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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ_ also take part in the work 1SO collaborates closely wit
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting."Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

[«

rawn to the possibility that some of the elements of this document may be the subject of ¢
pall not be held responsible for identifying any or all such patent rights.

vas prepared by Technical Committee ISO/TC 106, Dentistry, Subcommittee SC 8, L[

mension 50 mm.

jards
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d version of ISO 14801:2003 incorporates a change.in 5.2.4 of the incorrect dimension 5 mm to
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Dentistry — Fatigue test for endosseous dental implants

1 Scope

This
the t
sizes

Whilg
prost
predi
endo

ansmucosal type. It is most useful for comparing endosseous dental implants of differe

it simulates the functional loading of an endosseous dental implant body. and its prern
hetic components under “worst-case” conditions, this International Standard is not a

5seous dental implants are used for a prosthesis.

2

The following referenced documents are indispensable for.the application of this documen

refer
docu

ISO 1
ISO 1
ISO
ISO 4

ISO 7
comq

3

For 1
follow

Terms and‘definitions

ormative references

nces, only the edition cited applies. For undated¢references, the latest edition of th
ment (including any amendments) applies.

099, Metallic materials — Fatigue testing — Axial force controlled method

942-1, Dental vocabulary — Part 1: General and clinical terms

696, Water for analytical laboratory use — Specification and test methods
965, Axial load fatigue testing-mmachines — Dynamic force calibration — Strain gauge techn
500-1, Metallic materials’ — Verification of static uniaxial testing machines — Par

ression testing machines — Verification and calibration of the force-measuring system

he purposés of this International Standard, the terms and definitions given in ISO 194
ingapply.

nternational Standard specifies a method of fatigue testing of single-post endosseous dential implants of

t designs or

hanufactured
pplicable for

Cting the in vivo performance of an endosseous dental implant or prosthesis, particulafly if multiple

t. For dated
b referenced

que

1: Tension/

2-1 and the

31

endosseous dental implant
device specially designed to be placed surgically within the bones surrounding the oral cavity, the primary
purposes of which are to support and to resist displacement of a dental prosthesis

NOTE 1

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

endosseous dental implant body
primary single component or portion of an endosseous dental implant that is intended to remain within tissue

3.3

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

34
load-cycle d
diagram suni
the applied Iq

See Annex A.

4 Gener

4.1 Finish
Testing shall
have underg
intends for tH
carried out a
specified ste
necessary pf

4.2 Multi-

A multi-part
endosseous
components
manufacture
tightened to
recommendsg

4.3 Worst

If a part of
manufacture
of worst case

of the dependent prosthesis

marizing the fatigue properties of an endosseous dental implant by showing, for each.va
ad amplitude, the number of cycles endured by each specimen at the time of failure

al principles

ed-device testing

be performed on specimens that are representative of the finished device (i.e. component
bne the same manufacturing process as the device that is.to be marketed). If the manufa
e endosseous dental implant to be sterilized by the clinician prior to surgery, sterilization sh

rilization method has no significant effect on the properties being tested, then sterilization
jor to testing.

part endosseous dental implants

dental implant component recommended by its manufacturer to be used in conjunction
of another manufacturer shall -be tested as assembled according to the recomme
‘s statement. If a multi-part-device is assembled by means of screw joints, then these sh
he manufacturer’s recommended torque using a device that provides torque within +5 %
d value. The tightening-sequence shall be as recommended by the manufacturer.

-case testing

the endosseous dental implant is available in various dimensions and/or configurations
- shall cafry out the testing for the worst-case situation within the recommended use. The ¢
shall bejustified and documented.

ue of

5 that
cturer
all be

5 specified in the manufacturer’s instructions for use before testing. If there is evidence that the

s not

endosseous dental implant shall be\tested as assembled according to its intended us¢. An

with
nding
Bl be
pf the

, the
hoice

5 Test method

5.1

Testing machine

The testing machine shall have the following characteristics:

accordance with ISO 7500-1 and 1SO 4965);

be capable of applying the load at the specified frequency;

be capable of applying the specified load with an error not exceeding +5 % at maximum load (in
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— 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.
5.2 Loading geometry
5.2.1 The loading force (F, see Figure 1) of the testing machine shall be applied in such a way that

— no lateral constraint occurs,

— me loading centre (Point C, Figure 1), being the intersection of the loading axis (Line AB)with the axis of
e endosseous dental implant (Line DE), is well defined.

