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Objective: To measure the full-length anteroposterior and lateral radiographs of lower limbs after the resection of a
tumor in the distal femur and tumor-type knee prosthesis replacement and to analyze the factors leading to aseptic
loosening of the prosthesis.

Methods: A total of 26 cases of tumor-type knee prosthesis replacement or revision due to the distal femoral tumor
at our hospital from January 2007 to December 2019 were retrospectively analyzed. The patients were divided into
the loosening and unloosening groups depending on whether aseptic loosening occurred after surgery. Full-length
anteroposterior and lateral radiographs of lower limbs were used to measure bone resection length, length of prosthe-
sis, distance of proximal apex of the medullary stem of the femoral prosthesis from the maximum arc of the anterior
femoral arch, diameter of the medullary stem, etc. Data were analyzed, and the risk factors for aseptic loosening of
the prosthesis were explored.

Results: The ratio of the prosthetic length to the femoral length (63.72 � 5.21) and the ratio of the femoral medullary
stem diameter to the femoral diameter (26.03 � 8.45) were smaller in the loosening group than in the unloosening
group. The difference was statistically significant (p < 0.05). The distance between the apex of the medullary stem
and the maximum arc of the anterior femoral arch was significantly shorter in the loosening group (3.47 � 2.96) than
in the unloosening group, and the difference was statistically significant (p < 0.05). The measurement of the lower
limb alignment showed significant differences between the loosening and unloosening groups in terms of HKAA,
mLDFA, and distance between the lower limb alignment and the center of the knee joint (p < 0.05). The logistic regres-
sion analysis showed that less than 30% ratio between the medullary stem diameter and the femoral diameter, less
than 3 cm distance between the apex of the medullary stem and the maximum curvature of the anterior arch of the
femur, distance between the lower limb alignment and the center of the knee joint, and presence of varus knee and
valgus knee after the surgery were the risk factors for aseptic loosening of the prosthesis.

Conclusions: The diameter of the femoral medullary stem of the prosthesis, the apex position of the prosthetic stem,
and the lower limb alignment are the risk factors for aseptic loosening of the prosthesis.
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Introduction

Malignant bone tumors occurring around the knee joint
can seriously affect quality of life. Limb-sparing sur-

gery, represented by the resection of tumor and prosthesis
replacement, has become the surgical modality for treating
malignant bone tumors occurring around the knee joint1–3.
The advantages of tumor prosthesis include good early-stage

reliability, rapid postoperative recovery, better cosmetic
effect, improved psychological acceptance by patients, and
satisfactory limb function. However, significant individual
differences exist in the survival time of prostheses in clinical
practice4,5. Other studies have confirmed aseptic loosening as
the primary cause of the long-term failure of distal femoral
tumor prosthesis failure. Some patients require second
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revision surgery due to aseptic loosening of the prosthesis6,7.
The causes of aseptic loosening of tumor-type prostheses
and reduction of the incidence of aseptic loosening are
urgent clinical issues that need to be resolved.

Different views exist on the specific causes of aseptic
loosening of tumor-type prostheses. Song et al.8 suggested
that the length of bone resection was related to prosthesis
loosening and bone resection negatively correlated with
implant longevity. Slone et al.9 proposed that concentrated
stresses in the intramedullary stem and the prosthetic bind-
ing site caused loosening. Lu et al.10 demonstrated that the
mismatch between the straight medullary cavity stem and
the femoral anterior curvature also led to the failure of the
prosthesis. Reducing the incidence of aseptic loosening was
one of the concerns.

Various methods have been proposed to avoid aseptic
loosening in tumor-type knee prosthesis replacement sur-
gery. Zhang et al.11 observed a nonlinear relationship and an
optimal inflection point between the length of the femoral
stem and the risk of aseptic loosening, and proposed to
reduce the prosthesis failure rate by controlling the length of
the medullary stem at around 143 mm. Piakong et al.12

suggested that a curved stem with a larger diameter could
reduce the revision rate. Bischel et al.13. proposed that a hex-
agonal medullary stem apex design might reduce the pros-
thesis failure rate. Stevenson et al.14 suggested that the
addition of cortical plates at the junction between the femur
and the prosthesis could effectively reduce the loosening rate.
Parra et al.15 suggested that non-cemented stems could
reduce the prosthesis failure rate by reducing the stress at
the bone–prosthesis interface. Relatively few objective indica-
tors exist for the imaging evaluation of the risk factors for
prosthetic loosening. Piakong et al.12 and Turcotte et al.16

attempted to find imaging evidence of prosthetic loosening
by studying the changes in the bone cement; however, mea-
surements and studies on the prosthesis itself do not exist.

