the other two cases, amputation occurred. 

Two prostheses were identified as radiographically loose on 

femoral side at 7 years follow-up; as the radiolucent lines 

around the femoral stem were stable over the years, prostheses 

did not require a revision in the near future. Failure of limb 

salvage after endoprosthetic reconstruction occurred in nine 

cases (18.4%), of which two cases were of type 1A, two 

cases of type 2B, three cases of type 4A, one case of type 4B, 

and one case of type 5A (Table 1). No events of stem break-

age, dislocation, or periprosthetic fracture were observed 

(Figure 4). For the 37 survival cases, the 5-year overall 

prosthetic survival rate was 88.2% (Figure 5). The log-rank 

Figure 3 good knee function after surgery.
Notes: The patient will be able to achieve 90 degrees flexion (A) and close to 0 degree extension (B). The arrows indicate the medial curved incision made during surgery.

Table 1 Details of patients who suffered failure of limb salvage after all-polyethylene tibial endoprosthetic replacement

Case Age, 
years/sex

Primary 
tumor

Failure 
classification

Chemotherapy 
(Y/N)

Resection 
type (I/E)

Resection 
length (cm)

Quadriceps 
femoral 
resected (n)

Treatment Final result

1 21/M Osteosarcoma Type 1a Y i 16 3 Moderate 
movement of limbs

Function 
steady

2 46/F MFh Type 1a Y e 21 3 Moderate 
movement of limbs

Function 
steady

3 45/M gcT + aBc Type 2B n i 15 0 continuous 
observation

Does not  
need revision

4 16/M Osteosarcoma Type 2B Y i 19 1 continuous 
observation

Does not 
need revision

5 20/F Osteosarcoma Type 4a Y i 17 1 Debridement + 
antibiotics

local control

6 27/M Osteosarcoma Type 4a Y i 14 2 Debridement + 
antibiotics

amputation

7 21/M Osteosarcoma Type 4a Y i 18 1 Debridement + 
antibiotics

local control

8 50/M gcT + aBc Type 4B n i 13 0 Debridement + 
antibiotics

amputation

9 28/F Myofibroblastic 
sarcoma

Type 5a Y i 16 0 antibiotics + 
surgery

amputation

Abbreviations: MFH, malignant fibrous histiocytoma; GCT, giant cell tumor; ABC, aneurysmal bone cyst; I, interarticular; E, extra-articular; Y, yes; N, no; F, female; 
M, male.
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test showed no statistical differences between the prosthetic 

survival rate and the patient characteristics (Table 2).

Discussion
All the prostheses used in this study were custom-made 

to fit the Asian body type. Based on our clinical experi-

ence, we assumed that changing the tibial component from 

“polyethylene gasket + metal carrier” to “all-polyethylene 

material” would be associated with some advantages. 

First, the integrated design of APT component is convenient 

to remove when revising. Moreover, some studies have 

reported that APT components have a lower risk of early 

revision than metal-backed modular components.18,19 Second, 

polyethylene of APT component prosthesis is more thicker 

than MBT component prosthesis, thus APT prostheses can 

Figure 4 X-ray of patient with osteosarcoma of the left distal femur treated with all-polyethylene tibial endoprosthetic replacement.
Notes: (A) Preoperative X-ray; (B) postoperative X-ray at flexed position. The arrow indicates that the tibia component is not visible in X-ray because it is completely made 
of polyethylene; (C) postoperative X-ray of lower extremity suggests a good length and strength line.
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Figure 5 The Kaplan –Meier curve shows overall prosthetic survival rate for the 
37 alive patients.

Table 2 The relationship between prosthetic survival rate and 
patient characteristics

Factors n 5-year  
survival (%)

P-value

age 0.281
$25 years 25 92.0
,25 years 12 61.1

sex 0.121
Male 18 83.3
Female 19 93.3

Tumor character 0.104
Malignant 23 79.1
Benign 14 91.7

chemotherapy 0.082
Yes 22 77.7
no 15 91.7

resection length 0.428
$14 cm 23 85.6
,14 cm 14 92.9

stem diameter 0.915
$12 mm 17 88.2
,12 mm 20 88.7
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with stand heavier wear and are more durable. In addition, 

APT components can reduce the weight of the prosthesis and 

were sometimes considered as a cost-saving technique.9 In 

fact, it is cheaper than MBT component tumor knee prosthe-

ses in our department. The cost of an APT component tumor 

knee prosthesis is ~US$5,600, whereas the cost of an MBT 

component tumor knee prosthesis is roughly ~US$7,400 in 

our department. The cost of an imported third-generation 

tumor knee prosthesis manufactured by Stryker Corpora-

tion (Kalamazoo, MI, USA) is ~US$14,600 in the People’s 

Republic of China, and the cost varies with respect to the 

stem length/type. APT components generate higher stress 

and micromotions than MBT components in TKA;20 how-

ever, whether the same phenomenon is observed in tumor 

knee prosthetic reconstruction is unknown. Because long 

distal femoral defects need reconstruction, tumor knee 

endoprosthetic replacement differs from conventional TKA 

in biomechanics; hence, further biomechanical analysis was 

needed for improvement of the prostheses.