NOTH These requirements are met by the test set-up shown schematically in Figure 1.
Dimension$ in millimetres
F
l 304
, D
1 A

Key

1 Idading device

2 nominal bone level

3 abutment

4 hemispherical loading member

5 dental implant body

6 specimen holder

a Shall be allowed free movement transverse to loading direction.
b Seeb5.2.6.

Figure 1 — Schematic of test set-up

© 1SO 2003 — Al rights reserved 3
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5.2.2 The endosseous dental implant shall be clamped such that its axis makes a 30° + 1° angle with the
loading direction of the testing machine (see Figure 1). The maximum bending moment in the implant can be
calculated as

M=05xFxI
where
M is the bending moment;
F is the applied loading force;
[ is the distance from clamping plane to loading centre, C.
5.2.3 The [oading force of the testing machine shall be applied through a hemispherical loading me

attached to ¢r placed over the free end of the endosseous dental implant. The loading centre; which

centre of the

5.24 The
the loading g
to the hemis
the magnitug
junction of th
from the hen

5.2.5 For

hemisphere, shall be on the axis of the endosseous dental implant.

oading force shall be applied to the hemispherical loading member by a(plane surface norn
irection of the machine. The member containing the plane surface thatapplies the loading
bherical loading member shall be unconstrained in the transverse direction, so as to not rg

mber
s the

hal to
force
duce

e of the applied load. This shall be accomplished by means of a universal joint or a pin at the

e loading member and the test machine structure. The junction, shall be located at least 5
ispherical loading member.

an endosseous dental implant that lacks rotational "symmetry around the axis of no

prosthetic lo
use of the i

5.2.6 If th
situation sha

5.3 Speci

5.31 The
material is us
shall be sucH
as not to def

5.3.2 The
level as sped

NOTE Fd
a steady-state

5.3.3 The

ding, the loading geometry shall be selected to test-thé worst case compatible with the intsg
plant. The choice of worst case shall be justified and-documented.

nominal bone level is not specified in the\manufacturers’ instruction for use, the worst
| apply.

men holder

bone-anchoring part of the specimen shall be fixed in a rigid clamping device. If an embe
ed, it shall have a modulus of ‘elasticity higher than 3 GPa. The geometry of the clamping d
that the testing geometry specified in 5.2 is achieved. The clamping device shall be design
brm the test specimen(

device shall clamp_the specimen at a distance 3,0 mm + 0,1 mm apically from the nominal
ified in the manufacturer’s instructions for use (see Figure 1).

r many efdosseous dental implants, it is known that the marginal bone will retract following implanta
level. Thedistance 3,0 mm is chosen to provide a worst case with respect to bone retraction.

ffee end of the endosseous dental implant shall be provided with a hemispherical lo

D mm

minal
nded

rcase

dding
evice
bd so

bone

ion to

hding

member to achieve Ioad application as specified In 5.2. The surface of this member interfacing wit
endosseous dental implant shall be designed such that the load is applied to the implant in the same way as
the prosthetic load would be applied. The dimensions of the loading member shall be chosen to define a
distance /= 11,0 mm + 0,1 mm from the centre of the hemisphere to the clamping plane (see Figure 1). In the
case of a long endosseous dental implant, for which /= 11,0 mm cannot be readily achieved, a larger value
for / may be chosen. The choice shall be justified and documented.

5.4 Testing environment

h the

For endosseous dental implants 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 water of
Grade 2 according to ISO 3696, in normal saline or in physiologic medium. The fluid and the test specimen

© ISO 2003 — Al rights reserved
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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 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 laid down in ISO 1099 shall apply.

