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Analysis of the Cause of Titanium Endoprosthesis Failure
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This paper deals with the causes of failure of total hip replacement. Hip joint replacement is one of the most
frequently used surgical procedures worldwide. More than 200,000 surgeries are performed only in Europe each
year, following early attempts by John Charnley. Currently, more than 340 of the total 4431 implants per year are
reoperated in Slovakia. Despite the excellent properties of the titanium alloy, endoprosthesis often fails and the
hip replacement is necessary. Common causes are overloading and cracking, static or dynamic. Other causes of
failure include injury, implantation failure, manufacturing inaccuracies, and non-compliance with the manufactu-
ring process.
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1 Introduction

Hip replacement is a surgical procedure in which parts
of a hip joint are removed and replaced with a prosthesis,
most commonly made of titanium-based alloys, espe-
cially Ti-6Al-4V. Although great advances have been
made in this field, the fracture (Fig. 1) is still one of the
main problems associated with hip implant failure. [1
]Double-modular hip implants consist of a neck that is se-
parate from both the stem and the head — the three parts
fit together via tapered joints. Several necks and heads of
different geometries are available, allowing the surgeon
to optimize the hip angle, hip offset, and leg length during
surgery. However, concerns exist about the stability of
the tapered joints used to connect the neck to the head and
stem. Specifically, tapered joints are susceptible to corro-
sion, which may lead to the release of toxic metal ions
and mechanical failure. [2]

Fig. 1 Failure of hip endoprosthesis on X-ray

Forces and moments are transferred from the upper
body to the leg across the hip joint loading the femoral
neck in bending. In bi-modular hip systems, the taper con-
nection between stem and neck adapter is situated in the

part of the neck, where high moments act as a result of
the large lever arm between joint friction and the force
vector of the joint force. [S]Each prosthesis component is
subjected to a different set of loads that is specific to the
individual patient. Also, the anchoring conditions vary
depending on the patient’s pre-existing diseases, design
of the prosthesis, quality of bone and surgical implanta-
tion techniques. One should also keep in mind that scrat-
ches inevitably appear on the implant surface, causing
stress concentration, and providing a location for crack
initiation and propagation. [1]

2 Materials and methods

Standards have been developed to test the fatigue pro-
perties of femoral stems; however, the loads that these ap-
ply are based on a historic patient's weight and may not
be valid in the current patient population. Several fatigue
tests were conducted using fixed titanium alloy stems fi-
xed according to ISO standard but with cyclic load based
on current 75th percentile patient sample. [3]

The implant recipient was described as 61 year-old
male, weighing 84 kg with BMI index 27,8, which is con-
sidered as overweight. The implant consisted of a size 3
of femur stem. Both the neck and stem were made of
Ti6Al4V, and the head was made of a ceramic polymer.
The neck of this implant failed after eleven years (implan-
ted in 2008, failed and removed in 2019). The operation
was performed at Orthopaedic clinic of University hospi-
tal and Jessenius faculty of medicine of Comenius Uni-
versity in Martin, Slovakia.

The fractured endoprosthesis was surgically extracted
from the patient's left leg. Experiments were implemented
to clarify the causes of the fracture. Microstructures of
both parts and neck were examined by endoprosthesis
using a NEOPHOT 32 light microscope. The samples
were metallographically prepared with TEGRAPOL 15
and etched with 10 % HF. Furthermore, Surface of
fracture was observed on TESCAN VEGA LMU2-
emission scanning electron microscope (SEM). The
examined samples were made from titanium alloy
Ti6Al4V, which was confirmed by spectral analysis (Fig.
2). Microhardness was measured using a ZWICK
ROELL with a load of 0.5 HV.
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Fig. 2 Spectral analysis of endoprosthesis

3 Results and discussion The study of microstructure confirmed the divergence
changes in the items of implant. The neck part of the pro-
sthesis (Fig. 3) was made by casting. The microstructure
of the sample is very fine-grained. The stem part (Fig. 4)
was forged to the desired shape. The different
microstructures are caused by different methods of manu-
facturing.

