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ABSTRACT — The article analyzes complications after
individual oncological endoprosthesis replacement

in tumor lesions of bones and joints, which led to

repeated endoprosthesis replacement. After operations

of endoprosthesis replacement of bones and joints with
tumor lesions, the following complications were observed:
periprosthetic infection — 7.4%, aseptic instability of

the stem of endoprosthesis —13.1%, destruction of the
endoprosthesis structure - 2.3%, wear of polyethylene
inserts — 1.7%. Revision endoprosthesis replacement

due to complications after endoprosthesis replacement of
bones and joints for tumors was performed in 38 (21.7%)
cases. Repeated endoprosthesis replacement of knee

joint was performed in 22 cases, repeated endoprosthesis
replacement of hip joint was performed in 6 cases, repeated
endoprosthesis replacement of elbow joint was performed
in 4 cases, repeated endoprosthesis replacement of shoulder
joint was performed in 3 cases, repeated endoprosthesis
replacement of tibial shaft was performed in 2 cases,
repeated endoprosthesis replacement of ankle joint was
performed in 1 case. The factors that led to complications
and repeated endoprosthesis replacement were presented.
In case of an infectious complication, it was recommended
to install a metal-on-cement spacer, followed by repeated
endoprosthesis replacement; in case of aseptic instability
of the stem of endoprosthesis, repeated endoprosthesis
replacement was performed with replacement of only

one (loose) component of the endoprosthesis using a

long intramedullary nail or replacement of the entire
endoprosthesis; in case of the destruction of endoprosthesis
structure, the repeated endoprosthesis replacement of

the joint was effected with replacement of the entire
endoprosthesis structure; when the polyethylene inserts
were worn out, the repeated endoprosthesis replacement
was performed with the replacement of the polyethylene
inserts. After repeated endoprosthesis replacement, repeated
revision operations were performed in 10 (26.3%) cases.
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INTRODUCTION

Opver the past 30—40 years, the progress of onco-
orthopedics has allowed to perform organ-sparing
operations on the extremities in cases of bone tumors
in most circumstances. Nowadays, in 90% of patients
with bone tumors, the standard of organ-sparing sur-
gery represents endoprosthesis replacement of joints
and bones, which became possible due to the improve-
ment of endoprosthesis replacement systems and surgi-
cal techniques of reparative surgery. Endoprosthesis
reconstruction in patients with malignant tumors and
bony spread improves the quality of life and allows
timely giving of chemotherapy treatment cycles [1].

According to the references, this has been facili-
tated by the success of combined and complex treat-
ment of malignant bone tumors [2, 3, 4]. As a result of
endoprosthesis replacement, the development of vari-
ous complications is possible, which leads to repeated
operations in the scope of a revision endoprosthetic
replacement. According to various authors, reopera-
tions were performed in 13.68—-50% of cases after joint
endoprosthesis replacement for bone tumors [4, 5].

Depending on the model of the endoprosthesis,
the reasons for revision endoprosthesis replacement
included: deep infection in 7.3-17% of cases, asep-
tic instability in 1-12% of cases, destruction of the
endoprosthesis structure in 1.5-10.6% of cases, wear
of polyethylene components of the endoprosthesis
in 3.1-35.6% of cases. Infectious complications after
endoprosthetic reconstruction in oncology patients
according to the current information range from 5%
to 66% [6, 9, 18]. According to some researchers [7],
in general, in reparative surgery on the extremities in
patients with bone tumors, infectious complications
amounted to 32%, 17% of these patients underwent
amputations. According to Myers et al. [18] out of 32
patients with endoprosthesis bed infection, 7 patients
underwent primary amputation, and 25 patients
underwent a two-stage reoperation, of which 8 patients
eventually underwent amputation. According to Ca-
panna et al. [9] in 5% of cases, patients who underwent
endoprosthesis replacement were subjected to repeated
endoprosthesis replacement. Subsequent analysis
revealed that 6% of patients had recurrent infections of
the endoprosthesis bed and, accordingly, these patients
were subjected to repeated endoprosthesis replacement.


https://orcid.org/0000-0001-8896-8371
https://orcid.org/0000-0002-2174-1882
https://orcid.org/0000-0001-7057-1405
http://dx.doi.org/10.35630/2199-885X/2021/11/1.14

