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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD

ISO 14801:2016(E)

Dentistry — Implants — Dynamic loading test for
endosseous dental implants

1

Scope

This International Standard specifies a method of dynamic testing of single post endosseous dental
implamtsof thetransmucosal ty pe i combimation with their premmanufactured prosretic
It is| most useful for comparing endosseous dental implants of different designs. 6r
Interjnational Standard is not a test of the fundamental fatigue properties of the matenials
the endosseous implants and prosthetic components are made.

This|International Standard is not applicable to dental implants with endosseous lengths ¢
8 mm nor to magnetic attachments.

While this International Standard simulates the functional loading of-an endosseous de

unde

endosseous dental implant or dental prosthesis, particularly if multiple endosseous dental §
used|for a dental prosthesis.

2
The

Normative references

following documents, in whole or in part, are hormatively referenced in this docunj

indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced.document (including any amendments) appl

ISO
ISO
ISO

1942, Dentistry — Terminology
16443, Dentistry — Vocabulary for dental implants systems and related procedure

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

ISO 1500-1, Metallic materials +— Calibration and verification of static uniaxial testing machin
Tension/compression testiigymachines — Calibration and verification of the force-measuring s

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 1942, ISO 164

following apply.

31

omponents.
sizes. This
from which

horter than

htal implant

r “worst case” conditions, it is not applicable for predicting the in vivo performance of an

mplants are

ent and are
For undated
es.

es — Part 1:
ystem

143, and the

nnnnnnnn

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 dental prosthesis

Note 1 to entry: In addition to providing resistance to displacement of an implant superstructure, an endosseous
dental implant may be used as an anchorage for orthodontic appliances.

Note 2 to entry: An endosseous dental implant may consist of one or more parts.

Note 3 to entry: The term implant superstructure includes crowns and fixed and removable prostheses, but
excludes implant abutments.
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prosthetic components
implant components to be used for two part implant or multi-part implant

Note 1 to entry: Implant abutments, dental implant connecting parts, abutment screws, and implant connecting
part screws are used as prosthetic components in this International Standard.

3.3

endosseous dental implant assembly
dental implant assembly for endosseous dental implant

3.4

load-cycle dliagram

diagram su
each value 9

Note 1 to ent

3.5
endosseouy
implant bod

4 Gener

4.1 Finis

Testing sha
componentg
that is to bg
by the clini
instructions
has no sign
sterilization

4.2 Multi

A multi-par
endosseous
with compo
manufactur
these shall
manufactur
is provided
the recommny

fificant effect on the properties ef'all the materials of the specimens being tested,

marizing the dynamic loading properties of an endosseous dental implant by showir
f the applied peak load the number of cycles endured by each specimen at the timeof fa

y: See Annex A.

dental implant body
y of endosseous dental implant

Al principles

hed device testing

1 be performed on specimens that are representative of the finished device (i.e. im
that have undergone the same manufacturing process and sterilization as the d

fian prior to surgery, sterilization shallbe carried out as specified in the manufacty
for use before testing. However, if theré is evidence that the specified sterilization meg

is not necessary prior to testing.

-part endosseous dental implants

endosseous dental implant shall be tested as assembled according to its intended us
dental implant cefiponent recommended by its manufacturer to be used in conjun
hents of another‘manufacturer shall be tested as assembled according to the recommer]
br’s statement>Where a multi-part device is assembled by means of screw joints,
be used accerding to the manufacturer’s recommendations and shall be tightened t
br’s recemmended torque using the equipment (implant screwdriver, torque wrench) v
together with the implant system or using a device that provides torque within +5
ended value if no original instruments are available. The tightening sequence shall

g for
ilure

plant
bvice

e marketed). If the manufacturer intends thee endosseous dental implant to be sterilized

rer’s
thod
then

e. An
ction
1ding
then
b the
rhich
% of
be as

recommend|

ed-by the manufacturer.