Titanium exists in two allotropic forms. At low tem-
peratures, it has a close-packed hexagonal crystal
structure, which is known as o. Whereas above 882 °C it
has a body-centered cubic structure known as p. From a-
to B- transformation temperature of pure titanium either
increases or decreases based on the nature of the alloying
elements, either alpha stabilizers (Al, O, N, etc.) or beta
stabilizers (V, Mo, Nb, Fe, Cr, etc.). The existence of a or
B transformation means that a variety of microstructures
and property combinations can be achieved in the alloy
through thermomechanical processing. [3]

3.1 Microstructure

a)25x magnification, etched 10%HF

1 b

b) 500x magnification, etched 10%HF a)25x magnification, etched 10%HF
Fig. 3 Microstructure of stem
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b) 500x magnification, etched 10%HF
Fig. 4 Microstructure of neck
3.2 Microhardness

By measuring the hardness of the neck of endopro-
sthesis specimen, 49 points were determined in a horizon-
tal direction with a 250 um spacing of the individual in-
dentations. The hardness values of this specimen ranged
from 201 HV to 353 HV. The average microhardness va-
lue was 309.47 HV 0.5. The measurement was linear
along with the whole sample.

To measure the hardness of the stem of endoprosthesis
determination of 30 points in the horizontal direction. The
interval at which the hardness values were varied was 243
HV to 341 HV. The calculated average hardness of the
endoprosthesis stem sample was 301.9 HV.

Comparaison the average hardness values of the indi-
vidual specimensa aproved that the neck sample of the
endoprosthesis has slightly higher hardness values than
that of the endoprosthesis stem.

Vickers' hardness HV 0.5
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Fig. 8 Vickers’ microhardness HV 0.5

3.3 Fractography of fracture surface

The overall view of the neck of the endoprosthesis is
considered to be fatigue (Fig. 5a). The area is divided into
fatigue portion and a part to failed statically. The border
has a width and it is not possible to precisely determine
the boundary line. Fatigue started at the place with the
highest stress concentration - initiation of fatigue crack
(Fig. 5b).

Study of material properties by SEM confirmed den-
dritic structure (Fig. 6a) detectable also on the optical
microscope. When analyzing the fatigue area of the neck
of the endoprosthesis, transcrystalline ductile failure with
fatigue lines-striations (Fig. 6b) were investigated. It is
confirming the occurrence of fatigue material during
stress.

SEM HV: 30.00 kV MICh
WD: 23.57 mm Det: SE Detector
SEM MAG: 15 x Date(m/dfy): 01/25/19

VEGAW TESCAN
v

Digital Microscopy Imagingn

a) general view

VEGAW TESCAN
WD: 25.09 mm 8
SEM MAG: 100 x

Det: SE Detector 500 ym
Date(m/dAy): 01/25/19

Digital Microscopy Imagingn
b) the place of inicialization of fatigue
Fig. 5 Surface of the fracture
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Secondary cracks were confirmed on the fracture sur-
face. Their orientation is influenced by the linearity of the
structure. Existing oxide layer fragments demonstrated
the presence of corrosion. At the bottom, chlorides and
oxides of titanium were proved by the BSE method.
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Fig. 6 Fractography of fracture surface

4 Conclusion

The results suggest that while fatigue properties of
medical-grade titanium are very good, the ISO pre-clini-
cal dura-bility testing standard does not represent the in-
fluence of femoral offset or stem. Size sufficiently to re-
flect safe design practice. This research demonstrates that

the main causes of prosthesis failure are manufacturing
inaccuracies and micromotions at the stem-neck inter-
face. At these points, stress is concentrated and a fatigue
crack is created, which leading to material failure. The
largest micromotions were observed at the lateral edge of
the stem—neck taper connection, which is in accor-dance
with the crack location. In the case of normal walking, the
lifespan of the damaged implant is long, but at higher lo-
ads (running, climbing up the stairs) the lifespan of an im-
plant is significantly shorter.
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