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National foreword

This standard has been prepared by Technical Committee ISO/TC 106 “Dentistry” in collaboration with
Technical Committee CEN/TC 55 “Dentistry” (Secretariat: DIN, Germany).

The responsible German body involved in its preparation was the Normenausschuss Dental (Dentistry
Standards Committee), Technical Committee NA 014-00-21 AA Dentalimplantate.

The DIN Standards corresponding to the International Standards referred to in clause 2 of the EN are as
follows:

ISO 1942 DIN EN ISO 1942
ISO 7500-1 DIN EN ISO 7500-1

Amendments

This standard differs from DIN EN ISO 14801:2003-12 as follows:

a) The method of test has been extended to include pre-angled connecting parts.
Previous editions

DIN EN ISO 14801: 2003-12

National Annex NA
(informative)

Bibliography
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Foreword

This document (EN ISO 14801:2007) has been prepared by Technical Committee ISO/TC 106 "Dentistry" in
collaboration with Technical Committee CEN/TC 55 “Dentistry” the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by May 2008, and conflicting national standards shall be withdrawn at the
latest by May 2008.

This document supersedes EN ISO 14801:2003.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

Endorsement notice

The text of ISO 14801:2007 has been approved by CEN as a EN ISO 14801:2007 without any modification.
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1 Scope

This International Standard specifies a method of fatigue testing of single post endosseous dental implants of
the transmucosal type and their premanufactured prosthetic components. It is most useful for comparing
endosseous dental implants of different designs or sizes.

While this International Standard simulates the functional loading of an endosseous dental implant body and
its premanufactured prosthetic components under “worst case” conditions, it is not applicable for predicting the

in vivo performance of an endosseous dental implant or prosthesis, particularly if more than one implant is
used for a prosthesis.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1099, Metallic materials — Fatigue testing — Axial force-controlled method

ISO 1942 (all parts), Dental vocabulary

ISO 4965, Axial load fatigue testing machines — Dynamic force calibration — Strain gauge technique

ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part1:
Tension/compression testing machines — Verification and calibration of the force-measuring system

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1942 and the following apply.

31

endosseous dental implant system

device that consists of integrated components including the ancillary instruments and specific equipment
necessary for the clinical and laboratory preparation and placement of the implant, and for the construction
and insertion of the dependent prosthesis

NOTE 1  In addition to providing resistance to displacement of a dental prosthesis, an endosseous dental implant may
be used as an anchorage for orthodontic appliances.

NOTE 2 An endosseous dental implant may consist of one or more parts.

NOTE 3  The term dental prosthesis includes crowns and fixed and removable prostheses.
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3.2

load-cycle diagram

diagram summarising the fatigue properties of an endosseous dental implant by showing for each value of the
applied peak load the number of cycles endured by each specimen at the time of failure

See Annex A.

4 General Principles

4.1 Finished device testing

Testing shall be performed on specimens that are representative of the finished device (i.e., components that
have undergone the same manufacturing process and sterilization as the device that is to be marketed). If the
manufacturer intends the endosseous dental implant to be sterilized by the clinician prior to surgery,
sterilization shall be carried out as specified in the manufacturer’s instructions for use before testing. However,
if there is evidence that the specified sterilization method has no significant effect on the properties of all the
materials of the specimens being tested, then sterilization is not necessary prior to testing.

4.2 Multi-part endosseous dental implants

A multi-part endosseous dental implant shall be tested as assembled according to its intended use.
An endosseous dental implant component recommended by its manufacturer to be used in conjunction with
components of another manufacturer shall be tested as assembled according to the recommending
manufacturer’s statement. Where a multi-part device is assembled by means of screw joints, then these shall
be used according to the manufacturer's recommendations and shall be tightened to the manufacturer's
recommended torque using the equipment (screw driver, torque wrench) which is provided together with the
implant system or using a device that provides torque within + 5 % of the recommended value if no original
instruments are available. The tightening sequence shall be as recommended by the manufacturer.

4.3 Worst-case testing
If a part of the endosseous dental implant system is available in various dimensions and/or configurations,

testing shall be carried out for the worst-case conditions within the recommended use. The choice of worst
case shall be justified and documented.

5 Test methods

5.1 Testing machine
The testing machine shall:

— be capable of applying the prescribed load with an error not exceeding +5 % at maximum load
(in accordance with ISO 7500-1 and ISO 4965);

— be capable of applying the load at the prescribed frequency;

— include instrumentation to monitor the values of maximum and minimum loads and loading frequency and
to detect failure of the specimen;

— be capable of recording the number of loading cycles during the test.
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5.2 Loading geometry
5.2.1 The loading force, F, (see Figures 1 and 2) of the testing machine shall be applied in such a way that:
— no lateral constraint occurs;

— the loading centre (Point C in Figures 1 and 2) is well-defined, such that the moment arm, y, can be
measured or calculated.