In the clinic, the length, diameter, and the apex posi-
tion of the medullary stem were found to affect the occur-
rence of aseptic loosening of the prosthesis. The stem of
prosthesis in the revision surgery was often shorter and thin-
ner. The prosthetic stem was a key component connecting
the prosthesis with the femur. It adhered to the femoral bone
marrow cavity through a rough surface and cured bone
cement. In theory, a longer prosthetic stem can obtain a
larger contact area, which can reduce local stress and micro-
motion in the microenvironment and delay the occurrence
of aseptic loosening. However, a longer medullary stem is
often required during the surgery due to the location of the
tumor and the principle of extensive osteotomy. The longer
medullary stem must pass through the anterior femoral arch.
The anterior femoral arch is the anterior curvature of the
upper segment of the femur. The upper part of the femoral
bone marrow cavity is the dorsal side, and the lower part of
the medullary cavity is the anterior ventral side. In other
words, the axis of the medullary cavity of the prosthesis pro-
duces different degrees of stress at the anterior femoral arch.

The normal anterior femoral arch angle meets the require-
ments of the human weight line. The horizontal and vertical
deviations of the knee prosthesis and the mutual adaptation
between the femur and the medullary stem change with a
change in the load conduction of the anterior arch angle of
the femur, resulting in the disturbance of the lower extremity
load conduction system. Studying the abnormal changes in
the normal knee joint relationship caused by surgery has
great clinical significance.

This study aimed to (i) identify the risk factors for
aseptic loosening of the prosthesis by measuring the postop-
erative imaging data, including the proportion of bone resec-
tion, distance of the proximal apex of the femoral medullary
stem from the maximum arc of the anterior femoral arch,
ratio of the femoral medullary stem diameter to the femoral
diameter, hip–knee–ankle angle (HKAA), mechanical lateral
distal femoral angle (mLDFA), and mechanical medial proxi-
mal tibial angle (mMPTA); (ii) to verify the impact of the
apex position of the prosthetic stem on the incidence of
aseptic loosening; and (iii) to make recommendations for the
reduction of the loosening rate.

Patients and Methods

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) patients who
underwent rotary hinge knee prosthesis replacement for dis-
tal femoral bone tumor and those who underwent revision
surgery for aseptic loosening of the prosthesis; (ii) bone-
cemented fixed prosthesis; (iii) postoperative full-length X-
ray radiographs of the lower extremity; and (iv) available
case data, including surgical method and pathology results.

The exclusion criteria were as follows: (i) composite
tumor prosthesis, total femoral prosthesis, and extendable
prosthesis; (ii) bone cement and biohybrid fixation;
(iii) nonstandard ortholateral film information that could
not be effectively measured; and (iv) patients lost to follow-
up and those with follow-up time shorter than 12 months.

Demographic Data
A total of 26 patients who underwent tumor-type knee pros-
thesis replacement and revision surgery for distal femoral
bone tumors in the Department of Orthopaedics of PLA
960th Hospital from January 2007 to December 2019 were
included in the study.

Of the 26 patients, six developed aseptic loosening of
the prosthesis after prosthetic replacement and underwent
prosthetic revision surgery. They were assigned to the aseptic
loosening group, where the shortest time since the revision
surgery was 9 months and the longest time since the initial
surgery was 18 years. These six patients were followed up for
another 2–6 years after revision. Among them, five patients
had good clinical outcomes without loosening and one
patient had prosthesis loosening again 7 years after revision
and underwent total femoral prosthesis replacement. At the
end of the follow-up of this study, the remaining 20 patients
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did not show symptoms and imaging of aseptic loosening.
Therefore, they were included in the unloosened group. All
26 patients survived at the end of the follow-up in this study.

The prostheses were all rotary hinge knee prostheses,
13 of which were customized prostheses (Beijing LDK Tech-
nology Company Ltd.) and 13 were assembled prostheses
(Shandong WEGO Orthopedic Device Company Ltd.). They
were made of either the titanium alloy or the cobalt–chro-
mium–molybdenum alloy. The stems of the medullary cavity
were designed with straight stems and apex cones. The fixa-
tion methods involved bone cement.