5.6.2] Generate a load-cycle diagram by testing specimens at a series of loads untib a lower linit is reached
at whjich at least three specimens survive and none fail in the specified number of cycles (2 x 1

tests
<15
same
four |

5.6.3
yieldi

maximum load at which the endosseous dental implant.'System will withstand 5 x 106 ¢

frequ
no fa

6
In the

a) i

Test report

conducted at frequencies < 2 Hz, or 5 x 106 cycles for tests condugtéd at frequencies

test geometry. At least two, and preferably three, specimens shall be tested to failure at ea

Identify the critical failure point and the location of failure”initiation. Failure is defineg
hg, permanent deformation or fracture of any component. Draw the load-cycle curve

encies < 2 Hz, 2 x 108 cycles. At least three speciméns shall reach the specified number ¢
lures. Calculate the nominal static bending moment;-M, as defined in 5.2.2, corresponding ¢

test report, the following shall be addressed:
Hentification 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);
— manufactarer(s);
— material(s) of the tested parts, including any coating material(s) and other surface treatm

—~ " diameter and length of the endosseous dental implant body;

bads. Measure the distance from the loading centre (Figure 1) tothe-section of critical failureg.

06 cycles for
>2 Hz and

Hz, see 5.5). An appropriate starting load is 80 % of the load to failure.in"a static test performped using the

ch of at least

as material

to show the
cles or, for
f cycles with
this load,.

ents;

— geometric dimensions of the connecting part(s);

— description and dimensions of the joints between the endosseous dental implant b
connecting part(s), and between the connecting part(s) and the functional loading structure.

b) intended use of the endosseous dental implant;

c) reference to this International Standard;

ody and the

d) 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;

© IS0

2003 — All rights reserved
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e)

)]

h)

in the ca

se of an endosseous dental implant lacking rotational symmetry (see 5.2.5), the rationale for the

selection of loading geometry;

in the case of / # 11 mm (see 5.3.3), the rationale for choice of the value of /;

description of the specimen holding geometry and material, including the modulus of elasticity of any

embeddi

ng medium;

in the case of a multi-part endosseous dental implant, the characteristics of assemblage [including
assembly torque(s) of any component screw(s)];

descriptipmofthetremisphericattoadingmember,inctuding-its—sphericat radius,and-theratiomateor its

design;

loading frequency;

testing gnvironment, including medium (saline, water or air) and temperature;

results gf dynamic testing (see Annex A):

— load-cycle diagram,

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

— tabulation of test load, number of cycles to failure or tefmination, and description and locatipn of
critical failure point for each test specimen,

— nonpinal bending moment for the maximum endurable load (see 5.6.3).

© ISO 2003 — Al rights reserved
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Annex A
(informative)

Load-cycle diagram

Fatigue testing of materials or devices is carried out at cyclically varying load 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 load amplitude. The results are
summarized by representing in a diagram the number of load cycles endured by each spgcimen (on a
logar|thmic scale) and the corresponding load amplitude (on a linear scale). This yields the Jgad-=qycle diagram
for the test object (see example in Figure A.1).

From| the load-cycle diagram, the fatigue limit of the object can be determined, being-the maximum load for
which fatigue does not occur even at an infinite number of loading cycles (or af)the number of cycles, n,

selegted for termination of each test that does not result in failure). Each point represents the|results for a
specimen of the test object. Fi| is the fatigue limit load, and ng is defined for this test as 5 x 106 [cycles or, for
frequency < 2 Hz, 2 x 106 cycles. Arrows represent specimens that did not-fail and were remoyed from test
upon|reaching ng.
=
kel
®
S le \l
AN
N
N
@ \ 4
\\\\
BERE: ® >
Fe [
10000 100 000 1000 000 10 000 000
ne
Number of cycles, n

Figure A.1 — Example of a load-cycle diagram for tests run until 5 x 106 cycles
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