5.2.2 For dental implant systems that include no pre-angled connecting parts, these requirements will be
met by the test set-up shown schematically in Figure 1.

Dimensions in millimetres

F

Key

loading device [shall be allowed free movement transverse to loading direction (see 5.2.6))
nominal bone level (see 5.3.2)

connecting part

hemispherical loading member

dental implant body

specimen holder

OO bE WN -

Figure 1 — Schematic of test set-up for systems with no pre-angled connecting parts

5.2.3 An endosseous dental implant from a system that includes no pre-angled connecting parts shall be
clamped such that its axis makes a 30 +2 angle with the loading direction of the testing machine
(see Figure 1).

5.2.4 An endosseous dental implant body of a system that includes pre-angled caonnecting parts shall be
clamped such that the angle with the loading direction of the testing machine is 10'[:?) greater than the angle
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between the implant axis and the axis of the angled portion of the connecting part, designated as « in
Figure 2. This represents a simulated undercorrection of 10°. The loading method shall be the same as that
shown in Figure 1. The loading centre shall be located at the intersection of the central longitudinal axis of the
free end of the connecting part and the plane normal to the longitudinal axis of the implant and located 11 mm
(/in Figure 2) from the support level of the implant.

Dimensions in millimetres

Key

loading device [shall be allowed free movement transverse to loading direction (see 5.2.6)]
nominal bone level (see 5.3.2)

connecting part

hemispherical loading member

dental implant body

specimen holder

O OB WN -

Figure 2 — Schematic of test set-up for systems with pre-angled connecting parts

5.25 The loading force, F, of the testing machine shall be applied through a deformation-resistant loading
member with a hemispherical contact surface for load transfer, attached to or placed over the free end of the
connecting part. For endosseous dental implant systems that include no pre-angled connecting parts, the
loading centre, which is the centre (C) of the hemisphere, shall be on the central longitudinal axis of the
endosseous dental implant. For endosseous dental implant systems that include pre-angled connecting parts,
the loading centre shall be on the central longitudinal axis of the free end of the connecting part.
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5.26 The loading force shall be applied to the hemispherical loading surface by a loading device with a
plane surface normal to the loading direction of the machine. The loading device shall be unconstrained in the
transverse direction, so as to not reduce the magnitude of the applied bending moment. This shall be
accomplished by means of a universal joint or point contact at the junction of the loading member and the test
machine structure. The junction shall be located at least 50 mm from the hemispherical loading surface.

5.2.7 The hemispherical loading surface and the surface of the loading device shall be examined visually
after each test to ensure that permanent deformation has not occurred. If permanent deformation is observed,
the deformed component shall be replaced and the test shall be repeated.

5.2.8 For an endosseous dental implant body and/or connecting part that lacks rotational symmetry around
either the central longitudinal axis of the implant body or the axis of nominal prosthetic loading, the loading
geometry shall be selected to test the worst case compatible with the intended use of the implant. The loading
geometry shall be justified and documented.

5.3 Specimen holder and load application

5.3.1 The bone-anchoring part of the specimen shall be fixed in a rigid clamping device. If an embedding
material is used, it shall have a modulus of elasticity higher than 3 GPa. The geometry of the clamping device
shall be such that the testing geometry specified in 5.2 is achieved. The clamping device shall be designed so
as not to deform the test specimen.

5.3.2 The device shall clamp the specimen at a distance 3,0 mm + 0,5 mm apically from the nominal bone
level as specified in the manufacturer’s instructions for use (see Figures 1 and 2). If the nominal bone level is
not specified in the manufacturer’s instructions for use, the worst-case situation shall apply.

NOTE For many endosseous dental implants, it is known that the marginal bone level can move apically following
implantation to a relatively steady-state level. The distance of 3,0 mm is chosen to provide a representative case with
respect to bone loss.

5.3.3  For dental implant systems that do not include pre-angled connecting parts, the dimensions of the
loading member, as specified in 5.2.4, shall be chosen to define a distance / = 11,0 mm + 0,5 mm from the
centre (C) of the hemisphere to the clamping plane (see Figures 1 and 2). The moment arm, y, is defined as
I x sin 30°. For the standard configuration, the moment arm is 0,5 x /, or 5,5 mm. In the case of a long
endosseous dental implant, for which /=11 mm cannot be readily achieved, a larger value for / may be
chosen. The choice shall be justified and documented.