SURGERY

Instability of the stem of endoprosthesis is the
second frequent complication of endoprosthesis
replacement of bones and joints. In almost half of
the cases (44-47%) the cause of the revision op-
eration is the mechanical instability of the implant
stem [4, 8, 10]. According to the references, aseptic
instability of oncological endoprostheses occurred
in 6-27% of cases with a follow-up period of 1 to 15
years [19, 20]. Therefore, complications that occur
after bone and joint endoprosthesis replacement
performed in bone tumors are a factor that deter-
mines the prognosis of survival of endoprostheses
and may represent indications for revision endopros-
thetic replacement. In turn, revision endoprosthetic
replacement has a much higher complication rate
than primary endoprosthesis replacement. The need
for re-intervention after revision replacement occurs
within 5 years in 20-56% of cases [4, 11]. The risk of
repeated endoprosthetic replacement according to
Myers et al. [18] is 12% amounts to 32% in five years
after surgery, 25% to 61% in 10 years, and 30% to 75%
in 15 years.

In this article, we analyze the results of joint and
bone endoprosthesis replacement in tumor lesions and
provide data on the reasons that led to repeated endo-
prosthesis replacement in this category of patients.

MATHERIALS AND METHODS

During the period from 2009 to 2020, 175 opera-
tions of endoprosthesis replacement of bone and joint
in cases of bone tumors were performed at the clinic
of Institute of Traumatology and Orthopedics of the
NAMS Ukraine, Kyiv. Among the patients, there were
96 women (54.9%) and 79 men (45.1%). The mean
age of patients was 39.6 + 1.3 years. Different models
of endoprostheses were used: individual oncological
endoprostheses, produced by Inmed (Ukraine) in 112
cases, by Beznoska (the Czech Republic) in 5 cases,
by Zimmer (USA) in 4 cases, by Prospon (the Czech
Republic) in 1 case, and individual modular oncologi-
cal endoprostheses produced by V. Link (Germany) in
37 cases, by Stryker (USA) in 15 cases, by Implantcast
(Germany) in 1 case. The indications for endopros-
thetic replacement were: giant cell tumor — 56 cases,
osteogenic sarcoma — 47, chondrosarcoma — 27,
metastatic tumors — 18, bone fibrosarcoma — 9,
giant-cell sarcoma — 6, lymphosarcoma — 3, malig-
nant fibrous histiocytoma of bone — 2, myeloma - 2;
adamantinoma — 2, Ewing’s sarcoma — 2, fibrous
histiocytoma of bone — 1.

Endoprosthetic reconstruction of the knee joint,
after resection of the distal femur with a tumor, oc-
curred in 64 (36.6%) patients; of the knee joint, after
resection of the proximal tibia, occured in 31 (17.7%)
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patients; of hip joint, after resection of the proximal
femur occured in 24 (13.7%) patients; of shoulder
joint, after resection of the proximal humerus, was
performed in 24 (13.7%) patients; of elbow joint, after
resection of the distal humerus or proximal humerus,
was performed in 13 (7.4%) patients; of ankle joint,
after resection of the distal tibia, was performed in 6
(3.4%) patients, of humeral diaphysis was performed
in5(2.9%) patients, of tibial shaft was performed in 4
(2.3%) patients, of femoral shaft was performed in 3
(1.7%) patients, of radial shaft was performed in 1
(0.6%) patient.

Before endoprosthesis replacement, a compre-
hensive examination of patients was performed, which
included both general clinical studies (studies of values
of blood, urine, ECG, ultrasound of internal organs,
etc.), and X-ray radiological methods of examination.
X-ray examination allowed to reveal a tumor of the
skeleton, the length of the bone lesion, the malignant
invasion in the soft tissues surrounding the bone.
Computed tomography allowed to determine the
degree of bone destruction, the condition of the bone
medullary canal and tumor extension in it. Functional
magnetic resonance tomography allowed to assess
the soft tissue component of the tumor, the condi-
tion of the muscle envelope. Angiography was used
to determine the source of blood supply to the tumor,
the connection with the great vessels. With the help of
osteoscintigraphy tumor lesions in other parts of the
skeleton were revealed. Positron emission tomography
was used to detect distant metastases in bone and
visceral organs.

