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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
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ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria e
rent types of ISO documents should be noted. This document was drafted in accorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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a)

Test loading levels P7 and P8 have been introduced in Table B.1, Table B.2, Table B.
Table D.1, Table D.2, Table D.3 andthe clauses pointing at these tables have been updated. Additional

it rights. ISO shall not be held responsible for identifying any or all suchpatent right
atent rights identified during the development of the document willbe in the Introdu
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to
sment, as well as information about ISO’s adherence to the WTO principles in tH
ers to Trade (TBT) see the following URL: Forewdrd - Supplementary information

fommittee responsible for this document is ISQ/TC 168, Prosthetics and orthotics.

second edition cancels and replaces the.first edition ISO 10328:2006 which has beer]
ed with the following changes:

5. Details of
ction and/or

nd does not

conformity

e Technical

technically

3, Table 4.1,

b)

information on P7 and P8 is.given in Annex B.1;
Table 9 has been revised;

Annex D has changéd)from informative to normative.
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ction

Throughout this International Standard, the term prosthesis means an externally applied device used
to replace wholly, or in part, an absent or deficient limb segment.

As a result of concern in the international community about the need to provide prostheses that are
safe in use, and also because of an awareness that test standards would assist the development of better
prostheses, a series of meetings was held under the aegis of the International Society for Prosthetics
and Orthotics (ISPO). The final one was held in Philadelphia, PA, USA in 1977 at which a preliminary
consensus was reached on methods of testing and the required load values. From 1979 onwards this
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cedures may not be applicable to prostheses of mechanical characteristics differght
n the consensus.

i
pricoaCtr

a prosthesis is subjected to a series of load actions, each varying individually with
thods specified in this International Standard use static and cyclic strength tests y
pduce compound loadings by the application of a single test force.

ests relate to the worst loads generated in any activity. The cycliestésts relate to ng
ivities where loads occur regularly with each step. This International Standard spe
ng of structural components. The tests specified do not provideé sufficient data to prj
Ce life.

ion of lower-limb prostheses and their componentsirequires controlled field tria
he laboratory tests specified in this International Standard.

pry tests and field trials should be repeated when significant design changes are madj
b part of a prosthesis.

tional laboratory tests should be carried*out to deal with function, wear and tear,
velopments, environmental influencés”and user activities as part of the evalu
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time.
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'here are no standards for such tests; so appropriate procedures will need to be determjined.
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INTERNATIONAL STANDARD ISO 10328:2016(E)

Prosthetics — Structural testing of lower-limb prostheses
— Requirements and test methods

1 Scope

IMPORTANT — This International Standard is suitable for the assessment of the conformity
of 1 i i i i i ified in 4.4
of 1§0 22523:2006 (see NOTE 1). Prosthetic ankle-foot devices and foot units en the market,
whigh have demonstrated their compliance with the strength requirements'specjfied in 4.4
of 10 22523:2006 through submission to the relevant tests of ISO 10328:2006, nleed not be
retested to ISO 22675:2016.

WARNING — This International Standard is not suitable to serve as a guide for the sglection of a
spedific lower limb prosthetic device/structure in the prescription(of an individual{lower limb
prosthesis! Any disregard of this warning can result in a safety risk-for amputees.

This|International Standard specifies procedures for static and,cyclic strength tests or lower-limb
prostheses (see NOTE 2) which typically produce compound loadings by the application ofja single test
forcd. The compound loads in the test sample relate to the peak values of the components of loading
which normally occur at different instants during the stancephase of walking.

The tests described in this International Standard comptise
— Jrincipal static and cyclic tests for all componetiits;
4 separate static test in torsion for all components;

— gdeparate staticand cyclic tests on ankle=foot devices and foot units for all ankle-foot devices as single
¢omponents including ankle units or ankle attachments and all foot units as single components;

4 separate static ultimate strength test in maximum knee flexion on knee joints and associated
parts for all knee units or knee-shin-assemblies and adjacent components that normally provide the
flexion stop on a complete/prosthesis;

— gdeparate static and“cyclic tests on knee locks for all mechanisms which lock the knegq joint in the
extended positionof the knee unit or knee-shin-assembly.

The fests described in this International Standard apply to specific types of ankle-digarticulation
prostheses (s€g'NOTE 2), to transtibial (below-knee), knee-disarticulation and transfempral (above-
knee)) prostheses and to the distal (lower) part of hip-disarticulation and hemi-pelvectomy prostheses
(see NOTEQ3).

NOTE-+—Theteststamrbe performedomtomplete structures,; om part structures or o imdividuat tomponents.

NOTE 2  Thetests only apply to ankle-disarticulation prostheses which include (foot) components of prosthetic
ankle-foot devices taken from the normal production line.

NOTE 3  The distal part comprises the knee unit, the ankle-foot device and all parts between. Tests on hip
units are described in ISO 15032.
2 Normative references

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

© IS0 2016 - All rights reserved 1
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ISO 8549-1:1989, Prosthetics and orthotics — Vocabulary — Part 1: General terms for external limb

prostheses a

nd external orthoses

ISO/TR 16142:1999, Medical devices — Guidance on the selection of standards in support of recognized
essential principles of safety and performance of medical devices

[SO 22523:2

006, External limb prostheses and external orthoses — Requirements and test methods

ISO 22675:2016, Prosthetics — Testing of ankle-foot devices and foot units — Requirements and test methods

3 Terms

and definitions

For the pur
definitions 4

3.1

proof strength

static load
device/stru

3.2

ultimate st
staticload r
but which ¢

3.3
fatigue stre
cyclic load W

3.4

batch
set of test o
to undertakl
Standard

poses of this document, the terms and definitions in ISO 8549-1:1989 and the_follo
pply.

representing an occasional severe event, which can be sustained by the prost
rture and still allow it to function as intended

rength
bpresenting a gross single event, which can be sustained by the prosthetic device/stru
uld render it thereafter unusable

ngth
Fhich can be sustained by the prosthetic devicey/structure for a given number of cycles

amples of a prosthetic device/structure submitted together to a test laboratory/fa
e tests to demonstrate compliancewith one or more requirements of this Internat]

4 Desig:Lations and symbols of test forces and moments

The design

ions and symbols ©fall relevant test forces and moments are listed in Table 1.

Table 1 ~Designations and symbols of test forces and moments

wing

hetic

rture

cility
jonal

Designation Symbol
Test.forces; twisting moments F, Fq, F; My
Rroof test force of end attachments Fpa
Stabitizing testforce stab
Settling test force Fset
Static proof test force Fsp
Static proof test force on heel /forefoot F1sp, Fasp
Static ultimate test force Fsu
Static ultimate test force on heel/forefoot Fisw F2su
NOTE  Further details of the test forces and moments listed are given in Table 3.

© ISO 2016 - All rights reserved
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Table 1 (continued)

Designation Symbol
Minimum test force Femin
Maximum test force Femax
Range of pulsating test force Fer
Mean test force Femean
Amplitude of pulsating test force Fea
Pulsating test force Fc(t)
Final static test force Ffin

Minimum test force on heel/forefoot

Maximum test force on heel /forefoot

Range of pulsating test force on heel/forefoot
Mean test force on heel/forefoot

Amplitude of pulsating test force on heel/forefoot
Pulsating test force on heel/forefoot

Final static test force on heel/forefoot

F1cming F2emin
Ficmax F2cméx
Ficr, Focr
FicmeanrF2cmean
Fiea, F2ca

Flc(t)' FZC(t)
Fifin, F2fin

Stabilizing twisting moment
Settling twisting moment

Maximum twisting moment

My-stab
My-set

Mu—max

NOTE  Further details of the testforces and moments listed are given in Table 3.

5 $trength and related performance requirements and conditions of use

5.1 | According to ISO 22523:2006, 4.4.1, a lower limb prosthetic device/structure “.{ shall have
the strength to sustain the loads occurring during use by amputees [...] in the manner intgnded by the
mantifacturer for that device according to his written instructions on its intended use”.

For the assessment ©f the conformity of lower limb prosthetic devices/structures with the above
requjrement (see-also Scope), this International Standard provides a means of determining the three
categories of streéngth defined in 3.1 to 3.3 and, in addition, the static strength in tordion and the
security against'slipping of clamped components.

All of these are listed in Table 2, together with the related performance requirements fnd the test
metHods for their verification.

5.2 In order to satisfy the general requirement in 5.1 for a specific lower limb prosthetic
device/structure, the following safety concept shall apply.

The device/structure shall

a) comply with the requirements of this International Standard (see 9.1, 9.2 and 9.3) for a specific test
loading level (see 7.2)

and

b) be used in accordance with the body mass limit specified by the manufacturer in consideration of
the intended use of that device (see NOTE).

© IS0 2016 - All rights reserved 3
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The conditions in a) and b) are regarded in

both the classification and designation of prost

devices/structures according to Clause 20 and their labelling according to Clause 21.

NOTE

hetic

The statement of the body mass limit not to be exceeded by amputees is part of the conditions of

use to be specified, with justification, by the manufacturer in his written instructions on the intended use of a
specific lower limb prosthetic device/structure, taking account of all other factors affecting the loads expected
to be exerted on that lower limb prosthetic device/structure by amputees (see Clause B.1).

Table 2 — Categories of strength addressed in this International Standard,
together with the related performance requirements and test methods for their verification

in a single test configuration.

yef Related-performaneerequire —
Categor Test method for verification
strength ment 2
Principal static proof test (16.2.1), separately applied
in two test configurations,
Structure shall sustain staticloading by | separate static proof test for ankle-foot devices and foot
prooftest forces at prescribed values |units (17.2.3), successively appliedih heel and forgfoot
Proof strength (see | for prescribed times loading,
3.1) separate static proof test forknee locks (17.4.3), applied

Permanent deformation of structure
shall not exceed prescribed values in
any loading condition

Principal static prooftest (16.2.1),
separate static ptoof'test for knee locks (17.4.3)

Ultimate stifength
(see 3.2)

Structure shall sustain staticloading by
ultimate test forces at prescribed values

Principal staticultimate strength test (16.2.2), separ
applied in two test configurations,

separate’static ultimate strength test for ankle
devices and foot units (17.2.4), separately appli
heel-and forefoot loading,

separate static ultimate strength test in maximum
flexion for knee joints and associated parts (17.3)

separate static ultimate strength test for knee I
(17.4.4), applied in a single test configuration

ately

tfoot
bd in

knee

ocks

Fatigue str
(see 3.3)

ength

Structure shall sustaimssuiccessively

1) static loading’by maximum
test forces at prescribed values for
prescribed times;

2) cyclic loading by pulsating
test forces at prescribed values for
prescsibed numbers of cycles;

3) final static loading by final
test forces at prescribed values for
prescribed times

Principal cyclic test (16.3), separately applied in
test configurations,

separate cyclic test for ankle-foot devices and foot
(17.2.5), separately applied in heel and forefoot loa

two

Inits
ding,

separate cyclic test for knee locks (17.4.5), applied in a

single test configuration

Ciraotiipn chall ookt oot l o di o

Static strength in
torsion

. .
otrattar ST Sas tar s tacarCToatTry

by static test force at prescribed value
for prescribed time

Security against
slippage of clamped
components

Relative angular movement between
ends of structure shall not exceed
prescribed value

Separate static test in torsion (17.1), applied in
opposite directions of twisting

two

a  The performance requirements related to a specific category of strength are specified in full length in an individual
subclause following the subclause in which the test method for their verification is specified.
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6 Coordinate systems and test configurations
6.1 General

6.1.1 For ease in interpretation and presentation, two test configurations are specified, one for right-
sided and a mirror image for left-sided application. This measure makes it possible to apply uniform sign
conventions for corresponding components of loading generated in the load-bearing structures of right
and left prostheses or in asymmetrically designed prosthetic components.

6.1.2___Each test configuration shall be defined in a three-dimensional, rectangular coordinate system

(see |Figure 1), having an origin 0 and containing a geometric system of planes, lines and points (see
Figutes 2 and 3).

6.1.3 Each test configuration specifies reference parameters both for the position off the line of
application of the test force and for the alignment of test samples within the coerdinate syst¢m.

6.2 | Axes of coordinate systems

6.2.1 The axes of each of the coordinate systems are specified in6.2:2 to 6.2.4 in relation to|a prosthesis
which is standing on the ground in an upright position.

If a fest sample is not in the upright position, the axes of\the coordinate system shall be rotated to
corrg¢spond.

6.2.1 The u-axis extends from the origin 0 of the ceordinate systems (see Figure 1) and pa$ses through
the effective ankle-joint centre and the effective knee-joint centre (see 6.7.3 and 6.7.6 as well jas Figure 6).
Its positive direction is upwards (in the proximal direction).

6.2.3 The o-axis extends from the origin 0 perpendicular to the u-axis (see Figure 1) and parallel to

the efffective knee-joint centreline (se€ 6.7.5 and Figure 6). Its positive direction is outward (
diredtion), which is to the left for a left prosthesis and to the right for a right prosthesis.

n the lateral

6.2.4 The f-axis extends framthe origin 0 perpendicular to both the o-axis and the u-axis (see Figure 1).
Its positive direction is foyward towards the toe (in the anterior direction).

6.3 | Reference planes

6.3.1 General

The teference planes (see Figures 2 and 3) shall be parallel planes perpendicular to the u-axis. They are
speclfied'in 6.3.2 to 6.3.5.

NOTE The reference planes specified in 6.3.2 to 6.3.5 also contain reference lines which relate to Annex B.

6.3.2 Top reference plane, T

The top reference plane, T, is located at a distance u = ut from the origin. It contains the top load
application point Pt (see 6.4).

6.3.3

Knee reference plane, K

The knee reference plane, K, is located at a distance u = uk from the origin. It contains the knee load

refer
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6.3.4 Ankle reference plane, A

The ankle reference plane, A, is located at a distance u = up from the origin. It contains the ankle load

reference point P4 (see 6.4) and the effective ankle-joint centre (see 6.7.3).

6.3.5 Bottom reference plane, B

The bottom reference plane, B, is located at a distance u = ug from the origin. It contains the bottom
load application point Py (see 6.4).

ubk hu
1 2
0 0
f f
Key
1  right f forward
2 left o outward
0 origin u upward
Figure 1 — Coordinate systems for right and’left-sided application
5
Key
1 right knee reference plane, K
2 left 5 ankle reference plane, A
3 top referepce-plane, T 6 bottom reference plane, B
Figure 2 — Coordinate systems according to Figure 1 with reference planes
6 © IS0 2016 - All rights reserved
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Key

1 Fight leg 5% Kknee reference plane, K Pt top load applicatioh point

2 eftleg 6 ankle reference plane, A Pk knee load referencg point

3 op reference plane, T 7  bottom reference plane, B Ps ankle load referende point

4 oad line Pg bottom load applicption point
NOTH This figure¢ illustrates a typical test loading condition representative of the condition of forefoot loading

during the stance phase of normal walking. It does not illustrate the test loading conditions defined i

"y

planes

(see Figures 1 and 2), reference lines, reference points and test force, F,

n 7.1.2.

igure 3= Specific configuration with ug = 0, showing coordinate systems with r¢ference

for right and left-sided application

6.4 Reference points

The reference points are the points of intersection of the load line (see 6.6) with the reference planes

(see Figure 3). The coordinates of the reference points are as follows:
— top load application point,Pt (fT, oT, UT)
— knee load reference point, Pk (fx, ok, ux)

— ankle load reference point, Pa (fa, 04, ua)
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— bottom load application point,  Pg (fB, 0B, UB)

IMPORTANT — In the subsequent clauses of this International Standard, the f- and o-coordinates are also
referred to as OFFSETS (see also 6.8.1).

6.5 Test force

The test force, F, is a single compressive load applied to the bottom and top load application points Pg
and P specified in 6.4.

6.6 Loadline

The load lirIle is the line of application of the test force, F. It passes through the referende ppints
specified in|6.4.

6.7 Longjtudinal axis of the foot and effective joint centres and centrelinés

6.7.1 Ge]eral

In order to
to locate

lign the test sample within the appropriate coordinate system (sée 6.1 to 6.3) itis necegsary

a) thelongitudinal axis of the foot (see 6.7.2);
b) the effeftive ankle-joint centre (see 6.7.3);

c) the effeftive ankle-joint centreline (see 6.7.4);

d) the effeftive knee-joint centreline (see 6.7.5);
e) the effertive knee-joint centre (see 6.7.6).

If the locatign of the longitudinal axis of the foetor any effective joint centre or effective joint centreline
is not straightforward, the manufacturer/submitter shall provide a diagram or instructions, [with
justification), identifying its location in relation to the test sample.

6.7.2 Longitudinal axis of the foet

Unless othefwise specified by the manufacturer/submitter, the longitudinal axis of the foot shdll be
taken to pags through the eentre of the widest part of the forefoot and equidistant between the miedial
and lateral borders of the:foot at a quarter of the length of the foot from the most posterior part of the
foot with the foot placedas specified in 6.7.3.3 and illustrated in Figure 4.

6.7.3 Effectiye'ankle-joint centre

6.7.3.1 Locate the effective ankle-joint centre as described in 6.7.3.Z to 6.7.3.4.

NOTE The position of a mechanical axle for plantar- and dorsiflexion (if present) is irrelevant to the
alignment of the test sample within the appropriate coordinate system.

6.7.3.2 Locate the longitudinal axis of the foot as described in 6.7.2 or in accordance with any specific
instruction from the manufacturer/submitter.

6.7.3.3 Place the foot on a horizontal surface with a block of the manufacturer’s/submitter’s
recommended heel height h placed under the heel of the foot (see Figure 4).
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Dimensions in millimetres

Key

1 pffective ankle-joint certre L  footlength

2 pffective ankle-joint'eentreline Pg bottom load application point on fprefoot (test
loading condition II)

3 ongitudinal akis-of foot corresponding to 6.7.2 S combined bottom offset of bottom load application

point P on forefoot from u-axis
hr  heel height

NOTE Ftrerecommended reetheight for theankte-foot device or footunit umder test s takemds Ay = 20 mm
unless otherwise specified by the manufacturer/submitter.

Figure 4 — Determination of longitudinal axis of foot (see 6.7.2), effective ankle-joint centre
(see 6.7.3) and effective ankle-joint centreline (see 6.7.4) for test loading conditions I and II and
of combined bottom offset Sg (see 6.8.2) for test loading condition II [see 7.1.2 b)]

6.7.3.4 The effective ankle-joint centre lies
a) inavertical plane passing through the longitudinal axis of the foot;

b) inthe ankle reference plane located 80 mm above the bottom reference plane, i.e. 80 mm above the
horizontal line passing through Pg;
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c) aquarter of the length of the foot from the most posterior part of the foot.

6.7.4 Effective ankle-joint centreline

The effective ankle-joint centreline shall be the horizontal line passing through the effective ankle-joint
centre (see 6.7.3) perpendicular to the longitudinal axis of the foot (see 6.7.2).

6.7.5 Effective knee-joint centreline

6.7.5.1 For a monocentric knee unit which has no knee lock or stance phase control mechanism, the

ff : k - - A A 1. 1 1l - n | adeladel - - el - - L A | Al a | aw |
effective kng C=JOTITC CCITCI CIHTC SITAall COTITCITUT WITIT CITC JOTITC IICXTOIT axIs [SCC rIgurec g aj, U alra CJJ.

This shall also apply to a monocentric knee unit with a knee lock or a stance phase control miechanism
which allowjs walking when these are disengaged.

6.7.5.2 For all knee units not covered by 6.7.5.1, the effective knee-joint centreline shall be established
from the m3nufacturer’s/submitter’s written alignment instructions for the knee unit [see Figurel 5 d)
and e)].

a) b) c) d) e)

Key
1 orientation 1 = posterior (toward the rear)
2 orientation 2 = anterior (toward the front)

a),b),c) are examples with the effective knee-joint centreline as specified in 6.7.5.1.

d), e) are examples with the effective knee-joint centreline as specified in 6.7.5.2.

Figure 5 — Position of effective knee-joint centreline for prosthetic knee units of different types
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6.7.6 Effective knee-joint centre
6.7.6.1 The effective knee-joint centre shall lie on the effective knee-joint centreline.

6.7.6.2 For symmetrical knee units, the effective knee-joint centre shall be the point on the effective
knee-joint centreline equidistant from the external boundaries of the unit.

6.7.6.3 For asymmetrical or handed knee units, the position of the effective knee-joint centre shall be
established from the manufacturer’s/submitter’s written alignment instructions for the knee unit.

6.8 | Reference distances

6.8.1 Offsets

The pffsets shall be the perpendicular distances of the reference points specified in 6.4 from the o-u
plan¢ and the u-f plane of the coordinate systems specified in 6.1 and 6.2\Their values are identical
with|the corresponding f- and o-coordinates of these reference points.

6.8.27 Combined offsets

The ¢gombined offsets Sg, Sa, Sk and St shall be the perpendicilar distances of the referenge points Pg,
Pa, Pk and P specified in 6.4 from the u-axis of the coordinaté.systems specified in 6.1 and|6.2.

NOTH Spis also addressed in 10.1.2 and illustrated in Figures 4 and 6 for test loading condition II defined in
7.1.2 p).

6.8.3 Effective lever arms L and Lk

The ¢ffective lever arms are the perpendicular distances of the effective joint centres from the load line,
wheife Lp represents the ankle effective lever arm length and L the knee effective lever arin length.

6.8.4 Distance LT

Lpt ghall be the distance between the bottom load application point Pg and the top load application
point Pt (see 6.4).

7 Testloading-conditions and test loading levels

7.1 | Test loading conditions

7.1.1 /General

The complexity of the load actions to which a lower-limb prosthesis is actually subjected during use
by the amputee cannot be simulated by a single test procedure. Therefore, several types of static and
cyclic strength tests are specified in the two categories “Principal structural tests” (Clause 16) and
“Separate structural tests” (Clause 17), each type of test applying a single or two different test loading
condition(s) (see 7.1.2 and 7.1.3).

Each test loading condition is characterized by a specific test load acting along or about a specific line
of load application and producing axial compression, shear forces, bending moments and/or torque as
single components of loading or compound loadings.

The testloading condition(s) for each type of test are addressed in Table 16 and specified in the relevant
Tables 3 to 14. Further details are given in the relevant test procedures, specified in Clauses 16 and 17.

NOTE For further information see also Annexes A and B.
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7.1.2 Testloading conditions of principal structural tests

The loading of the static and cyclic principal structural tests specified in 16.2 and 16.3 shall be applied
in two different test loading conditions I and II relating to the maxima occurring at different instants
during the stance phase of normal walking as described in a) and b). For both test loading conditions
the position of the line of load application (see 7.1.1) within the coordinate system (see 6.1 and 6.2) shall
be three-dimensional (see Figures 3, 6 and 11). The specific values of offsets, combined offsets and test
forces for each test loading condition and each principal structural test are specified in Tables 6, 7 and 8.
a) Testloading condition I is related to the instant of maximum loading occurring early in the stance
phase of walking.

Test 1oa|ding condition II is related to the instant of maximum loading occurring late in the st
phase of walking.

b) ance

7.1.3 Testloading conditions of separate structural tests

7.1.3.1 Testloading condition of the separate static test in torsion

The loading
u-axis (see
specified in

of the separate static test in torsion specified in 17.1 shall be applied as torque aboyt the
.2.2) first in one direction and then in the other direction. The §pecific values of torquie are
Table 9.

7.1.3.2 T¢stloading conditions of the separate tests on ankle-foot devices and foot units

The loading
17.2 shall b
determined
loading con
(see 6.1 and
each test log

7.1.3.3 Tqg

flexion for knee joints and associated parts

The loading
and associal
kneeling or
the coordin
length and

7.1.3.4 Tqg

The loading]

of the separate static and cyclic tests on anklefoot devices and foot units specifi
e applied in two different test loading conditiohs simulating heel loading in the dire

bd in
ction

by the angle @ and forefoot loading in the direction determined by the angle . For both test

Hitions the position of the line of load application (see 7.1.1) within the coordinate sy
6.2) shall be two-dimensional (see Figtire 7). The specific values of angles and force
ding condition and each test are specified in Tables 10 and 11.

st loading condition of the separate static ultimate strength test in maximum kne

of the separate static{ultimate strength test in maximum knee flexion on knee j
ted parts specified in\17.3 shall be applied in a single test loading condition simul
squatting (deep kn€e bend). The position of the line of load application (see 7.1.1) W
hte system (see-620 and 6.2) shall be two-dimensional (see Figure 8). The specific valy
est force arespecified in Table 12.

st loading condition of the separate tests on knee locks

of the separate statlc and cycllc tests on knee locks spec1f1ed in 17.4 shall be apphe( i

stem
s for

pints
ating
ithin
es of

single test lga

is locked in full extensmn The p051t10n of thehne of load appllcatlon (see 7 1 71.1) W1th1n the coordinate
system (see 6.1 and 6.2) shall be two-dimensional. The specific values of offsets and test forces are
specified for each test in Tables 13 and 14.

7.2 Testloading levels

7.2.1 The load actions referred to in the first paragraph of 7.1.1 vary with individual physical
parameters, locomotion characteristics of the amputee and other factors. For these reasons different

12
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categories of prostheses are needed and, consequently, different test loading levels are required, each

bein

g specified by individual values of dimensions and loads.

The series P testloading levels designated as given in 7.2.3 shall apply to lower limb prostheses for adults.

NOT

E For further information see Annex B.

7.2.2 The specification of the test loading conditions of each of the test loading levels listed in 7.2.3 is
governed by a safety concept, characterized in the following manner (see also Tables 3 and 8).

— The values of test force, Fy, of the principal cyclic test according to 16.3.2 are set at a level which

7.2.3

Test

NOT

the ld
basis
struc

NOT

table
D.2a

Furt

8

Forc
addr

f amputees representative of the relevant test loading level (see Annex B); the value
orces, Ficr and Fpcr, of the separate cyclic test for ankle-foot devices and footunits :
17.2.5 and the test force, F¢r, of the separate cyclic test for knee locks according to 1
orrespondingly.