4.3 Wors

t-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. Guidance on how to choose the worst case

is givenin A

nnex B.
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5.1

ISO 14801:2016(E)

Test methods

Testing machine

The testing machine shall

5.2

5.2.
such|a way that

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

be capable of applying the load at the prescribed frequency,

imrctode—rstrumrentatiortommonitor—thevatues—of mmaximmom—arrdTmimimom toads pnd loading
frequency and to detect failure of the specimen, and

Ibe capable of recording the number of loading cycles during the test.
Loading geometry

1 The loading force (see Figure 1 and Figure 2, arrow F) of the testittg machine shall he applied in

mo lateral constraint occurs,

the position of the intersection of the loading axis (Line.AB) with the axis of the endos$eous dental
implant (Line DE), is well-defined, such that the momentarm (y) can be measured or calculated (see
Figure 1 and Figure 2).

© IS0 2016 - All rights reserved 3
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5.2.2 An endosseous dental implant from a system that includes only straight implant abutments shall
be clamped such that its central longitudinal axis makes a 30° + 2° angle with the loading direction of the
testing machine (see Figure 1).

Key
loading devicea

nominal pone levelb

implant abutment
hemisphgricalleading member
implant bady

specimen holder
force application

P 0N U W

Shall be allowed free movement transverse to loading
direction (see 5.2.5).

b See5.3.2.

Figure 1 — Schematic of test set-up for systems with no angulated implant abutments

5.2.3 An endosseous dental implant body of a system that includes angulated implant abutments shall
be clamped such that the angle with the loading direction of the testing machine is 10° + 2°/-1° greater

4 © IS0 2016 - All rights reserved
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than the angle between the central longitudinal axis of the implant and the central longitudinal axis of
the angled-portion of the abutment, designated as a 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 abutment and the plane normal to the longitudinal axis of the implant and located
11 mm (Figure 2, I) from the support level of the implant.

X
\ (24

Key
lpadingrdevicea

ominal bone levelb

implant abutment
hemispherical loading member
implant body

specimen holder

N O U W

force application

st

Shall be allowed free movement transverse to loading
direction (see 5.2.5).

b See5.3.2.

Figure 2 — Schematic of test set-up for systems with angulated implant abutments

© IS0 2016 - All rights reserved 5
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5.2.4 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 implant abutment.

The yield strength and the hardness of the loading member should be higher than that of the member
that is used to apply the load. The loading centre, which is the centre of the hemisphere, shall be on the
central longitudinal axis of the endosseous dental implant or, for endosseous dental implant systems
which include angulated implant abutments, shall be on the central longitudinal axis of the free end of
the abutment.

5.2.5 The loading force shall be applied to the hemispherical loading surface by a loading device

(labelled 11i
normal to th

The loading
loading surf
the applied

at the juncti
plate with H
under the a
test machin|
loading surf

5.2.6 The
after each t
either surfa

5.2.7 For
around eith
implant aby
intended us

The loading

5.2.8 The

Surface dan]

5.3 Specimen holder;and load application

5.3.1 The
material is U

]Lplied load. If point contact or a universal joint at the junction of.the loading device an

e loading direction of the machine.

device containing the plane surface that applies the loading force to the hemisphe
bending moment. This shall be accomplished by means of point contact ora universal
earings which permits free transverse movement in the directiorr-of’abutment defle

structure is used, the junction shall be located at least 50 mam from the hemisphe
ace.

hemispherical loading surface and the surface of the lpading device shall be examined vig
st to ensure that permanent deformation has not oecurred. If permanent deformati
e is observed, the deformed component shall be xeplaced and test shall be repeated.

in endosseous dental implant body and/or itdplant abutment that lacks rotational symn
br the central longitudinal axis of the implant body or the central longitudinal axis d
tment, the loading geometry shall be selected to test the worst case compatible wit
e of the implant.

geometry shall be justified and documented.

surface condition of thejdmplant and abutment shall be described.

age during mounting-in the test setup shall be strictly avoided.

bone-anchoring part of the specimen shall be fixed in a rigid clamping device. If an embed
sed, it;shall have a modulus of elasticity higher than 3 GPa.

The geomet

1 Figure 1 and Figure 2) that contacts the hemispherical cap (labelled 4) with a planesurface

rical

ace shall be unconstrained in the transverse direction, so as to not reducethe magnitude of

joint

pon of the loading device (labelled 1) and the test machine structure, pr by means of a thrust

ction
d the
rical

ually
bn of

hetry
f the
h the

Iding

bved.