The 5-year prosthetic survival rate of 88.2% was observed 

in our study and the reasons for failure were mainly infection, 

aseptic loosening, and tumor progression. Although it is dif-

ficult to directly compare the survival results of the current 

study to those of the previous studies because of differences 

in the tibial components, heterogeneity, and differences in 

the lifestyle of the patient population, our result is generally 

in keeping with the findings of most reports published in 

the literature (Table 3).21–24 But our study had some limita-

tions: 1) due to few positive-result cases in our study, there 

was no statistically significant difference in comparative 

analysis of patients characteristic for prosthetic survival 

rate; and 2) extra-articular resection was rarely performed in 

our study, so it was not possible to draw meaningful conclu-

sions as to whether this subgroup was at any risk in terms 

of infection, loosening, and stem breakage. So, for further 

clinical outcome studies, more number of cases and longer 

term follow-up period are needed.

The rate of infection, which was the main complication in 

our study, was 10.8% (4/37), including two cases of infection 

after implant survival and two cases of invalid amputation. 

The median time to infection in our study was 13.5 months, 

of which three cases occurred within 2 years and one case 

2 years after original operation. Chemotherapy is one of the 

causative factors of early infection.25 The immunosuppres-

sion caused by chemotherapy in patients who receive drugs, 

extensive resection of bone and soft tissues, and longer 

operative time for the resection of the tumor increase the 

risk of infection in primary treated patients.26,27 There were T
ab

le
 3

 P
ro

st
he

tic
 s

ur
vi

va
l c

om
pa

ri
so

n 
w

ith
 s

om
e 

fa
m

ou
s 

M
BT

 t
um

or
 k

ne
e 

pr
os

th
es

es
 r

ep
la

ce
m

en
t 

fo
r 

di
st

al
 fe

m
or

al
 t

um
or

s

St
ud

y
N

um
be

r 
of

 p
at

ie
nt

s
M

ea
n 

fo
llo

w
-u

p 
(m

on
th

s)
P

ro
st

he
si

s 
ty

pe
5-

ye
ar

 p
ro

st
he

ti
c 

su
rv

iv
al

 r
at

e 
(%

)
P

er
ip

ro
st

he
ti

c 
in

fe
ct

io
n 

ra
te

 (
%

)
P

er
ip

ro
st

he
ti

c 
fr

ac
tu

re
 (

%
)

B
re

ak
ag

e 
of

 
pr

os
th

es
is

 (
%

)
A

se
pt

ic
 

lo
os

en
in

g 
(%

)
Fu

nc
ti

on

Pr
es

en
t 

st
ud

y
37

66
.3

a
PT

 c
om

po
ne

nt
 

en
do

pr
os

th
es

es
88

.2
10

.8
–

–
5.

4
M

sT
s 

25
.3

Pa
la

 e
t 

al
24

17
5

48
.0

g
M

r
s

71
.9

11
.4

–
–

5.
1

M
sT

s 
25

.2
n

ak
am

ur
a 

et
 a

l21
82

61
.0

K
M

ls
 s

ys
te

m
80

.0
3.

7
2.

4
6.

0
6.

1
M

sT
s 

21
.8

n
iim

i e
t 

al
23

45
78

.3
h

M
r

s
72

.8
2.

2
–

24
.4

13
.3

M
sT

s 
24

.3
M

ye
rs

 e
t 

al
5

19
2

14
4

c
us

to
m

-m
ad

e 
hi

ng
e 

en
do

pr
os

th
es

es
83

.0
16

.0
3.

6
–

9.
6

–

O
rl

ic
 e

t 
al

7
90

10
8

K
M

FT
r

–
5.

6
2.