The corresponding values of the test forces, Fsp and Fsy, of the principal static tests
16.2.1 and 16.2.2, the test forces, Fisp/F2sp and Fysy/F2su, of the sepdrate static tests fa
evices and foot units according to 17.2.3 and 17.2.4 and the test ferces, Fsp and Fgy, of
tatic tests for knee locks according to 17.4.3 and 17.4.4 are caletilated by application
pecified in Table 3; the values of the twisting moment, M4y, of the separate static te
ccording to 17.1 and the test force, Fs,, of the separate static ultimate strength test i
nee flexion according to 17.3 are set correspondingly.

he specification of all test forces takes account of records on component failures o
rostheses, taken in clinical or technical service,

Designation of test loading levels for adults is given below.
oading levels: P3, P4, P5, P6, P7 and P8

B 1  Field experience has shown thatthere is a need for lower limb prostheses which sustai
vel covered by test loading level P5:n order to allow the structural testing of such prostheses
test loading levels P6, P7 and R8 have been developed for the principal structural tests and|

tural tests on ankle-foot deyices and foot units (see Annex D).

K2  The values of the-diinensions and loads of test loading levels P3, P4 and P5 are specifie]
5 in Clause 8. It is suggested that the values of the dimensions and loads specified in D.3 and D
hd D.3 are appropriate for test loading level P6 and as an interim measure, pending validatio

her test loading levels will be defined, if necessary.

Values-of'test loads, dimensions and cycles

s and twisting moments; segmental lengths, offsets and angles; prescribed number

the group
s of the test
ccording to
7.4.5 are set

iccording to
r ankle-foot
the separate
bf factors as
st in torsion

[n maximum

F lower limb

h loads above
on a uniform
the separate

d in separate
.4 and Tables
n, P7 and P8.

bf cycles are

pssed.

Tabl

es 3 to 13 describe and/or specify the values of
test forces and twisting moments,
dimensions such as segmental lengths, offsets and angles and

cycles (prescribed number of loading cycles).
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Table 3 — Test loads and relevant references

Reference
Test force 2 or moment Clause Table Test descrip-
torb
Proof test force on end attachments Fpa=1,2 Fsy, upperlevel |13 4,D.1 A
Stabilizing test force Fstab 13,16, 17 4,8,14,D.2 |[A,1,2,3,9,10,11
Settling test force Fset = 0,8 Fcr 13,16,17 4,8,14,D.2 |A,1,2,3,9,10,11
Static proof test force Fsp=1,75 Fer 16, 17 8,14,D.2 1,9
Static proof test force on heel Fi1sp=175 Fice 17 11.D.3 5
Static proof test force on forefoot Fasp=1,75 Facr 17 11,D.3 5
Static ultimdte test force Fsu, lower level = 1,5 Fsp 16 8,D.2 2
- lower leve Fsu, upper level = 2,0 Fsp |16 8,D.2 2
- upper level
Static ultimdte test force Fsu 17 12 8
Static ultimgte test force Fsu=2,0Fsp 17 14 10
Static ultimgte test force on heel F1su, lower level = 1,5 F1sp |17 11,D.3
- lower leve F1su, upper level = 2,0 F1gp |17 11,D.3
- upper level
Static ultimdte test force on forefoot F2su, lowerlevel = 1,5 Fasp |17 11,D.3 6
- lower leve F2su, upper level = 2,0 Fasp 17 11,D.3 6
- upper level

NOTE To simplify application of this International Standard, alkrelevant test loads are listed in this table togetherfwith
references to fhe specific clauses, tables and test procedures.

a  The test fprces Fset, Fpa, Fsp and Fsy are determined using appropriate factors.
b Test descliptors
A: Proof test df end attachments (apparatus)
1: Principal stfatic proof test
2: Principal sjatic ultimate strength test
3: Principal cyclic test
4: Separate sthtic test in torsion
5: Separate stptic proof test ferankle-foot devices and foot units
6: Separate sftatic ultimatestrength test for ankle-foot devices and foot units

7: Separate clyclic testfor‘ankle-foot devices and foot units

8: Separate sftati¢ultimate strength test in maximum knee flexion

9: Separate sttati¢ proof test for knee locks

10: Separate static ultimate strength test for knee locks

11: Separate cyclic test for knee locks
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Reference
Test force 2 or moment Clause Table Test descrip-
tor?b
Minimum test force Femin 13, 16,17 8,14,D.2 3,11
Maximum test force Femax 13,16,17 8,14,D.2 3,11
Range of pulsating test force Fer 13,16,17 8,14,D.2 3,11
Mean test force Femean=0,5 (Femin + Femax) | 13 8,14,D.2 3,11
Amptitudeof pulsating testforce Fa=0;5Fc 13 81 D2 31
Pulsating test force Fe(t) 13,16,17 3,11
Fina| static test force Ftin = Fsp 16, 17 8,14,D.2 3,11
Minimum test force on heel/forefoot Ficmin, F2cmin 13,17 11,D.3 7
Maximum test force on heel /forefoot Ficmax F2cmax 13,17 11,'D)3 7
Range of pulsating test force on heel/ Ficy, Focr 13,17 11,D.3 7
forefoot Fiemeans Fzemean 13 11,D.3 7
Mean test force on heel/forefoot Fiea Frea 13 11,D.3 7
ﬁ)r;le;);glide of pulsating test force on heel/ F1e(®), F2c(t) 1817 7
Pulsating test force on heel/forefoot Fifin, Fafin 17 11,D3 4
Fina] static test force on heel /forefoot
Stabllizing twisting moment My.stab 17 9 4
Settling twisting moment M-set 17 9 4
Max]mum twisting moment M -maxt 17 9 4

referpnces to the specific clauses, tables and test-procedures.

a  The test forces Fset, Fpa, Fsp and Fsy are determined using appropriate factors.
b Test descriptors

A: Prpof test of end attachments (@pparatus)

1: Principal static proof test

2: Principal static ultimate ‘strength test

3: Principal cyclic test

4: Separate static testin torsion

5: Separate statieproof test for ankle-foot devices and foot units

6: S¢paratesstatic ultimate strength test for ankle-foot devices and foot units

7: S¢patate cyclic test for ankle-foot devices and foot units

NOTE To simplify application of this International Standard, all relevant test loads are listed in this table fogether with

8: Separate static ultimate strength test in maximum knee flexion
9: Separate static proof test for knee locks

10: Separate static ultimate strength test for knee locks

11: Separate cyclic test for knee locks

© ISO 2016 - All rights reserved
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Table 4 — Test forces of the proof test of end attachments for test loading levels P5,
P4 and P3 (see 13.2.1.2)

End attachments for Stabilizing Settling Proof
test force, test force, Fset| test force, F
Testloading | Testloading Fstab 1 set »pa
Test procedure i,
level condition N N N
[ 1024 5376
P5
I1 920 4830
L I 944 4956
Principal structural testsa P4 50
I1 828 4 348
[ 736 3.864
P3
I1 638 3348
Separate tests on knee PS5, P4, P3 50 800 4200
Ipcks
NOTE For the additional test loading levels P6, P7 and P8 the test forces are specified in TableD.1.
a  End attaghments that satisfy the stiffness requirements of the proof test of end attachments for proof test fprces
Fpa = 1,2 Fsy, |pper level 0Of a specific test loading level specified in this table are suitable forfall'static and cyclic tests df this
International [Standard carried out at this specific test loading level and at all lower levels(
For sets ¢f end attachments, individually designed to the specific requirements of the test loading conditions ¢f the
static and cyclic tests of this International Standard and/or to the specific requiremerits of the prosthetic device/strufture
submitted for|test, particular conditions apply (see the option described in 13.2:1.2'1).

Table 5 —+ Total length and segmental lengths of different types of test samples for principal
tests and separate tests on knee locks, for all test loading conditions and test loading levels

(seealso010.2,10.3,16.2,16.3;17.4 and Figure 2)

Dimensions in millimjetres

Typical combihations of segmental lengths of test samples ab
Referende plane level
A B C
ur — — —
(ur —ugy= 150D (ur-ug)=150Db
UK — — (ut —up) =570
(g — up) =420
up — (ug = ug) =500 —
(ua - up) = 80 (ua - up) =80
UB — — —
Total lengjth (uT ~ugyab 650 650 650

NOTE The fotaklength and the segmental lengths also apply to the additional test loading levels P6, P7 and P8 spe¢ified
in Annex D [s¢e@D.3"a)].

a  Thetotal length of 650 mm can be achieved by different combinations of segmental lengths. Examples of the combinations
of segment lengths specified in columns A, B and C, typical of the different types of test sample, are shown below.

- Complete structure: A
- Partial structure: A, B, C
- Any other structure: A, B, C

b For the testing of samples of prosthetic structures including knee-disarticulation or transfemoral (above-knee) sockets
(see 10.3.3), the value of 150 mm specified in columns A and B for the segment length (ut - uk) and the value of 570 mm
specified in column C for the segment length (ut - ua) are too short and need to be increased as required, by increasing the
total length (ut - ug). In this case the values of the offsets fr and o, specified in Table 6, need to be replaced by new values
adapted to the increased total length (ut - up), to be calculated using the formulae in Figure 12 (see also footnote b in
Table 6).
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Table 6 — Values of offsets for all principal tests
(see 16.2 and 16.3)

Dimensions in millimetres

Offseta
Numerical value
Reference | pirection mm
plane and loca- Test loading condition
ionb
tion Testloading level P5 Testloading level P4 Testloading level P3
I 11 I 1 1 11
fr 82 55 89 51 81 51
[op ¢
or -79 -40 - 74 -44 -85 -49
fx 52 72 56 68 49 68
Knee
0K -50 -35 -48 -39 - 57 -43
fa -32 120 -35 115 -41 115
Ankle
oA 30 -22 25 -24 24 -26
fB -48 129 - 52 124 - 58 124
Bgttom ¢
OB 45 -19 39 -22 39 -23

NOTIE  The offsets specified for P5 also apply to the additional test loading levels P6, P7 and P8 specified irf Annex D [see
D.3 a)].

a  Yee 6.8.1.

b Forindividual values of total length (ut - ug) deviating fromthe’value specified in Table 5, the offsets frand ot specified
in this table need to be adapted, using the formulae in Figure 12\[see also footnote b in Table 5].

c nly for guidance in aligning test samples.

Table 7 — Values of combined offséts related to the values of offsets listed in T4able 6
(see10.1.2 and 13.2.1.2.3)

Dimensions jn millimetres

Combined offsets S :,[fxz + 0)2( a
Numerical value
Reference plane| pimansion mm
andloca- Test loading condition
tion Test loading level P5 Test loading level P4 Test loading level P3

I II I II I II

Top St 114 68 116 67 117 71

Knee Sk 72 80 74 78 75 81
Ankle Sa 44 122 43 118 48 118
Bottom SB 66 130 65 126 70 126

NOTE The combined offsets specified for P5 also apply to the additional test loading levels P6, P7 and P8 specified in
AnnexD.

a  For the determination of the size of prosthetic feet and the setting of the length of load application levers, specific
values of combined offsets (see 6.8.2) may be required. This table states values of combined offsets related to the values of
offsets listed in Table 6.

b For individual values of total length (ur - ug) deviating from the value specified in Table 5, the combined offset St
specified in this table needs to be adapted, using the formulae in the heading [see also footnote b in Table 5].
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Table 8 — Test forces of all principal tests and prescribed number of cycles of the cyclic test,
for testloading levels P5, P4 and P3
(see 16.2 and 16.3)

Test loading level (Px) and test loading
] condition (I; IT)
Test procedure and test load Unit P5 P4 P3
I 1l 1 | 1 1 | 1
Static Stabilizing test force Fstab N 50
and
cyclic
test Settling test force Fset N 1024 | 920 | 944 | 828 | 736 h38
proce-
dures
Static Proof test force Fsp N 2240 (2013|2065 | 1811~610 | 1/395
test Feu, lower level N [3360]3019]3098] 27122415 | 2092
proce- | yltjmate static test force
Minimum test force Femin N 50
Cyclic range Fer N 1280 | 1150 [AM80 | 1035| 920 Y97
. Femax
Maximum test force N 1330 | 1200 | 1230|1085 | 970 3847
Femax = Femin + Fer
Cyclic Femean
test Mean test force Femean = 0,5 (Femin | N 690 | 625 | 640 | 568 | 510 | 449
proce- + Femax)
dure Fe
Cyclic amplitude N 640 575 590 518 | 460 B99
FCEi - 015 FCI'
Fr
Final static force . N 2240|2013 |2065| 1811 | 1610 | 1395
Ffin = Fsp
Prescribed number of cycles 1 3x106
NOTE For the additional test loading levels'P6, P7 and P8 the values of the test forces and the prescribed number of
cycles are spejcified in Table D.2.
Table 9 — Twisting moments of the separate static test in torsion
(see 17.1)
Static test load
Test loading level N°m
Settling twisting mo- | Stabilizing twisting mo- | Maximum twisting mo-
ment, My-set ment, My_stab ment, My.max
P5, b4-P3 3 1 50
NOTE The specified test loads also apply to the additional test loading levels P6, P7 and P8 specified in Annex D.
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Table 10 — Angles of directions of loading of all separate tests on ankle-foot devices and foot
units, for test loading levels P5, P4 and P3
(see 17.2 and Figure 7)

Angles Degrees
a 15
B 20
y 7

NOTE

Annex D

The specified directions of loading also apply to
the additional test loading levels P6, P7 and P8 specified in

Tabjle 11 — Test forces of all separate tests on ankle-foot devices and foot units\and prescribed
number of cycles of the cyclic test, for test loading levels P5, P4 and'P3
(see 17.2)
Test loading level (Pyx).and test loading condition
(F1x F2x)
P5 P4 P3
Test procedure and test load Unit Fore: Fore- Fore-
Heel Heel He¢el
foot foot foot
load- load- load-
ing, Fx load- ing, F1 load- ing| F1 load-
<Y |ing, Fax 77Xl ing, Fox ¥ | ing, Fax
Proof test force F1sp, Fasp N 2240 | 2240 | 2065 | 2065 | 1410 | 1610
Static F
test ) ) Isu, lower level, N 3360 | 3360 | 3098 | 3098 | 2415 | 2415
proge- | Ultimate static F2su, lower level
test force
duye F1su, upperlevel N | 4480 | 4480 | 4130 | 4130 | 3420 | 3220
FZsu, upper level
Minimum test
fOIl'lCe Ficming F2cmin N 50
Cyclic range Ficr, Fogr N 1280 | 1280 | 1180 | 1180 9%0 920
i Fiemax K2
Maximum test e e N | 1330 | 1330 | 1230 | 1230 | 9fo | 970
Fxcmax = Fxemin + Fxcr
Cyclic Ficmean, F2cmean
teqt
profe- Mean testforce | g = 05 (Femin+ N 690 690 640 640 510 510
du1 e Fxcmax)
. . Fica, F2ca L
Cyclic amplitude N 640 640 590 590 460 460
Fxca=0,5 Fycr
. . Fifin, F2fin
Final static force N 2240 | 2240 | 2065 | 2065 1610 1610
Fxfin = Fxsp
Prescribed number of cycles 1 2x106
NOTH For the additional testloading levels P6, P7 and P8 the values of the test forces and the prescribed number of cycles are specified
in Table 23"

Table 12 — Loading parameters of the separate static ultimate strength test in maximum knee
flexion for knee joints and associated parts
(see 17.3 and Figure 8)

Length, L Ultimate static test force, Fs,
Test loading level
mm N
P5, P4, P3 400 1750

NOTE
specified in Annex D.

The specified loading parameters also apply to the additional test loading levels P6, P7 and P8

© ISO 2016 - All rights reserved
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Table 13 — Offsets of all separate tests on knee locks,
for testloading levels P5, P4 and P3

(see 17.4)
Offset a
Reference Plane . . Numerical value
Direction
mm
-50
Knee fi
0K 0
fa -50
Ankle
oA 0
NOTE The specified offsets also apply to the additional test loading levels P6,
P7 and P8 specified in Annex D.
a  See6.8.1.
Table 14 — Test forces of all separate tests on knee locks and prescribed-number of cycles
of the cyclic test, for test loading levels P5, P4 and P3
(see 17.4)
. Testloading level (Px)
Test procedure and test load Unit
P5, P4, P3
Static Stabilizing test force Fstab N 50
and
cyclic
test Settling test force Fset N 800
proce-
dures
Static Proof test force Fsp N 1750
test
proce- Ultimate static test force Fsu N 3500
dure
Minimum test force Femin N 50
Cyclic range Fer N 1000
F,
Maximum test force cmax N 1050
Femax = Femin + Fer
Cyclic Femean = 0,5 (Femin +
test Mean testforce Fema) N 550
proce- F
dure Cyclic amplitude @ N 500
Fea=0,5 Fer
. . Ffin
Final static force N 1750
Ffin = Fsp
Prescribed number of cycles 1 1x106
NOTE The specified test forces and the prescribed number of cycles also apply to the additional test loading levels P6, P7
and P8 specified in Annex D.

9 Compliance

9.1 General
In order to claim compliance with this International Standard for a prosthetic device/structure

submitted for test, a prescribed number of test samples of this structure from the allowed batch,
specified in Table 16, shall satisfy the relevant requirements of Clauses 9, 10, 16 and 17 and the relevant
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testloading conditions and test loading levels of Clauses 7 and 8. Any claim of compliance shall state the
test loading level at which tests were conducted.

Compliance of a prosthetic device/structure submitted for test with the performance requirements
of a specific test of this International Standard required (see 9.2) shall be certified by the test
laboratory/facility only for the specific prosthetic assembly and alignment simulated in the set-up of the
batch of test samples of the prosthetic device/structure which have been subjected to this test (see 9.4).

NOTE The manufacturer/submitter may claim compliance also for other prosthetic assemblies and/or
alignments in which the prosthetic device/structure submitted for test can be used, provided it can be certified
that these lie within the range of loading covered by the most adverse assembly and the worst-case alignment
simulated in the test sample set-up of the prosthetic device/structure submitted for test

9.2 | Selection of tests required to claim compliance with this InternationalStandard

The {ifferent combinations of principal and separate structural tests, required‘to be completed on
test samples of prosthetic structures submitted for test representing compléte assemhlies, partial
asseimblies or individual components (see Clause 10) to claim their compliance with this International
Stan¢lard, are indicated in Table 15.

9.3 | Arrangements for tests on samples of prosthetic structures including ankle-foot
devices or foot units, required to claim compliance with'this International Standard

9.3.1 General

For Qatches of test samples of prosthetic structures submitted for test including an ankle-fgot device or
foot init, the claim of compliance with this International Standard requires that the anklg-foot device
or fopt unit satisfy the requirements of the separate tests on ankle-foot devices and foot unjits specified
in 1712, independent of other tests required to elaim compliance with this International Star{dard, which
also may involve/load the ankle-foot device.6p foot unit.

9.3.7 Particular arrangements concerning the ankle-foot device or foot unit

In orider to claim compliance withithis International Standard, for a prosthetic structure sibmitted for
test ncluding an ankle-foot de¥ice or foot unit that is detachable:

gamples of this anklé-foot device or foot unit from the permitted batch (see Table [16) shall be
gubjected only to theseparate tests on ankle-foot devices and foot units specified in 1712

while

— thesamples'ofthe remainder of the prosthetic structure shall be subjected to the principgl structural
tlests specified in 16.2 and 16.3 with the ankle-foot device or foot unit replaced by a rigjid lever arm
bottomload application lever).

9.3. Particular arrangements and requirements concerning the part required to connect the
ankle-foot device or foot unit to the remainder of the prosthetic structure

9.3.3.1 In order to claim compliance with this International Standard for a prosthetic structure
submitted for test including an ankle-foot device or foot unit that is detachable, batches of the part
required to connect the ankle-foot device or foot unit to the remainder of the prosthetic structure, such
as an ankle-unit, ankle attachment, alignment device or pylon base, shall be tested in either of the ways
specified in 9.3.3.2 and 9.3.3.3.

9.3.3.2 If the manufacturer/submitter intends to claim compliance with this International Standard for
a specific assembly of connecting part and ankle-foot device or foot unit or for specified assemblies of the
connecting part and several types of ankle-foot device or foot unit, then batches of samples of each specific
assembly shall be subjected to the separate tests on ankle-foot devices and foot units specified in 17.2.

© IS0 2016 - All rights reserved 21


https://standardsiso.com/api/?name=26452f34f00e2031a1cb25ffe66b8a56

IS0 10328:2016(E)

9.3.3.3 If the manufacturer/submitter intends to claim compliance with this International Standard
for assemblies of the connecting part and any type of ankle-foot device or foot unit in accordance with
the NOTE in 9.1, then batches of samples of this part shall be subjected to the principal structural tests
specified in 16.2 and 16.3 in a test sample set-up in which the foot unit is replaced by a rigid lever arm, in
order to apply the longest effective lever arm possible corresponding to the requirements of 10.3.4.

9.4 Number of tests and test samples required to claim compliance with this
International Standard

The minimum number of tests required for each type of test in the prescribed loading conditions in
order to claim rnmplinnrp with this International Standard is shown in Table 16

The tests shpll be conducted on test samples from the batch specified in Table 16 for each type of test.

The minimym number indicates how many test samples of a prosthetic device/structuresubmittgd for
test shall complete the tests without failing.

All tests shall be conducted in the worst-case alignment position of the test samples (see 10.6) apd, if
these include partial structures according to 10.2.2 which can be used in various\prosthetic assemplies,
in the most adverse prosthetic assembly possible (see 10.3.4).

NOTE The total number of test samples actually needed for the conduet of a selection of specific fypes
of tests relevant to the prosthetic device/structure submitted for test may differ from the total calculated by
addition of the number of test samples specified in Table 16 for each of“the types of tests selected, sinde the
number of supstitutes needed may vary, and since test samples that have.completed a specific test without fhiling
may be used for another test (see 9.5, 16.2.1.1.2,16.2.2.1.2,17.2.3.1.2, 17:2.4.1.2,17.4.3.1.2 and 17.4.4.1.2).

9.5 Multiple use of test samples

9.5.1 General

Test samplefs, which have demonstrated compliance with the performance requirements of any df the
tests specifjed in this International Standdrd; may be subjected to other tests of this Internatjional
Standard, exfcept as stated in 9.5.2.

Any decision on the multiple use of test samples shall be based on a corresponding indication in th¢ test
submission document (see Clause 12)and/or the agreement between the manufacturer/submitter and
the test labgratory/facility.

As a generallrule, any failure/0¢curring during a test on a test sample that has previously been subj¢cted
to another tpst justifies thewepetition of the failed test on a substitute test sample (see Table 16).

NOTE The multiple Juse of test samples is specifically addressed in the principal static tests (16.2.1 and
16.2.2), the spparatéstatic tests for ankle-foot devices and foot units (17.2.3 and 17.2.4) and the separate ptatic
tests for kne¢ loeks({(17.4.3 and 17.4.4) - (see also references in the NOTE in 9.4).

Unless otherwise—indicated—imr—the—test—submisstomr—document—and/or—agreed—betweenr the
manufacturer/submitter and the test laboratory/facility, this International Standard does not stipulate
that the tests required to claim compliance for the prosthetic device/structure submitted for test be
conducted in a particular order, with the exception of the restriction specified in 9.5.2.

9.5.2 Restriction

Compliance of any test sample with the performance requirements of any of the cyclic tests of this
International Standard cannot be claimed if the test sample has previously been subjected to any of the
static ultimate strength tests of this International Standard.
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9.6 Testing at particular test loading levels not specified in this International Standard

For different reasons the intended use of a particular design of a lower limb prosthetic device/structure
may require the tests of this International Standard to be applied at a particular test loading level not
specified in this International Standard, derived from the next lower regular test loading level of this
International Standard by increasing its test loads by x %.

In this case compliance with this International Standard cannot be claimed for that particular test
loading level.

However, compliance with this International Standard can be claimed for the next lower regular test
his—nte i i : i evel has been

Reference to this International Standard may also be given by stating that the pfescribed batch (or
es) of test samples of a prosthetic device/structure submitted for test has)(have) [been tested
a) following this International Standard or in a more specific manner b) by applying the ftests of this
Interjnational Standard at test loads set x % above test loading level P),.

Tablle 15 — Tests required to claim compliance with this International Standard for|prosthetic
structures representing complete assemblies, partial assemblies or individual components

Separate structural tes{s
Examples of prosthetic structures Principal . Tests on Testin Tests
. a structural | Testin | ankle-foot | maximum
submitted for test b . ! on knee
tests torsion ¢ | devices and | knee flex- ¢
ced . locks
foot units ione

Complete structure of transfemoral/knee-dis- » x
artifulation prosthesis or distal part of x x x
hip-dlisarticulation prosthesis with foot unit {see 9.3) (see 9.3)
Complete structure of transfemoral/knee-dis>*
artifulation prosthesis or distal part;of x x x x
hip-dlisarticulation prosthesis without footunit
Complete structure of transtibial prdsthesis with X N X
foot hinit (see 9.3) (see 9.3)
Comjplete structure of transtibial prosthesis N N
withlout foot unit
Partial structure including knee unitand ankle-foot x N X N N
devige or foot unit (see 9.3) (see 9.3)
Partfial structure~including knee unit but not

. . X X X X
ankle-foot device or foot unit
a  HExamples-of the different types of test samples of prosthetic structures submitted for test are specified iph 10.2.
b TeStsrequired for test samples of all prosthetic structures except samples of single ankle-foot devices orffoot units.

