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1. INTRODUCTION AND OBJECTIVES
The objective of this report is to evaluate the results of the static resistance test and the fatigue
tests of the Modular Partial Prosthesis (MPP) developed for the company Desarrollos Biomecánicos
Innovasan, S.L. under the project PROY17 / 0075, by the Institute of Biomechanics (IBV).
The tests have been requested by company, Desarrollos Biomecánicos Innovasan, S.L.,
with registered address at C/ Boulevard Vicente Blasco Ibáñez 32, 1ª B, 12003 - Castellón de La
Plana, Spain.

2. METHODS AND MATERIAL
The MPP is a hip hemiarthroplasty device made in titanium alloy (Ti6Al4V ELI) which is composed of
(see Figure 1):
• Diaphyseal component
• Metaphyseal component
• Locking screw for metaphyseal component
• Femoral head
• Distal locking screw

Figure 1. PPM and its PPM components

The plans for the different parts that make up the implantable device can be found at the back of
this document.
The tests have been carried out following their own methodology. The description of the tested
material, test conditions and results are gathered in the laboratory tests reports of the Institute of
Biomechanics (IBV) annexed to this report:
• Static test. Code: ‘190047 - PROY17 / 0075’. Title: ‘Hip hemiarthroplasty Implant
(PPM). Static resistance test. ’
• Fatigue tests. Code: ‘190048 - PROY17 / 0075’. Title: ‘Hip hemiarthroplasty Implant
(PPM). Fatigue test. ’
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3. RESULTS AND DISCUSSION
3.1. STATIC TEST
3.1.1. Results
The maximum force reached by the tested set was 9.789 N. After the test,
a permanent deformation in the diaphyseal component (similar to an intramedullary nail) is
observed (Figure 2).

Figure 2. Device status after static test. A permanent deformation
in the diaphyseal component can be visually appreciated.

Figure 3. Graphic Force vs. Displacement of the test

3.1.2. Discussion
Regarding the test methodology, the implant was inserted between the actuators of the
universal testing machine applying compression loads through the femoral head as indicated in
Figure 4.
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Figure 4. Static test

The distal end of the stem has been embedded in bone cement (PMMA) so that the axis of the stem
formed an angle of 10° with the vertical in the frontal plane and 9° in the lateral plane, leaving a free
distance of 80 mm below the centre of the femoral head. The test was carried out till sample failure
occurred.
Since the concept of the device is located between a trochanteric intramedullary nail and a hip
prosthesis, the device has been tested based on the methodology indicated in the ISO 7206-4: 2010
Standard (International Organization for Standardization): Implants for surgery - Partial and total hip
joint prostheses - Part 4: Determination of endurance properties and performance of stemmed
femoral components. For the symmetric stem assembly, a distance between the head and the distal
end of the stem (CT) between 120 mm and 250 mm was applied.
Regarding the test result, the maximum load value (9.789 N) represents 13 times the body weight
(BW) based on a weight of 75 kg. At the same time, a change in the slope is observed in the forcedisplacement curve (Figure 3) which would point to a creep phenomenon at a load of 2.465 N (3.3
BW).
The values of the loads in the hip joint are widely collected in the bibliography. Bergmann et al.
(2010) collect in their study a maximum average loads of between 1.100 N and 2.000 N for various
activities, such as bending the knee, going up and down stairs, walking, standing up, sitting, or
leaning on one leg. In the same study, certain maximum peak loads are collected between 2.600 N
and 4.200 N for the same activities and a load of 11.000 N in cases of stumbling.
Therefore, the maximum load borne by the MPP in the static test falls within the values measured in
most activities; being only lower in cases of stumbling. However, it should be noted that the
assembly chosen when doing the MPP test (based on ISO 7206-4: 2010 certification), would be a
more unfavourable situation than the case of a femoral stem for hip arthroplasty which is the object
of this certification, since the MPP transmits the loads also in the proximal part of the bone, which
does not exist in the proposed test concept.
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3.2. FATIGUE TESTS
3.2.1. Results
In the fatigue test with the device embedded only in its distal part, it borne 1.000.000 cycles without
failing.
In the fatigue test of the device implanted in synthetic femur, it borne 5.000.000 cycles without
failing.
3.2.2. Discussion
Two different test set-ups have been carried out. The first one is the same as in the static test and
the second one has been carried out by implanting the device in a synthetic bone.
3.2.2.1. Fatigue test (same assembly as in the static test)
In this case, the assembly is the same as in the case of the static testing. That is, the implant was
inserted between the actuators of the universal testing machine, applying the compression loads
through the femoral head as indicated in Figure 5.