The morphological examination of the tumor,
of course, was the main criterion for examining the
patient. The technique of trepan or open tumor biopsy
was used to obtain material for histological examina-
tion. The scope of surgery consisted of resection of the
joint segment or bone segment with an ez block tumor
and replacement of the bone defect with an indi-
vidual oncological or individual modular oncological
endoprosthesis. The functional result of the operated
limb was calculated according to the MSTS scale
(Musculo-Sceletal Tumor Staging /System/). Qual-
ity of life was determined by the EORTC-QLQ-C30
questionnaire. The 10-year survival of endoprostheses
was studied using the Kaplan-Meier multiple estima-
tion method. Survival in patients was also assessed by
the Kaplan-Meier method.

OBTAINED RESULTS

As a result of endoprosthetic replacement for
bone and joint tumors, the following complications
were revealed: after resection of the distal femur and
knee joint endoprosthesis replacement (64 patients):
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aseptic instability of the stem of endoprosthesis oc-
cured in 11 (17.2%) patients (Fig. 1), periprosthetic
infection occured in 5 (7.8%) patients, destruction

of the endoprosthesis structure occured in 2 (3.1%) pa-
tients, wear of polyethylene inserts occured in 1 (1.6%)

patient.

After resection of the proximal tibia and endo-
prosthetic replacement of knee joint (31 patients) the
following complications were revealed: periprosthetic
infection was observed in 4 (12.9%) patients, aseptic

instability of the stem of endoprosthesis was observed
in 2 (6.5%) patients, destruction of the endoprosthesis

structure was observed in 1 (3.2%) patient.

After resection of the proximal femur and
endoprosthetic replacement of hip joint (24 patients)
the following complications were revealed: aseptic
instability of the stem of endoprosthesis was observed
in 3 (12.5%) patients, wear of polyethylene inserts was

observed in 2 (8.3%) patients, periprosthetic infection

was observed in 1 (4.2%) patient (Fig. 2).

After resection of the proximal humerus and
endoprosthesis replacement of the shoulder joint (24
patients) the following complications were revealed:
aseptic instability of the stem of endoprosthesis was

observed in 2 (8.4%) patients (Fig. 3), perirothic infec-

tion was observed in 1 (4.2%) patient. After resection

of the distal humerus or proximal ulna and elbow joint

endoprosthesis replacement (13 patients) the follow-
ing complications were revealed: aseptic instability of
the stem of endoprosthesis was observed in 2 (15.4%)
patients, periprosthetic infection was observed in 1
(7.7%) patient, destruction of the endoprosthesis

structure was observed in 1 (7.7%) patient. After resec-

tion of the distal tibia and ankle joint endoprosthesis
replacement (6 patients) the following complications
were revealed: aseptic instability of the stem of endo-

prosthesis was observed in 1 (16.7%) patient, peripros-

thetic infection was observed in 1 (16.7%) patient.
After resection of the tibial shaft and endoprosthesis

replacement of the bone defect (4 patients) the follow-

ing complication was revealed: aseptic instability of
stem of the implant was observed in 2 (50%) patients.
According to our observations, overweight, which
was observed in 9 (30%) cases, and increased patient

activity in the post-surgery period, which was observed

in 6 (20%) cases, were the main causes of aseptic
instability of the stem of endoprosthesis, destruction
of the endoprosthesis structure, and destruction of
polyethylene inserts. In cases of periprosthetic infec-
tion the following measures were taken: non-surgical
treatment with application of dialysis and administra-
tions of antibiotics and antiseptics into a joint cavity
in combination with systemic antibiotic therapy in