¢ Testrequired for test samples of all prosthetic structures.

d  Tests required for test samples of prosthetic structures including an ankle-foot device or foot unit, independent of
other tests required to claim compliance with this International Standard, which also may involve/load the ankle-foot
device or foot unit.

e Testrequired for test samples of prosthetic structures including a knee unit which, under real conditions of use as a
member of a finished lower limb prosthesis, will be loaded at its physical boundaries of angular movement in the position
of maximum knee flexion of that prosthesis. (This need not happen in every case, as the position of maximum knee flexion
may be determined by other parts of the prosthesis which come into contact first.)

f Tests required for test samples of prosthetic structures including a knee unit which can be locked in the extended
position.
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Table 15 (continued)

Separate structural tests

Examples of prosthetic structures Principal ] Tests on Testin Tests
: a structural | Testin | ankle-foot | maximum
submitted for test b . : on knee
tests torsion ¢ | devices and | knee flex-
. . locks f
foot units d ione
Partial structure including ankle-foot device or x N x
foot unit but not knee unit (see 9.3) (see 9.3)
Partial structure without knee unit and without N "
ankle-foot dewiece-erfoetunit
Ankle-fopt device or foot unit N x
(e.g. of anklg-disarticulation prosthesis) only (see 9.3)

a  Exampleq
b Testsreq
¢ Testrequ

d  Tests req
other tests rd
device or foot|

e Testreq
member of a
of maximum }
may be detert

f Tests req

unit.

red for test samples of all prosthetic structures.

of the different types of test samples of prosthetic structures submitted for test are specified.in 10.2.

ired for test samples of all prosthetic structures except samples of single ankle-foot deVices or foot units.

uired for test samples of prosthetic structures including an ankle-foot device-op foot unit, independd
quired to claim compliance with this International Standard, which also rhay*involve/load the anklg

ired for test samples of prosthetic structures including a knee unit which, under real conditions of us
inished lower limb prosthesis, will be loaded at its physical boundatjes’of angular movement in the po
(nee flexion of that prosthesis. (This need not happen in every casg, as the position of maximum knee flpxion
hined by other parts of the prosthesis which come into contactfirst.)

uired for test samples of prosthetic structures including aKnee unit which can be locked in the extgnded

nt of
-foot

b as a
ition

position.
Table 16 — Number of tests and test saniples required to claim compliance
with this Interndtional Standard
Batch b of test samples allowed|for
Minimum 2 each type of test
s Testloading condition and man- | number of ] -
Type of test ner of application tests re- Regular Posmblc; :;bslte}:ute test
quired test sam- p
ples No. ¢ Referencp
Principal structural tests
Static prooftest |Testloading@oonditionI [7.1.2 a)] and 2 2 1 16.2.1.1.1p
(see 16.2.1.1) Test leading condition II [Z.1.2 b)] 2 2 1 T
Static ultimate TeStloading condition I [7.1.2 a)] and 2 2 1 16.2.2.19 and
strength flest Test loading condition I [7.1.2 b)] 16.2.2.1.10 (op-
(see 16.2.2.1) & o 2 2 1 tion)
Cyclic test d Testloading condition I [7.1.2 a)] and 2 2 1 16.3.2.2
(see 16.3.7] Testioading condition 11 {712 bJ] 2 ) 1
Separate test in torsion
Static test Two opp951t1e dlre{:_tlgns oflcl)ladmg, , ,
(see 17.1.3) successively applied to each test — —
B sample (7.1.3.1)

Separate tests on ankle-foot devices and foot units

b  For the definition of batch see 3.4.

a The term minimum indicates that repetition of tests on permitted substitute test samples may be necessary to satisfy
the compliance conditions.

¢ The number of possible substitute test samples is related to each occasion at which any of the conditions of the relevant
subclauses listed in the reference column applies.

d All cyclic tests are followed by final static tests, applied in the same test loading conditions (directions of loading).

24

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=26452f34f00e2031a1cb25ffe66b8a56

IS0 10328:2016(E)

Table 16 (continued)
o Batch b of test samples allowed for
Minimum 2 each type of test
Test loading condition and man- | number of - -
Type of test ner of application tests re- Regular P0551bles :umbsltel;ute test
quired test sam- P
ples No.c Reference
Direction of loading at angle a and
Static proof test direction of loading at angle S,
(see 17.2.3.1) successively applied to each test 2 2 1 1723111
sample (7.1.3.2)
) ] ) 17:2.41.15 and
Direction of loading at angle a 17:2.4]1.17 (option)
Stgtic ultimate and 2 2 1
strength test 17.2}4.1.15 and/
(spe 17.2.4.1) Direction of loading at angle 8 2 2 1 or17.2.4.1.16
(71.3.2) nd{17.2.4.1.17
option)
Direction of loading at angle a
Clclic testd and direction of loading at angle 2 > . .
(see 17.2.5.1) B, alternately applied to each test
sample (7.1.3.2)
Separate static ultimate strength test in maximum knee flexion'on knee joints and associgted parts
Jtatic test . .
(ee 17.3.4) Single condition (7.1.3.3) 2 2 — —
Separate tests on-Knee locks
Static proof test . s 4
(she 17.4.3.1) Single condition (7.1.3.4) 2 2 1 17.4.3.1.12
Stqtic ultimate
stfength test Single condition (7.1.3\4) 2 2 1 174419
(spe 17.4.4.1)
Clyclic test d . - i
(she 17.4.5.1) Single condition{7.1.3.4) 2 2 1 17.4.5.1.22
a  The term minimum indicates that.repetition of tests on permitted substitute test samples may be necesyary to satisfy
the fompliance conditions.

b  Hor the definition of batch/See-3.4.

c

subclpuses listed in the reférence column applies.

d A

he number of possible Substitute test samples is related to each occasion at which any of the conditions

1l cyclic tests ate-followed by final static tests, applied in the same test loading conditions (directions of

pf the relevant

loading).

10 Testsamples

10.1-Selectionoftestsamples——Mm —

10.1.1 General

The test samples of prosthetic devices/structures selected for test shall be taken from normal
production. Details of the selection shall be recorded in the test submission document (see Clause 12).
If the manufacturer/submitter supplies a certificate stating that the test sample has been taken from
the normal production line, this certificate shall be included in the test submission document, together
with details of the sampling method.

NOTE
interested party.

© ISO 2016 - All rights reserved
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10.1.2 Selection of ankle-foot devices and foot units of appropriate size of foot

10.1.2.1 For principal structural tests on samples of prosthetic structures including an ankle-foot device
or a foot unit that forms an integral part of the structure and cannot be detached (see 9.3), the size of
the foot selected shall allow the application of load in accordance with the combined bottom offset S

specified for the test (see 6.8.2, Table 7 and Figures 4 and 6), Sg being determined by the formula

=[5 +05 6

where fg and op are the f- and o-offsets of the bottom load application point Pg.
The selectiOL of the size of the foot and possible subsequent adaptations of the test force shall be.cdfried
out as follows:
a) selectajsize that gives the correct combined bottom offset, Sg;
b) ifa correct size foot is not available, use the next larger size;
c) if the fdot available is shorter than the correct length, then increase thie-applied test forcq F to

F’ wher:

5 Bspec
F'=F|] (2)
S Bact
and where
Spspec  isthe specified combined bottom offSet;
SB act is the actual combined bottom-effset.

10.1.2.2 FO;[ separate structural tests on ankle/foot devices and foot units on samples of prosthetic
structures including an ankle-foot device or‘afoot unit that can be detached or on samples compijising
an ankle-foqt device or a foot unit as a single component, the size of the foot selected shall provide the
worst-case lpading (see note) that is possible for that type of foot when subjected to the heel and forgfoot
loading spedified for the test (see Tables 10 and 11).
The size of foot providing the worst-case loading shall be determined by the manufacturer/subnjitter
(see NOTE) pnd shall be statéd, with justification, in the test submission document (see Clause 12)
NOTE The determination of the size of foot providing the worst-case loading may be based on design
features, on findings ofrisk management and/or on the results of appropriate preliminary tests conductgd on
feet of differgnt size,
An approprijaté measure for the worst-case loading is the dlrectlon and magnitude of the ankle (A-
P) bending 1 A of the

ankle-foot device or foot unit and determlned by the lengths of the effective lever arms on which these
test forces act.

Although there is a fundamental relationship between the lengths of the effective lever arms and the
size of the foot, the worst-case loading need not necessarily be provided in each case by the largest
size of foot available for the test loading level to be applied, but can also be influenced by other design
parameters.
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Types of test samples

1 Complete structure

10.2.1.1 For a knee-disarticulation or a transfemoral (above-knee) prosthesis, a complete structure
consists of a knee unit and ankle unit or ankle attachment with all parts between. It may also contain parts
above the knee unit, including the socket (see 10.2.1.4), and below the ankle unit or ankle attachment,
including the foot unit.

10.2.1.2 For the distal part of a hip-disarticulation (or hemi-pelvectomy) prosthesis, a complete

strudture consists of a knee unit and ankle unit or ankle attachment with all parts between
contqin parts below the ankle unit or ankle attachment, including the foot unit.

NOTH
of thd

10.2

ankl¢ attachment and the socket attachment with all parts between. It may“also contain par
socket attachment, including the socket (see 10.2.1.4), and below the ‘ankle unit or ankle
including the foot unit.

10.2
trans
regid

In order to demonstrate that this connection has the strength required to sustain the loads
occuf during use by amputees in the manner intepded, manufacturers shall submit complete
including the socket or a socket dummy, for test'in accordance with the relevant requiren

Inten

[t may also

Tests of components of hip-disarticulation (or hemi-pelvectomy) prostheses whiclfare above the level

knee are specified in ISO 15032.

1.3 For a transtibial (below-knee) prosthesis, a complete structure-corsists of the ankle unit or

1.4 The mechanical connection between a transtibial (below-knee), knee-disart
femoral (above-knee) socket and the distal shin-spcket or knee-socket attachment
n of a prosthetic structure.

national Standard.
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2016 - All rights reserved
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10.2.1.5 An example of a complete structure of a left transfemoral (above-knee) prosthesis and its
alignment within the coordinate system is shown in Figure 6.

P

left foot
load lin¢
effectivg knee-joint centre

effective kiiee-joint centreline

effectivé-atkle-joint-centre
effective ankle-joint centreline
knee load reference point
ankle load reference point
bottom load application point
top load application point

NOTE This figure illustrates a typical test loading condition representative of the condition of forefoot loading
during the stance phase of normal walking. It corresponds to test loading condition II defined in 7.1.2 b).

28

Figure 6 — Application of a specific test configuration with ug = 0
to a left-sided sample specified in 10.2.1
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2 Partial structure

For any type of prosthesis, a partial structure is less than a complete structure and may be a single
component, such as a knee unit or an ankle-foot device.

A specific example of a partial structure is a test sample of a foot unit or the structural parts of a foot
unit used in specific types of ankle-disarticulation prostheses.

When a partial structure is tested, the end connections shall have mechanical characteristics similar to
those of the intended adjacent components, unless otherwise specified in this International Standard.

10.2

If thd
or 10}
flexil

If the

docujment (see Clause 12) and the test report (see Clause 19), that the effective geometr

samyj
appr
whid

If thd
com

complies with 10.2.3 of this International Standard.

If the

clainped.

10.3
10.3

10.3
strug

10.3
shall

a)

q
1

2 A &l g g
9  Ally UUICTT StTutiul©

design of a leg structure does not allow it to be tested as a test sample in accordarncsg
.2.2, then a special test set-up may be used for testing. For example, such a leg could be
ble plastic structure that includes the foot.

manufacturer/submitter and the test laboratory/facility certify in writing in the test

le and the test loading conditions comply with the requirements-of Clauses 7, 8 and
ppriate, then testing may be carried out and a test report issued, in accordance with |
h this compliance is specifically addressed.

test sample satisfies the requirements of the relevant clauses of this International Stg
liance with these clauses can be claimed. The clainixshall clearly indicate that the

geometry of the test sample cannot be so certified, then compliance with these claus

Preparation of test samples
1 The samples shall include all parts normally fitted.

2 Any cosmetic components shall be omitted from the sample, unless they contr
tural strength.

3 Where any test.sample includes a socket or socket dummy, the preparation of the
include the meastires listed in a) to c).

[he distal pertion of the socket or socket dummy, into which the distal socket attach
bxtends;Shall either be a void or be filled with foam or soft materials, in order to allow
o deform freely under load.

with 10.2.1
a one-piece

submission
y of the test
16 or 17, as
Clause 19, in

ndard, then
test sample

bs cannot be

bute to the

test sample

Iment device
this portion

b)

Theremaining proximal portion of the socket or socket dummy shall be connected rigid

ly to the top

end attachment, consisting of the extension piece, as required, and the top load applica ion lever.

The use of a mandrel as extension piece, anchored within the socket or socket dummy by means of rigid
foam, has been found to be suitable.

c) For a transtibial (below-knee) socket or socket dummy, the position of the effective knee-
joint centre and the direction of the effective knee-joint centreline shall be identified, based on
anatomical features derived from the socket shape. This is necessary to allow the alignment of the
socket as required (see 10.5 and 10.6).

It has been found to be suitable to transfer the effective knee-joint centreline to the socket by drilling
holes through the medial and lateral socket wall in the direction of the effective knee-joint centreline,
the holes to serve as guide for alignment pins of a jig.
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10.3.4 Where any test sample includes a partial structure according to 10.2.2 which can be used in
different prosthetic assemblies, then the test sample set-up shall be prepared in accordance with a) and
b) and the test submission document (see Clause 12).

a) If the partial structure is intended to be allowed for free use in any prosthetic assembly, then the
test sample set-up shall be prepared to represent the most adverse prosthetic assembly possible.
b) If the partial structure is intended to be allowed for limited use in specified prosthetic assemblies,

then the test sample set-up shall be prepared to represent each prosthetic assembly specified.

10.3.5 Where any test sample includes any end fittings, then it shall be assembled in accordance with

Clause 11 aff

10.3.6 For
(see17.4),a
consisting o

The fixed t
either one
other releva

10.3.7 For
selected in 3
part connec
compliant s
recorded.

10.3.8 For
associated 1
parts that n

sub-ass
the pro:

knee-sh
part of §

Parts outsig
substituted

If a specif
attachment

d the test submission document.

the principal structural tests (see Clause 16) and the separate structural tests on)knee

F extension pieces and the load application levers.

al length shall be determined by the dimension ut — ug and shall be-achieved by sele
the combinations specified in Table 5 for different types of test Samiple (see 10.2) o
nt combination. The combination of segment lengths selected shallbe recorded.

the separate tests on ankle-foot devices and foot units, theyankle-foot device or foot
ccordance with 10.1.2, shall be submitted assembled by ‘the manufacturer/submitter t
Led to the remainder of the prosthesis such as an ankle'unit, alignment device, pylon
[ructure or exoskeletal member. The type and identification of the part connected sh{

the separate static ultimate strength test:if¥ maximum knee flexion for knee jointg
arts (see 17.3.4), the test sample shall consist of the assembly of knee unit and assoc
rmally provides the knee flexion stop ona complete prosthesis, comprising

emblies of knee units and adjacehtcomponents normally required for their attachme
kimal and distal part of a prosthesis and/or their alignment within a prosthesis, and

in-assemblies, including ddjacent components required for their attachment to the proj
| prosthesis and/or their.dlignment within a prosthesis.

le the specific assembly may be substituted. The form of the specific assembly and
parts shall be reeorded.

ic knee wnit or Kknee-shin-assembly can be used in conjunction with diff
alignmefit)components, then the test sample set-up shall represent the assembly w

the knee flg
instantane

maximum kne®flexion of the test sample. (This is in accordance with 10.3.4.).

xion stop point is nearest to the axis of rotation (monocentric design) or nearest t
s/centre of rotation (polycentric design) of the knee unit or knee-shin-assemb

ocks

1 test sample types according to 10.2 shall be given a fixed total length, using exidattachnpents

cting
" any

unit,
o the

base,
11l be

and
iated

nt to

rimal

any

brent
there
b the
ly at

10.3.9 For the separate static ultimate strength test in maximum knee flexion for knee joints and
associated parts, all test samples shall have extension pieces attached above and below the knee unit,
to represent wholly or in part the thigh and shin portion (for details see 10.5.3.1). The lengths of these
extension pieces shall be recorded.

10.4 Identification of test samples

The test laboratory/facility shall apply to each test sample an indelible, unique and traceable
identification.
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10.5 Alignment of test samples
10.5.1 Test samples for principal tests and separate tests on knee locks

10.5.1.1 For the principal structural tests (see Clause 16) and the separate structural tests on knee
locks (see 17.4), all test sample types specified in 10.2 shall be aligned within the appropriate coordinate
system in accordance with 6.1 to 6.3, 6.7.3 to 6.7.6, 10.6, 14.3 a) to d), Tables 5 and 6 or 13 and the test
submission document (see Clause 12).

10.5.2 Test samples for separate tests on ankle-foot devices and foot units

10.5{2.1 Test samples of an ankle-foot device or foot unit shall be aligned within~the [appropriate
coorglinate system in accordance with 6.1 to 6.3, 6.7.2 to 6.7.4, 14.3 a) and d), Table"10 pnd the test
ission document (see Clause 12).

The longitudinal axis of the foot (see 6.7.2) shall be turned by y = 7° as showanin Figure 7 apd specified
in Taple 10 to give a “toe out” position of the ankle-foot device or foot unit:

(1)
\T

F

oV

N
s
D

a  Longitudinal axis of foot corresponding to 6.7.2.

NOTE *The test mechanism used to apply F1 and F7, each should allow low-friction motion fin both
tangential directions, realized e.g. by ball bearings.

Figure 7 — Position of foot in test equipment
(see 10.5.2,13.4 and 17.2)

10.5.3 Test samples for separate static ultimate strength tests in maximum knee flexion for
knee joints and associated parts

10.5.3.1 In the initial test sample set-up with the knee unit fully extended, the extension pieces attached
above and below the knee unit to represent wholly or in part the thigh and shin portion shall be aligned
on the u-axis and perpendicular to the effective knee-joint centreline and shall provide a length, Le, of
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400 mm, measured from the effective knee-joint centre, in accordance with 6.2.2, 6.7.5, 6.7.6, 10.3.9, 14.3
a) and b), Table 12 and Figure 8).

10.5.3.2 If the alignment of the test sample is adjustable, it shall be set in the worst-case alignhment
position in accordance with 10.6.

10.5.4 Test samples for separate tests on knee locks

If the lock position is adjustable or alignment adjustment of the test sample moves the lock in relation
to the centre of rotation, then the test sample shall be set so that the lock is as close as possible to the
effective knpe-joint-centre{see6-746)-

Key
Le length of thigh and shin portion
a  Effectivd knee-joint centre.

Figure 8 - Test configuratien for the separate static ultimate strength test in maximum kpee
flexion on knee joints and associated parts
(see 10.5.3.1,13.5 and 17.3.4)

10.6 Worst-case alignment position of test samples

ftho tact camanla
—teteStSampte

10.6.1 All testsshall be-conductedin s-defined

by the criteria specified in 10.6.2 to 10.6.4.

P

10.6.2 The structurally worst alignment position shall, if possible, be defined by the
manufacturer/submitter in the test submission document (see Clause 12). It shall lie within the
limitations of the manufacturer’s written instructions for the alignment of the limb as supplied with
every component of the type.

10.6.3 Where the structurally worst position cannot be defined as required in 10.6.2, then the sample
shall be adjusted so that it is moved 90 % of the distance from neutral alignment to extreme alignment. The
adjustment shall be directed away from the load line so as to increase the effective lever arm (see 6.8.3).
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10.6.4 For samples for the separate static ultimate strength test in maximum knee flexion on knee joints
and associated parts, the worst-case alignment position is when the perpendicular distance of the axis
of rotation (monocentric design) or the instantaneous centre of rotation (polycentric design) of the knee
unit from the load line at maximum knee flexion of the test sample assembly reaches its maximum value
(but see NOTE).

In order to ensure that the test sample reaches the highest possible value of knee flexion that can occur
in a normal prosthesis, the structures representing the thigh and shin portion (including the extension
pieces) shall be designed and/or arranged so that their posterior contour/shape and extension keep
within the “reference” contour/shape determined by the smallest dimensions that are possible in
accordance with the manufacturer’s instructions for the intended application(s) of the knee unit or
kneefshin-assembly taking account of

the type(s) of prosthesis (knee-disarticulation, transfemoral or hip-disarticulatidnyprasthesis);

the attachment of these assemblies to the proximal and distal part of the prosthesis;

the alignment of the knee joint within the prosthesis;

1

q

NOTH
of kn
the K
repre

the fifrst paragraph of 10.6.4, and then to re-adjust the alignment in a way which moves the knee

posit

11 ]

11.1
com

man
of th

Corr
rega

11.2
spec

test for knee locks has reached a value at which such replacement is indicated [see 16.1.3

17.2,

he intended use of these assemblies within a complete prosthesis by the envisaged
imputees.

In order to enlarge the free space on the posterior side of thetest sample to allow the mg
ee flexion to be reached, it may be appropriate or necessary to'start the adjustment of the al
nee unit placed in a position of posterior displacement relative to the longitudinal axis of
senting the thigh and shin portion, which would have theyopposite effect on the distance 1

on of posterior displacement in the anterior directioxso as to increase this distance.

Responsibility for test preparation

onents to be tested including ;screw connection torque settings in accordand
facturer’s written instructions for the assembly of components as supplied with every

b type.

pct tightening torque setting is of particular importance for the bolts of clamped
rding security against slippage, which is tested in the separate static test in torsion (s€

The manufacturer/submitter shall be responsible for the provision with the teg
fied parts tohereplaced when the number of cycles of the principal cyclic test and the se

5.1.2 2)/47.2.5.1.9 and 17.4.5.1.1 b)/17.4.5.1.16].

11.3

The manufacturer/submitter shall be responsible for preparing the test submissig

group(s) of

ximum value
gnment with
he structure
eferred to in
init from the

The manufacturer/submitter .shall be responsible for the selection and assembly of the

e with the
component

connections
e 17.1.3.1).

t sample of
parate cyclic
2/16.3.2.16,

n document

in accordance with Clause 12.

11.4 The manufacturer/submitter or the test laboratory/facility shall be responsible for the
attachment of the end attachments required for the principal structural tests and the separate tests on
knee locks (see 13.2.1 and 13.6.1) and the extension pieces required for the separate static ultimate
strength test in maximum knee flexion on knee joints and associated parts (see 13.5.1).

Whoever assembles them shall be responsible for their static alignment in accordance with
— 10.5.1 for the principal structural tests;

— 10.5.3 for the separate static ultimate strength test in maximum knee flexion on knee joints and
associated parts;
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— 10.5.1 and 10.5.4 for the separate tests on knee locks.

11.5 The test laboratory/facility shall be responsible for the verification that the test sample
is assembled in accordance with Clause 10, the test submission document (see Clause 12) and the
manufacturer’s/submitter’s written instructions supplied with every component of the type.

If the test sample assembly is not correct the test laboratory/facility shall, in consultation with the
manufacturer/submitter, alter it to the specified configuration.

11.6 The test laboratory/facility shall be responsible for adjustment of the alignment to give the

correct offsets and effective lever arms dnring test in accordance with

— 10.5.1 fpr the principal structural tests (see also 16.2.1.1.2/16.2.1.1.5, 16.2.2.1.2/16.2.2:1.3 and
16.3.2.2/16.3.2.5);

— 10.5.3 fpr the separate static ultimate strength test in maximum knee flexion omknee joints and
associated parts (see also 17.3.4.1);

— 10.5.1apd10.5.4 fortheseparatetestsonkneelocks (seealso17.4.3.1.2/17.4.3.1.5,17.4.4.1.2/17.44.1.5
and 17.4.5.1.2/17.4.5.1.5).

12 Test submission document
12.1 General requirements

12.1.1 The[manufacturer/submitter shall prepare the test submission document with any assodiated
information| and shall provide at least one copy with ¢the batch of test samples of every prosthetic
device/stru¢ture submitted for test.

12.1.2 The[manufacturer/submitter shall, if appropriate, state in the test submission document which
of the measyirements and recordings of the ankle and knee offsets fa, fk, 0a and ox and/or effective lever
arms La and Lk, indicated at various stages of the principal structural tests (see 16.2 and 16.3) an{ the
separate strfictural tests on knee locks (see 17.4), shall be carried out.

NOTE Although these data may previde interesting and useful information particularly on the deformation
of test samples under load, they are\irrelevant to the performance requirements to be satisfied according {o the
compliance cpnditions of each of\these tests. For this reason, the measurements and recordings referred tp will
be carried out only if requesteddy the manufacturer/submitter.

12.1.3 The[manufacturer/submitter shall, if appropriate, state in the test submission document which
of the inforrhation to.be recorded in the test log in accordance with this International Standard shall be
included in the teStreport in addition to the information required to be included according to Clause 19.

12.1.4 The Tanufacturer/submitter shall clearly indicate a name and address for communication
purposes. If appropriate, the identity of the original equipment manufacturer shall be provided.

12.1.5 The manufacturer/submitter shall provide a unique and traceable identification for
the test submission document which shall also be indelibly marked on the test sample. The
manufacturer/submitter shall maintain a record of such identification.

12.1.6 The manufacturer/submitter shall clearly indicate the test laboratory/facility required to
conduct the test.

12.1.7 The manufacturer/submitter shall clearly indicate the date of submission or dispatch to the test
laboratory /facility.
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12.2 Information required for test samples

12.2.1 All test samples

The following information, attributable to a fully traceable identification for each test sample, shall be
included in the test submission document:

a) manufacturer’s name and model identification and/or number or other means of identification;

b) type of sample in accordance with 10.2.1, 10.2.2 or 10.2.3;

e ation—from—the—manufacturer—-which—states—that-the—te ample—has-been taken from
normal production and which gives details of the method of selection in accordance with 10.1.1;

d) 4ny special assembly instructions for the test sample and/or attachments in acdordande with 10.3;

e) if not straightforward, identification of the position of effective centresc(67Z.3 and €.7.6) and/or
¢ffective centrelines (6.7.4 and 6.7.5) in accordance with 10.5;

f) identification of the worst-case alignment position in accordance with-10.6;

g) tightening torque values for connecting bolts in accordance withy11.1;

h) record of the supply of any replacement parts provided in.ac¢ordance with 11.2;

i) 7ecord of any end attachments and/or extension pieces-and their static alignment inf accordance
yith 10.3, 10.5 (and 11.3).

12.2{2 Test samples for tests on ankle-foot devices and foot units
The manufacturer/submitter shall include in the test submission document

a) arecord of any agreement on the identification of the longitudinal axis of the foot inl accordance
yith 6.7.2;

b) information relating to the arrangements for tests on samples of prosthetic structures including
ankle-foot devices and foot-units, addressed in 9.3;

c) a statement, with justification, of the size of foot providing the worst-case loading, in accordance
yith 10.1.2.2.

12.2|3 Test samples for static ultimate strength tests in maximum knee flexion for knlee joints
and associated;parts

The manufaeturer/submitter shall include in the test submission document a specification of the
location/position of the knee flexion stop on each type of prosthesis for which the knee unit or knee-
shin{assembly can be used according to their intended application, together with an idedtification of
associated parts that are involved in the provision of the Knee flexion stop, in accordance with 10.3.4
and 10.3.8.

12.3 Information required for tests

12.3.1 General

The information addressed in 12.3.2 to 12.3.7 for each test sample shall be included in the test
submission document.