Surgical Methods
The primary resection of the tumor in the distal femur and
tumor-type combined knee prosthesis replacement was con-
sidered as an example. After successful anesthesia, the
patient was placed in the supine position. A medial par-
apatellar arthrotomy was performed, and soft tissues were
elevated. The capsular tissues were released. The tumor was
completely resected after cutting the proximal femur. A cav-
ity was created in the cancellous bone of the proximal femur.
Once the guide was secure, the arthritic articulating surface
of the tibia was resected using an oscillating saw, the
section of the tibia was removed, and the tibial component
was positioned. The femoral intramedullary needle, femoral
condyles component, and extension rod were positioned.
After irrigation, the bony surfaces were dried, and
polymethyl methacrylate bone cement was applied to the
end of the femur and tibia. The actual femoral and tibial
implants were then positioned and impacted for a perfect fit.
A patch was used to cover the femoral implant. After motion
assessment, a drainage tube was used, the subcutaneous tis-
sue was closed, and the skin was approximated.

All surgeries were performed by the same surgeon and
surgical team in our hospital. Therefore, the consistency of
surgical methods was guaranteed to the greatest extent.

Methods of Measurement
Postoperative full-length X-rays (weight-bearing position) of
both lower limbs of all patients were taken according to the
measurement protocol of Ramadier et al.17. All patients
stood on an X-ray large-plate multifunctional digital fluoros-
copy system (Shimadzu-Hama Narayaki II, Japan) with the
lower leg pressed against the plate, knees straight, feet
together and flat on the weight-bearing plate, and both knees
moderately internally rotated by about 10�–15� so that the
small head of the fibula overlapped the tibia by about one-
third and the patella was oriented anteriorly. When the lat-
eral film was taken, the patient was made to lie on the
affected side, and the affected limb was tightly pressed
against the plate and moderately rotated so that the posterior
joint surface of the femoral condyles completed the overlap.

The Picture Archiving and Communication System
(AnyPacs v2.0; Medcare, Qingdao, China) with its own
length and angle tools was used to measure the following
data on the images:

i. Osteotomy length, which is the distance from osteo-
tomy to the knee joint level.

ii. Femoral length, which is the distance from the apex of
the greater trochanter to the lateral femoral condyle.

iii. Length of the extramedullary portion of the prosthesis.
iv. Length of the intramedullary portion of the prosthesis.
v. Distance of the proximal apex of the medullary stem of

the femoral prosthesis from the maximum arc of the
anterior femoral arch. In a standard lateral femoral
radiograph, the line was drawn between point a (the
midpoint of the anterior and posterior cortex of the
femur at the lower edge of the lesser trochanter) and
point b (the midpoint of the anterior and posterior cor-
tex at a level of 10 cm above the knee joint line). Point
c, where the parallel line was tangent to the most lat-
eral cortices of the femur, was defined as the point
where the arc of the anterior femoral arch was maxi-
mum (Figure 1E).

vi. Diameter of the femoral medullary stem of the prosthesis.
vii. Femoral diameter at the level of the end of the medul-

lary stem of the prosthesis.
viii. Distance between lower limb alignment and center of

the knee joint. The line between the center of the hip
joint and the center of the ankle joint through the cen-
ter of the knee joint was the lower limb alignment.
Therefore, as long as the line deviated from the center
of the knee joint, it represented an abnormal line of
effort; the most common was varus or valgus defor-
mity. A greater distance bias represented more serious
varus or valgus deformity.

ix. HKAA, which was defined as the angle between the
femoral mechanical axis and the tibial mechanical axis;
a positive value represented valgus alignment, and the
normal angle was 180� � 3�.

x. mLDFA, which is defined as the lateral angle between
the femoral mechanical axis and the tangent to the
femoral condyle; the normal angle was 87� � 3�.

xi. mMPTA, which is defined as the medial angle between
the tibial mechanical axis and the joint line of the
proximal tibia; the normal angle was 87� � 3�.
The aforementioned measurements were made, and

the data were averaged. A method to locate the maximum
arc of the anterior femoral arch was proposed based on the
measurement methods of the anterior femoral arch angle
and lateral arch angle. The method is shown in Figure 1E.
The localization points selected by this method were com-
pared with the localization points visually selected by three
deputy chief physicians in our department. Among the
26 groups of localization points, 24 overlapped, indicating
the clinical application of this method.

Statistical Analysis
Statistical analysis was performed using SPSS 20.0 (SPSS
Inc., Chicago, Illinois, USA). Normally distributed measures
were expressed as mean � standard deviation and analyzed
using the t test for two independent samples. Non-normally
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distributed measures were expressed as median (interquartile
spacing) and analyzed using the Wilcoxon rank-sum test to
compare two independent samples. Binary logistic regression
analysis was performed for risk factors, and odds ratio values
and 95% confidence intervals were calculated.

Results

Comparison of General Data
The study included 16 men and 10 women, with age at pre-
sentation ranging from 15 to 66 years (mean, 33 years). The
men-to-women ratio was 1.6:1. Among the patients, 16 had
osteosarcoma, five had giant cell tumor of bone, one
had chondrosarcoma, one had malignant fibroblastoma, one
had malignant mesenchymal origin tumor, one had a primi-
tive neuroectodermal tumor, and one had epithelioid hem-
angiosarcoma. The follow-up time ranged from 2 to
18 years, with a median follow-up time of 4.29 years.