2
–

–
–

K
aw

ai
 e

t 
al

6
32

37
.0

M
od

ifi
ed

 F
in

n 
kn

ee
88

.0
–

3.
1

12
.5

3.
1

 is
O

ls
 2

7.
0

A
bb

re
vi

at
io

ns
: a

PT
, p

ol
ye

th
yl

en
e 

tib
ia

l; 
K

M
ls

 s
ys

te
m

, K
yo

ce
ra

 M
od

ul
ar

 l
im

b 
sa

lv
ag

e 
sy

st
em

; h
M

r
s,

 h
ow

m
ed

ic
a 

M
od

ul
ar

 r
ep

la
ce

m
en

t 
sy

st
em

; g
M

r
s,

 g
lo

ba
l M

od
ul

ar
 r

ep
la

ce
m

en
t 

sy
st

em
; K

M
FT

r
, K

ot
z 

M
od

ul
ar

 F
em

ur
 &

 T
ib

ia
 

r
es

ec
tio

n 
sy

st
em

; i
sO

ls
, i

nt
er

na
tio

na
l s

oc
ie

ty
 o

f l
im

b 
sa

lv
ag

e 
sy

st
em

; M
sT

s,
 M

us
cu

lo
sk

el
et

al
 T

um
or

 s
oc

ie
ty

; M
BT

, m
et

al
-b

ac
ke

d 
tib

ia
l.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5367

all-polyethylene tibial endoprosthetic replacement

two cases of infection during chemotherapy in our study, but 

due to limited number of cases, the result seemed to have 

no statistical significance. There was a high incidence of 

late infections that developed quite spontaneously without 

apparent cause many years after the original limb-salvage 

operation. When adjuvant chemotherapy is needed after pros-

thetic reconstruction, preventive antibiotics may be required 

during chemotherapy.28 Furthermore, providing adequate soft 

tissue coverage after reconstruction is one of the most critical 

factors for reducing infection.21 Insufficient muscle cover-

age of the implant can be improved with free muscle flap or 

vascularized muscle transfer. Finally, sufficient assessment of 

tumor boundary before surgery and improvement of surgical 

skills may help shorten the operation time and consequently 

decrease the infection risk.

In our study, two prostheses (5.4%) were identified as 

radiographically loose at 7 years follow-up. As the radio-

lucent lines around the femoral stem were stable over the 

years, the prostheses did not require a revision surgery in 

the near future. Aseptic loosening remains a major problem 

after prosthetic replacement of large bone defects according 

to some studies.21,23 Conventional aseptic loosening manifests 

as osteoclast-mediated periprosthetic resorption of bone, and 

this might occur due to the accumulation of microscopic 

polyethylene debris due to wear at the interface between 

metal bottom bracket and polyethylene, which usually 

presents several years after original reconstruction surgery.29 

Poor cementing technique may also play a role in aseptic 

loosening. Early aseptic loosening may result from poor 

bone growth or from the formation of a fibrous bone-implant 

junction in patients undergoing adjuvant chemotherapy for 

malignant bone tumor.30,31 The stress dispersion at the inter-

face between cement and polyethylene in APT component 

and cement and metal in MBT component may be different, 

which can result in loosening of the APT component. But 

none of the two aseptic loosening cases in this study occurred 

due to APT component failure. This result suggests that APT 

component showed good fixation with bone cement in distal 

femoral defects reconstruction. In our study, the two aseptic 

loosening cases might have occurred due to poor cementing 

fixation technique used.

Amputation following prosthetic replacement was 

required in three patients (8.1%) in our study, including two 

cases of prosthesis infection and one case of local recurrence. 

The risk of a patient requiring amputation is related to the 

rate of local recurrence as well as the risk of deep infection.32 

The rate of local recurrence is inevitably associated with 

a reduction of surgical margins.33 For patients with large 

tumors, only a marginal excision can be achieved, but has not 

been shown to lead to any improved overall survival. Under 

these circumstances, the surgeon should discuss with the 

patient about the risks and benefits of limb-salvage surgery 

compared with amputation. Sometimes, enlarged popliteal 

fossa lymph nodes were noticed when distal femoral tumors 

exhibited high degree of malignancy or were of huge volume. 

Most of these enlarged lymph nodes were due to reactive 

hyperplasia and a few were due to cancer metastasis, but it is 

difficult to distinguish between them at the time of operation. 

So, we performed popliteal lymph nodes dissection during 

the tumor resection procedure in primary surgery to decrease 

the local recurrence rate.

Good limb function can improve emotional acceptance. 

Previous studies on patients with 3–10 years of follow-up 

reported an MSTS score of 72%–90%, and the score level 

was mainly associated with pathological fractures, prosthe-

sis design, reconstruction surgery, and prosthesis-related 

complications.19–21 Limited function owing to insufficient 

musculoligamentous attachment is classified as failure of 

function (type 1A) according to the latest ISOLS classifica-

tion guidelines.16 Excessive soft tissue resection, tendon 

rupture, and poor soft tissue growth into the prosthesis may 

lead to dysfunction. In our study, more than three segments 

of the quadriceps femoris muscle was resected in two patients 

and their function score was quite low. So, reconstruction of 

the knee-stretching device sometimes becomes necessary.

In the follow-up period, there was no stem breakage, pros-

thesis dislocation, or periprosthetic osseous fracture. In our 

opinion, the main strength of our study is that all the patients 

had been treated at the same institution by the same team of 

surgeons, so the operation skills may have little difference 

in all patients. Good strength line was also observed in most 

patients (Figure 4). Furthermore, the integrated design of 

APT component can avoid dislocation at tibial side. Few 

studies about MBT prostheses have reported that the fracture 

rate of the basal part of knee tumor prosthesis was 8% and that 

the material had fatigue cracking and limits of endurance.5 

Other researchers suggested that the mechanical source of 

distal femoral endoprosthetic failure has most commonly 

been the femoral stem, as the junction of the prosthesis stem 

and the bone stem can easily break, which can be considered 

due to stress concentration in this part.6,21

Conclusion
The outcome of medium-term and long-term clinical fol-

low-up is promising. From the view of clinical application, 

the APT component in tumor knee prosthesis is of potential 
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benefit in limb-salvage surgery, and APT endoprosthetic 

replacement can be an alternative method of limb salvage for 

distal femoral tumors. Meanwhile, more cases, longer term 

follow-up period, and further evidence on biomechanics are 

needed to improve the performance.
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