4 patients, surgical sanitation of an endoprosthesis
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bed in an amount of excision of necrotic and in-
fected tissues with removal of the endoprosthesis and
subsequent repeated endoprosthesis replacement after
reduction of the infection process (two-stage repeated
endoprosthesis replacement) in 7 patients, limb ampu-
tation in 1 patient. In case of instability of the stem of
endoprosthesis, repeated endoprosthesis replacement
was performed in 25 patients, including replacement
of the stem of endoprosthesis with a longer one in 17
patients. In case of destruction of the endoprosthesis
structure, repeated endoprosthesis replacement with
replacement of all the structure of an endoprosthesis
in 5 patients was carried out. In case of wear (destruc-
tion) of polyethylenc inserts, repeated endoprosthesis
replacement with replacement of inserts in 3 patients
was executed. Repeated endoprosthesis replacement
of aknee joint in patients with a tumor of the distal
femur was performed in 17 patients, repeated endo-
prosthesis replacement of a knee joint in patients with
a tumor of the proximal tibia was performed in 5
patients, repeated endoprosthesis replacement of a hip
joint was performed in 6 patients, repeated endopros-
thesis replacement of a shoulder joint was performed
in 3 patients, repeated endoprosthesis replacement of
an elbow joint was performed in 4 patients, repeated
endoprosthesis replacement of an ankle joint was per-
formed in 1 patient, repeated endoprosthesis replace-
ment of tibial shaft was performed in 2 patients. The
functional outcome of the operated limb (according
to the MSTS scale) amounted to: 75-85% after knee
joint endoprosthesis replacement, 70-80% after hip
joint endoprosthesis replacement, 65-70% after shoul-
der joint endoprosthesis replacement, 75-80% after
elbow joint endoprosthesis replacement, 70—72% after
ankle joint endoprosthesis replacement, 85-90% after
femoral shaft endoprosthesis replacement, 80-85%
after tibial shaft endoprosthesis replacement, 85-95%
after the endoprosthesis replacement of diaphysis of
humerus, 96% after the endoprosthesis replacement of
diaphysis of ulnar bone.

The functional outcome of the operated limb
(according to the MST'S scale) amounted to: 70-80%
after knee joint repeated endoprosthesis replace-
ment, 65-75% after hip joint repeated endoprosthesis
replacement, 60-65% after shoulder joint repeated
endoprosthesis replacement, 70-75% after elbow
joint repeated endoprosthesis replacement, 65-67%
after ankle joint repeated endoprosthesis replacement,
80-85% after femoral shaft repeated endoprosthesis
replacement, 75-80% after tibial shaft repeated en-
doprosthesis replacement, 80-90% after the repeated
endoprosthesis replacement of diaphysis of humerus,
85% after the repeated endoprosthesis replacement of

diaphysis of ulnar bone.
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Fig. 1. A— photaprint of the radiograph of the patient G. — aseptic
loosening of the stem of knee joint endoprosthesis, produced by Stryker;
B, C— photoprints of radiographs of the patient G. — a state after
repeated endoprosthesis replacement of a knee joint

Fig. 3. A— photaprint of the radiograph of the patient 5. — aseptic
loosening of the stem of endoprosthesis of the shoulder joint, produced
by Inmed; B, C - photoprints of radiographs of the patient S. — a state
after repeated endoprosthesis replacement of the shoulder joint with the
installation of a anti-rotation screw

The quality of life in patients (EORTC-QLQ-
C30 questionnaire) before endoprosthesis replace-
ment amounted to 20—40 points, after endoprosthesis
replacement it amounted to 75-80 points, and after
repeated endoprosthesis replacement it amounted
to 65-75 points. The 10-year survival of the most
frequently used endoprostheses in our sampling,
calculated by the Kaplan-Meier method, amounted
to 75% for Inmed (Ukraine) endoprostheses (70-
80%), and 83% for V.Link endoprostheses (Germany)
(80-90%), 92% for endoprostheses "Stryker” (USA)
(85-95%), taking into account the totality of all revi-
sions.
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Fig. 2. A— photaprint of the radiograph of the patient S. — primary
chondrosarcoma of the proximal part of right femur; B— photoprint of
the radiograph of the patient S. — a state after resection of the proximal
femur with a tumor and hip endoprosthesis replacement with an
endoprosthesis, produced by Inmed; C — photaprint of the radiograph of
the patient S. — a state after repeated endoprosthesis replacement with
replacement of the metallopolymer hip joint cup due to loosening of the
cup; D— photoprint of the radiograph of the patient S. — periprosthet-
ic infection with fistulous tract; E— photoprint of the radiograph of the

patient S. — a state after removal of the endoprosthesis and installation

of a metal-on-cement spacer; F— photoprint of the radiograph of the

patient S. — a state after repeated endoprosthesis replacement

The overall three-year survival of operated and
treated patients amounted to 68.2 + 2.4%, and the
overall five-year survival of operated and treated pa-
tients amounted to 51.8 + 3.2%.

RESULTS AND DISCUSSION

Revision endoprosthesis replacement due to com-
plications after bone and joint endoprosthesis replace-
ment was performed by us in 38/175 (21.7%) cases. After
repeated endoprosthesis replacement, repeated revision
operations were performed in 10/38 (26.3%) cases.