Fyof the clamping device shall be such that the testing geometry specified in 5.2 is achi

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 Figure 1 and Figure 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.

© ISO 2016 - All rights reserved
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5.3.3 For dental implant systems that do not include angulated implant abutments, the dimensions
of the loading member which shape is specified in 5.2.4, shall be chosen to define a distance
[=11,0 mm * 0,5 mm from the centre of the hemisphere to the clamping plane (see Figure 1).

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 or a short implant abutment, for which I = 11 mm cannot be readily

achieved, a different value for  may be chosen. The choice shall be justified and documented.

Bending moment, M, is defined by Formula (1):

M=y-F 6]
For the case illustrated in Figure 1, bending moment is as follows:

M=05-1-F (2)
or, when /=11 mm and Fis expressed in newtons,

M=5,5-F(Nmm) 3)

5.34
of th
centy
level

For endosseous dental implant systems which include apgiilated implant abutments,
e abutment shall be provided with a hemispherical loading member, the centre of whid
al longitudinal axis of the free end of the abutment and\is / = 11,0 mm #* 0,5 mm from
of the implant, measured on a line parallel to the central longitudinal axis of the imp

the free end
h lies on the
the support
ant 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 e calculated. Because of the allowable tolerances on angulation of the test specimernllr,l calculated
valugs of the moment arm y may be less reliable than measured values. In the case of an ifnplant body
and an implant abutment for which / = 1ILmm cannot be readily achieved, a value for I different from
11 njm may be chosen. The choice shall be justified and documented. Bending moment, M, may be
calcylated from the measured or calculated value of y, as Formula (4):

M=y-F (4)
and ghould be reported in Nmm.
5.4 | Testing environment
For ¢ndossequsydental implant systems that include materials in which corrosion fatighe has been
repofted or-isvéxpected to occur, or for systems that include polymeric components, tesfing shall be
carried pufth normal saline or in an alternative physiologic medium. The fluid and the tegst specimen
shalllbe keptat 37 °C + 2 °C durlng the testing. For all other systems testlng may be condu¢ted in air at
20 0(4 i 10 OC . ThC tCD Lllls CllV ll Ulllllcnt Dhal]l bC Juol.lflcd Cllld ) ClJUl LCU
5.5 Loading frequency and wave form

Testing shall be carried out with a uniaxial load along axis A-B (see Figure 1 and Figure 2). 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 <2 Hz.

5.6

Procedure

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

© ISO

2016 - All rights reserved
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5.6.2 Generate the data for a load-cycle diagram by testing specimens at a series of loads until a lower
limit is reached at which at least three specimens survive and none fail in the specified number of cycles
(maximum endured load).

Plot the measured points in a load-cycle diagram. If testing is conducted at frequencies <2 Hz, testing
shall be conducted to 2 x 106 cycles. For testing conducted at frequencies >2 Hz, testing shall be conducted
to 5 x 106 cycles. Tests are performed at a series of 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.

5.6.3 Describe the failure pattern of the affected implant components and, if possible, the failure
process (e.g. screw fracture with subsequent implant abutment fracture).

Failure is d¢fined as material yielding, permanent deformation, loosening of the implant assemtjly or
fracture of dny implant component. Draw the load-cycle curve to show the maximum magmnitude af the
force at whigh the endosseous dental implant assembly will withstand 5 x 106 cycles or, for ffequepcies
<2 Hz, 2 miflion cycles. At least three specimens shall be tested and every specimen:shall reach the
specified nuymber of cycles with no failures. Calculate the maximum bending moment<{M, see 5.3.3 and
5.3.4), corresponding to this load. If additional specimens were tested and surviyed at loads lower|than
the maximum endured load, they shall be listed in the report and shall be checked for failures ip the
same way as the others. If they do not show any damage (failure), they shalknot be considered|with
respect to tlhe quantitative result.

NOTE The number of cycles for stopping the test is arbitrarily determined. It does not mean thdt the
specimen will survive forever without fracture when testing below the lead at which three specimens reagh the
specified numhber of cycles without fracture.

5.7 Alterpative procedure — Stair case method

5.7.1 As ah alternative to the method described in 5:6, the stair case method may be used.

NOTE Sthir case method is described in detail in\lSO 12107.