The body mass index was higher in the loosening
group (median, 25.80; range, 23.7–28.3) than in the

unloosening group (median, 21.65; range, 17.9–34.6) with a
significant difference (p < 0.05); however, significant differ-
ences were found in age, duration of surgery, intraoperative
blood loss, follow-up time, and other aspects (Table 1).

Comparison of X-Ray Measurements
Statistical analysis of the measured data from full-
length X-ray films of lower limbs in the two groups
showed that the ratio of the prosthetic length to the
femoral length and the ratio of the femoral medullary
stem diameter to the femoral diameter were smaller in
the loosening group (63.72 � 5.21; 26.03 � 8.45) than
in the unloosening group (73.92 � 11.59;
36.83 � 5.69). The differences were statistically signifi-
cant (p < 0.05). Meanwhile, the distance between the
apex of the medullary stem and the maximum arc of
the anterior femoral arch was shorter in the loosening group
(3.47 � 2.96) than in the unloosening group (7.77 � 3.40).
The difference was statistically significant (p < 0.05)
(Figure 2). No statistical difference was found in the ratio of

Fig. 1 (A) Osteotomy length. (B) Femoral length. (C) Measurement of the length of the intramedullary part of the prosthesis. (D) Measurement of the

extramedullary length of the prosthesis. (E) Selection of the point where the arc of the anterior femoral arch was maximum. Point a is the midpoint of

the anterior and posterior cortex of the femur at the lower edge of the lesser trochanter, and point b is the midpoint of the anterior and posterior

cortex at the level of 10 cm above the knee joint line. Point c is the point where the parallel line of a and b is tangent to the outermost cortex of the

femur. (F) End diameter of the prosthesis medullary stem. (G) Femoral diameter at the end of the prosthesis medullary stem. (H) Distance between

the lower limb force line and center of the knee joint. (I) HKAA. (J) mLDFA. (K) mMPTA. HKAA, hip–knee–ankle angle; mLDFA, mechanical lateral distal

femoral angle; mMPTA, mechanical medial proximal tibial angle
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osteotomy and the ratio of extramedullary to the intra-
medullary length of the prosthesis between the two groups
(Table 2).

Lower Limb Alignment
The loosening group was statistically different from the
unloosening group in terms of HKAA, mLDFA, and distance

TABLE 1 Comparison of general data between aseptic loosening and no-loosening groups (M [IQR])*

Aseptic loosening No loosening Z p

Age 38.5 (27) 26.5 (30) �1.188 0.235
BMI 25.80 (2.4) 21.65 (4.4) �2.861 0.004
Duration of surgery (min) 122.50 (69) 130.00 (41) �0.092 0.927
Intraoperative blood loss (mL) 900.00 (875) 600.00 (500) �1.382 0.16
Follow-up† (days) 3982.50 (5536) 1490.50 (1816) �1.278 0.201

*M (IQR) is the median (interquartile spacing).; † Follow-up time in the loosening group referred to the interval between the initial replacement and the first revision
surgery (day). Follow-up time in the non-loosening group referred to the interval between the initial replacement and December 31, 2020 (day); Abbreviations:
BMI, body mass index.

Fig. 2 Distance between the apex of

the medullary stem and the maximum

curvature of the anterior femoral arch

was statistically different between the

two groups (p = 0.027)

TABLE 2 Comparison of X-ray measurement results of the aseptic loosening and no-loosening groups

Aseptic loosening No loosening T/Z p

Proportion of bone resection (%，M [IQR]) 33.20 (6.32) 37.25 (11.86) �0.974 0.330
Ratio of the extramedullary length to the intramedullary
length of the femoral prosthesis (M [IQR])

1.046 (0.26) 1.09 (0.44) �0.791 0.429

Percentage of the prosthetic length to the femoral length
(%，[mean � SD])

63.72 � 5.21 73.92 � 11.59 �2.071 0.049

Percentage of the medullary stem diameter to the femoral
diameter (%，[mean � SD])

26.03 � 8.45 36.83 � 5.69 �2.936 0.024

Distance between the apex of the prosthesis medullary
stem and the maximum arc of the anterior femoral arch
(cm，[mean � SD])*

3.47 � 2.96 7.77 � 3.40 �2.389 0.027

* In the unloosening group, the apex of the medullary stem did not exceed the maximum radian of the anterior femoral arch in four patients; therefore, the deleted
value was not included in the statistics
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between the lower limb alignment and the center of the knee
joint (p < 0.01, p < 0.05, and p < 0.01, respectively). No sta-
tistical difference existed in the mMPTA (Table 3).