12.3.2 For all tests
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a) The particular test requested (Clauses 9 and 16 or 17) and the test loading condition(s) and test

loading

levels [Clauses 7 and 8 (and Annex D)];

b) particular values of dimensions and forces for the conduct of the test (Clause 8);

c) themos

12.3.3 For

tadverse assembly and the worst-case alignment of the test sample (10.3.4 and 10.6).

static tests in torsion and on ankle-foot devices and foot units

The request to proceed with the test procedure in the second direction of loading on the occurrence of
failure in the test procedure in the first direction of loading in accordance with 17.1.3.7, 17.2.3.1.5 and

17.2.4.1.6.

12.3.4 For

a) Ifapprd
16.2.2.1

load andl any further instructions concerning the documentation of test results.

b) Only fo
tests fo
in acco

Annex (.

12.3.5 For

a) The tes
17.2.5.1

b) Replace
17.2.51

c) If apprd
with 16

static ultimate strength tests

priate, request for continuation of the test until failure actually occurs in.ddcordance
.6 and/or 17.2.4.1.5/17.2.4.1.11 and/or 17.4.4.1.6 and recording of the value of the f3

" principal static ultimate strength tests (16.2.2.1) and separate Static ultimate strg
' ankle-foot devices and foot units (17.2.4.1): the application of an increased rate of 104
rdance with 16.2.2.1.1 and 16.2.2.1.6 and/or 17.2.4.1.1 dnd 17.2.4.1.5/17.2.4.1.11,

cyclic tests

t frequency called for in accordance with 16.8:2:10 and 16.3.2.13 and/or 17.2.5.1.7
8 and/or 17.4.5.1.10 and 17.4.5.1.13;

ment intervals of service items in accordance with 16.3.1.2 and 16.3.2.16, 17.2.5.1.2 a
9 and/or 17.4.5.1.1 b) and 17.4.5.1.16;

priate, request for visual examination with specification of magnification in accord
3.1.4 and 16.3.2.21 and/or 16.2.5/1.2 ¢) and 17.2.5.1.14 and/or 17.4.5.1.1 d) and 17.4.5

This req

d) Only foy
final st3
16.2.1.1

juest shall include instructions concerning the documentation of test results.

principal cyclic tests and Separate cyclic tests for knee locks: the request to carry ou
itic test in the mannen required to cover the related static proof test in accordance
16.3.1.3 and 16.3.2218 and /or 17.4.3.1.1,17.4.5.1.1 c¢) and 17.4.5.1.18.

e) Only foy
of a tes
test on
and/or |

principal cycliotests and separate cyclic tests for knee locks: if appropriate, specific
frequency-of Tess than 3 Hz, to be applied to a substitute test sample in the repetiti
the occurTence of failure at a test frequency of 3 Hz or higher in accordance with 16.3
17.4.5.527.

with
ilure

ngth
1ding
and

and

and

ance
1.21.

t the
with

htion
pn of
2.22

12.3.6 For

tests in torsion

Identification of the mid-positions of all adjustable components in accordance with 17.1.3.2.

12.3.7 For

tests on ankle-foot devices and foot units

Information related to the arrangements for tests on samples of prosthetic structures including ankle-

foot devices

36

and foot units, addressed in 9.3.
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13 Equipment

13.1 General

The different types of test listed in Tables 15 and 16 and specified in Clauses 16 and 17 require different
types of test equipment.

Each piece of test equipment shall provide sufficient freedom of movement for the test sample to permit
and not restrict its deformation under load within the specified range.

Other pieces of equipment are

— ¢nd attachments required for specific set-ups of test samples;

— aspecialjigthatmaybe used on an optional basis to facilitate the setting, adjustingand /gr measuring
f segment lengths and offsets of test samples;

dny devices used to measure loads and dimensions.
13.2 Equipment for the principal tests specified in 16.2 and 163
13.2{1 End attachments

13.2{1.1 General

For the application of test loading conditions I and ll,0fthe principal structural tests, the|test sample
set—l:E requires the use of end attachments, consisting of load application levers and nop-prosthetic
extemsion pieces.

The gnd attachments shall not enhance or reduce the stresses due to the specified test Joads in the
strugture under test.

The end attachments shall satisfy the requirements of the proof test of end attachments,|specified in
13.2/1.2.

13.2/1.2 Proof test of end attachments

13.2{1.2.1 The test shall’be carried out on end attachments required for the application offtest loading
condjitions I and II ofthe principal structural tests specified in 16.2 and 16.3.

The proof test af-end attachments is, in principle, also applicable to the end attachments fequired for
the dpplication of the test configuration of the separate structural tests for knee locks spegified in 17.4
(see [13.6.1)In this case steps 13.2.1.2.3 to 13.2.1.2.11 of the test are to be carried out accordingly.

End attachments which satisfy the stiffness requirements of the proof test of end attachments for proof
test forces Fpa = 1,Z Fsy, upper level Of a specific test Joading Ievel (see Tables 3, 8 and D.Z] are suitable for
all principal static and cyclic tests of this International Standard carried out at this specific test loading
level and at all lower levels.

OPTION — If it is the intention to use different sets of end attachments, individually designed to
the specific requirements of the test loading conditions of the principal static and cyclic tests of
this International Standard (see EXAMPLE) and/or to the specific requirements of the prosthetic
devices/structures submitted for test, the proof test of end attachments shall be applied to each of these
sets. In this case each set shall satisfy the stiffness requirements of the proof test of end attachments at
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values of test force Fp, relating as shown in Table 17 to the highest value of test force Fsy, Fsp or Femax
(see Tables 3, 8 and D.2) to be applied during the test for which this set has been designed.

EXAMPLE A particular reason for the use of a specific set of (light-weight) end attachments for the cyclic
test is the reduction of inertia effects caused by the mass of (heavyweight) universal end attachments suitable
for all tests.

It is not necessary to repeat the proof test of end attachments if earlier results for previously tested
relevant combinations of end attachments are available and are suitable.

Table 17 — Option for end attachments of specific design

Intended use of end attachments Test force to be applied
For the stati¢ ultimate strength test Fpa=1,2 Fsy, upper level
For the statif proof test Fpa=1,2Fgp
For the cyclif test Fpa=1,2 Fsp = 2,1 Femax?

a  The valug of test force to be applied to end attachments intended to be used for cyclic tests takes into account that
each test sample having passed the cyclic test is subjected to a final static test without precedipgyre-alignment. The |atter
condition canhot be met if the procedure requires the exchange of end attachments, which would'be the case, if the setjup of
the test sample for the cyclic test contained end attachments specifically designed for cyclic tests only.

13.2.1.2.2 (arry out the proof test of end attachments, consisting of the\load application levers andl any
non-prosthetic extension pieces used, by measuring their stiffness in_fh€ manner specified in 13.21.2.3
to 13.2.1.2.1]1.

Assemble any non-prosthetic components used in the test saniple for the application of the test logding
conditions fpr the principal structural tests. Set the bottom and the top load application lever in the
same plane vith the load application points pointing in the'same direction.

If the non-prosthetic extension pieces used have means of adjustment, this shall be set to the Wworst
structural cpndition in the meaning of 10.6, i.e. the adjustment shall be directed away from the loadl line
so as to increase the effective lever arm.

If it is necessary to use additional non-prosthetic components to allow assembly of end attachments, the
stiffness of fhese components shall not beiless than the stiffness of the other non-prosthetic components
when assembled in the test situations

Record the details of the assembly of end attchments.

13.2.1.2.3 Within the range-of adjustability required for the application of the relevant test logding
condition(s) and test loading level(s), set the bottom load application point Pg on the bottom|load
application |ever and-thie top load application point Pt on the top load application lever (in the fame
direction) tg theirsmiaximum distance from a line corresponding to the u-axis of the test sample in the
test situation.

If the 1oad a nllcation laovare avrn ead fortha A lictinn f counral tnct loding conditione And /a4 test

Pttt Iy o ol oo T O IO T o P p it o oo U oty SO te o T oT TS CoOTTtTtI oo ot O

loading levels, the range of adjustability on each lever shall allow the load application point to be set
to the maximum distance required for the application of the test loading condition and/or test loading
level with the highest value of combined offset at this point (see 6.8.2 and Table 7).

If, for instance, the load application levers are used for the application of test loading conditions I and II
of the principal structural tests at all test loading levels specified, the bottom load application point Pg
shall be set to the maximum distance within the range of adjustability required for the application of
test loading condition II at test loading level P5 and the top load application point Pt to the maximum
distance within the range of adjustability required for the application of test loading condition I at test
loading level P3.

Record the details of the adjustment of the bottom and top load application points Pg and Pr.
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13.2.1.2.4 Mount the assembly in the test equipment or suitable device.

Record the test loading condition and test loading level to be applied, together with the corresponding
values of test forces.

13.2.1.2.5 Apply to the bottom and top load application points of the assembly the settling test force Fset
of the relevant test loading condition and test loading level, specified in Table 4 or Table D.1.

Maintain this force, Fset, at the prescribed value for (30 + 3) s and then remove it.

13.2.1.2.6 Apply to the bottom and top load application points of the assembly the stabilizing test
force Fsian, specified in Table 4 or Table D.1, and maintain it until the measurement specified below is
completed.

Meagure and record the distance LT (see 6.8.4) as L1 or the displacement §2of the moving load
application point from its reference position in the test equipment as 4.

13.2{1.2.7 Increase the test force F smoothly at a rate of between 100 N/s7and 250 N/s to the proof test
forcg Fpa of the relevant test loading condition and test loading level, specified in Table 4 ¢r Table D.1,
and fnaintain it until the measurement specified below is completed.

Meagure and record the distance Lgt as Ly or the displacement-¢-of the moving load application point
from|its reference position in the test equipment as 65.

13.2{1.2.8 Decrease the test force F to Fstap and maintain it until the measurement specified below is
completed.

Meagure and record the distance LpT as L3 or the,displacement § of the moving load application point
from|its reference position in the test equipmentas 3.

13.2|1.2.9 Calculate and record the deflection, D1, at Fp; and the permanent deformation, I}, at Fstap as
follos:

I~

1=L1-LaorD1=682-61 (3)

~

2=L1-L3or Dy =683=0¥1 4)

13.2}]1.2.10  Do-hot use the end attachment if the calculated values exceed the following limits:

Maximum deflection at Fpa: D1 =2 mm.

Maxijmum\permanent deformation at Fstap: Dz =1 mm.

13.2.T.2° 1T Record the results.

13.2.2 Jig (optional)
A jig may be used to facilitate the setting, adjusting and/or measuring of segment lengths and offsets of

test samples for the principal structural tests and the separate structural tests on knee locks. It shall be
capable of applying the stabilizing test force Fstap while this is carried out.
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13.2.3 Test equipment

13.2.3.1 Test equipment to perform static compression loading - (Compression testing machine
or other equipment)

The test equipment shall be capable of producing static test forces at a loading rate of between 100 N/s
and 250 N/s (but see NOTE) up to the values specified in Table 4 or Table D.1 and Table 8 or Table D.2
for the relevant test procedure, test loading condition and test loading level, to be applied in the
configurations specified in Tables 5 and 6 and illustrated in Figures A.1 and A.2.

NOTE

For the alternative static ultimate strength test according to Annex C, increased loading rates of

between 1 kN

13.2.3.2 Te
or other eq

13.2.3.2.1
in Table 8 o

7sand 5 KN/s are considered to be appropriate.

- Table D.2 for the relevant test loading condition and test loading level, to be applied i

configurations specified in Tables 5 and 6 and illustrated in Figures A.1 and A.2!

13.2.3.2.2 |

13.2.3.2.3
sinusoidal (
the pulsatin

"he test equipment shall generate a single pulsating test forcé4%(t) as illustrated in Figy

'he waveform of the pulsating test force F(t) generated by the test equipment shd
see Figure 9). If it is certified that a sinusoidal formt\is not possible, then the wavefoj
g test force Fc(t) shall be smooth with no overShoot spikes, characterized by a cq

corresponding to the description given in 13.2.3.2.5.

13.2.3.24
by means of]

range o
maximy
mean tq

amplitul

"he test force Fe(t) according to 13.2.3.2.2, 13.2.3.2.3 and Figure 9 shall be described/spe
any appropriate selection of the following components/parameters:

minimujm test force Femin;

Fthe pulsating test force (thetcyclic range), F¢r;
m test force, Femax;
st force Femean;

de of the pulsating test force (the cyclic amplitude) F,.

st equipment to perform cyclic compression loading - (Compression testing machine
pipment)
[he test equipment shall be capable of producing cyclic test forces up to'the values spe

rified

n the

re 9.

11 be
m of
urse

rified
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Figure 9 — Load cycle parameters for:the principal cyclic test

13.2{3.2.5 For the purposes of both designation and‘specification in Table 8 and several r¢quirements
in 14.3.2, the test force F¢(t) shall be described .ag>a single pulsating force, oscillating through the cyclic
range Fer with a minimum test force Femin to generate a maximum test force Femax, Where

Hemax = Femin + Fere (5)

13.2}3.2.6 For the purposes of setting or programming test machines for generating the pulsating
test force Fc(t) as a sine wave;which normally will require the input of the values for the mean test
force Femean and the cyclic amiplitude Fey, the test force F¢(t) shall be described by the functi¢n

He(t) = Femean + Fea Siny(@ t) with Femean = 0,5 (Femin + Femax) and Fea = 0,5 Fr, (6)
whefe sin (w t) déseribes a sine wave with the frequency f= w/(2m) Hz.

13.2}3.2.7 The test equipment shall switch off if the pulsating test force F¢(t) exceeds the tolerances
specified in'14.3 f) and g), with the exception specified in 13.2.3.2.8.

13.2.3.2.8 If the test equipment control mechanism used to generate the pulsating test force F(t)
requires a number of cycles to achieve the waveform according to 13.2.3.2.3, during this settling in period
the waveform of the test force shall be smooth with no overshoot spikes, and the highest force applied
shall not exceed the maximum test force F¢max by more than 10 %.

NOTE Experience has shown that the repeated loading at values exceeding the maximum test force Femax by
more than 10 % can cause an early deterioration of the test sample.

13.2.3.2.9 The test equipment shall switch off if, when it is running at the prescribed load with the
prescribed waveform, the distance Lpt (6.8.4) between the bottom and top load application points Pg
and P at Fcmax or the displacement 6 of the moving load application point from its reference position in
the test equipment at Femax changes by more than 5 mm from its value at Femax, measured and recorded
at the initial or previous occasion of start up (16.3.2.10/16.3.2.12).
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13.3 Equipment for the separate static test in torsion specified in 17.1

13.3.1 Test equipment

13.3.1.1 Test equipment to perform static torsional loading

The test equipment shall be capable of applying torque in a forward and reverse direction up to the

values speci

fied in Table 9 at a loading rate not exceeding 4 N-m/s.

13.3.1.2 Measuring device

The device {
about the ax

13.4 Equipment for the separate tests on ankle-foot devices and foot units-specified i

17.2
13.4.1 Tes{
13.4.1.1 T¢

13.4.1.1.1
between 10
relevant tes
loading detd

NOTE Fd
between 1 kN

13.4.1.1.2
(loading pla
angle a for H
loading.

The loading

transverse forces (see Figure 7

13.4.1.1.3
simultaneoy

13.4.1.1.4 |

hall be capable of measuring the angular positions of identified parts relative totwi
is of torque application.

L equipment

st equipment to perform static heel and forefoot loading

D N/s and 250 N/s (but see NOTE) up to the values specified in Table 11 or Table D.3 fq

rmined by the angles @ and S specified in Table.19; as illustrated in Figure 7.

r the alternative static ultimate strength testidccording to Annex C, increased loading ra
(/s and 5 kN/s are considered to be appropriate.

[he static test forces shall be transmitted to the heel and forefoot portion by aloading plat
tforms), which can be adjusted\perpendicular to the direction of loading determine
eel loading and perpendicular to the direction of loading determined by angle S for forj

I platform(s) shall incorporate appropriate means that minimize the transmissig

'he loading/platform(s) of the test equipment shall have sufficient length to
s heel and forefoot contact on one and the same platform.

[est equipment with a twin actuator set-up shall allow the arrangement

sting

n

he test equipment shall be capable of producing static test forces at a loading rate of

r the

[ procedure, test loading condition and test loading’level, to be applied in the directions of

es of

form
d by
efoot

n of

[ low

a) oftheh

1%

ple

to such an extent that forefoot support is necessary to avoid unrealistic conditions of loading and

b) of the forefoot loading platform so that it supports the heel if forefoot loading deforms the test
sample to such an extent that heel support is necessary to avoid unrealistic conditions of loading.

13.4.1.1.5 As a consequence of 13.4.1.1.4, test equipment with a twin actuator set-up shall ensure that

a) during a testin heel loading the forefoot cannot contact the forefoot loading platform and

b) during a testin forefoot loading the heel cannot contact the heel loading platform.
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13.4.1.2 Test equipment to perform cyclic heel and forefoot loading

13.4.1.2.1 The test equipment shall be capable of producing cyclic test forces up to the values specified
in Table 11 or Table D.3 for the relevant test loading condition and test loading level, to be applied in the
directions of loading determined by the angles a and £ specified in Table 10, as illustrated in Figure 7.

13.4.1.2.2 The cyclic test forces shall be transmitted to the heel and forefoot portion by a loading
platform (loading platforms), which can be adjusted perpendicular to the direction of loading determined
by angle a for heel loading and perpendicular to the direction of loading determined by angle g for
forefoot loading.

The [loading platform(s) shall incorporate appropriate means that minimize the tramsmission of
trangverse forces (see Figure 7).

13.4{1.2.3 The test equipment shall generate two pulsating test forces F1(t) and |Fz.(t) as illustrated in
Figure 10.

13.4{1.2.4 The waveform of the pulsating test forces Fic(t) and F,.(t) generated by the tesk equipment
shallfbe sinusoidal [see Figure 10 a), b) and c)]. If it is certified that a sintisoidal form is not ppssible, then
the waveform of the pulsating test forces F1.(t) and F(t) shall be.smooth with no overshoot spikes,
characterized by a course corresponding to the description givenih 13.4.1.2.6.

13.4{1.2.5 The test forces Fic(t) and Fp¢(t) according.to*13.4.1.2.3, 13.4.1.2.4 and Figure 10 a),
b) ahd c) shall be described/specified by means of any appropriate selection of the following
comllonents/parameters:

inimum test forces, F1cmin, F2cmin;
— 1anges of the pulsating test forces (the cyclic ranges), Ficr, Facr;
— 1naximum test forces Ficmax, F2emaxs

I:ean test forces, F1cmean, F2cméan;

gdmplitudes of the pulsating test forces (the cyclic amplitudes) F1ca, F2ca-

13.4{1.2.6 For the purposes of both designation and specification in Table 11 and several requirements

in 17.2.5.1, the test forces Fic(t) and Fp¢(t) shall be described as single pulsating forces, oscillating

thront;glh the cyclic ¥anges Ficr and Fpcr with the minimum test forces Ficmin and Fpemin to generate the
i

maximum test fof¢es F1cmax and F2cmax, Where
Aicmax = Etémin + Ficr (7)
H2cwlax = F2cmin + Focr (8)

13.4.1.2.7 For the purposes of setting or programming test machines for generating the pulsating test
forces F1.(t) and F(t) as sine waves or portions of them, which normally will require the input of the
values for the mean test forces F1¢mean and F2cmean and the cyclic amplitudes F1¢4 and Fp g, the test forces
F1c(t) and Fp¢(t) shall be described by the functions:

F1c(t) = Ficmean + Fica sin (@ t) with Ficmean = 0,5 (F1cmin + Ficmax) and Fica = 0,5 Ficr 9)
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F2c(t) = Facmean + F2ca sin (w t — nm) with Focmean = 0,5 (F2emin + F2emax) and Faca = 0,5 Facr (10)

where sin (w t) describes a sine wave with the frequency f = w/(2m) Hz, and (w t - nm) indicates that
Fc(t) is generated with a phase shift, which corresponds to a half period of the sine wave for n = 1
[Figures 10 a) and c)] and a full period of the sine wave for n = 2 [Figure 10 b)].

13.4.1.2.8 The test equipment shall switch off if the pulsating test forces Fi¢(t) and Fpc(t) exceed the
tolerances specified in 14.3 f) and g), with the exception specified in 13.4.1.2.9.

13.4.1.2.9 If the test equipment control mechanism used to generate the pulsating test forces Fi.(t)

and Fp¢(t) re
in period thg
or forefoot

NOTE ES
or F2cmax by

more than 10 % can cause an early deterioration of the test sample.

quires a number of cycles to achieve the waveform according to 13.4.1.2.4, during thissettling
waveform shall be smooth with no overshoot spikes, and the highest force applied to'thg heel
ortion shall not exceed the maximum test force F1cmax Or F2cmax by more than 10/%:

perience has shown that the repeated loading at values exceeding the maximum_test force Hicmax
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NOTE Background information on the different loading profiles illustrated in a) to d) is given in Annex F.

Figure 10 — Load cycle parameters for the separate cyclic test for ankle-foot devices and
foot units
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13.5 Equipment for the separate static ultimate strength test in maximum knee flexion
for knee joints and associated parts specified in 17.3

13.5.1 Extension pieces

For the application of the separate static ultimate strength test in maximum knee flexion for knee joints
and associated parts, all test samples shall have extension pieces attached above and below the knee
unit, to represent wholly or in part the thigh and shin portion.

The posterior shape of the extension pieces shall be of the smallest dimensions possible in accordance
with the manufacturer’s instructions, so that the test sample reaches the highest possible value of knee
flexion occurring in a normal prosthesis (see 10.6.4).

The stiffnesp of the extension pieces shall not be less than the stiffness of the thigh and shinjpertion of a
normal progthesis which they represent wholly or in part.

13.5.2 Test equipment to perform static compression loading - (Compression;testing machipe
or other equipment)

The test eqyipment shall be capable of producing static test forces at a loading\i'ate of between 100 N/s
and 250 N/s|up to the value specified in Table 12, to be applied in the configuration specified in Tahle 12
and illustrated in Figure 8.

13.6 Equipment for the separate tests on knee locks specified in 17.4

13.6.1 End attachments

For the application of the test loading condition for th€’separate structural tests on knee lockg, the
test sample|set-up requires the use of end attachments, consisting of load application levers and|non-
prosthetic ektension pieces.

The end attpchments shall not enhance or redtice the stresses due to the specified test loads in the
structure under test.

The end attpchments shall satisfy the requirements of the proof test of end attachments specifipd in
13.2.1.2.

13.6.2 Jig (optional)
See 13.2.2.

13.6.3 Test equipment

13.6.3.1 T¢stequipment to perform static compression loading - (Compression testing maqline
or other equipment)

The test equipment shall be capable of producing static test forces at a loading rate of between 100 N/s
and 250 N/s up to the values specified in Tables 4 and 14 for the relevant test procedure, to be applied in
the configuration specified in Tables 5 and 13.

13.6.3.2 Test equipment to perform cyclic compression loading - (Compression testing machine
or other equipment)

13.6.3.2.1 The test equipment shall be capable of producing cyclic test forces up to the values specified
in Table 14, to be applied in the configuration specified in Tables 5 and 13.
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13.6.3.2.2 The cyclic test forces shall satisfy the requirements of 13.2.3.2.2 to 13.2.3.2.9 with the
following exceptions:

a)

b)

14 Accuracy

14..1 General

Detajls of methods used to measure accuracy shall be recorded.

the description of the test force Fc( given in 13.2.3.2.5 for the purposes of both designation and
specification shall apply to Table 14 and several requirements in 17.4.5.1.

the limit of change in the distance LpT (6.8.4) between the bottom and top load application points
P and Pt at Femax or the displacement § of the moving load application point from its reference
position in the test equipment at Fcpax, referred to in the switch-off requirement of 13.2.3.2.9,
shall be measured and recorded at the initial or previous occasion of start-up according to
17.4.5.1.11/17.4.5.1.13.

The test equipment, any jig used for alignment and/or measurement and any devices used to measure
load$ and dimensions shall be calibrated at least annually and whenéver any part is replaged. Records

of the calibration shall be maintained.

14.2 Accuracy of equipment

In order to meet the accuracy of procedure specified in, 14.3, the test equipment, any jig psed for the
setting-up of test samples and any measuring devicé€s'should be capable of measuring a){to d) to the

accuracy specified:

a)
b)

‘)

14.3 Accuracy of procédure

f)

g)

linear dimensions to an accuracy of + 0,2 min,
gdngular dimensions to an accuracy of#0,2°,
flest forces and moments to an aceuracy of + 1 % of the highest value required in the test, and

the frequency of cyclic teststo an accuracy of + 1 % of the test frequency used.

Linear dimensions,” except segment lengths, shall be initially set and finally adjufted with a
lolerance of £-hmm.

$egmentdengths shall be set with a tolerance of + 2 mm.

Angular'dimensions, except the angular “toe-out” position of prosthetic feet, shall be set with a
olerance of + 1°.

The angular “toe-out” position of prosthetic feet shall be set with a tolerance of * 3°.

Static test forces and moments shall be applied with a tolerance of + 2 % of the highest value
prescribed for the test.

NOTE It has been found suitable and sufficiently accurate to use the weight of a mass of 5 kg to develop
the stabilizing test force Fsap in any jig used for the adjustment and /or measurement of offsets at Fs¢ap in the
upright position of the test sample.

Pulsating test forces F¢(t) shall be applied at the instant of Fcnin with a tolerance of # 25 N and at
the instant of F.max with a tolerance of + 3 % of the value prescribed for Femax.

The frequency of cyclic tests shall be controlled with a tolerance of + 10 % of the test frequency used.
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h) The distance LgT between the load application points or the displacement § of the moving load
application point shall be controlled with a tolerance of + 1 mm.

15 Test principles

15.1 General

The test methods specified in this International Standard use static and cyclic strength tests which
typically produce compound loadings by the application of a single test force.