5.7.2 Estimate the maximum endured load to be expected, e.g. using existing data of compafable
systems or, if static strength has been determined using the same test configuration, by dividing the $tatic
strength valfie by two.

5.7.3 Defihe the step width, d;as’10 % of the estimated maximum endured load.

5.7.4 Starf the test withythe value of the estimated maximum endured load.

Do the test gccordingtp 5.5 until the specimen fails or it survives 2 x 106 cycles at frequencies <2 Hz or
5 x 106 cycles at frequencies >2 Hz.

5.7.5 Ifthp specimen fails, decrease the load by d.

If the specimen survives, increase the load by d.

5.7.6 Repeat the procedure described in 5.7.4 and 5.7.5 until at least four failures are observed and at
least four specimens survive.

5.7.7 Calculate the arithmetic mean value of the maximum endured load (m) as follows.

Count the numbers of survivals and failures. Use survivals or failures whichever has the lower number
of samples for calculation.

a) in case of survivals:

8 © IS0 2016 - All rights reserved
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n
. . +0,5-d
m i=1 (fl ) (5)
n
b) in case of failures:
:’1:1(fi_0'5'd) ©6)
n
where
fi load used for testing of a specimen;
n  total number of specimens used for calculation.
5.7.8 Calculate the standard deviation, o, using Formula (7):
N (f.—m 2
o [Zizlimm ()
(n—1)
5.7.9 The maximum endured load can then be given as m + g=
The 10 %, 50 %, and 90 % survival probabilities can then be'calculated as follows:

Fioy=m+1,28-0

Fspod=m

Fooyy=m-1,28-0

Reporting

The test report shall include full details of all aspects of the test apparatus, the test sp

procedures followed, and theTesults obtained, with particular attention to the following.

6.1.

.1 Identification of the endosseous dental implant and its components, in particular,

type of implantbody (e.g. threaded, tapered, cylindrical),

lype of implant abutment (e.g. screw-retained, cemented, taper-fit, cylindrical, conical)

bcimens, the

b

manufacturer(s),
partandlotnumbersofthe tested parts;

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

geometric dimensions of the dental implant abutment including the angle, «, of th
implant abutment, and

tments,

e angulated

description and dimensions of the joints between the endosseous dental implant body and the

abutment, and between the abutment and the functional loading structure.

2 Intended use of the endosseous dental implant.

© ISO 2016 - All rights reserved
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6.1.3 Refe

6.1.4

:2016(E)

rence to this International Standard, i.e. ISO 14801:2016.

(see 4.3), the rationale for choice of test specimens.

6.1.5
for the selec

6.1.6 The

tion of loading geometry.

moment arm, y.

In the case of an endosseous dental implant available in various dimensions and/or configurations

In the case of an endosseous dental implant lacking rotational symmetry (see 5.2.7), the rationale

6.1.7 The

6.1.8 The

values of all geometric measurements and calculations used to determine the moment

geometric location of the nominal bone level used to establish the clamping location.

HIIm.

f the

nominal bone level is not specified in the manufacturer’s instructions for use, the justification for the

choice of no

6.1.9 Inth

6.1.10 Des
of any embe

6.1.11 Inth
assembly to

6.1.12 Desq
for its desig]

6.1.13 Loaq
6.1.14 Test|

6.1.15 Resy

— load-cy
endure(
bending

— Fro%,Fs5
Moment

minal bone level for testing purposes.

e case of I # 11 mm (see 5.3.3 and 5.3.4), the rationale for choice of thevalue of .

ription of the specimen holding geometry and material, including the modulus of elas
dding medium.

e case of a multi-part endosseous dental implant, the characteristics of assemblage [incly
Fque(s) of screw(s) such as abutment screw(s) and implant connecting part screw(s)].

ription of the hemispherical loading surface, including its spherical radius, and the rati
.

ling frequency.
ng environment, including medium (saline, water, or air) and temperature.

ilts of dynamic testing:

fle diagram (see Annhex A), if method according to 5.6 is used, together with maxi
|l load at 5 x 106 eyeles or, for tests at frequency <2 Hz, 2 x 106 cycles, and in either cas
moment, M, forthe maximum endured load (see 5.6.3 and 5.6.4);