Risk Factors for Aseptic Loosening
Univariate factors with statistical differences were subjected
to binary logistic regression analysis. The ratio of the

TABLE 3 Comparison of lower limb alignment in the aseptic loosening and no-loosening groups

Aseptic loosening No loosening t/Z p

HKAA (�，M [IQR]) 175.83 (3.67) 180.189 (2.7) �2.617 0.009
mLDFA (�，[mean � SD]) 87.50 � 1.50 89.57 � 1.72 �2.648 0.014
mMPTA (�，[mean � SD]) 89.08 � 1.27 89.83 � 2.18 �1.045 0.313
Distance between lower limb alignment and the center of
the knee joint (cm，M [IQR])

1.54 (1.52) 0.02 (0.89) �2.672 0.008

Abbreviations: HKAA, hip–knee–ankle angle; mLDFA, mechanical lateral distal femoral angle; mMPTA, mechanical medial proximal tibial angle.

TABLE 4 Risk factors affecting the aseptic loosening of the prosthesis: logistics analysis

Risk factor OR 95% CI p

BMI 1.376 0.974–1.861 0.072
Ratio of the prosthetic length to the femoral length 0.892 0.788–1.010 0.07
Ratio of the stem diameter to the femoral diameter
was less than 30%

19.000 1.454–248.237 0.025

Relative distance between the apex of the
medullary stem and the maximum curvature of
the anterior femoral arch was less than 3 cm

11.333 1.395–92.056 0.023

Distance between lower limb alignment and the
center of the knee joint

6.239 1.262–30.838 0.025

Abnormality in limb alignment* 11.333 1.395–92.056 0.023

*Varus knee (HKAA <178�) and valgus knee (HKAA >182).; Abbreviations: BMI, body mass index; HKAA, hip–knee–ankle angle; OR, odds ratio.

Fig. 3 Figure A 22-year-old man with

osteosarcoma of the distal left femur.

(A) Lower limb strength line was found to be

normal 1 month after the initial replacement.

(B) Maximum distance between the apex of

the stem and the anterior arch of the femur

was 1.76 cm. (C) Imaging data after revision.

A good force line of the lower limb was

maintained. (D) A larger length of the

medullary stem was selected so that the apex

of the medullary stem was far away from the

anterior femoral arch
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medullary stem diameter to the femoral diameter of less than
30% (p < 0.05), the distance between the apex of the medul-
lary stem and the maximum arc of the anterior femoral arch
of less than 3 cm (p < 0.05), the distance between the lower
extremity force line and the center of the knee joint
(p < 0.05), and the presence of postoperative knee valgus and
knee varus (p < 0.05) were the risk factors for the aseptic
loosening of the prosthesis (Table 4).

Typical Case

Liu, a 22-year-old man, received tumor resection of the
left distal femur and tumor-type knee prosthesis replace-

ment in our department on February 9, 2018, due to distal
femur osteosarcoma. A postoperative review showed an
aligned lower limb, but the vertex position was 1.763 cm
away from the maximum arc of the anterior femoral arch
(Figure 3A,B). Aseptic loosening occurred 9 months after the
surgery. Revision surgery of the tumor-type prosthesis was
performed on December 13, 2018, during which the pros-
thetic stem was loosened and replaced with a prosthetic stem
with a larger diameter and a longer length (Figure 3C), and
the standard lower extremity force lines were maintained
(Figure 3D). The patient had no subjective symptoms or
objective imaging evidence of prosthetic loosening at the last
follow-up.

Discussion

Risk Factors for Aseptic Loosening
The stem of the femoral medullary cavity is a key component
to achieve a firm connection between the entire prosthesis
and the host femur11. This study indicated that the smaller
ratio of the medullary stem diameter to the femoral diameter
led to the aseptic loosening of the prosthesis. This result was
the same as the conclusion of studies by Bergin et al.18 and
Farfalli et al.19. Measurement and statistical analysis of the
imaging data of the two groups of cases in this study showed
that the ratio of the medullary stem diameter to the femoral
diameter of less than 30% was a risk factor for aseptic loos-
ening of the prosthesis. A smaller diameter percentage not
only led to lower mechanical strength of the medullary cavity
stem but also meant that a thicker bone cement needed to be
filled between the medullary cavity stem and the medullary
cavity, making the bone cement not only poor in torsion
resistance but also nondegradable. The debris generated by
the wear of bone cement might activate T cells and macro-
phages around the prosthesis and osteoclasts and cause
osteolysis20,21. Therefore, using a large amount of bone
cement to fill the gap between the medullary canal stem and
the bone cortex is not recommended; instead, a medullary
canal stem that fits the thickness of the femoral medullary
cavity from the beginning to reduce the loosening rate
should be chosen12,22.