The static t
walking act

15.2 Static

The static {
(16.2.2). Thi
under typic

15.3 Cyclig

The cyclic
sample with
which the Id

16 Testp

FSTS relate to the worst loads generated In any activity. The cyclic tests relate to ng
vities where loads occur regularly with each step.

test procedure

est procedure (e.g. 16.2) consists of a proof test (16.2.1) and an ultimate strength
s test procedure is carried out to determine the performance of the lpad-bearing struc
1l severe loading conditions that can occur during use by users as @ccasional single evg

" test procedure

est procedure (e.g. 16.3) consists of repeated applications of a prescribed load to 4
loading conditions typical of normal walking, followed by a final static test (16.3.1.3
ading and unloading procedures of the relevant statieproof test (16.2.1) apply.

rocedures - Principal structural tests

16.1 Test loading requirements

rmal

test
ures
nts.

test
) for

16.1.1 Preparation for test loading

The prepardtion for loading shall proceed as follows.

a) The test sample shall be assembléd to a fixed length using end attachments consisting of extesion
pieces as required and the load application levers (see 10.2, 10.3 and Table 5).

b) In ordey to establish the-position of the line of application of the test force as described in 7.1.2, the
test sample shall besset’up in the test equipment with the bottom and top load application l¢vers
having p combinatien of forward/backward and outward/inward offsets (see 10.5 and Table 6).
Figure 11 showsthe geometry for a left leg and Figure 12 gives all the formulae for the calculption
of theorjetical-offsets.

NOTE1  The-preparation for test loading described in a) and b) applies, in principle, also to the separate|tests

for knee locks (see 17.4].

NOTE 2

requirements. Special test set-ups may then be used in certain cases (see also 10.2.3).

16.1.2 Application of test loading

For some prosthetic designs it may not be possible to set up a test sample in accordance with these

The loading shall be applied in the two test loading conditions I and Il described in 7.1.2 and specified in
Tables 6, 7 and 8 and illustrated in Figures A.1 and A.2.
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No readjustments shall be made to the load application levers if the deflection of the test sample alters
the values of the offsets at knee or ankle under these test loading conditions.

NOTE The second requirement also applies, in principle, to the extension pieces of the separate static

ultimate strength test in maximum knee flexion for knee joints and associated parts (see 17.3) and to the load
application levers of the separate tests for knee locks (see 17.4).

ua

b) top view

Key

1 oadline

Figure 11 — Illustration of test loading principle applied to a knee unit with attachments,
aligned to simulate a left-sided test sample (see 16.1.1)
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o
f
Key
1 top referenge plane, T
2 knee referejnce plane, K
3 plane at any height u = ux
4 ankle refer¢nce plane, A
5 bottom refdrence plane, B
- Uy —u - Uy, —u
fx =fg+ (fK (IA)(MXZ K) or fy = fa (fK (OIA)(UX) A)} Y
Oy =04 + (OK —oi)ZU)f‘ uK) Or 0y =0, +{ K~ AK)(UXA uA)} (12)
(“K‘“A) (“K‘“A)

Figure 12 — Method of calculating offsets at any height u = uyx (see 16.1.1)

16.2 Prindipal static €ést procedure

16.2.1 Principal static proof test

16.2.1.1 Tgstmethod

16.2.1.1.1 Subject to request in the test submission document [see 12.3.5 d)] or agreement between the
manufacturer/submitter and the test laboratory/facility, the principal static proof test may be covered
by the final static test to be applied to a test sample which has completed the principal cyclic test without
failing (see 16.3.1.3 and 16.3.2.17). This requires the application of the final static test in the manner
specified in 16.2.1.1.6 to 16.2.1.1.9.

The principal static proof test may also be carried out as part of the alternative static ultimate strength
test specified in Annex C [see also 16.2.2.1, Clause C.1 and C.2 ¢)].
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The setting, adjustment and/or measurement of segment lengths and/or offsets [see 16.2.1.1.2,
16.2.1.1.5 and 16.2.1.1.8 b)] shall be carried out with the test sample mounted either in the test
equipment or in a special jig capable of applying the stabilizing force Fsiap (see 13.2.2).

NOTE A flowchart for this test is shown in Figure 13.

16.2.1.1.2 Prepare and align a test sample from the batch specified in Table 16 for this test in accordance
with 9.5, Clauses 10 and 11, 12.2.1 and 16.1.1 and Tables 5 and 6.

If a test sample which has completed the principal cyclic test procedure (including the final static test)
without failing is used for this test in accordance with 9.5.1, re-align it in accordance with Clauses 10
and IT, TZ.ZT and 16.I.T and Tables b and 6 (se€ also 16.2.1.1.1Z]. Record the re-use of the test sample.

Record the test loading condition and the test loading level to be applied, tégether with the
corrg¢sponding values of offsets and test forces. Make specific reference if the additional test loading
levelg P6, P7 or P8 specified in Annex D are to be applied.

At zdro load, set (or check and, if necessary, correct) the test sample segmentlengths (ua T up, ux — ua
and ¥t — uk or any other specific combination) (see 10.3.6) in accordance with the values|specified in
Tablg 5.

Record the combinations and values of the segment lengths set.

At zero load, initially set (or check and, if necessary, correct) the'bottom and top load appli¢ation levers
until|the initial values of the ankle and knee offsets (fa, fk, oa.and ok) (see 6.8.1) are in accordance with
the vfalues for the relevant test loading condition and testloading level, specified in Table 6

Record the initial values of offsets set.

If the setting of the segment lengths and offsets.dt zero load has been carried out with theltest sample
placed in a special jig, transfer the test samplé from the jig to the test equipment before proceeding
with{16.2.1.1.3.

Record whether a special jig is used.

16.2}1.1.3 Apply to the test saniple the settling test force Fset of the relevant test loading condition and
test loading level, specified in~Table 8 or Table D.2.

Mairftain the force, Fser-at-the prescribed value for a period not less than 10 s and not mojre than 30 s
and then remove it. Record the elapsed time.

Allow the test samplé to rest at zero load for a period of not less than 10 min and not more than 20 min
before proceeding with 16.2.1.1.4. Record the time at rest.

16.2}1.1.4Apply to the test sample and maintain during the adjustments of 16.2.1.1.5 and the
meagurements and recording of 16.2.1.1.6 the stabilizing test force Fitap, specified in Table 8 pr Table D.2.

If the adjustments of 16.2.1.1.5 are carried out with the test sample placed in a special jig, apply the
stabilizing test force Fstap by the jig upon transfer of the test sample from the test equipment to the
jig after having completed 16.2.1.1.3 and then remove Fstap and re-apply it by the test equipment upon
transfer of the test sample from the jig to the test equipment before proceeding with 16.2.1.1.6.

Record whether a special jig is used.

16.2.1.1.5 Finally adjust the bottom and top load application levers until the final values of the ankle and
knee offsets (fa, fk, 0a and ok) are in accordance with the values for the relevant test loading condition
and test loading level, specified in Table 6, at the stabilizing test force, Fstap.

Record the final values of offsets set.
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16.2.1.1.6 Carry out the following.

a) Measure and record the distance Lt (see 6.8.4) as L4 or the displacement 6 of the moving load
application point from its reference position in the test equipment as 4.

b) Ifrequested by the manufacturer/submitter, measure and record the effective lever arms La and Lk
(see 6.8.3).

Take into account that the data to be acquired are irrelevant to the performance requirements of
16.2.1.2, although they may provide interesting and useful information in conjunction with the
data to be acquired according to 16.2.1.1.8 b) particularly on the deformation of the test sample

under load. Eor this reason, r:n'ry out these measurements and rnr‘nrdingc nn]y if rnnlnncfnﬂ by the

manufacturgr/submitter, as indicated.

16.2.1.1.7 Increase the test force, F smoothly at a rate of between 100 N/s and 250 N/s to-the’proof test
force Fsp of the relevant test loading condition and test loading level, specified in Table 8‘or-Table D.p.

Maintain ths force, Fsp, at the prescribed value for (30 + 3) s.
Decrease thp test force F to Fsiap.

If the test shmple sustains the static loading at Fsp for the prescribed tirhe, record this and prdceed
with 16.2.1.1.8.

If the test sgmple fails to sustain the static loading at Fsp for the prescribed time, record this toggther
with the highest value of test force reached or the time for which'the prescribed value of the proof test
force Fsp hag been maintained and terminate the test (but see #6.2.1.1.12).

16.2.1.1.8 Maintain (or, if a special jig is used, apply and;maintain) the stabilizing test force Fsiap|until
the measurgments and records of a) [and b)] specified-below are completed.

a) Measurg and record the distance Lt as Ls.or the displacement 6 of the moving load applicption
point frjom its reference position in the test equipment as d5. Complete the measurement wjithin
5 min (dee NOTE).

b) Ifrequepsted by the manufacturer/stibmitter, measure and record the offsets fa, fk, 0o and ok, and /or
the effertive lever arms La and £g-Complete the measurements within 15 min (see NOTE).

Take into afcount that the data-to be acquired are irrelevant to the performance requirements of
16.2.1.2, although they may ‘provide interesting and useful information in conjunction with the
data to be pcquired accofding to 16.2.1.1.6 b) particularly on the deformation of the test sample
under load.|For this redson, carry out these measurements and recordings only if requested by the
manufacturer/submitter, as indicated.

If the measpirements of b) are carried out with the test sample placed in a special jig, remove the

stabilizing test force Fsiap and re-apply it by the jig upon transfer of the test sample from thq test
equipment tothe }lg after h:nn'ng r‘nmp]nfnd :1)

Note and record the interval of time after decreasing the test force F to Fstap (16.2.1.1.7), at which each
of the measurements of a) and b) is taken.

Record whether a special jig is used.
NOTE The time limits are set in order to limit the effect of recovery on the permanent deformation

(16.2.1.1.9) and on the ankle and knee offsets and effective lever arms. The different values of time limit specified
for the measurements of a) and b) take account of the different time required for the measurement and recording.

16.2.1.1.9 Calculate and record the permanent deformation, D3, between the bottom and top load
application points:
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D3 =L, —L5 or D3 =65 —54

16.2.

1.1.10 Decide and record whether the test sample has passed or failed the tes

8:2016(E)

(13)

t procedure

specified in 16.2.1.1.2 to 16.2.1.1.9, checking the results of steps 16.2.1.1.7 and 16.2.1.1.9 against the

perfo

16.2.

rmance requirements of 16.2.1.2.

1.1.11  If the test sample fails to satisfy either of the performance requirements

of 16.2.1.2,

inspect it to detect the nature and, if possible, the location of any damage and record the results.

16.2
faili
a sul

16.2

In o7
requ

a)
f

b)

If any
cons

16.2

In or
with
accol
16.2]
the p

Comj
the f
the n

o (see 16.2.1.1.2), fails to satisfy either of the performance requirements of 16.2.1.2, repe

The test sample shall sustain static loading by the proof testforce Fsp at the prese

The value of permanent deformation D3 of the test samplé'shall not exceed

1.1.12 It a test sample, which has already completed the principal cyclic test proced

stitute test sample and record the failure and the repetition, including all specific reeordg

1.2 Performance requirements

der to pass the principal static proof test, a test sample shall satisfy, the following g
rements.

or (30 + 3) s.

— 5 mm for a total sample length (ut - ug)specified;= 650 mm or

— 5 mm multiplied by the ratio [(uT - uB)actual/(uT — UB)specified] for values of total s3
exceeding 650 mm (see Footnote b of Table 5).

r individual prosthetic component fails tosatisfy either of the requirements specified in g

ure without
ht the test on
called for.

erformance

ribed value

mple length

) and b), this

fitutes a failure only in the prostheticassembly and alignment simulated in the test sample set-up.

1.3 Compliance conditions

der to claim that the prosthetic device/structure submitted for test according to 9.1 to
the performance requirements of the principal static proof test of this Internation
ding to 16.2.1.2 at a §pecific test loading level, tests of this type shall be passed (in thg
1.2) in each of the t€st loading conditions I and II by two test samples from the presd
rescribed batchlincluding the substitute test sample allowed by 16.2.1.1.12 (see 9.4 an

pliance with,the performance requirements of the principal static proof test can also b
nal static test (16.3.1.3/16.3.2.17) as part of the principal cyclic test procedure (16.3)
hannerspecified in 16.2.1.1.6 to 16.2.1.1.9 (see also 16.3.3 and 16.3.4).

D.4 complies
al Standard
meaning of
ribed batch,
d Table 16).

e claimed, if
is applied in
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Figure 13 — Flowchart for the principal static proof test, specified in 16.2.1.1
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16.2.2 Principal static ultimate strength test

16.2.2.1 Test method

16.2.2.1.1 The setting and/or adjustment of segment lengths and/or offsets (see 16.2.2.1.2 and
16.2.2.1.5) shall be carried out with the test sample mounted either in the test equipment or in a special
jig capable of applying the stabilizing test force Fsiap (see 13.2.2).

For test samples of lower limb prostheses with material properties and/or construction features which

render them unable to sustam the requ1red ultlmate test force at a rate of loadmg of between 100 N/s

and ;

ultin

The
b)]

NOTH

16.2
with

If a t{
accor

late strength test in Wthh a hlgher rate ofloadlng is applled to the sample

higher rate of loading shall either be specified in the test submission doéument

atory/facility (see also 16.2.2.1.6) and may be applied to the initial test sample or to
ample, if the initial test sample has failed at a rate of loading of between*100 N/s and

A flowchart for this test is shown in Figure 14.

2.1.2 Prepare and align a test sample from the batch specified'in Table 16 for this test i
9.5, Clauses 10 and 11, 12.2.1 and 16.1.1 and Tables 5 and/6.

pst sample which has completed the principal static proof test without failing is used fg
dance with 9.5.1, re-align it in accordance with.Elauises 10 and 11, 12.2.1 and 16.1.1 :

[see 12.3.4

By the manufacturer/submitter or agreed between the manufacturer/submitter and the test
labof
test

16.2/2.1.10).

a substitute
50 N/s (see

accordance

r this testin
ind Tables 5

and ¢ (see also 16.2.2.1.9). Record the re-use of the test sample.

Ifat
with
11,12.2.1 and 16.1.1 and Tables 5 and|6 (see also 16.2.2.1.9). Record the re-use of the tg

and

Reco
valug
spec

At zd

and

pst sample which has completed the principal cyclic test procedure (including the fing
but failing is used for this test in accordance with 9.5.1, re-align it in accordance wit}

ird the test loading condition and test loading level to be applied, together with the co
s of offsets and test forces. Make specific reference if the additional test loading levels
fied in Annex D are to be applied.

T — ug or any other specific combination) (see 10.3.6) in accordance with the values

ro load, set (or check and, if necessary, correct) the test sample segment lengths (ua

| static test)
h Clauses 10
st sample.

rresponding
P6, P7 or P8

UB, UK — UA
specified in

Table 5.

Recojrd the combinations and values of the segment lengths set.

At z¢
until
the i

ro load,initially set (or check and, if necessary, correct) the bottom and top load appli¢ation levers
the initial values of the ankle and knee offsets (fa, fk, 0a and ok) (see 6.8.1) are in accordance with
alues for the relevant test loading condition and test loading level, specified in Table 6

Record the initial values of offsets set.

If the setting of the segment lengths and offsets at zero load has been carried out with the test sample
placed in a special jig, transfer the test sample from the jig to the test equipment before proceeding
with 16.2.2.1.3.

Record whether a special jig is used.

16.2.2.1.3 Apply to the test sample the settling test force Fset of the relevant test loading condition and
test loading level, specified in Table 8 or Table D.2.

Maintain this force, Fset, at the prescribed value for a period not less than 10 s and not more than 30 s
and then remove it. Record the elapsed time.
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Allow the test sample to rest at zero load for a period not less than 10 min and not more than 20 min
before proceeding with 16.2.2.1.4. Record the time at rest.

16.2.2.1.4 Apply to the test sample and maintain during the adjustments of 16.2.2.1.5 the stabilizing
test force Ftap, specified in Table 8 or Table D.2.

If the adjustments of 16.2.2.1.5 are carried out with the test sample placed in a special jig, apply the
stabilizing test force Fsiap by the jig upon transfer of the test sample from the test equipment to the jig
after having completed 16.2.2.1.3 and then remove Fstgp and re-apply it by the test equipment upon
transfer of the test sample from the jig to the test equipment before proceeding with 16.2.2.1.6.

Record whefher a special jig is used.

b and
ition

16.2.2.1.5 Finally adjust the bottom and top load application levers until the final values of the ankl
knee offsets|(fa, fk, 0a and ok) are in accordance with the values for the relevant test loading cond
and test loadling level, specified in Table 6, at the stabilizing test force Fsgap.

Record the final values of offsets set.

16.2.2.1.6 Increase the test force F smoothly at a rate of between 100 N/s%and 250 N/s until th¢ test
sample failsor the test force F attains the value of the ultimate test force Fsy, upper level Of the relevant test
loading condition and test loading level, specified in Table 8 or Table D.2Without failure of the test sapnple.

If approprid
manufactur

te, apply the test force F at a higher rate of loading; specified by or agreed with the
br/submitter in accordance with Annex C (see 16.2.2541).

Record the
Make specif]

If expressly
[see 12.3.4 4
the ultimatg
failure.

Take into ac
that the va
11.2.1.2.10 4
applied.

16.2.2.1.7 |
in16.2.2.1.2

highest value of the test force F reached during‘the test and whether failure has occu
ic reference if the test force F is to be applied.at'a higher rate of loading.

requested by the manufacturer/submitter, or if requested in the test submission docu
)], continue the principal static ultimate strength test after the test sample has withg
p test force Fsy, upper level until failure actually occurs and record the value of the lo

count that in this case the end'attachments used need a higher value of stiffness and er
ues of their deflection,dnd permanent deformation keep within the limits specifi
t a higher proof load than is specified in Table 4 or Table D.1 for the test loading level

Decide and record whether the test sample has passed or failed the test procedure spe

of 16.2.2.2.

Take into ad
in 16.2.2.1.2

count’that, according to C.2 c), a test sample that has passed the test procedure speq
10 16.2.2.1.6 with step 16.2.2.1.6 applied at a higher rate of loading in accordance wit|

rred.

ment
tood
nd at

sure
bd in
to be

rified

to 16.2.2.1.65 checking the results of step 16.2.2.1.6 against the performance requirenpents

ified
h the

alternative Staticuttimmate strengthrtestspecifiedimAnmex€t{seeatso 162211}, subsequentty-shall
pass the principal static proof test specified in 16.2.1.1 in the relevant test loading condition and at
the relevant test loading level, in order to satisfy the requirements of the alternative static ultimate
strength test (see also 16.2.2.3).

16.2.2.1.8 If the test sample fails to satisfy any of the performance requirements of 16.2.2.2, inspect it to
detect the nature and, if possible the location of any damage and record the results.

16.2.2.1.9 If a test sample, which has already completed the principal static proof test and/or the
principal cyclic test procedure without failing (see 16.2.2.1.2), fails to satisfy either of the performance
requirements of 16.2.2.2, repeat the test on a substitute test sample and record the failure and the
repetition, including all specific records called for.
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16.2.2.1.10 OPTION — If a test sample fails this test at a rate of loading of between 100 N/s and
250 N/s, specified in 16.2.2.1.6, the test may be repeated on a substitute test sample at an increased rate
of loading in accordance with Annex C, specified in the test submission document [see 12.3.4 b)] by the
manufacturer/submitter or agreed between the manufacturer/submitter and the test laboratory/facility.
The failure and the repetition shall be recorded, including all specific records called for.

16.2.2.2 Performance requirements

In order to pass the principal static ultimate strength test, a test sample shall satisfy one of the following
performance requirements:

a) the test sample shall sustain static Ioading by the ultimate test force Fs, at the valu¢ prescribed
or Fsy, upper level Without failing or

b) if the mechanical characteristics of the test sample prevent the requirement,0f'a) to pe satisfied,
tthe maximum value of the ultimate test force Fs, sustained by the test sarhple withopt loss of its
gtructural integrity shall be equal to or greater than the value prescribed for Fsy, jower llevel-

If any individual prosthetic component fails to satisfy either of the requirements specified in 4) and b), this
constfitutes a failure only in the prosthetic assembly and alignment simuldted in the test sample set-up.

16.2{2.3 Compliance conditions

In order to claim that the prosthetic device/structure submitteéd for test according to 9.1 to pP.4 complies
with|the performance requirements of the principal staticultimate strength test of this Ihternational
Stanglard according to 16.2.2.2 at a specific test loadinglevel, the following shall apply.

If the test force F has been applied at a rate of between 100 N/s and 250 N/s, tests [of this type
ghall be passed (in the meaning of 16.2.2.2)dn each of the test loading conditions I apd II by two
lest samples from the prescribed batch, the prescribed batch including the substitute|test sample
dllowed by 16.2.2.1.9 (and also by 16.2.2:1.10 as an option) (see 9.4 and Table 16).

b) If the test force F has been applied:at a higher rate of loading in accordance with thg alternative
gtatic ultimate strength test speeified in Annex C (see 16.2.2.1.1 and 16.2.2.1.6), the| compliance
¢ondition of a) shall apply provided that the same test samples also pass (in the meaning of 16.2.1.2)
1

he principal static proof test of this International Standard in the relevant test loadipg condition
ind at the relevant test loading level (see 16.2.2.1.7 and Annex C).

© IS0 2016 - All rights reserved 57


https://standardsiso.com/api/?name=26452f34f00e2031a1cb25ffe66b8a56

ISO 10328:2016(E)

1 Start )

Y
Initial settings,

OPTION
Repetition of test on
substitute test sample

application of settling load,
final adjustments

16.22121t01622.15

at increased
rate of loading

16.2.2.1.10

annfifinn oftest on

Loading to ultimate
oad level at normal or
creased rate of loading

16.2.2.1.6

s

Loading No

substitute test sample

at normal or increased
rate of loading

16.2.2.1.9

Has tést sample

Y

requirements
satisfied?

16.2.2.1.7

Applied rate

Increased

< of loading?
\ 16.2.2.1.7

Normal

X

Application of principal
static proof test (16.2.1.1.1)

16.2.2.1.7

Proof test

completed other
tests before?
16.2.2.1.9

Applied rate Normal

of loading?
16.2.2.1.10

Increased

Y

requirements
satisfied?

Test sample has passed the

(principal static ultimate strength test>

Test sample has failed the
principal static ultimate strength test

16.2.2.1.7

16.2.2.1.7

Figure 14 — Flowchart for the principal static ultimate strength test, specified in 16.2.2.1
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16.3 Principal cyclic test procedure
16.3.1 General requirements

16.3.1.1 If the test frequency selected is higher than 1 Hz, then the maximum frequency shall be below
the level at which dynamic mass effects or specific material characteristics (e.g. creep at increased
temperatures or relaxation) begin to affect the maximum load value or the waveform.

16.3.1.2 During the course of the cyclic test, specified parts shall be replaced when the number
of cycles has reached a value at which such replacement is indicated in accordance with the

mantifacturer’s/submitter’s service instructions and/or the test submission document [se

All's

16.3

loading by the test force Fpy,, applied at a rate of between 100 N/s and 250/Ny/s and m3

(304

Subij
many
pring
16.2)

ch replacements shall be recorded.

1.3 A test sample that completes the cyclic test without failing shall be suhjected t
3)s.

bct to request in the test submission document [see 12.3.5 dJ}, or agreement b
hfacturer/submitter and the test laboratory/facility, the final static test may als
ipal static proof test, if applied without re-alignment of the testsample in the manner
1.1.6 to 16.2.1.1.9.

16.3
at th
test s
crach

16.3

16.3
16.3.

1.4 A test sample that fails and/or a test sample that.completes the cyclic test without
e request of the manufacturer/submitter, be visually éexamined at the magnification spg
ubmission document [see 12.3.5 c)], and the presence, location and nature of any fract
(s be recorded, together with the magnification.used.

2 Test method

2.1 The setting, adjustment and/ox-measurement of segment lengths and/or offsets |
2.5, (16.3.2.16 and 16.3.2.17)] shall be carried out with the test sample mounted eithg

equij

NOTH

16.3
with

Reco
COT'T¢

the aldditienal test loading levels P6, P7 or P8 specified in Annex D are to be applied.

bment or in a special jig capable of applying the stabilizing test force Fstap (see 13.2.2).

A flowchart for thisestis shown in Figures 15 to 17.

2.2 Prepare and align a test sample from the batch specified in Table 16 for this test in
9.5, Clauses 10-and 11, 12.2.1 and 16.1.1 and Tables 5 and 6.

rd the test-loading condition and the test loading level to be applied, togeth¢
e sponding values of offsets, test forces and prescribed number of cycles. Make specifig

e 12.3.5 b)].

final static
intained for

etween the
b cover the
specified in

failing shall,
cified in the
ures and/or

see 16.3.2.2,
r in the test

accordance

br with the
reference if

At zdro-load, set (or check and, if necessary, correct) the test sample segment lengths (ua T u, ug — ua
and uT — ug or any other specific combination) (see 10.3.6] in accordance with the values specified in
Table 5.

Record the combinations and values of the segment lengths set.

At zero load, initially set (or check and, if necessary, correct) the bottom and top load application levers
until the initial values of the ankle and knee offsets (fa, fk, 04 and ok) (see 6.8.1) are in accordance with
the values for the relevant test loading condition and test loading level, specified in Table 6.

Record the initial values of offsets set.

If the setting of the segment lengths and offsets at zero load has been carried out with the test sample
placed in a special jig, transfer the test sample from the jig to the test equipment before proceeding
with 16.3.2.3.
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Record whether a special jig is used.

16.3.2.3 Apply to the test sample the settling test force Fset of the relevant test loading condition and
test loading level specified in Table 8 or Table D.2.

Maintain this force, Fset, at the prescribed value for a period not less than 10 s and not more than 30 s
and then remove it. Record the elapsed time.

Allow the test sample to rest at zero load for a period not less than 10 min and not more than 20 min
before proceeding with 16.3.2.4. Record the time at rest.

16.3.2.4 Afply to the test sample and maintain during the adjustments of 16.3.2.5 and the measurenpents

and recordi

If the adjus
stabilizing {]
jig after hay
transfer of t

Record whe

16.3.2.5 Finally adjust the bottom and top load application levers until-the final values of the ankl

knee offsets

and test loadling level, specified in Table 6, at the stabilizing test forgce. Fstap.

g of 16.3.2.6 the stabilizing test force Fsiap, specified in Table 8 or Table D.2.

ments of 16.3.2.5 are carried out with the test sample placed in a specialdjig, appl
est force Fsiap by the jig upon transfer of the test sample from the test equipment t
ing completed 16.3.2.3 and then remove Fstap and re-apply it by the testyequipment
he test sample from the jig to the test equipment before proceeding with'16.3.2.6.

fher a special jig is used.

(fa, fk, oa and ok) are in accordance with the values for{he’relevant test loading cond

y the
b the
Lipon

b and
ition

Record the final values of offsets set.