According to the results, occurrence rate of
instability of the stem of endoprosthesis during hip
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endoprosthesis replacement was 12.5%, and according

to the references, the occurrence rate of instability of

the stem of endoprosthesis in patients, who undergone

endoprosthesis replacement of the proximal femur
ranged from 2.2 to 24.5%, i.c. our indicator was con-
sistent with the data of other researchers [12].
Occurrence rate of instability of the stem of
endoprosthesis in endoprosthesis replacement of the
distal femur in our study was 17.2%, according to the
references it is 6-14%, and in some studies — up to
27% [12], which is also consistents with our results.
Occurrence rate of instability of the stem of

endoprosthesis during endoprosthesis replacement of

the proximal tibia in our study was 6.5%, and accord-
ing to the references it ranged from 6 to 27% [19, 20],

and in some studies up to 31% [12], which practically

coincides with our results.
According to our data, destruction of the
endoprosthesis structure ranged from 3.2% to 7.7%,

depending on the applied model of the endoprosthesis

and the location of the endoprosthesis replacement.
Destruction of the endoprosthesis structure (fracture
of the stems of endoprosthesis) according to some re-

searchers [13] was observed in 1.8% of cases, according

to other researchers [9] in total of 95 cases of endo-
prosthetic replacement in 6 (6.3%) cases there was a

fracture of the stems of endoprosthesis, and according

to Myers et al. [18] fracture of the endoprosthesis
structure occurred in 2% of cases, respectively, all
patients underwent repeated endoprosthesis replace-
ment.

In our study, the occurrence rate of destruction
of polyethylene inserts was observed in 1.6% of cases

in knee joint endoprosthesis replacement, and in 8.3%

in hip endoprosthesis replacement. According to the
references [9], destruction of polyethylene inserts
amounted to up to 41%, of which in 30% of cases
repeated endoprosthesis replacement was performed,
and in some studies [5] it ranged from 3.1% to 35.6%.
Myers et al. [18] in total of 194 cases of endoprosthe-
sis replacement there are 36 (18.6%) patients with a
destruction of polyethylene inserts. It should also be

noted that of the 36 patients, who undergone repeated

endoprosthesis replacement, in 16 cases a repeated
destruction of inserts was reported.

Infectious complications that led to repeated
endoprosthesis replacement in our study ranged from
4.2 to 16.7%, and based on the references, infectious
complications amounted to 7.2% [16].

After endoprosthesis replacement of the shoul-
der joint, the complications in our study included the
following: aseptic instability of the stem of endopros-
thesis in 2 (8.4%) patients, periprosthetic infection in
1 (4.2%) patient. In the references [15], the authors
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analyze 60 cases of endoprosthesis replacement of
shoulder joint, where complications amounted to
32%, repeated endoprosthesis replacement because of
aseptic instability was performed in 2 patients (3%),
because of infection of the endoprosthesis bed it was
performed in 2 (3%) patients, because of shoulder
joint instability it was performed in 6 (10%) patients, 3
patients underwent amputation due to tumor recur-
rence. According to the authors [14] complications of
endoprosthesis replacement of the shoulder joint were
observed in 60% of cases, including fractures of the
endoprosthesis in 7 patients and infectious complica-
tions in the bed of the endoprosthesis in 3 patients,
repeated endoprosthesis replacement was performed in
10 patients.

The distal part of the humerus was affected in 1%
of cases of tumor lesions of the skeleton.

According to our studies, during endoprosthesis
replacement of elbow joint in 13 patients, aseptic insta-
bility of the stem of endoprosthesis was observed in 2
(15.4%) patients, periprosthetic infection was observed
in 1 (7.7%) patient, destruction of the endoprosthesis
structure was observed in 1 (7.7%) patient.

The authors [17] report the experience of
performing endoprosthesis replacement of the distal
humerus in 18 patients, where aseptic instability of the
endoprosthesis was observed in 3 (16.6%) patients,
local tumor recurrence was observed in 2 (11%)
patients, periprosthetic infection was observed in 2
(11%) patients, radial nerve neuritis was observed in 1
(5.5%) patient, fracture of the endoprosthesis structure
was observed in 1 (5.5%) patient, due to complications
repeated endoprosthesis replacement was performed
in 4 cases.