The lower limb alignment is the “gravitational line of
the legs” and the correct reconstruction of the limb align-
ment in total knee arthroplasty is an important factor

affecting the quality of the surgery and the recovery of the
knee function after surgery23,24. Vanlommel et al.25 suggested
that an appropriate varus knee was beneficial to the function
of the knee joint, while Ritter et al.26 opined that a neutral
position or mild knee valgus allowed for a longer prosthesis
life. The lower limb alignment is equally important in onco-
logic prosthesis replacement. Seven patients in this study
experienced knee varus or knee valgus, four of which had
aseptic loosening. The statistical analysis of the data showed
that a poor lower limb alignment increased the probability of
the aseptic loosening of the prosthesis, and the distance of
the lower limb alignment from the center of the knee after
surgery positively correlated with the rate of loosening. In
the case of abnormal lower limb alignment, the stress of the
medullary stem on the wall of femoral bone marrow
exceeded the maximum deformation value of cancellous
bone, resulting in the stress concentration of the prosthesis
and cortical bone, deformation of the medullary wall, and
loosening and subsidence of the prosthesis. Meanwhile, the
tilt of the force line was thought to accelerate the wear of the
end of the medullary stem of the prosthesis against the femo-
ral cortex and increase the loosening rate of the prosthesis
by applying lateral–torsional forces during the normal opera-
tion of the prosthesis mechanics.

Selection of Apex Position of the Prosthetic Stem
In this study, the position of the apex of the medullary stem
was measured and analyzed. The results showed that the
position of the apex of the medullary stem affected the loos-
ening of the prosthesis, which was consistent with the study
by Unwin et al.27. This study suggested that the relative dis-
tance of less than 3 cm between the apex of the medullary
stem and the maximum curvature of the anterior femoral
arch was a risk factor for the aseptic loosening of the pros-
thesis. On the contrary, if the relative distance between the
two points was greater than 3 cm, the probability of the
aseptic loosening of the prosthesis was smaller. This was
related to the anterior femoral arch. Studies on the stress of
the femoral prosthesis complex showed that femoral stress in
tumor knee prosthesis replacement was concentrated near
the apex of the medullary stem of the prosthesis27. The
femur itself had a forward physiological curvature, and its
anterior arch carried its own forward curvature that led to
greater directional variation and stress concentration in the
trabecular bone. When the apex of the femoral medullary
stem was closer to the anterior femoral arch, the stress-
obscuring effect of the medullary stem occurred upon
contact with the stress-concentrated anterior femoral arch,
causing local pressure concentration and loosening. There-
fore, the apex of the medullary stem should be positioned
away from the maximum femoral arc during replacement
surgery, thereby reducing stress concentration to decrease
the rate of prosthesis loosening. Batta et al.28 suggested that
longer resection of the tumor segment and a relatively short
stem could lead to the aseptic loosening of the distal femur,
which might be related to uneven force and loss of
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surrounding bone under stress occlusion due to a short stem
in the femoral bone marrow. We suggested that after deter-
mining the length of the osteotomy according to the preop-
erative examination, a longer medullary stem prosthesis
should be selected with the apex of the medullary stem cross-
ing the anterior femoral arch, so as to achieve better initial
stability and reduce the loosening rate of the prosthesis.

Recommendations for the Reduction of the
Loosening Rate
This study suggested that the following surgical procedures
should be performed in the clinical application of tumor-
type knee prosthesis replacement for treating a distal femoral
malignant bone tumor. (i) The femoral prosthesis medullary
stem with a larger diameter was selected and the amount of
bone cement was reduced depending on the femoral diame-
ter. Surgeons should attempt to maximize the canal filling of
stems to obtain a solid press-fit29. (ii) The femoral prosthesis
with appropriate length was selected according to the loca-
tion of the tumor and anterior femoral arch before surgery,
with the apex of the medullary stem as far as 3 cm from the
anterior femoral arch. (iii) According to the design of
tumor-type prosthesis, the femur in standard cross-section
was truncated, the extramedullary positioning was precise
when performing tibial plateau osteotomy, and the physio-
logical position was reconstructed as much as possible when
placing the prosthesis in the medullary cavity to ensure the
reconstruction of standard lower limb alignment. Bilateral
lower extremity X-rays were taken periodically postopera-
tively to observe whether the force lines were tilted.