16.3.2.6 Cafrry out the following.

a) Measurg and record the distance Lpt (see 6.84) as Lg or the displacement 6 of the moving|load
application point from its reference position.in the test equipment as &g.

b) Ifrequested by the manufacturer/submitter, measure and record the effective lever arms La and Lk
(see 6.8(3).

Take into a
16.3.3, althg
be acquired
sample undjg
the manufag

16.3.2.7 Ap

and test loadling level; specified in Table 8 or Table D.2.

ccount that the data to-be’acquired are irrelevant to the performance requiremen
ugh they may provide interesting and useful information in conjunction with the dg
according to 16.3.2:8-b), 16.3.2.16 and 16.3.2.17 particularly on the deformation of the
1 load. For this peason, carry out these measurements and recordings only if requestg
turer/ submitter;as indicated.

ply to the'test sample the maximum test force Femax of the relevant test loading cond

ts of
ta to
e test
ed by

ition

Maintain th

sderce, Femax, until step 16.3.2.8 is completed.

16.3.2.8 Ca

rry out the following.

a) Measure and record the distance LgT as L7 or the displacement 6 of the moving load application
point from its reference position in the test equipment as &7.
b) Ifrequested by the manufacturer/submitter, measure and record the offsets fa, fk, 04 and ox and/or

the effective lever arms Lp and L.

Take into account that the data to be acquired are irrelevant to the performance requirements of
16.3.3, although they may provide interesting and useful information in conjunction with the data to
be acquired according to 16.3.2.6 b), 16.3.2.16 and 16.3.2.17 particularly on the deformation of the test
sample under load. For this reason, carry out these measurements and recordings only if requested by
the manufacturer/submitter, as indicated.
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16.3.2.9 Decrease the test force F to the minimum test force Fcpin specified in Table 8 or Table D.2.

If the test sample sustains the static loading at Femax until step 16.3.2.8 is completed, proceed with
16.3.2.10.

If the test sample fails to sustain the static loading at Femax until step 16.3.2.8 is completed, record this
together with the highest value of test force reached or the time for which the prescribed value of the
maximum test force Femax has been maintained and terminate the test.

16.3.2.10 Apply to the test sample the pulsating test force F¢(t) in accordance with the requirements
of 13.2.3.2 and 16.3.1.1 and the values for the relevant test loading condition and test loading level,
specified In Table 6, at the frequency called for in the test submission document [see LZJ.5 a)] for a
series of cycles, to allow the test sample and the test equipment to “settle down” (see NOTE’1).

NOTE 1 The number of cycles required for the test to settle down will depend on the nature of
the tpst sample and the test equipment control mechanism.

Take|care that during this settling in period the highest force applied to the test sample doefs not exceed
the maximum test force Femax by more than 10 % (see 13.2.3.2.8 and NQTE)2).

NOTE 2 Experience has shown that the repeated loading at values exceeding the maximum test
forcq Femax by more than 10 % can cause an early deterioration of the test sample.

Do njot proceed with 16.3.2.11 until the test sample and thé’test equipment have settled down, and
the pulsating test force Fc(t) has achieved the waveform specified in 13.2.3.2.3 and keepf within the
tolerpnces specified in 14.3 f) and g).

Stop[the test equipment and record the frequency called for together with the number of cydles required
to settle down and whether the pulsating test force F¢(¢) is applied in accordance with 13.2.3.2.3 and
14.3 f) and g).

If the¢ frequency called for cannot be achieved or does not allow the pulsating test forcg Fc(t) to be
applied as specified, repeat the precedingsteps of 16.3.2.10 at a different frequency, to be agreed upon
between the test laboratory/facility and the manufacturer/submitter.

Record any agreement on a frequency differing from the value called for.

If the pulsating test force. F.(t) cannot be applied at any frequency agreed betwegen the test
laboratory/facility and the manufacturer/submitter, record this and terminate the test.

16.3(2.11 Applyyto the test sample the maximum test force Femax.

Meagure and record the initial value of the distance LgT as Lg or the displacement ¢ of the moving load
application point from its reference position in the test equipment as dg.

16.3|2:12 Decrease the test force F to the minimum test force Femin.

16.3.2.13 Apply to the test sample the pulsating test force F¢(t) in accordance with the requirements
of 13.2.3.2 and 16.3.1.1 and the values for the relevant test loading condition and test loading level,
specified in Table 8, at the frequency called for in the test submission document [see 12.3.5 a)] or at
a different frequency agreed between the test laboratory/facility and the manufacturer/submitter (see
16.3.2.10) for the prescribed number of cycles specified in Table 8 or Table D.2.

Inspect the waveform of the applied pulsating test force F¢(t). Terminate the test if the waveform does
not comply with 13.2.3.2.3.

Record the frequency applied, together with the results of the inspection of the waveform and the
decision on the continuation of the test.
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Set the test equipment displacement trip to 5 mm below the value of the initial distance Lg at Fepnax or

5 mm above

16.3.2.14

16.3.2.15

a)

cycles r

the value of the initial displacement &g at Femax, determined in 16.3.2.11.

Record the durations and reasons for all occurrences of switch-off, together with the
number of cycles of load applied up to that time.

Examine the test sample for damage if the test equipment has switched off due to
excessive displacement and proceed as follows.

duced hy the number of r‘yr‘]nc r‘nmp]afﬂr‘] before the test ﬂr}nipmpnf h‘ipppr‘] Recor

If there is no sign of failure, restart the test from 16.3.2.10 and apply the prescribed number of

the

restart.

b) If the t

terming

16.3.2.16
service. Pro

Stop the te
exchange/r¢
service inst
number of ¢

Measure a
manufactur

fk, oaand oy
with the tes

Exchange/r
instructiong

Restart the
these parts
exchange/rg

Record the

with the number of the correspending clause.

16.3.2.17
Table 8 or T}

te the test (but see 16.3.2.22).

During the course of the cyclic test, replace any parts which would béreplaced in nd
feed as follows.

st equipment when the number of cycles of load has reached a value at whick
placement of these parts is indicated in accordance with the manufacturer’s/submi

ycles at shutdown.

hd record the distance Lpt or the displacement 6 and, if requested by
br/submitter [note the additional instructions of 46.3.2.6 b) and 16.3.2.8 b)], the offs¢
and/or the effective lever arms Lj and Lg with the test force Fcmin applied and subsequ
[ force Femax applied.

eplace the specified parts in accordance with the manufacturer’s/submitter’s se
and/or the test submission document.

test from 16.3.2.2, 16.3.2.3 or ;16.3.2.10, depending on the mechanical properti
and the complexity of the dis-.and re-assembling of the test sample necessary for
placement.

details of the exchange/replacement and the resulting conditions of the restart, tog

Continue the)test until failure occurs or the prescribed number of cycles specifi
hible D.2 has b€én completed.

If failure oc

terminate the test’(but see 16.3.2.22).

If the pres

urs, record this together with the number of cycles at switch-off of the test equipmen

bst sample has failed, record this together with the number of cycles at switch-off

and

rmal

the
Fter’s

ructions and/or the test submission document [see 12.3.5*b) and 16.3.1.2]. Record the

the

ts fa,
ently

rvice

bs of
their

bther

bd in

t and

ribed number of r‘vrlnc has heen rnmn]nfnr‘ cfnh the tost nqnlpmnhf and measurd

and

record the distance LgT or the dlsplacement 6 and, 1f requested by the manufacturer/submitter [note
the additional instructions of 16.3.2.6 b) and 16.3.2.8 b)], the offsets fa, fk, 0a and ok and/or the effective
lever arms La and Lk with the test force Femin applied and subsequently with the test force Femax applied.
Record the number of cycles at shutdown.

16.3.2.18 Subject a test sample that completes the cyclic test without failing to the final static test
force Fp, of the relevant test loading condition and test loading level, specified in Table 8 or Table D.2,
applied at a rate of between 100 N/s and 250 N/s and maintained for (30 = 3) s (see 16.3.1.3) and record
the results.

If the test sample fails to sustain the final static loading at Ffi, for the prescribed time, record this
together with the highest value of test force reached or the time for which the prescribed value of the
final static test force Fsjn, has been maintained.
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If the final static test is intended also to cover the principal static proof test specified in 16.2.1.1.1 (see
16.3.1.3), follow the instructions given in 16.2.1.1.6 to 16.2.1.1.9.

16.3.

2.19 Decide and record whether the test sample has passed or failed the tes

t procedure

specified in 16.3.2.2 to 16.3.2.18, checking the results of steps 16.3.2.9,16.3.2.15, 16.3.2.17 and 16.3.2.18
against the performance requirements of 16.3.3.

16.3.

to de

2.20
tect the nature and, if possible the location, of any damage and record the results.

If the test sample fails to satisfy any of the performance requirements of 16.3.3, inspect it

16.3
and/|
orde

Carr
c)] off

Recojrd

many

16.3
perfd
than
laboj
spec

16.3

16.3
perfd

a)

b)

q

A

16.3
to th
proo

.21
or a test sample that completes the principal cyclic test and the final static test with
- to detect the presence, location and nature of any fractures and/or cracks (see £6.3.1.4

7 out the examination at the magnification specified in the test submission Jdocumen
decided according to circumstances in agreement with the manufacturer/submitter.

the magnification used and the information obtained,) taking accou
ifacturer’s/submitter’s instructions concerning the documentationof test results [see

2.22 If a test sample being tested at a frequency of 3.Hz or higher fails to satisf
rmance requirements of 16.3.3, repeat the test on a supstitute test sample at a frg
3 Hz, specified in the test submission document [see*12.3.5 e)] or agreed betwsq
atory/facility and the manufacturer/submitter. Recéord the failure and the repetition,
fic records called for.

3 Performance requirements

3.1 In order to pass the principal cyclie test procedure, a test sample shall satisfy t
rmance requirements.

The test sample shall sustain static loading by the maximum test force Femax at thg

ralue for the time required forthe measurements and records of 16.3.2.8.

The test sample shall sustain cyclic loading by the pulsating test force Fc(t) at the preg

ind range for the prescribed number of cycles.

The test sample shall sustain static loading by the final static test force Ffi, at the pres
for (30 £3) s,

3.2 In oxder to also pass the principal static proof test specified in 16.2.1.1.1 when bei

[ te'st (see 16.3.1.3 and 16.3.2.18), the test sample shall satisfy 16.3.3.1 c¢) [which is

16.2,

At the request of the manufacturer/submitter, visually examine a test sample that fails

ut failing, in

).
[ [see 12.3.5

nt of the
12.3.5 c)].

y any of the
quency less
ben the test
ncluding all

he following

prescribed

cribed level

rribed value

hg subjected

e final static test applied in the manner specified in 16.2.1.1.6 to 16.2.1.1.9 for the principal static

identical to

1.24a)], together with the following performance requirement [which is identical to 16.7

12b)].

The value of permanent deformation D3 of the test sample shall not exceed

— 5 mm for a total sample length (ut - up)specified = 650 mm or

— 5 mm multiplied by the ratio [(uT - uB)actual/(UT — UB)specified] for values of total sample length
exceeding 650 mm (see Footnote b of Table 5).

If the test sample satisfies the performance requirement of 16.3.3.1 c) but fails to satisfy the performance
requirement of 16.3.3.2, the principal static proof test shall be carried out as specified in 16.2.1.1.1.

16.3.3.3 If any individual prosthetic component fails to satisfy any of the requirements specified in
16.3.3.1 and 16.3.3.2, this constitutes a failure only in the prosthetic assembly and alignment simulated

in the test sample set-up.
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16.3.4 Compliance conditions

16.3.4.1 In order to claim that the prosthetic device/structure submitted for test according to 9.1 to 9.4
complies with the performance requirements of the principal cyclic test of this International Standard
according to 16.3.3.1 at a specific test loading level, tests of this type shall be passed (in the meaning of
16.3.3.1) in each of the test loading conditions I and II by two test samples from the prescribed batch, the
prescribed batch including the substitute test sample allowed by 16.3.2.22 (see 9.4 and Table 16).

16.3.4.2 In order to claim that the prosthetic device/structure submitted for test according to 9.1
to 9.4 also satisfies the compliance conditions of the principal static proof test of this International
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Standard according to 16.2.1.3, 16.3.4.1 shall apply provided that the test samples also comply with the

performance requirement according to 16.3.3.2.

Initial settings,
application of settling load,
final adjustments

Y

Repetition of test on
substitute test sample
at a frequency <3 Hz

16.3.2.210 16.3.2.5

16.3.2.22

Measurement of
Lgrord at Fay

16.3.2.6

Static [oading at
maximum test force

16.3.2.7

Measurement of
Lgrord at Fo,

16.3.2.8

Loading
requirement
satisfied?

Yes

Start of
initial cyclic-loading |«

Need for
realignment

Termination of test,
since test sample
does not satisfy
16.3.3. a)

16.3.2.9

f sample? for "setltling down"

16.3.2.10

Loading
requirements
satisfied at
frequency applied?

Termination of
initial cyclic loading
for "settling down"

Agreement
on different
frequency?

Termination of test,
since F(t) can not

be applied at any

T6.3.2.10 frequency
Measurement of 16.3.2.10
LgroréatF,

16.3.2.11

Figure 15 — Flowchart for the principal cyclic test, specified in 16.3.2
Continued on Figures 16 and 17
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A * A A

Start of
"regular” cyclic loading

16.3.2.13

Termination of test,
since waveform
does not comply
with 13.2.3.2.3

Waveform as
required?

163213

Setting of displacement
trip to specified value

16.3.2.13

Switch-off due
to excessive
displacement?

Sample
failed?

Replacement
of parts
16.3.2.16 Continuation of test until
: shutdown of test equipment
Measurement because of / due to ; Test Yes
of Lgror§ at a) replacement of parts requency
Flinand F ., b) occurrence of failure
c) completion of cyclic test No
16.3.2.16 16.3.2.16/16.3.2.17
a) Relevant b)
event?
c)
Y
Measurement

of L gyor 6 at
Fmin and Fmax

16.3.2.17

Final static test

16.3.2.18

Figure 16 — Flowchart for the principal cyclic test, specified in 16.3.2
Continued from Figure 15 and continued on Figure 17
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16.3.2.18
Yes
y
Initial measurement Loading
of Lgroré at proof load level
16.2.1.1.6 10.3.2.18
. Loading
at rtl)-gfa I(ci)I:g level requirements
P satisfied?
16.2.1.1.7 16.3.2.18

Loading

. No
requirements

Yes

satisfied?

16.2.11.7

Yes

Final measurement
of Lgrord

16.2.1.1.8

Calculation of
permanent deformation

16.2.1.1.9

Permanent

deformation within No

permitted
range?

16.2.1.1.9

Yes

/ést sample has pass;\
both the principal cyclic

Y

( Test sample has

test and the principal
static proof test

16.3.2.19

16.3.2.19

Test sample has

cyclic test

16.3.2.19

Figure 17 — Flowchart for the principal cyclic test, specified in 16.3.2
Continued from Figure 16
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17 Test procedures — Separate structural tests

17.1 Separate static test in torsion

17.1.1 General

The requirements of this subclause shall apply to test samples of all prosthetic devices/structures
submitted for test (see Table 15).

17.1.2 Purpose of test

Users can a
(induced to
in this Intel
security of fi

17.1.3 Test{

NOTE A
17.1.3.1 Pr
specified in
Clause 10,1

que) generated by the test loading conditions of the principal structural tests;. Speq
national Standard. To ensure the twisting strength of the prosthetic structure an
ixations against slippage, a static load in torsion alone is applied.

r method

flowchart for this test is shown in Figure 18.

bpare (or check and, if necessary, correct) the assembly of‘a test sample from the |
Table 16 for this test in accordance with the manufacturetr’s assembly instructions an
1.4,11.5 and 12.2.1.

Record the
submission

17.1.3.2 Se
in their mid

Where this
test sample
establish th

Record the s

17.1.3.3 M
the effective
about the u-

17.1.3.4 Fij
about the u-

values of the tightening torque(s) of bolts of clamped connections specified in the
document (see 11.1 and 12.2.1) and of the twisting moments to be applied.

positions in accordance with the test submission document (see 12.3.6).

can neither be established from thetést submission document nor from examination
then use the manufacturer’s written alignment recommendations for the prosthes
e mid-positions.

et-up, including the mid-positions adjusted.

knee-joint centre’(see 6.7.6) on the axis of torque application, in order to generate twi
pxis (see 6.2.2):

t one end of the test sample and apply to the other end the settling twisting moment A
nxis, Specified in Table 9, in a selected direction of twisting designated positive.

Maintain th

unt the test sampledn the test equipment with the effective ankle-joint centre (see 6.7.3))

pply twisting loads to their prostheses which exceed the levels of the twisting monl\ents

ified
1 the

batch
1 9.5,

test

[ up the test sample with the knee unit in full extension and with all adjustable compoinents

f the
is to

and
sting

4u-set

s moment, M, _¢q¢, at the prescribed value for a period of not less than 10 s and not

more

than 30 s and then remove it.

Allow the test sample to rest at zero load for a period of not less than 10 min and not more than 20 min
before proceeding with 17.1.3.5.

Record the time for which the settling twisting moment My-set has been maintained at the prescribed
value and the time for which the test sample has been allowed to rest at zero load.

17.1.3.5 Apply to the test sample in the positive direction of twisting, the stabilizing twisting moment
My-stab about the u-axis, specified in Table 9, and maintain it until the markings and readings of 17.1.3.6
are completed.
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3.6 Mark the initial relative angular positions at the junctions of all parts.

Measure and record the initial angular positions relevant to twisting about the u-axis of the bottom and

top ¢

omponents of the test sample ¢g1 and ¢T1, respectively.

17.1.3.7 Increase the twisting moment M,, about the u-axis in the positive direction of twisting smoothly
at a rate not exceeding 4 N.m/s to the maximum twisting moment My.-max, specified in Table 9.

Maintain this moment, My-max, at the prescribed value for (30 * 3) s.

Decrease the twisting moment M, to the stabilizing twisting moment My_stab-

If thd
with

If th
toget
of th
test |

The
the

reas
betw

17.1

:

test sample sustains the static loading at My-max for the prescribed time, record this
17.1.3.8.

b test sample fails to sustain the static loading at My.max for the prescribed time,
her with the highest value of twisting moment reached or the time for whicl'the pres
E maximum twisting moment My..;max has been maintained and decideron’ the continy
procedure in consideration of the statement given below. Record the@decision.

bccurrence of failure in the test procedure in one direction of twisting prevents com
erformance requirements of this test being claimed for the.test sample (see 17.1]
n the test shall be terminated, unless otherwise stated in thé test submission docume
een the test laboratory/facility and the manufacturer/subnritter (see 12.3.3).

3.8 Maintain the stabilizing twisting moment Mgy until the measurements specifig

completed. Complete the measurements within 10 min“in order to limit the effect of recq

relat

Meas
top ¢

Note|

17.1
test 4

S

If the
test |

ve angular movement (see 17.1.3.9).

ure and record the final angular positionsirelevant to twisting about the u-axis of the
omponents of the test sample g2 and ¢, respectively.

and record the time taken for measuring.

3.9 Calculate and record the'relative angular movement about the u-axis between the
ample A¢1 as follows:

NPy = ‘(‘PBZ _‘PBl) ~ (‘PTz —¢T; )‘

calculated vdlue of relative angular movement Ag1 exceeds 3°, decide on the continy
procedure in‘consideration of the statement given in the last paragraph of 15.1.3.7 an

hnd proceed

record this
rribed value
ation of the

bliance with
5). For this
nt or agreed

d below are
very on the

bottom and

ends of the

(14)

lation of the
 record the

hirements of

decigion.
17.1}3,10 Check the results of steps 17.1.3.7 and 17.1.3.9 against the performance reqy
17.1.44 and record the findings.

If the test sample has passed the test procedure in the positive direction of twisting, proceed with
17.1.3.12.

If the test sample has failed this test procedure, decide on the continuation of the test procedure in
consideration of the statement given in the last paragraph of 17.1.3.7 and record the decision.

17.1.

3.11

If the test sample fails to satisfy either of the performance requirements of 17.1.4, inspect

it to detect any slippage of the clamped connections and/or the nature and, if possible, the location of any
damage and record the results.

If appropriate, use the markings of the initial angular positions at the junctions of all parts measured in
17.1.3.6 to establish where and what amount of slippage has occurred.
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Record the results of the inspection of the test sample.

17.1.3.12
twisting.

Carry out the test procedure specified in 17.1.3.4 to 17.1.3.9 in the negative direction of

Designate the angles for this direction of twisting as follows:

a) theiniti

al angular positions (17.1.3.6) as ¢p3 and ¢@T3;

b) the final angular positions (17.1.3.8) as ¢4 and @T4;

ive nngn]nr‘ movement (1 713 Q) as /\5,92, tobe calculated as

c) therela
A(p2 = ‘
Record the

specific recq

17.1.3.13
direction of

17.1.3.14
the test pro
connections

If appropriafte, use the markings of the initial angular positions at the junctions of all parts meag

in 17.1.3.6/1

(pB4 —(pB3) - ((pT4_ _QDTg )‘

application of the test procedure in the negative direction of twisting, together wit
rds called for.

Check the results of steps 17.1.3.7 and 17.1.3.9 of the test pfocedure in the neg
twisting against the performance requirements of 17.1.4 and record the findings.

If the test sample fails to satisfy either of the performance requirements of 17.1

and/or the nature and, if possible, the location of any.damage and record the results.

7.1.3.12 a) to establish where and what amount of slippage has occurred.

Record the 1

17.1.3.15
in 17.1.3.4 {

esults of the inspection of the test sample:

Decide and record whether or not the test sample has passed the test procedure spe
0 17.1.3.9 in both directions of twisting, taking account of the findings of 17.1.3.1(

17.1.3.13.

17.1.4 Per

In order to j

requiremen
a) thetest

twistin
b)

in the ty

the values of relative angular movement A¢@q and A¢@; between the ends of the test sample occu

formance requirements

ass the separate statie’test in torsion, a test sample shall satisfy the following performni
[s:

sample shalksustain static loading in each of the two directions of twisting by the maxi
b moment-M{;“max at the prescribed value of for (30 * 3) s;

vo.directions of twisting shall not exceed 3°.

(15)

h all

ative

.4 in

fedure in the negative direction of twisting, inspect it to detect any slippage of the clamped

ured

rified
| and

ance

muim

rring

If any individual prosthetic component fails to satisfy either of the requirements specified in a) and b), this
constitutes a failure only in the prosthetic assembly and alignment simulated in the test sample set-up.

17.1.5 Compliance conditions

In order to claim that the prosthetic device/structure submitted for test according to 9.1 to 9.4 complies
with the performance requirements of the separate static test in torsion according to 17.1.4, tests of
this type, each successively applying the two directions of twisting to the same test sample, shall be
passed (in the meaning of 17.1.4) by two test samples from the prescribed batch (see 9.4 and Table 16).
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Setting-up of test sample,
application of settling load

1713110 17.1.3.4

Initial markings, measurement of
initial angular positions at M b

17.1.3.6

Static loading at maximum twisting
moment in positive direction

17.1.3.7

Loading
requirements
satisfied?

17.1.3.7

Measurement of final
angular positions at M g

17.1.38

Calculation of relative angular
movement in positive direction

17.1.3.9

Application of test to same
test sample in negative
direction of twisting

Rélative angular
movement within
permitted
range?

17.1.3.11

17.1.3.12

No

Performance
requirements
satisfied?

No

17.1.3.13

Yes

Test sample has failed the Test sample has passed the
separate static test in torsion separate static test in torsion

17.1.3.15 17.1.3.15

Figure 18 — Flowchart for the separate static test in torsion, specified in 17.1.3
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17.2 Separate tests on ankle-foot devices and foot units

17.2.1 General

The tests specified in this subclause relate to ankle-foot devices and foot units and their connections
to the remainder of the prosthesis. Any report relating to these tests should apply only to the specific
ankle-foot device or foot unit in association with the specific connections submitted.

NOTE New static and cyclic tests on ankle-foot devices and foot units are specified in ISO 22675:2016. For
further details see last paragraph of Introduction.

17.2.2 Purpose of tests

nent
16 in
bls of

and

Although ankle-foot devices and foot units, representing a part of a test sample or a single"cempd
according t¢ 10.2.1, 10.2.2 or 10.2.3, can be subjected to the principal structural tests_gf-Glause
the test conffigurations of Clause 6 and in the test loading conditions and at the test-]oading lev{
Clause 7, this subclause specifies special structural static and cyclic tests for anklexfoot device
foot units inlwhich the heel and forefoot are loaded successively or alternately.

To comply ¢
devices or f(

Vith the requirements of this International Standard, a batch of test samples of anklg-foot
ot units shall satisfy the performance requirements stated in 17:2.3.2,17.2.4.2 and 17.2.5.2.

17.2.3 Sepprate static proof test for ankle-foot devices and foot 4nits

17.2.3.1 Test method

17.2.3.1.1 The separate static proof test for ankle-foot.devices and foot units shall be conducted as
described irf 17.2.3.1.2 to 17.2.3.1.10, initially applying.the test force F1 on the heel and subsequently
applying thq test force F7 on the forefoot of the same-test sample, or vice versa.

The separate static proof test for ankle-foot devices and foot units may be carried out as part df the
alternative gtatic ultimate strength test specified in Annex C [see also 17.2.4.1, C.1 and C.2 c]].

NOTE A flowchart for this test is shown in Figure 19.

17.2.3.1.2 Trepare and align a test sample from the batch specified in Table 16 for this test, in accordance
with 9.5, Clauses 10 and 11, 122.4-and 12.2.2 and Table 10.

If a test sampple which has~cempleted the separate cyclic test procedure for ankle-foot deviceg and
foot units (including thelfinal static test) without failing is used for this test in accordance with P.5.1,
re-align it inn accordangé with Clauses 10 and 11, 12.2.1 and 12.2.2 and Table 10 (see also 17.2.3.1.11).
Record the fe-use ofithe test sample.

Record the festloading level to be applied, together with the corresponding values of the angles ¢ and

p and the te

bt forces 1 and F», determining the directions and magnitudes of heel and forefoot loald

ing.

Make specific reference if the additional test loading levels P6, P7 or P8 specified in Annex D are to be

applied.

17.2.3.1.3 For the test in heel loading set the angle of the line of application of the test force F; to «,
specified in Table 10, and adjust the (heel) loading platform perpendicular to it.

Arrange the (heel) loading platform so that it supports the forefoot, if heel loading deforms the test
sample to such an extent that forefoot support is necessary to avoid unrealistic conditions of loading.