Figure 5. Fatigue test.

The distal end of the stem was embedded in bone cement (PMMA) so that the axis of the
stem forms an angle of 10° with the vertical in the frontal plane and 9° in the lateral plane, leaving
a free distance of 80 mm below the centre of the femoral head. An alternating load of 822 N at 8 Hz
was applied until 1.000.000 cycles were reached or sample failure.
Therefore, our basis has been the assembly indicated in the ISO 7206-4: 2010 Standard
(International Organization for Standardization): Implants for surgery - Partial and total hip joint
prostheses - Part 4: Determination of endurance properties and performance of stemmed femoral
components.
The load in the test (822 N) was a third of the corresponding load in the change of slope in the static
tests (2.465 N) albeit not being a very low load. Similarly, the maximum amount of cycles was set at
1.000.000; a lower value than indicated in the ISO 7206-4: 2010 Standard (5.000.000 cycles). It
should be noted that, as it has been said before, the test set-up is unfavourable with respect to the
real situation once the device is implanted as it does not allow for the transmission of loads to the
bone in its proximal area; the implant is bearing all the loads and is being only embedded in its distal
part.
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In any case, the test has allowed us to verify that there are no signs of failure against cyclical loads
supported exclusively by the device.
3.2.2.2. Fatigue test of device implanted in synthetic bone
To carry out the test, the company’s specialists implanted the device in a synthetic bone
(SAWBONES® brand. Ref.: 3403-106 MEDIUM LEFT). Subsequently, the femur was embedded in
bone cement (PMMA) so that the axis of the femur formed an angle of 10° with the vertical in the
frontal plane and 9° in the lateral plane. The femur was embedded distally, leaving an embedment
level of 80 mm from the centre of the head. Cyclical loads of compression were applied through the
femoral head as indicated in Figure 6.

Figure 6. Assembly of fatigue test of
MPP implanted inside a synthetic bone

A cyclical load of 2.300 N max. was applied at 10 Hz frequency until reaching a total of
5.000.000 cycles or implant failure, whichever occurred first.
Regarding the synthetic bone, a femur composite was used from the fourth generation
SAWBONES® company. The cortex was simulated by resin (short fibre epoxy), and the trabecular
bone by using a 10 PCF density foam (pounds/ft³), lower than the density of a bone standard so that
it is closer to that of an osteoporotic bone (most unfavourable case). The head and part of the neck
were resected to simulate surgery.
Consequently, once the device was implanted in the synthetic bone, analogously to the surgical
process; the assembly was the same as in previous cases (angulation, level of embedment, load
application), based on the ISO 7206-4: 2010 Standard. The value of the load (2.300 N), the end of
test condition (5.000.000 cycles or failure), and load application were all adopted from such
standard.
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4 . CONCLUSIONS
• One static test and two fatigue tests have been carried out on the Modular Partial
Prosthesis (MPP).
• The static test assembly has been similar to that proposed by the ISO 7206-4: 2010
Standard for femoral stems. The maximum load supported by the MPP is within the values
measured in most of the activities reported in the literature. The assembly chosen to
perform the MPP test would be a more unfavourable situation than in the case of a femoral
stem for hip arthroplasty.
• A fatigue test has been carried out with the same assembly as in the static test; applying
a maximum alternating load with a value that represents a third of the corresponding load
in the change of slope of the static test. As the loads did not transmit to the patient as
expected, the assembly of the test is unfavourable with respect to the real situation. In any
case, the test has allowed us to verify that there are no signs of failure when cyclical loads
are borne exclusively by the device.
• A fatigue test of the device implanted in a synthetic bone has also been carried out,
analogous to the case of a patient. The assembly has also been carried out based on the
ISO 7206-4: 2010 Standard. The MPP has overcome the cycles (5 · 10⁶ cycles) and the
maximum alternating load (2.300 N) indicated in the standard.
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6. ANNEXES
• Static test. Code: ‘190047 - PROY17/0075’. Title: ‘Implant for hemiarthroplasty
(PPM) hip. Static resistance test.’
• Fatigue tests. Code: ‘190048 - PV17/0075’. Title: ‘Implant for hemiarthroplasty
(PPM) hip. Fatigue test.’
• Device detail plans.
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1. INTRODUCTION AND OBJECTIVES
The objective of this test is the evaluation of the static resistance in a hip hemiarthroplasty
implant.
The tests have been requested by BSC of IBV within the framework of the project
CUBERO_PROTESIS.