Bending moment, M, is defined by the expression
M=yxF

For the case illustrated in Figure 1, bending moment is
M=05xIxF

or, when /=11 mm and F is expressed in newtons,
M=5,5 x F(N-mm).

5.3.4 For endosseous dental implant systems which include pre-angled connecting parts, the free end of
the connecting part shall be provided with a hemispherical loading member, the centre of which lies on the
central longitudinal axis of the free end of the connecting part and is / = 11,0 mm + 0,5 mm from the support
level of the implant, measured on a line parallel to the central longitudinal axis of the implant body, as shown
in Figure 2. The moment arm, y (see Figure 2) may be measured directly from the test specimens and fixtures
or may be calculated. In the case of an endosseous dental implant body and connecting part for which /= 11
mm cannot be readily achieved, a larger value for / may be chosen. The choice shall be justified and
documented. Bending moment, M, may be calculated from the measured or calculated value of y as

M=yxF,

and should be reported in N-mm.
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5.4 Testing environment

For endosseous dental implant systems that include materials in which corrosion fatigue has been reported or
is expected to occur, or for systems that include polymeric components, testing shall be carried out in normal
saline or in an alternative physiologic medium. The fluid and the test specimen shall be kept at 37 C+2 C

during the testing. For all other systems, testing may be conducted in air at 20'C +5 C. The testing
environment shall be justified and reported.

5.5 Loading frequency and wave form

Fatigue testing shall be carried out with a unidirectional load. The load shall vary sinusoidally between a
nominal peak value and 10 % of this value.

The loading frequency shall be no more than 15 Hz. Testing in liquid media shall be conducted at frequencies
< 2Hz.

5.6 Procedure

5.6.1 The general principles for fatigue testing as described in ISO 1099 shall apply.

5.6.2 Generate the data for a load-cycle diagram at a series of loads, until a lower limit (maximum endured
load) is reached at which at least three specimens survive and none fails in the specified number of cycles.
Plot the measured points in a load-cycle diagram. If testing is conducted at frequencies < 2 Hz, testing shall
be conducted to 2 x 108 cycles. For testing conducted at frequencies > 2 Hz, testing shall be conducted to 5 x
108 cycles. An appropriate starting load is 80 % of the load to failure in a static test performed using the same
test geometry. Subsequent tests typically are performed at lower loads, resulting in a curve similar to that
shown in Annex A. At least two, and preferably three, specimens shall be tested at each of at least four loads.
Measure the distance from the loading centre (C in Figure 1 and Figure 2) to the section of critical failure.
5.6.3 Identify the critical failure point and the location of failure initiation. Failure is defined as material
yielding, permanent deformation, loosening of the implant assembly or fracture of any component. Draw the
Ioad—cxcle curve to show the maximum load at which the endosseous dental implant system will withstand
5 x 10° cycles or, for frequencies < 2 Hz, 2 x 10° cycles (maximum endured load). Every specimen (at least

three) tested at the maximum endured load shall reach the specified number of cycles with no failures.
Calculate the maximum bending moment, M, (see 5.3.3 or 5.3.4) corresponding to this load.

6 Reporting

6.1 The test report shall include full details of all aspects of the test apparatus, the test specimens, the
procedures followed, and the results obtained, with particular attention to 6.1.1.to 6.1.15.

6.1.1 Identification of the endosseous dental implant and its components, in particular:

— type of endosseous dental implant body (e.g., threaded, tapered, cylindrical);

— type of connecting part(s) (e.g., screw-retained, cemented, taper-fit, cylindrical, conical);

— manufacturer(s);

— part and lot numbers of the tested parts;

— material(s) of the tested parts, including any coating material(s) and other surface treatments;
— diameter and length of the endosseous dental implant body;

— geometric dimensions of the connecting part(s) including the angle, a, of the pre-angled connecting part;
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— description and dimensions of the joints between the endosseous dental implant body and the connecting
part(s), and between the connecting part(s) and the functional loading structure.

6.1.2 Intended use of the endosseous dental implant.
6.1.3 Reference to this International Standard, i.e. ISO 14801:2007.

6.1.4 In the case of an endosseous dental implant available in various dimensions and/or configurations
(see 4.3), the rationale for choice of test specimens.

6.1.5 In the case of an endosseous dental implant lacking rotational symmetry (see 5.2.8), the rationale for
the selection of loading geometry.