If the test equipment uses a twin actuator set-up, ensure that the forefoot cannot contact the forefoot
loading platform during heel loading.

17.2.3.1.4 Mount the test sample in the test equipment as illustrated in Figure 7.
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17.2.3.1.5 Apply to the heel of the test sample the test force F1 and increase it smoothly at a rate of
between 100 N/s and 250 N/s to the proof test force Fysp of the relevant test loading level, specified in
Table 11 or Table D.3.

Maintain this force, Fysp, at the prescribed value for (30 + 3) s and then decrease the test force F1 to zero.

If the test sample sustains the static heel loading at Fysp for the prescribed time, record this and proceed
with 17.2.3.1.7.

If the test sample fails to sustain the static heel loading at Fy5p for the prescribed time, record this
together with the highest value of test force reached or the time for which the prescribed value of

the

roof test force F'lbp has been maintained and decide on the continuation of the test n

rocedure in

cons

The

the f
reas
betw

17.2
of hef

deration of the statement given below (but see 17.2.3.1.11). Record the decision.

bccurrence of failure in the test procedure in one direction of loading prevents comj
erformance requirements of this test being claimed for the test sample (see*17.2.3
n the test shall be terminated, unless otherwise stated in the test submissigif docume
een the test laboratory/facility and the manufacturer/submitter (see 12.3.3).

3.1.6 Ifthe test sample fails to satisfy the performance requirement©f 17.2.3.2 in the te
el loading, inspect it to detect the nature and, if possible, the location of any damage an|

resulfts.

17.2
spec

If ap
thel

Arra
samyj

If th{
platf]

17.2
with
and J

3.1.7 For the test in forefoot loading set the angle of the line of application of the test |
fied in Table 10, and adjust the (forefoot) loading platform perpendicular to it.

bropriate, remove the test sample from the test€quipment during the setting and arr
ading platform(s) and subsequently remountit.

le to such an extent that heel support isinecessary to avoid unrealistic conditions of lo

test equipment uses a twin actuator set-up, ensure that the heel cannot contact the
pbrm during forefoot loading.

3.1.8 Apply to the forefootof the test sample that has completed the test procedure of
put failing (see 17.2.3.1.5) the test force F7 and increase it smoothly at a rate of betw

bliance with
.3). For this
nt or agreed

5t procedure
d record the

orce F to 3,

hngement of

hge the (forefoot) loading platform so thatit supports the heel, if forefoot loading deforms the test

ading.
heel loading

heel loading
ben 100 N/s
or Table D.3.

50 N/s to the prooftest force Fsp of the relevant test loading level, specified in Table 11

Mainftain this force #2sp, at the prescribed value for (30 + 3) s and then decrease the test forg

If the

If the
toget

test sample-Sustains the static forefoot loading at Fsp for the prescribed time, record

test.sample fails to sustain the static forefoot loading at Fzsp for the prescribed time
herlwith the highest value of test force reached or the time for which the prescribed

proo

f test force Fosp has been maintained (but see 17.2.3.1.11).

e Fp to zero.
this.

record this
value of the

17.2.3.1.9 Ifthe test sample fails to satisfy the performance requirement of 17.2.3.2 in the test procedure
of forefoot loading, inspect it to detect the nature and, if possible, the location of any damage and record
the results.

17.2.3.1.10  Decide and record whether or not the test sample has passed the test procedure of heel
loading (17.2.3.1.4 and 17.2.3.1.5) and the test procedure of forefoot loading (17.2.3.1.7 and 17.2.3.1.8),
checking the results of 17.2.3.1.5 and 17.2.3.1.8 against the performance requirement of 17.2.3.2.

17.2.3.1.11 If a test sample that has already completed, without failing, the separate cyclic test
procedure for ankle-foot devices and foot units (see 17.2.3.1.2), fails to satisfy the performance
requirement of 17.2.3.2 in heel loading (17.2.3.1.4 and 17.2.3.1.5) or in forefoot loading (17.2.3.1.7 and
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17.2.3.1.8), repeat the complete test (17.2.3.1.2 to 17.2.3.1.9) on a substitute test sample and record the
failure and the repetition, including all specific records called for.

17.2.3.2 Performance requirement

In order to pass the separate static proof test for ankle-foot devices and foot units, a test sample shall
sustain successive static heel and forefoot loading by the proof test forces F1sp and Fasp at the prescribed
values and inclinations for (30 * 3) s each.

17.2.3.3 Compliance conditions

In order to dlaim that the prosthetic device/structure submitted for test according to 9.1 to 9.4 coniplies
with the pejfformance requirement of the separate static proof test for ankle-foot devices and-foet pnits
of this International Standard according to 17.2.3.2 at a specific test loading level, tests of this fype,
each successively applying heel loading and forefoot loading to the same test sample, shallbé passqd (in
the meaning of 17.2.3.2) by two test samples from the prescribed batch, the prescribed-batch inclyding
the substitulte test sample allowed by 17.2.3.1.11 (see 9.4 and Table 16).
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for heel loading
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Heel loading Repetition of test
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17_2.'3_1 5 17.2.3.1.11

Heel loading
requirements
satisfied?

No

17.2.3.1.5

Settings and adjustments
for forefoot loading

17.2.31.7
v

Forefoot loading
at proof
load level

17.2.3.1.8

Forefoot loading
requirements
satisfied?

Has test sample
completed other
tests before?

17.2.3.1.11

17.2.3.1.8

the separate static proof test for
ankle-foot devices and foot units

17.2.3.1.10 17.2.3.1.10

the separate static proof test for
ankle-foot devices and foot units

Figure 19 — Flowchart for the separate static proof test for ankle-foot devices and foot units,
specified in 17.2.3.1
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17.2.4 Separate static ultimate strength test for ankle-foot devices and foot units
17.2.4.1 Test method

17.2.4.1.1 The separate static ultimate strength tests for ankle-foot devices and foot units shall be
conducted as described in 17.2.4.1.2 to 17.2.4.1.14, on different test samples, loading the first on the heel
and the second on the forefoot, or vice versa.

A test sample which satisfies the requirements of this test in one direction of loading, may be used for

this test in the other direction of loading (but see 17.2.4.1.16).

For test sanj
render theni
and 250 N/
alternative {

The higher

by the manufacturer/submitter or agreed upon between the manufacturer/submitter and the

laboratory/{
a substitute
250 N/s (seq

NOTE A

ples of lower limb prostheses with material properties and/or construction features
unable to sustain the required ultimate test force at a rate of loading of between 10

b, specified in 17.2.4.1.5 and 17.2.4.1.11, Annex C offers guidance on the application

tatic ultimate strength test, in which a higher rate of loading is applied to thettest samn]

rate of loading shall either be specified in the test submission document [see 12.3

acility (see also 17.2.4.1.5 and 17.2.4.1.11) and may be applied to théinitial test sample
test sample, if the initial test sample has failed at a rate of loading-of between 100 N/
17.2.41.17).

flowchart for this test is shown in Figure 20.

17.2.4.1.2
with 9.5, CI

If atestsa
without fail
and 11,12.2

repare and align a test sample from the batch specifiédin Table 16 for this test in accord
uses 10 and 11, 12.2.1 and 12.2.2 and Table 10.

le which has completed the separate static proof test for ankle-foot devices and foot {
ng, is used for this test in accordance with*\9.5.1, re-align it in accordance with Claus
.1 and 12.2.2 and Table 10 (see also 17.2:4.1.15). Record the re-use of the test sample.

If a test saf
foot units (i

re-align it i accordance with Clauses 1Q and 11, 12.2.1 and 12.2.2 and Table 10 (see also 17.2.4.]

Record the 1

Record the
the test forq
the addition|

17.2.4.1.3 |
and adjust t

Arrange the
F1 deforms

hple which has completed the separate cyclic test procedure for ankle-foot deviceq
ncluding the final static test) without failing is used for this test in accordance with |

e-use of the test sample.

fest loading level to be applied, together with the corresponding values of the angle

al test loading levels’P6, P7 or P8 specified in Annex D are to be applied.

For the testintheel loading set the angle of the direction of loading to «, specified in Tabl}
he (heel)doading platform perpendicular to it.

(heeDloading platform so that it supports the forefoot, if heel loading by the test

rhich
D N/s
bf an
ple.

4 b)]
test
orto
t and

ance

inits,
bs 10

and
D.5.1,
.15).

¢y and

e F1, determining the-direction and magnitude of heel loading. Make specific referemce if

el0

)

force

the,test sample to such an extent that forefoot support is necessary to avoid unreallistic

conditions

£1 1.
I'10dulIg.

If the test equipment uses a twin actuator set-up, ensure that the forefoot cannot contact the forefoot
loading platform during heel loading.

17.2.4.1.4 Mount the test sample in the test equipment, as illustrated in Figure 7.

17.2.4.1.5 Apply to the heel of the test sample the test force F1 and increase it smoothly at a rate of
between 100 N/s and 250 N/s until the test sample fails, or the test force F1 attains the value of the
ultimate test force Fisy, upper level Of the relevant test loading level, specified in Table 11 or Table D.3,
without failure of the test sample.

If appropriate, apply the test force F1 at a higher rate of loading, specified by or agreed with the
manufacturer/submitter in accordance with Annex C (see 17.2.4.1.1).
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Record the highest value of the test force F1 reached during the test and whether failure has occurred.
Make specific reference if the test force F1 is to be applied at a higher rate of loading.

If expressly requested by the manufacturer/submitter or if requested in the test submission document
[12.3.4 a)], continue the static ultimate strength test after the test sample has withstood the ultimate
test force Fisy, upper level until failure actually occurs and record the value of the load at failure.

17.2.4.1.6 Check the results of step 17.2.4.1.5 against the performance requirements of 17.2.4.2 and
record the findings.

If the test sample completes the test procedure of heel loading without failing, proceed with 17.2.4.1.8.

Take
in 17
alter
pass
relev
of th

re specified
hce with the
uently shall
2.3.1 in the
bquirements

into account that, according to C.2 c), a test sample that has passed the test progedu
2.4.1.2 to 17.2.4.1.5 with step 17.2.4.1.5 applied at a higher rate of loading in acéorda
native static ultimate strength test specified in Annex C (see also 17.2.4.1.1), subse(
the separate static proof test for ankle-foot devices and foot units specified in 17
ant direction of loading and at the relevant test loading level, in order tasatisfy the rg
b alternative static ultimate strength test of Annex C (see also 17.2.4.3).

If thg
giveI
The

perfd

the t
betw

test sample fails, decide on the continuation of the test proceduresrniconsideration of the statement

below (but see 17.2.4.1.15). Record the decision.

nce with the
this reason
greed upon

ccurrence of failure in the test procedure in one direction®f,loading prevents complia
rmance requirements of this test being claimed for the‘test sample (see 17.2.4.3). For
est shall be terminated, unless otherwise stated in the-test submission document or §
een the test laboratory/facility and the manufacturer/submitter (see 12.3.3).

17.2
proc
recol

17.2
accol

Ifat
with
and ]

Ifat
unity

4.1.7 If the test sample fails to satisfy thesperformance requirements of 17.2.4.2
edure of heel loading, inspect it to detect the‘ature and, if possible, the location of any
d the results.

4.1.8 Prepare and align a fresh _teSt sample from the batch specified in Table 16 fou

in the test
damage and

this test in

‘dance with 9.5, Clauses 10 and 11)12.2.1 and 12.2.2 and Table 10 (but see 17.2.4.1.1/1

put failing is used for this-test in accordance with 9.5.1, re-align it in accordance wit}
[1,12.2.1 and 12.2.2 and Table 10 (see also 17.2.4.1.15). Record the re-use of the test sg

est sample that has-Completed the separate cyclic test procedure for ankle-foot devi
(including thefinal static test) without failing is used for this test in accordance w
it in accordance with Clauses 10 and 11, 12.2.1 and 12.2.2 and Table 10 (see also

7.2.4.1.16).

pst sample which has completed the separate static proof test for ankle-foot devices and foot units

h Clauses 10
mple.

res and foot
th 9.5.1, re-
17.2.4.1.15).

rd the re-use of the test sample.

angle f and
ic reference

17.2.4.1.9 For the test in forefoot loading set the angle of the direction of loading to S, specified in
Table 10, and adjust the (forefoot) loading platform perpendicular to it.

Arrange the (forefoot) loading platform so that it supports the heel, if forefoot loading by the test
force Fp deforms the test sample to such an extent that heel support is necessary to avoid unrealistic
conditions of loading.

If the test equipment uses a twin actuator set-up, ensure that the forefoot cannot contact the forefoot
loading platform during heel loading.

17.2.4.1.10 Mount the test sample in the test equipment, as illustrated in Figure 7.
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Apply to the forefoot of the test sample the test force F; and increase it smoothly at a
rate of between 100 N/s and 250 N/s until the test sample fails, or the test force F; attains the value of
the ultimate test force F2sy, upper level Of the relevant test loading level, specified in Table 11 or Table D.3,

without failure of the test sample.

If appropriate, apply the test force F, at a higher rate of loading, specified by or agreed with the

manufactur

er/submitter in accordance with Annex C (see 17.2.4.1.1).

Record the highest value of the test force F, reached during the test and whether failure has occurred.

Make specif

If expressly
[12.3.4 a)], d
test force F9

17.2.4.1.12
and record

Take into ad
in 17.2.4.1.8

ic reference if the test force F; is applied at a higher rate of loading.

rnnlnpch:lr] ]'\y the manllFar‘hlrﬂr/cnhmiH’nr orif rnnlnncfnﬂ inthe test submission docu

ent

ontinue the static ultimate strength test after the test sample has withstood the ulti
su, upper level, until failure actually occurs and record the value of the load at failure,

Check the results of step 17.2.4.1.11 against the performance requirenients of 17|
he findings.

count that, according to C.2 c), a test sample that has passed the teést)procedure speg

the alternatf]
shall pass tH
relevant dir|
of the altern

17.2.4.1.13
procedure o
and record {

17.2.4.1.14
test procedy
passed the t
17.2.4.1.6 ay

to 17.2.4.1.11 with step 17.2.4.1.11 applied at a higher rate of loading in accordance
ive static ultimate strength test specified in Annex C (see also 17.2.4.1.1), subsequ
e separate static proof test for ankle-foot devices and foot units specified in 17.2.3.1 i

ative static ultimate strength test of Annex C (see also.17:2.4.3).

If the test sample fails to satisfy the performafice requirements of 17.2.4.2 in thg
f forefoot loading, inspect it to detect the nature“and, if possible, the location of any da
he results.

Decide and record whether or not thé test sample referred to in 17.2.4.1.2 has passe
re of heel loading (17.2.4.1.2 to 17.2:4.1.5) and the test sample referred to in 17.2.4.1.
est procedure of forefoot loading(17:2.4.1.8 to 17.2.4.1.11), taking account of the findin
)d 17.2.4.1.12.

17.2.4.1.15
and/or the
satisfy eithg
in forefoot ]
direction of

17.2.4.1.16
strength teq
17.2.4.1.6), f
test sample

If a test sample that has already completed, without failing, the separate static proo|
beparate cyclic test procedure for ankle-foot devices and foot units (see 17.2.4.1.2), fa

mate

2.4.2

ified
with
ently
n the

ection of loading and at the relevant test loading level, in-Order to satisfy the requirenpents

test
mage

d the
B has
gs of

test

r of the performanee.requirements of 17.2.4.2 in heel loading (17.2.4.1.2 to 17.2.4.1.

If a test sample that has already completed, without failing, the separate static ulti
t for_ankle-foot devices and foot units in one direction of loading (see 17.2.4.1.1]
ailsthis test in the other direction of loading (see 17.2.4.1.12), repeat the test on a subsf

Els to
) or
fpading (17.2.4.18t0 17.2.4.1.11), repeat the test on a substitute test sample in the failed
loading and record the failure and the repetition, including all specific records called for.

ate
and
itute

inrthe failed direction of loading and record the failure and the repetition, includiy

1g all

specific records called for.

17.2.4.1.17

OPTION — If a test sample fails this test in one direction of loading at a rate of loading

of between 100 N/s and 250 N/s, specified in 17.2.4.1.5 and 17.2.4.1.11, the test may be repeated on
a substitute test sample in the failed direction of loading at an increased rate of loading in accordance
with Annex C, specified in the test submission document [see 12.3.4 b)] by the manufacturer/submitter
or agreed between the manufacturer/submitter and the test laboratory/facility. The failure and the
repetition shall be recorded, including all specific records called for.
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17.2.4.2 Performance requirements

In order to pass the separate static ultimate strength test for ankle-foot devices and foot units, a test
sample shall satisfy one of the following performance requirements:

a) the test sample shall sustain either static heel loading by the ultimate test force Fig, at the value
and inclination prescribed for Fisy, upper level Or static forefoot loading by the ultimate test force
F7gy at the value and inclination prescribed for Fgy, upper level Without failing or

b) if the mechanical characteristics of the test sample prevent the requirement of a) to be satisfied,
the maximum value of the ultimate test force Figy or Fpg, sustained by the test sample without loss
ofits structural infpgrify shallbe either
1— =the value Fisy, lower level Prescribed for static heel loading, or
1+ =the value Fagy, lower level prescribed for static forefoot loading.

17.2{4.3 Compliance conditions

In order to claim that the prosthetic device/structure submitted for testaccording to 9.1 to pP.4 complies

with|the performance requirements of the separate static ultimate strength test for ankle{foot devices

and foot units of this International Standard according to 17.2.4.2%at a specific test loadipg level, the
following shall apply.

a) If the test forces F1 and F7 have been applied at a rate.of between 100 N/s and 250 N/s, tests of
thhis type, each separately applying heel loading and fgrefoot loading to different test sgmples, shall
Ibe passed (in the meaning of 17.2.4.2) in each of these directions of loading by two test samples
from the prescribed batch, the prescribed batchincluding the substitute test sampleg allowed by

7.2.4.1.15 and 17.2.4.1.16 (and also by 17.2.4.1317 as an option) (see 9.4 and Table 16).

b) If the test forces F1 and F; have been applied at a higher rate of loading in|accordance

yith the alternative static ultimate strength test specified in Annex C (see 172.4.1.1 and

17.2.4.1.5/17.2.4.1.11), the compliance condition of a) shall apply provided that th
gamples also pass (in the meaningjof 17.2.3.2) the separate static proof test for ankle
dnd foot units of this International Standard in the relevant direction of loading and at
est loading level (see 17.2.471:6/17.2.4.1.12 and Annex C).

b same test
foot devices
the relevant
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17.2.5 Separate cyclic test for ankle-foot devices and foot units
17.2.5.1 Test method

17.2.5.1.1 The separate cyclic test for ankle-foot devices and foot units shall be conducted by alternately
loading on the heel and the forefoot of the same test sample, as described in 17.2.5.1.3 to 17.2.5.1.12.

NOTE A flowchart for this test is shown in Figures 21 and 22.

17.2.5.1.2 The following general requirements shall apply.
a)

number of
e with the
[ [see 12.3.5

uring the course of the cyclic test, specified parts shall be replaced when the
ycles has reached a value at which such replacement is indicated in accordan
anufacturer’s/submitter’s service instructions and/or the test submission decumen
)]. All such replacements shall be recorded.

b) test sample that completes the cyclic test without failing shall be subjected to final static heel and

17.2

orefoot loading by the test forces F1fin and Fafin, successively applied-at a rate of betw
ind 250 N/s and maintained for (30 * 3) s for each loading case.

\ test sample that fails and/or a test sample that completes thée-cyclic test without fai
he request of the manufacturer/submitter, be visually examined at the magnification
he test submission document [see 12.3.5 c)], and the presence, location and nature of a
ind /or cracks be recorded, together with the magnification used.

5.1.3 Prepare and align a test sample from the batch specified in Table 16 for this test ix

een 100 N/s

ling shall, at
specified in
ny fractures

accordance

with

9.5, Clause 10 and 11, 12.2.1 and 12.2.2 and Tahle 10.

ird the test loading level to be applied, together with the corresponding values of the 4
| the test forces F1 and F7, determining<the directions and magnitudes of heel and fore
he prescribed number of cycles. Make-specific reference if the additional test loading
specified in Annex D are to be applied.

ingles a and
foot loading,
evels P6, P7

Reco
B ang
and {
or P§

h of forefoot
endicular to

17.2{5.1.4 Set the angle of the direction of heel loading to @ and the angle of the directio
loading to S, specified in Table\10, and adjust the heel and forefoot loading platform(s) perp
the directions of loading.

17.2{5.1.5 Mount the&test sample in the test equipment as illustrated in Figure 7.

1eel and the
test loading

17.2
maxil
level

5.1.6 Apply~to the test sample successively the maximum test force Ficmax to the |
mum test force Focmax to the forefoot in accordance with the values for the relevant
specified in Table 11 or Table D.3.

If th¢ test sample sustains the successive static heel and forefoot loading at F1cmax and Fochax, proceed

with 17.2.5.1.7.

If the test sample fails to sustain the successive static heel and forefoot loading at Ficmax and Faemaxo
record this together with the highest value of test force reached in each direction of loading and
terminate the test.

17.2.5.1.7 Apply to the test sample alternately the pulsating test force F1.(t) to the heel and the pulsating
test force Fp¢(t) to the forefoot in accordance with the requirements of 13.4.1.2 and the values for the
relevant test loading level, specified in Table 11 or Table D.3, at a frequency of between 0,5 Hz and 3 Hz
in accordance with the test submission document [see 12.3.5 a)] for a series of cycles, to allow the test
sample and the test equipment to “settle down”.

NOTE 1 The number of cycles required for the test to settle down will depend on the nature of
the test sample and the test equipment control mechanism.
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Take care that during this settling in period, the highest force applied to the heel and the forefoot of the
test sample does not exceed the maximum test force F1cmax Or F2cmax by more than 10 % (see 13.4.1.2.9).

NOTE 2 Experience has shown that repeated loading at values exceeding the relevant maximum
test force by more than 10 % can cause early deterioration of the test sample.

Do not proceed with 17.2.5.1.8 until the test sample and the test equipment have settled down, and
the pulsating test forces F1c(t) and F2.(t) have achieved the waveform specified in 13.4.1.2.4 and keep
within the tolerances specified in 14.3 f) and g).

Record the frequency called for, together with the number of cycles required to settle down and whether

the pulsatin

If the frequ
Fo¢(t) to be
preferably H
manufactur

Record any

If the pulsaf]
test laborat

17.2.5.1.8 4
test force F
relevant test
accordance

from the val
number of ¢

Inspect the
does not cor

Record the
decision on

17.2.5.1.9 |
service. Pro

Stop the te
exchange/rg
service inst
number of ¢

Exchange/r
instructions

g test forces Fyo(t) and Fae(t) are applied in accordance with 1341 2 4 and 14 3 f) and

ency called for cannot be achieved or does not allow the pulsating test forces F1¢(t]

etween 0,5 Hz and 3 Hz, to be agreed upon between the test laboratory/facility an
br/submitter.

hgreement on a frequency differing from the value called for.

ing test forces F1.(t) and/or Fp¢(t) cannot be applied at any frequency agreed betwee
pry/facility and the manufacturer/submitter, record this and terminate the test.

Apply to the test sample alternately the pulsating test force F1¢(¢) to the heel and the puls

loading level, specified in Table 11 or Table D.3, at a frequency of between 0,5 Hz and 3
vith the test submission document [see 12.3.5 a)].0tany agreement on a frequency diffi
e called for therein, preferably between 0,5 Hz and 3 Hz (see 17.2.5.1.7), for the presc
ycles specified in Table 11 or Table D.3.

waveform of the applied test forces Fi¢(t) and Fp¢(f). Terminate the test if the wave
hply with 13.4.1.2.4.

frequency applied, together with,the results of the inspection of the waveform an
Lhe continuation of the test.

During the course of the ¢yclic test, replace any parts which would be replaced in ng
reed as follows.

st equipment when the number of cycles of load has reached a value at whick
placement of these parts is indicated in accordance with the manufacturer’s/submi
Fuctions andyor the test submission document [see 12.3.5 b) and 17.2.5.1.2 a)]. Recor
ycles at shyutdown.

eplace’the specified parts in accordance with the manufacturer’s/submitter’s se

).

and

applied as specified, repeat the preceding steps of 17.2.5.1.7 at a different)frequency,

1 the

n the

ating

¢(t) to the forefoot in accordance with the requirements of 13.4.1.2 and the values for the

Hz in
bring
ribed

form

1 the

rmal

the
Fter’s
d the

rvice

and/or the test submission document.

Restart the test from 17.2.5.1.3 or 17.2.5.1.7, depending on the mechanical properties of these parts and
the complexity of the dis- and re-assembling of the test sample necessary for their exchange/replacement.

Record the details of the exchange/replacement and the resulting conditions of the restart, together
with the number of the corresponding clause.

17.2.5.1.10 Continue the test until failure occurs or the prescribed number of cycles specified in
Table 11 or Table D.3 has been reached for both the heel and the forefoot. Record the number of cycles at
shutdown and whether failure has occurred.

17.2.5.1.11  Subject a test sample that completes the cyclic test without failing to the final static test
force F1fin in the direction of heel loading determined by the angle a and subsequently to the final static
force Fafin in the direction of forefoot loading determined by the angle f in accordance with the values
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for the relevant test loading level, specified in Table 11 or Table D.3, applied at a rate of between 100 N/s
and 250 N/s. For each loading case maintain the load at the maximum value for (30 * 3) s and record the
results [see 17.2.5.1.2 b)].

If the test sample fails to sustain the successive final static heel loading at F1fi, and forefoot loading at
Ffin for the prescribed time in either of the directions of loading, record this together with the highest
value of test force reached in each direction of loading or the time for which the prescribed values of the
final static test forces F1fin and Fa2fin have been maintained.

17.2.5.1.12 Decide and record whether the test sample has passed or failed the test procedure
specified in 17.2.5.1.2 to 17.2.5.1.11, checking the results of steps 17.2.5.1.6, 17.2.5.1.10 and 17.2.5.1.11
against the performance requirements of 17.2.5.2.

17.2(5.1.13  If the test sample fails to satisfy any of the performance requirements of 17.4.5.2, inspect
it to ¢letect the nature and, if possible, the location of any damage and record the results.