2. METHOD AND MATERIALS
The material tested, the description according to the petitioner and the number of units tested are
shown in the table below:
CODE

CLIENT’S DESCRIPTION

UNITS

MPP Prototype

MU19-0040E

[1]

Test samples will be returned to the client after the test has been carried out.
The test was carried out on 04/08/2019 under weather conditions of 21 degrees Celsius and 40%
humidity.
Receipt of the samples was made on 01/30/19.
The test has been carried out in an INSTRON 8874/146 universal test machine.
In order to carry out the tests, the implant was inserted between the actuators of the testing
machine applying compression loads through the femoral head as shown in the figure below:
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F

The distal end of the stem was inserted in bone cement (PMMA) so the shaft of the stem formed
an angle of 10º with the vertical in the frontal plane and 9º in the lateral plane, leaving a free
distance of 80 mm below the centre of the femoral head.
The test was carried out at an actuator displacement speed of 0.17 mm/s till sample failure.
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3. RESULTS
The maximum force reached by the implant is shown in the table below:

CODE

MU19-0040

MAXIMUM FORCE (N)

9789 N

OBSERVATIONS

[1]

[1] After carrying out the static resistance test, permanent deformation is observed in the
intramedullary nail in the changing section area (Figure 1).

The following chart shows the Force vs Displacement in the test.
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1. INTRODUCTION AND OBJECTIVES
The objective of this test is the evaluation of fatigue resistance of an implant in hip
hemiarthroplasty. To this end, fatigue tests of the implanted implant in synthetic femur and of
the implant are carried out.
The tests have been requested by BSC of IBV within the framework of the project
CUBERO_PROTESIS.

2. METHOD AND MATERIALS
The materials tested, the description according to the client, the test carried out and the number
of units tested are shown in the table below:

CODE

CLIENT’S DESCRIPTION

TEST

UNITS

Implant fatigue

[1]

Implanted implant
fatigue in synthetic
femur

[1]

MPP Prototype

MU19-0040E

Test samples will be returned to the client after completion.
Samples receipt took place on 01/30/19.
The methodology followed to carry out each of the tests is described below.

2. 1. Implant fatigue test
The test was carried out between 04/09/2019 and 04/11/2019 under weather conditions of 21°
Celsius and 39% humidity.
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The test was carried out with an INSTRON 8874/429 universal test machine.
To carry out the tests, the implant was inserted between the actuators of the test machine by
applying cyclical compression loads through the femoral head as indicated in the figure below:

F

The distal end of the stem was inserted in bone cement (PMMA) so that the shaft of the stem
formed an angle of 10° with the vertical in the frontal plane and 9° in the lateral plane, leaving a
free distance of 80mm below the centre of the femoral head.
Test conditions have been the following:
• The test was performed by compression force control; applying cyclical loads through a
haversine (rectified sinus). The maximum load applied was 822N, 739.8N of amplitude
and 82.2N preload.
• The frequency of application of the load was 8Hz.
• End of test takes place upon 1.000.000 cycles been reached or upon failure; whichever
occurs first.
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2. 2. Fatigue test of the implant implanted in synthetic femur
The test was carried out between 10/7/2019 and 10/14/2019 under weather conditions 22°
Celsius and 39% humidity.
The test was carried out in an INSTRON 8872/431 universal testing machine.
To carry out the test, the company’s specialist team, implanted the implant for hemiarthroplasty
in a synthetic femur (SAWBONES. Ref: 3403-106 MEDIUM LEFT). Afterwards, the femur was
inserted in bone cement (PMMA) so the axis of the femur formed an angle of 10° with the
vertical in the frontal plane and 9° in the lateral plane. The femur was embedded distally, leaving
a level of embedment of 80mm from the centre of the head. Cyclical compression loads were
applied through the femoral head as shown in the figure below:

F

Test conditions have been the following:
• The test was carried out by compression force control applying cyclical loads through
a haversine (rectified sinus). The maximum load applied was 2300N, 2070N amplitude
and 230N preload.
• The frequency of application of the load has been 10Hz.
End of test takes place upon 5.000.000 cycles been reached or upon failure; whichever happens
first.
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3. RESULTS
These are the following test results:

3. 1. Implant fatigue test
The implant borne 1.000.000 cycles without failing.

3. 2. Fatigue test of the implant implanted in synthetic femur
The implant borne 5.000.000 cycles without failure.
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