6.1.6 The moment arm, y.

6.1.7 The values of all geometric measurements and calculations used to determine the moment arm.

6.1.8 The geometric location of the nominal bone level used to establish the clamping location. If the
nominal bone level is not specified in the manufacturer’s instructions for use, the justification for the choice of
nominal bone level for testing purposes.

6.1.9 Inthe case of / # 11 mm (see 5.3.3 or 5.3.4), the rationale for choice of the value of /.

6.1.10 Description of the specimen holding geometry and material, including the modulus of elasticity of any
embedding medium.

6.1.11 In the case of a multi-part endosseous dental implant, the characteristics of assemblage [including
assembly torque(s) of any component screw(s)).

6.1.12 Description of the hemispherical loading surface, including its spherical radius, and the rationale for its
design.

6.1.13 Loading frequency.

6.1.14 Testing environment, including medium (e.g., normal saline, water or air) and temperature.

6.1.15 Results of dynamic testing (see Annex A):

— load-cycle diagram;

— maximum endured load at 5 x 108 cycles or, for tests at frequency < 2 Hz, 2 x 108 cycles (fatigue limit);

— tabulation of testing load, number of cycles to failure or termination, and description and location of critical
failure point for each test specimen;

— maximum bending moment, M, for the maximum endured load (see 5.6.3).
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Annex A
(informative)

The load cycle diagram

Fatigue testing of materials or devices is carried out at cyclically varying loads of predetermined amplitude,
and the number of load cycles until failure occurs is recorded. The fatigue properties of the test object are
determined by testing a number of specimens at different values of the peak load. The results are summarised
by representing, in a diagram, the number of load cycles endured by each specimen (on a logarithmic scale)
and the corresponding peak load (on a linear scale). This yields the load-cycle diagram for the test object.

An example of such a diagram is given in Figure A.1.

From the load-cycle diagram the fatigue limit of the object can be determined, being the maximum peak load
for which fatigue does not occur even at an infinite number of loading cycles (or at the number of cycles, ng,
selected for termination of each test that does not result in failure). Each point represents a specimen of the
test object. L is the fatigue limit, and ng is defined for this test as 5 x 106 cycles or, for frequency < 2 Hz,
2 x 108 cycles.

YA
L F
10° 10’ X
e

Key
X number of cycles, N
Y peak load in newtons
+ fractured samples
O surviving samples

NOTE Medium: normal saline; temperature: 37 °C; frequency: 2 Hz; ng: 2 x 108 cycles

Figure A.1 — Example of a load-cycle diagram for tests run until 2 x 106
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Abstract

Equal channel angular pressing ( ECAP) as one of the most important methods of
severe plastic deformation, has a significant effect on enhancing the strength of
light metals. Today, titanium implants are widely used due to the good
biocompatibility, specific strength, toughness, formability and machinability. In
this thesis, fabrication of an endosseous dental implant fix ture using commercially
pure titanium grade 2, proceed by hot ECAP has been investigated. The new design
of ECAP die with 90° channel angle resolves the problem of unwanted metal flow
in die parting line which leads to excessive load and workpiece adhesion. After
trial and errors, by using the solid film of copper foil and mixed film lubricant of
molybdenum disulfide, the ECAP process was performed at 240 °C up to 4 passes
successfully. By carrying out the micro-hardness test in different points of cross
section it has been revealed that increasing the passes of ECAP leads to increasing
the hardness and homogeneity, simultaneously. Also axial compression test
showed that the maximum improving rate of yield stress happens at first ECAP
pass and it continues with lower rate at subsequent stages. The temperature
reduction at final step plays an important role for attaining simultaneous high
strength and toughness. SEM images show that the first ECAP pass has the greatest
effect on the grain refinement and the its rate has been decreased in subsequent
passes. Furthermore, in comparison with similar studies the presented ECAP
tooling results in more strength improvement, significantly. After achieving the
optimum condition of process, dental implants fabricated by a precision machining
method with a special CNC machine using as-received and ECAPed specimen. In
order to evaluate the performance of the implant, mechanical tests were
performed according to ISO 14801. The cell culture test was performed to
investigate the biocompatibility properties. Also, SEM imaging of fracture zone was
carried out. The results indicated an improve in biocompatibility and mechanical
strength using implants fabricated by ECAP process.

Keywords: Commercially pure titanium, Dental implant, Ultra-fined Grained
( UFG) Severe Plastic Deformation (SPD), Hbt Equal Channel Angular Pressing
( ECAP)
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