Limitations
This was a single-center clinical study with a small sample
size, which made it impossible to conduct an effective inter-
group study, thus having an impact on data analysis. Large-
sample statistics or laboratory measurements can be used to
verify the conclusion of this study.

Conclusions

In the postoperative radiographic measurement after
tumor-type knee prosthesis replacement, the diameter of

the femoral medullary stem of the prosthesis, the position of
the femoral bone marrow stem apex, and the lower limb
alignment are the risk factors leading to aseptic loosening.
For reducing the incidence of aseptic loosening, it is rec-
ommended to use a medullary stem that fits the diameter of
the femur, select a longer medullary stem with its apex over
the anterior femoral arch more than 3 cm, and reconstruct
the standard lower extremity force line.

Acknowledgments

We are very grateful to Jingming Wang and Dawei Jiang
for their help in radiographic measurement.

Conflict of Interest

The tumor-type knee prosthesis was used as the treatment
method in this study, but all authors declared that they

did not receive any funding for this device. The authors also
declare no conflicts of interest in the research and writing
process.

References
1. Abdulkarim A, Keane A, Hu SY, Glen L, Murphy DJ. Rotating-hinge knee
prosthesis as a viable option in primary surgery: literature review & meta-analysis.
Orthop Traumatol Surg Res. 2019;105:1351–9.
2. Takeuchi A, Yamamoto N, Hayashi K, Matsubara H, Miwa S, Igarashi K, et al.
Joint-preservation surgery for pediatric osteosarcoma of the knee joint. Cancer
Metastasis Rev. 2019;38:709–22.
3. Xu M, Wang Z, Yu XC, Lin JH, Hu YC. Guideline for limb-salvage treatment of
osteosarcoma. Orthop Surg. 2020;12:1021–9.
4. Hardes J, Henrichs MP, Gosheger G, Guder W, Nottrott M, Andreou D, et al. Tumour
endoprosthesis replacement in the proximal tibia after intra-articular knee resection in
patients with sarcoma and recurrent giant cell tumour. Int Orthop. 2018;42:2475–81.
5. Pala E, Trovarelli G, Angelini A, Maraldi M, Berizzi A, Ruggieri P. Megaprosthesis
of the knee in tumor and revision surgery. Acta Biomed. 2017;88:129–38.
6. Jeys LM, Kulkarni A, Grimer RJ, Carter SR, Tillman RM, Abudu A.
Endoprosthetic reconstruction for the treatment of musculoskeletal tumors of the
appendicular skeleton and pelvis. J Bone Joint Surg Am. 2008;90:1265–71.
7. Pala E, Trovarelli G, Angelini A, Ruggieri P. Distal femur reconstruction with
modular tumour prostheses: a single institution analysis of implant survival
comparing fixed versus rotating hinge knee prostheses. Int Orthop. 2016;40:
2171–80.
8. Song WS, Kong CB, Jeon DG, Cho WH, Kim JR, Cho Y, et al. The impact of
amount of bone resection on uncemented prosthesis failure in patients with a
distal femoral tumor. J Surg Oncol. 2011;104:192–7.
9. Slone RM, Heare MM, Vander Griend RA, Montgomery WJ. Orthopedic fixation
devices. Radiographics. 1991;11:823–47.
10. Lu M, Wang J, Xiao C, Tang F, Min L, Zhou Y, et al. Uncemented, curved,
short endoprosthesis stem for distal femoral reconstruction: early follow-up
outcomes. World J Surg Oncol. 2018;16:183.
11. Zhang HR, Zhang JY, Yang XG, Qiao RQ, Li JK, Ren ZP, et al. The effects of
length of femoral stem on aseptic loosening following cemented distal femoral
endoprosthetic replacement in tumour surgery. Int Orthop. 2020;44:1427–33.
12. Piakong P, Kiatisevi P, Yau R, Trovarelli G, Lam YL, Joyce D, et al. What is
the 10-year survivorship of cemented distal femoral Endoprostheses for tumor