Survival of the endoprosthesis amounted to 78%
during monitoring of up to 4.5 years. According to our
study, in endoprosthesis replacement of the ankle joint
(6 patients), asepric instability of the stem of endo-
prosthesis was observed in 1 (16.7%) patient, peripros-
thetic infection was observed in 1 (16.7%) patient, and
according to the references [21], of 9 patients operated
for tumors of the distal tibia, complication in the form
of periprosthetic infection was observed in 2 (22.2%)
patients.

The authors [22] report that out 0f 280 knee joint
endoprosthesis replacement operations for tumor le-
sions of the distal femur, 52 (18.6%) repeated endo-
prosthesis replacement operations were performed in
this area, of which they were performed in 8 (2.9%)
cases due to infection of the endoprosthesis bed, and in
44 (15.7%) cases they were performed due to instabil-
ity.

According to our studies, during resection of the
distal femur and knee joint endoprosthesis replace-
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ment, aseptic instability of the stem of endoprosthesis
was observed in 11 (17.2%) patients, periprosthetic
infection was observed in 5 (7.8%) patients, which

is slightly higher than in the above authors. Accord-
ing to the references [22], of 117 primary knee joint
endoprosthesis replacement in patients with proximal
tibial tumor, repeated endoprosthesis replacement
was performed in 32 (27.3%) cases, due to peripros-
thetic infection repeated endoprosthesis replacement
was performed in 13 (11.1%) cases, due to aseptic
instability repeated endoprosthesis replacement was
performed in 19 (16.2%) cases. According to our data,
after resection of the proximal tibia and knee joint
endoprosthesis replacement, periprosthetic infection
was observed in 4 (12.9%) patients, aseptic instability
of the stem of endoprosthesis was observed in 2 (6.5%)
patients, which is slightly higher regarding peripheral
infection, and much lower regarding aseptic instabil-
ity of the stem of endoprosthesis. Some researchers
[22] report that repeated endoprosthesis replacement
was performed in 6 (7.1%) cases out of 84 primary hip
endoprosthesis replacement, due to periprosthetic in-
fection in 3 (3.6%) cases, and due to aseptic instability
repeated endoprosthesis replacement was performed in
3 (3.6%) cases.

According to our study, after resection of the
proximal femur and hip endoprosthesis replacement,
aseptic instability of the stem of endoprosthesis was
observed in 3 (12.5%) patients, periprosthetic infec-
tion was observed in 1 (4.2%) patient, which is higher
than the values, provided by the above authors.

In the references [22] the results were reported
of 81 endoprosthesis replacement of the shoulder
joint, where repeated endoprosthesis replacement was
performed in 4 (4.9%) cases, of which due to aseptic
instability — in 2 (2.45%) cases, and due to peripros-
thetic infection — in 2 (2,45%) cases.

According to our study, after resection of the
proximal humerus and shoulder joint endoprosthesis
replacement, aseptic instability of the stem of en-
doprosthesis was observed in 2 (8.4%) patients, and
periprosthetic infection was observed in 1 (4.2%)
patient, which is also higher than these researchers re-
ported. Thus, after comparing the results obtained by
us and the results of other researchers, we can conclude
that some complications after primary endoprosthesis
replacement in our study are more numerous, due to
the use of imperfect model of endoprosthesis or viola-
tion of the technique of endoprosthesis replacement.

FINDINGS

1. Revision endoprosthesis replacement due to
complications after bone and joint endoprosthesis re-
placement for tumors was performed in 38 (21.7%) cases.
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2. Repeated endoprosthesis replacement due to
periprosthetic infection was performed in 7.4% of
cases, due to aseptic instability of the stem of endo-
prosthesis it was performed in 13.1% of cases, due
to destruction of the endoprosthesis structure it was
performed in 2.3% of cases, due to wear of polyethyl-
ene inserts it was performed in 1.7% of cases.

3. Repeated endoprosthesis replacement was
required 1.2 times more often than after primary endo-
prosthesis replacement and amounted to 26.3%.

4. The overweight of the patient which was ob-
served in 9 (30%) cases, and increased patient activity
in the postoperative period, which was observed in 6
(20%) cases, were the main cause of aseptic instabil-
ity of the stem of endoprosthesis, and of destruction
of the endoprosthesis structure, and of destruction of
polyethylene inserts.
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