09%,and Foq;, ifthe staircase methodaccordingto 5.7 isused, together with the correspor
s M10y»M509,, and Mogo, calculated according to 5.3.3 or 5.3.4.

tabulati

critical failure point for each test specimen.

ticity

iding

bnale

mum
e the

1ding

onof testing load, number of cycles to failure or termination, and description and locat

ilon of

10
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Annex A
(informative)

Load-cycle diagram

Dynamicloading testing of materials or devices is carried out in compression-bending at predetermined
loading amplitudes and the number of load cycles until failure occurs is recorded. The properties of
the test object are determined by testing a number of specimens at different values of the peak load.
The results are summarized by representing in a diagram the number of load cycles.eéndyred 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.

From the load-cycle diagram, the maximum endured load of the object can be“determined, being the
maximum peak load for which failure does not occur at the number of cycles, NF, selected forftermination
of edch test. Each cross represents a specimen of the test object that failed. Circles with an arrow
repre¢sent specimens that did not fail and were removed from test uponreaching NF. NF ig defined for
this fest as 5 x 106 cycles or, for frequency <2 Hz, 2 x 106 cycles. LF i§the maximum endured load.

Test |mp|ant Medium: noimal s aline

+ . Failed samples
e S\ Burviving samples

w Temperature: 87 5C

- Frequency: 2Hz

_E. — NF: 2 % 107 eycles

=

i I

=

S - +

o

(o] 4

xLF 3
0 LF 3 X
g

NF

| | | | | | |
0" 10" 10° 10° 10° 10° 10° 107 10°
Numberofcycles N

FigureA.1 — Example of a load-cycle diagram for tests run until 2 x 106 cycles

© IS0 2016 - All rights reserved 11
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Annex B
(informative)

Guide to determination of worst-case conditions

B.1 Guide to determination of worst-case conditions

(The steps 4

nd decision criteria of the diagram B.1 are explained in B.2.)

or B

Implant system

Same “intended use”

Option A
Step
1
2 e
Che 11
3 A e

no—y
Choose smallest diameter to
be approved for the “desired | B

intended use”

for all diameters

4 Jyes

Cross section at the
embedding level equal for
different lengths?
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B.2 Comments on the flow chart (numbers refer to the steps on the flow chart)

The scheme is intended to give some support in the selection of the “worst case”. Not in all
cases it is possible to consider the different aspects to the same extent. Furthermore, additional
considerations might be necessary for the test of certain implants. For example, if it is known that
the failure of an implant system is mainly an implant abutment or abutment screw failure or a
failure of the connecting interface, special care has to be taken to select the weakest combination
with respect to these parts [in this, case some considerations below (e.g. 4 to 7) might be of minor
importance].

1. An endosseous dental implant is to be tested for approval.

he next steps describe the selection and the embedding depth of the endosseous| part of the
implant system, which can either be the “implant body” of a multi-part implanty(which is to be
ompleted by an implant abutment) or the endosseous part of a monopart implant.

. Is the intended use equal for all diameters or are there restrictionsfor special diameters
e.g. for anterior teeth only)?

A. If no restrictions exist, choose the smaller diameter.

emark: In special cases (e.g. if a new implant abutment is to,bé tested and only the abutment is to
e assessed), it can happen that it sustains a higher load ond thin implant body than [on a thicker
ne due to different stiffness conditions. If this is known, thetest on the thicker implantbody would
e justified to represent the “worst case”.

B. If there are restrictions for a certain diameter, this type is to be treated as a “different”
mplant body or monopart implant and shall be tested separately.

. Is the cross-section at the prospectivé’embedding plane (3 mm - 5 mm belgw nominal
one level) equal for all lengths or are there differences (e.g. by tapered shape)?

nominal bone level — — | _ _ | o

3mm

diam. 1 diam.

embedding plane —

5A. If cross-sections are equal, longer implant body or monopart implants having longer
implantable part are recommended, because reliable embedding is easier.

5B. If cross-sections are not equal, choose the implant with the smallest diameter at the
prospective embedding plane. Consider remark at 3A.

Limitation: Reliable embedding is difficult for very short implant body or monopart implants
having very short implantable part. This International Standard is not applicable to implants with
endosseous lengths shorter than 8 mm. Choose the smallest implant 28 mm endosseous length.
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