reconstructions and what radiographic features are associated with survival? Clin
Orthop Relat Res. 2020;478:2573–81.
13. Bischel OE, Nadorf J, Klein SB, Gantz S, Jakubowitz E, Kretzer JP, et al.
Modular tumor prostheses: are current stem designs suitable for distal femoral
reconstruction? A biomechanical implant stability analysis in sawbones. Arch
Orthop Trauma Surg. 2019;139:843–9.
14. Stevenson JD, Wigley C, Burton H, Ghezelayagh S, Morris G, Evans S, et al.
Minimising aseptic loosening in extreme bone resections: custom-made tumour
endoprostheses with short medullary stems and extra-cortical plates. Bone Joint
J. 2017;99-B:1689–95.
15. Pala E, Trovarelli G, Calabrò T, Angelini A, Abati CN, Ruggieri P.
Survival of modern knee tumor megaprostheses: failures, functional
results, and a comparative statistical analysis. Clin Orthop Relat Res.
2015;473:891–9.
16. Turcotte RE, Stavropoulos NA, Toreson J, Alsultan M. Radiographic
assessment of distal femur cemented stems in tumor endoprostheses. Eur J
Orthop Surg Traumatol. 2017;27:821–7.
17. Ramadier JO, Buard JE, Lortat-Jacob A, Benoit J. Mesure radiologique des
déformations frontales du genou. Procédé du profil vrai radiologique [Radiological
assessment of knee deformity in the frontal plane (author’s transl)]. Rev Chir
Orthop Reparatrice Appar Mot. 1982;68:75–8.
18. Bergin PF, Noveau JB, Jelinek JS, Henshaw RM. Aseptic loosening rates in
distal femoral endoprostheses: does stem size matter? Clin Orthop Relat Res.
2012;470:743–50.
19. Farfalli GL, Boland PJ, Morris CD, Athanasian EA, Healey JH. Early
equivalence of uncemented press-fit and compress femoral fixation. Clin Orthop
Relat Res. 2009;467(11):2792–9.
20. Schulze C, Lochner K, Jonitz A, et al. Cell viability, collagen synthesis and
cytokine expression in human osteoblasts following incubation with generated
wear particles using different bone cements. Int J Mol Med. 2013;32:227–34.
21. Li Y, Sun Y, Shan HC, Niu XH. Comparative analysis of early follow-up of
biologic fixation and cemented stem fixation for femoral tumor prosthesis. Orthop
Surg. 2019;11:451–9.

1150
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 6 • JUNE, 2022
RADIOGRAPHIC ASSESSMENT OF ASEPTIC LOOSENING



22. Yang RS Endoprosthesis-related complications after limb-salvage operation
of malignant bone tumors around the knee. Biomed Eng Appl Basis Commun.
2004;16(3):133–42.
23. Sharkey PF, Lichstein PM, Shen C, Tokarski AT, Parvizi J. Why are total knee
arthroplasties failing today--has anything changed after 10 years? J Arthroplasty.
2014;29:1774–8.
24. Ritter MA, Davis KE, Meding JB, Pierson JL, Berend ME, Malinzak RA. The
effect of alignment and BMI on failure of total knee replacement. J Bone Joint
Surg Am. 2011;93:1588–96.
25. Vanlommel L, Claes S, Bellemans J. Slight undercorrection following total
knee arthroplasty results in superior clinical outcomes in varus knees. Knee Surg
Sports Traumatol Arthrosc. 2013;21:2325–30.

26. Ritter MA, Faris PM, Keating EM, Meding JB. Postoperative alignment of total
knee replacement. Its effect on survival. Clin Orthop Relat Res. 1994;299:
153–6.
27. Unwin PS, Cannon SR, Grimer RJ, Kemp HBS, Sneath RS, Walker PS. Aseptic
loosening in cemented custom-made prosthetic replacements for bone tumours
of the lower limb. J Bone Joint Surg Br. 1996;78:5–13.
28. Batta V, Coathup MJ, Parratt MT, Pollock RC, Aston WJ, Cannon SR, et al.
Uncemented, custom-made, hydroxyapatite-coated collared distal femoral
endoprostheses: up to 18 years’ follow-up. Bone Joint J. 2014;96-B(2):263–9.
29. Fleischman AN, Azboy I, Fuery M, Restrepo C, Shao H, Parvizi J. Effect of
stem size and fixation method on mechanical failure after revision Total knee
arthroplasty. J Arthroplasty. 2017;32(9S):202–8.

1151
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 6 • JUNE, 2022
RADIOGRAPHIC ASSESSMENT OF ASEPTIC LOOSENING


	 Radiographic Assessment of Aseptic Loosening of Tumor-Type Knee Prosthesis in Distal Femur
	Introduction
	Patients and Methods
	Inclusion and Exclusion Criteria
	Demographic Data
	Surgical Methods
	Methods of Measurement
	Statistical Analysis

	Results
	Comparison of General Data
	Comparison of X-Ray Measurements
	Lower Limb Alignment
	Risk Factors for Aseptic Loosening

	Typical Case
	Discussion
	Risk Factors for Aseptic Loosening
	Selection of Apex Position of the Prosthetic Stem
	Recommendations for the Reduction of the Loosening Rate
	Limitations

	Conclusions
	Acknowledgments
	Conflict of Interest
	References