17.2(5.1.14 At the request of the manufacturer/submitter, visually examine a test sample that fails
and/or a test sample that completes the separate cyclic test for ankle-fopt\devices and foot ynits and the
finalstatic test without failing, to detect the presence, location and nature’of any fractures amd/or cracks
[seel17.2.5.1.2 c)].

Carry out the examination at the magnification specified in the test submission document [see 12.3.5
c)] or decided according to circumstances in agreement with the manufacturer/submitter.

Record the magnification used and the information obtained, taking account of the
mantyifacturer’s/submitter’s instructions concerningthie’documentation of test results [see|12.3.5 c]].

17.2{5.2 Performance requirements

In orider to pass the separate cyclic test for ankle-foot devices and foot units, a test sample [shall satisfy
the fpllowing performance requirements:

a) the test sample shall sustain successive static heel and forefoot loading by the mgximum test
florces Ficmax and Faemax at the.prescribed values and inclinations;

b) the test sample shall sustain alternating cyclic heel and forefoot loading by the pulsating test forces
1¢c(£) and Foc(t) at thé prescribed levels and ranges for the prescribed number of cycleg;

[

c) the test sample shall sustain successive static heel and forefoot loading by the final static test forces
1fin and Foip-at the prescribed values and inclinations for (30 + 3) s each.

-

17.2}5.3 Compliance conditions

In ordertofclaim that the prosthetic device/structure submitted for test according to 9.1 to pP.4 complies
with|the performance requirements of the separate cyclic test for ankle-foot devices and foot units
of this International Standard according to 17.2.5.2 at a specific test loading level, tests of this type
shall be passed (in the meaning of 17.2.5.2) by two test samples from the prescribed batch (see 9.4 and
Table 16).
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Settings

and adjustments

17.2.5.1.3t017.2.5.1.5

Static heel loading at
maximum test force F icmax

172516

Need for
realignment
of sample?

Yes

Loading
requirement
satisfied?

A\

Termination.of test,
since test'sample does
not satisfy 17.2.5.2 a)

Static forefoot loading at
maximum test force F 5 qx

17.2.5.1.6 ?
17.2.5.1.6

Loading
requirement
satisfied?

No

17.2.5.1.6

Start of
initial alternating cyclic
heel and ferefoot loading
for “setfling down"

17.251.7

Yes

Loading
requirements
satisfied at
frequency applied?

Agreemen
on different

Termination of
initial alternating cyclic
heel and forefoot loading

Termination of test,
since F(f) and/or F,.({)

can not be applied at

Tor “settling down

\ any frequency /

17.2.51.7 172517

'

Figure 21 — Flowchart for the separate cyclic test for ankle-foot devices and foot units,

84

specified in 17.2.5.1
Continued on Figure 22
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Start of
"regular" alternating cyclic
heel and forefoot loading

17.251.8

Waveforms of
Fis(f)and Fy(t)
as required?

IS0 10328:2016(E)

Termination of test,
since waveforms of
F1(t) and/or F,(t) do not

17.2.5.1.8
Yes

Continuation of test until

shutdown of test equipment
because of / due to

a) replacement of parts
b) occurrence of failure
c¢) completion of cyclic test

17.2.5.1.9/17.2.5.1.10

of parts

Replacement

comply with 134124
R
17.2.5.1.8

Relevant
event?

17.25.1.9

Occurrence

of failure

Completion.of
cyclic test

17.25.1.10

Final static test at
F 1inand F 5,

17.2.5.1.11

Loading

. No
requirements

17.2.5.1.10

satisfied?

17.2.5.1.11
Yes

s

~

y

S

17.2.5.1.12

ey e hrarsfarted-the—N
estsamplehaspassedthe Festsampteh
cyclic test for ankle-foot cyclic test for ankle-foot
devices and foot units

devices and foot units

17.2.5.1.12

Figure 22 — Flowchart for the separate cyclic test for ankle-foot devices and foot units,
specified in 17.2.5.1 Continued from Figure 21
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17.3 Separate static ultimate strength test in maximum knee flexion for knee joints and

associated parts

17.3.1 General

The requirements of this test shall apply to all assemblies of knee joints and associated parts
normally provide the knee flexion stop (see 17.3.3.1) on a complete prosthesis, comprising

that

— assemblies of knee units and adjacent components required for their attachment to the proximal

and distal part of a prosthesis and/or their alignment within a prosthesis;

— knee-shin assemblies, including adjacent components required for their attachment to the pros
part of @ prosthesis and/or their alignment within a prosthesis.

17.3.2 Purpose of test

Users can apply high loads to prostheses in full flexion when kneeling or squatting\(deep knee b
A structural test is required, in order to ensure an adequate level of safety during-normal use.

17.3.3 Applicability of the test to specific test samples

17.3.3.1 THe decisive criterion for the applicability of the test specified.in 17.3.4 to specific test sarn
is their involvement in the provision of the knee flexion stop.

NOTE1 Theterm “knee flexion stop” used here and in the introductory paragraph of 17.3.1 covers any ph
boundaries pjrovided by the assemblies stated in 17.3.1, which stopcthe angular movement of the knee joint

fimal

end).

hples

ysical
n the

position of mpximum knee flexion of a complete prostheses. It is not limited to specific knee flexion stop buffers

included in s¢me knee joint designs.

In consideratfion of the complexity of this criterion, for, _the purposes of this International Standard the de
on the applicability of this test is based on the conditigns’specified in 17.3.3.2 and 17.3.3.3.

ision

NOTE 2  In[some prostheses the maximum kn€e'flexion allowed by the assemblies stated in 17.3.1 is redqluced

by contact ol surfaces of other parts, as e.g. eosmetic components, the socket or the heel of the foot. In
cases the testin maximum knee flexion is notapplicable.

17.3.3.2 THe separate static ultimate’strength test in maximum knee flexion specified in 17.3.4 sh
applied to a|specific knee unit er-knee-shin-assembly only if the knee flexion stop is incorporated i
knee mechahism or providedbythe adjacent components listed in 17.3.1.

This shall bg determined/as prescribed in 17.3.4.1 and 17.3.4.2, also taking account of the inform
given in thejtest submission document (see 12.2.3).

17.3.3.3 The test shall not be applied to a specific knee unit or knee-shin-assembly, if

these

h1l be
n the

htion

the

manufacture¢r/submitter provides a certificate stating that

a)

b)

86

either kneeling or squatting (deep knee bend) is expressly excluded from its intended use within
a complete prosthesis, according to the manufacturer’s written instructions supplied with every
component of the type or

the knee unit or knee-shin-assembly, together with the adjacent components listed in 17.3.1, does
not provide the knee flexion stop on a complete prostheses in any application which is in accordance
with the manufacturer’s instructions regarding

— the type(s) of prosthesis (knee-disarticulation, transfemoral and/or hip-disarticulation
prosthesis);

— the attachment of the assembly to the proximal and distal part of the prosthesis;

— the alignment of the knee joint within the prosthesis.
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The reasons for not testing a submitted sample or not continuing the test shall be recorded.

17.3

NOTE

4 Test method

A flowchart for this test is shown in Figure 23.

17.3.4.1 Prepare and align a test sample from the batch specified in Table 16 for this test in accordance

with

9.5, Clauses 10 and 11, 12.2.1 and 12.2.3 and Table 12.

Record the values of the length L. and the test force Fs, to be applied.

Ensure that the posterior contour/shape and extension of the structures representing-th
shin portion within the length L, (including the extension pieces) is of the smallest dimensi
in acfordance with the manufacturer’s instructions, so that the test sample reaches the-high
valug of knee flexion occurring in a normal prosthesis, taking account of

Rec
with

17.3
of th

Reco

a)

b)

Reco

17.3

17.3

1
glignment of the knee joint within the prosthesis;

q

1
intended.

OII:d the parameters of the posterior shape of the structures representing the thigh and

|
q

I
[
q

he use of the knee unit or knee-shin assembly in knee disarticulation{transfemora
isarticulation prostheses;

he attachment of these assemblies to the proximal and distalkpart of the prosthg

he groups of amputees for whom the use of these assemblies within a complete f

n the length Le.

4.2 Move the test sample to the position of maximum knee flexion and detect the locat
e parts of the test sample which stop further flexion.

ird the location/position of the parts'providing the knee flexion stop and proceed as fo

fthe knee flexion stop is provided.by any parts of the knee unit and adjacent attachmen
omponents or by any parts of the knee-shin assembly listed in 17.3.1, proceed with 17|

f the knee flexion stop is not provided by any parts listed in 17.3.1, terminate the tes
hat the separate static ultimate strength test in maximum knee flexion is not appli
pecific structure stbmitted for test in the specific application, attachment and alignm
omplete prosthesis, simulated in the test sample.

ird the decision-on the continuation of the test procedure.

4.3 Mount the test sample in the test equipment as illustrated in Figure 8.

44’ Apply to the ends of the extension pieces the test force F, smoothly and at a ratd

e thigh and
pns possible
lest possible

and/or hip

sis and the

rosthesis is

shin portion

on/position

lows.

t/alignment
3.4.3.

F and record
cable to the
ent within a

of between

100 N/s and 250 N/s until the test sample fails, or the test force F attains the value of static test force Fgy,
specified in Table 12, without failure of the test sample.

Record the highest value of the test force F reached during the test and whether failure has occurred.

17.3.4.5 Decide and record whether the test sample has passed or failed the test procedure specified
in17.3.4.3 and 17.3.4.4, checking the results of step 17.3.4.4 against the performance requirement of 17.3.5.

17.3.4.6 If the test sample fails to sustain the performance requirement of 17.3.5, inspect it to detect the
nature and, if possible, the location of any damage and record the results.
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17.3.5 Performance requirement

In order to pass the separate static ultimate strength test in maximum knee flexion for knee joints
and associated parts, a test sample shall sustain static loading by the static test force Fsy at the
prescribed value.

17.3.6 Compliance conditions

In order to claim that the prosthetic device/structure submitted for test according to 9.1 to 9.4 complies
with the performance requirement of the separate static ultimate strength test in maximum knee
flexion for knee joints and associated parts of this International Standard according to 17.3.5, tests of
this type shEll be passed (in the meaning of 17.3.5) by two test samples from the prescribed batcH (see
9.4 and Table 16).
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( Start )

/

Initial arrangements

17.3.4.1

Detection of knee flexion

IS0 10328:2016(E)

stop on test sample in
maximum knee flexion

17.3.4.2

Is test No

applicable?
17.3.4.2

Static loading of test
sample in maximum
knee flexion

17.3.4.4

Loading

No

i

1 Test terminated )

17.34.2

requirements
satisfied?

Test sample has passed
the separate static test in
maximum knee flexion

17.3.4.5

Y

Test sample has failed
the separate static test in
maximum knee flexion

17.3.4.5

Figure23 — Flowchart for the separate static ultimate strength test in maximum knee flexion

for knee joints and associated parts, specified in 17.3.4

17.4 Separate tests on knee locks

17.4.1 General

The requirements of this subclause shall apply to all knee units incorporating mechanisms which lock

the knee in the extended position.
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17.4.2 Purpose of tests

Locked knee units are subject to flexion loading during the stance phase of walking, and a failure of the
knee lock mechanism during this phase is potentially hazardous. A structural test is required in order
to ensure an adequate level of safety during normal use.

17.4.3 Separate static proof test for knee locks

17.4.3.1 Test method

17.4.3.1.1
manufactur
be covered
test for kned
final static t¢

The setting,
and 17.4.3.1
special jig c§

NOTE A

17.4.3.1.2 Prepare and align a test sample from the batch specified in'Table 16 for this test in accord

with 9.5 Claj

Ifatestsa
static test)

Clauses 10 gnd 11 and 12.2.1, NOTE 1 of 16.1.1 and Table;13 (see also 17.4.3.1.12). Record the re-y

the test sa
Record the ¥

At zero load
and uT - ug
Table 5.

Record the

At zero load
until the ini
the values s

Record the initial values of offsets set.

If the settin

r/submitter and the test laboratory/facility, the separate static proof test for knee locks

locks without failing [see 17.4.5.1.1 c) and 17.4.5.1.18). This requires the application ¢
st in the manner specified in 17.4.3.1.6 to 17.4.3.1.9.

adjustment and/or measurement of segment lengths and/or offsets [see174.3.1.2,17.4

y the final static test to be applied to a test sample which has completed the separate ¢

8 b)] shall be carried out with the test sample mounted either in thé test equipment of i

pable of applying the stabilizing test force Fsiap (see 13.2.2).

flowchart for this test is shown in Figure 24.

1ses 10 and 11 and 12.2.1, NOTE 1 of 16.1.1 and Table.13.

le that has completed the separate cyclic test proeedure for knee locks (including the
ithout failing is used for this test in accordarice with 9.5.1, re-align it in accordance

ple.
ralues of offsets and test forces to beapplied.

, set (or check and, if necessary,‘correct) the test sample segment lengths (ua - up, ug
or any other specific combination) (see 10.3.6) in accordance with the values specifi

ombinations and values of the segment lengths set.

initially set (or eheck and, if necessary, correct) the bottom and top load application 1
[ial values of theyankle and knee offsets (fa, fk, 0a and ok, see 6.8.1) are in accordance
pecified in Table 13.

ance

final
with
se of

_uA
ed in

bvers
with

placed in a

with 17.4.3.1.3.

Record whether a special jig is used.

17.4.3.1.3 Apply to the test sample the settling test force Fset, specified in Table 14.

b of the segment lengths and offsets at zero load has been carried out with the test s
special jig, p jig quip D I

transfer the test sample from the jig to the test equipment before proce¢ding

ple

Maintain this force, Fset, at the prescribed value for a period not less than 10 s and not more than 30 s
and then remove it. Record the elapsed time.

Allow the test sample to rest at zero load for a period not less than 10 min and not more than 20 min
before proceeding with 17.4.3.1.3. Record the time at rest.
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17.4.3.1.4 Apply to the test sample and maintain during the adjustments of 17.4.3.1.5 and the
measurements and recordings of 17.4.3.1.6 the stabilizing test force Fstap, specified in Table 14.

If the adjustments of 17.4.3.1.5 are carried out with the test sample placed in a special jig, apply the
stabilizing test force Fsiap by the jig upon transfer of the test sample from the test equipment to the
jig after having completed 17.4.3.1.3 and then remove Fstap and re-apply it by the test equipment upon
transfer of the test sample from the jig to the test equipment before proceeding with 17.4.3.1.6.

Record whether a special jig is used.

17.4.3.1.5 Finally adjust the bottom and top load application levers until the final values of the ankle and
knee[offsets [fa, /K, 0A and o) are in accordance with the values specilied in Table 13 at the stabilizing
test force Fsap.

Record the final values of offsets set.

17.4{3.1.6 Carry out the following.

a) Measure and record the distance LpT (see 6.8.4) as Lg or the displacement § of the moving load
3pplication point from its reference position in the test equipment'as’do.

b) Ifrequested by the manufacturer/submitter, measure and re€ord the effective lever arms La and Lg
see 6.8.3).

Take| into account that the data to be acquired are irreleévant to the performance reqyirements of
17.4.8.2, although they may provide interesting and, useful information in conjunctign with the
data|to be acquired according to 17.4.3.1.8 b) particularly on the deformation of the [test sample
undedr load. For this reason, carry out these measurements and recordings only if requ¢sted by the
mantyifacturer/submitter, as indicated.

NOTE In principle, the measurement and‘recording of the effective lever arms Lp and Lk is not
necepsary here. They are identical to the ankle and knee offsets fp and fk, since these are sef to the same
valug in the same plane (0p and ok are-setto zero), so that the load line passes parallel to thd u-axis. This
may,lhowever, have changed after theapplication of the proofload [see 17.4.3.1.8 b)].

17.413.1.7 Increase the test force F smoothly at a rate of between 100 N/s and 250 N/s to the proof test
force Fsp, specified in Table 14«

Maintain this force, Fsp,at the prescribed value for (30 + 3) s.
Decrpase the testAfoxrce F to Fsiap.

If the test sample sustains the static loading at Fsp for the prescribed time, record this gnd proceed

with(17.4.31:8.

If the test' sample fails to sustain the static loading at Fsp for the prescribed time, record this together
withtheighest vatue of test force Teached orthe time for which the prescribed vatue of the proof test
force Fsp has been maintained and terminate the test (but see 17.4.3.1.12).

17.4.3.1.8 Maintain (or, if a special jig is used, apply and maintain) the test force Fsgp until the
measurements and records of a) [and b)] specified below are completed.

a) Measure and record the distance LgT as L1g or the displacement ¢ of the moving load application
point from its reference position in the test equipment as §19. Complete the measurement within
5 min (see NOTE).

b) Ifrequested by the manufacturer/submitter, measure and record the offsets fa, fk, 0o and ok, and/or
the effective lever arms Lp and Lg. Complete the measurements within 15 min (see NOTE).
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Take into account that the data to be acquired are irrelevant to the performance requirements of
17.4.3.2, although they may provide interesting and useful information in conjunction with the
data to be acquired according to 17.4.3.1.6 b) particularly on the deformation of the test sample
under load. For this reason, carry out these measurements and recordings only if requested by the
manufacturer/submitter, as indicated. See also NOTE to 17.4.3.1.6 b).

If the measurements of b) are carried out with the test sample placed in a special jig, remove the
stabilizing test force Fstap and re-apply it by the jig upon transfer of the test sample from the test
equipment to the jig after having completed a).

Note and record the interval of time after decreasing the test force F to Fstap (17.4.3.1.7), at which each

of the measyrementsof a) atret b) ts-takens:

Record whether a special jig is used.

NOTE The time limits are set in order to limit the effect of recovery on the permanent defornjation
(17.4.3.1.9) and on the ankle and knee offsets and effective lever arms. The different values of time’limit spefified
for the measfirements of a) and b) take account of the different amounts of time required,fonthe measurgment
and recording.

=]

17.4.3.1.9 (alculate and record the permanent deformation, D4, betweeri the bottom and top|load
application points:

=L -—L10 orD, =510 —59 (16)

4 9

17.4.3.1.10f Decide and record whether the test sample-hds passed or failed the test procgdure
specified in[17.4.3.1.2 to 17.4.3.1.9, checking the results of steps 17.4.3.1.7 and 17.4.3.1.9 againdt the
performancg requirements of 17.4.3.2.

17.4.3.1.11| If the test sample fails to satisfy éither of the performance requirements of 17.4.3.2
inspect it to[detect the nature and, if possible, the location of any damage, and record the results.

<~

17.4.3.1.12 If a test sample that has alfeady completed the separate cyclic test procedure for [knee
locks withouit failing (see 17.4.3.1.2), fajls‘to satisfy either of the performance requirements of 17.4.3.2,
repeat the t¢st on a substitute test sample and record the failure and the repetition, including all spgcific
records call¢d for.

17.4.3.2 P¢rformance requirements

In order to pass the sepdrate static proof test for knee locks, a test sample shall satisfy the following
performancg requirements:

a) the test sample shall sustain static loading by the proof test force Fsp at the prescribed yalue
for (30 £ 3)s;

b) the value of permanent deformation D4 of the test sample shall not exceed
— 2 mm for a total sample length (ut - ug)specified = 650 mm or

— 2 mm multiplied by the ratio [(ur — ug)actual/( ut — up)specified] for values of total sample
length exceeding 650 mm (see Footnote b of Table 5).

17.4.3.3 Compliance conditions

In order to claim that the prosthetic device/structure submitted for test according to 9.1 to 9.4 complies
with the performance requirements of the separate static proof test for knee locks of this International
Standard according to 17.4.3.2, tests of this type shall be passed (in the meaning of 17.4.3.2) by two test
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samples from the prescribed batch, the prescribed batch including the substitute test sample allowed
by 17.4.3.1.12 (see 9.4 and Table 16).

Compliance with the performance requirements of the separate static proof test for knee locks can also
be claimed, if the final static test [17.4.5.1.1 ¢)/17.4.5.1.18] as part of the separate cyclic test procedure
for knee locks (17.4.5) is applied in the manner specified in 17.4.5.1.5 to 17.4.5.1.8 (see also 17.4.5.2 and

17.4.5.3).
( Start )

Initial settings, Repetition of test
application of settling load, on substitute test |«
final adjustments sample

[

17.43.1.2t017.43.15 17.4.31.12

Initial measurement
of Lgroré

17.4.3.16

Loading
at proof load level

17.4.31.7

anding NG
requirements
satisfied?
144317

Final-measurement
of Lgrors

17.4.3.1.8

Calculation of
permanent deformation

17.4.3.1.9

Permanent
deformation within
permitted

Has test sample
completed other
tests before?

Yes

7.4.3.1.10

Test sample has passed the Test sample has failed the
separate static proof test separate static proof test
for knee locks for knee locks

17.4.3.1.10 17.4.3.1.10

Figure 24 — Flowchart for the separate static proof test for knee locks, specified in 17.4.3.1
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17.4.4 Separate static ultimate strength test for knee locks

17.4.4.1 Test method

17.4.4.1.1 The setting and adjustment of segment lengths and/or offsets (see 17.4.4.1.2 and 17.4.4.1.5)
shall be carried out with the test sample mounted either in the test equipment or in a special jig capable
of applying the stabilizing test force Fstap (see 13.2.2).

NOTE

17.4.4.1.2
with 9.5, CI

If a test san
for this test
1of16.1.1a

A flowchart for this test is shown in Figure 25.

uses 10 and 11 and 12.2.1, NOTE 1 of 16.1.1 and Table 13.

ple that has completed the separate static proof test for knee locks without failing is
in accordance with 9.5.1, re-align it in accordance with Clauses 10 and 11 and‘12.2.1, N
hd Table 13 (see also 17.4.4.1.9). Record the re-use of the test sample.

If a test samjple that has completed the separate cyclic test procedure for knee locks (including the

static test) Y
Clauses 10 4

the test sampple.

vithout failing is used for this test in accordance with 9.5.1, re-align it in accordance
nd 11 and 12.2.1, NOTE 1 of 16.1.1 and Table 13 (see also 17.4.4.1.9). Record the re-y

ance

used
(OTE

final
with
se of

Record the yalues of offsets and test forces to be applied.

At zero load, set (or check and, if necessary, correct) the test sahiple segment lengths (ua - up, ugl— ua
and ut - uk|or any other specific combination) (see 10.3.6) int@ccordance with the values specified in
Table 5.

Record the gombinations and values of the segment lengths set.

At zero loadj initially set (or check and, if necessary;correct) the bottom and top load application lgvers
until the inifial values of the ankle and knee offsets (fa, fk, 0a and ok) (see 6.8.1) are in accordance|with

the values s

Record the initial values of offsets set.

If the settin
placed in a
with 17.4.4.]

Record whe

17.4.4.1.3 4

becified in Table 13.

cpecial jig, transfer the test sample from the jig to the test equipment before proceg
.3,

fher a specialjiglis used.

Apply to.the test sample the settling test force Fset, specified in Table 14.

Maintain th

and then remove it. Record the elapsed time.

s force, Fset, at the prescribed value for a period not less than 10 s and not more than

b of the segment length§ and offsets at zero load has been carried out with the test sample

ding

30s

Allow the test sample to rest at zero load for a period not less than 10 min and not more than 20 min
before proceeding with 17.4.4.1.4. Record the time at rest.

17.4.4.1.4 Apply to the test sample, and maintain during the adjustments of 17.4.4.1.5, the stabilizing
test force Fsan, specified in Table 14.

If the adjustments of 17.4.4.1.5 are carried out with the test sample placed in a special jig, apply the
stabilizing test force Fstap by the jig, upon transfer of the test sample from the test equipment to the
jig after having completed 17.4.4.1.3 and then remove Fsta, and re-apply it by the test equipment upon
transfer of the test sample from the jig to the test equipment before proceeding with 17.4.4.1.6.

Record whether a special jig is used.
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17.4.4.1.5 Finally adjust the bottom and top load application levers until the final values of the ankle and
knee offsets (fa, fk, 0a and ok) are in accordance with the values specified in Table 13 at the stabilizing
test force Fstap.

Reco

rd the final values of offsets set.

17.4.4.1.6 Increase the test force F smoothly at a rate of between 100 N/s and 250 N/s until the test
sample fails, or the test force F attains the value of the ultimate test force Fgy,, specified in Table 14,
without failure of the test sample.

Record the highest value of the test force F reached during the test and whether failure has occurred.

If ex]
[12.3
with
failu

Take
that
13.2.

17.4
in 17%

bressly requested by the manufacturer/submitter, or if requested in the test submissig
4 a)], continue the separate static ultimate strength test for knee locks after the'test
ctood the ultimate test force Fgy until failure actually occurs and record the value o
e.

into account that in this case the end attachments used need a higher valtre of stiffness
the values of their deflection and permanent deformation keep_within the limits
1.2.10 at a higher proofload than is specified in Table 4 (see second’paragraph of 13.2.

4.4.1.2 to 17.4.4.1.6, checking the results of step 17.4.4/.6/against the performance

of 17

17.4
the n

17.4
cycli
requ
repe

17.4

In on
stati

17.4

In or]
with
Inten

4.4.2,

4.1.8 If the test sample fails to satisfy the performahce requirement of 17.4.4.2, inspec
ature and, if possible, the location of any damage'and record the results.

4.1.9 If a test sample that has already completed the separate static proof test and/or

rement of 17.4.4.2, repeat the test'on a substitute test sample and record the fail
ition, including all specific records¢called for.

4.2 Performance requirement

der to pass the separate-static ultimate strength test for knee locks, the test sample §
" loading by the ultimate test force Fsy at the prescribed value.

4.3 Compliance conditions

der to clainithat the prosthetic device/structure submitted for test according to 9.1 to
the perfermance requirement of the separate static ultimate strength test for knee
national Standard according to 17.4.4.2, tests of this type shall be passed (in the

17.4.

n document
sample has
[ the load at

and ensure
specified in
1.2.1).

4.1.7 Decide and record whether the test sample has passed/or failed the test procedyre specified

rfequirement

t it to detect

the separate

C test procedure for knee locks without failing (see 17.4.4.1.2), fails to satisfy the performance

ure and the

hall sustain

D.4 complies
ocks of this
meaning of

L. 29, by two test samples from the prescribed batch, the prescribed batch including th

e substitute

test

© ISO

ample attowed by 1744 1.9 (see 9.4 and Tabte 16).
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( Start )

Y

Figu

17.4.5 Sep
17.4.5.1 Te

17.4.5.1.1

a) If the teg
level at

b) During

Initial settings, Repetition of test
application of settling load, | on substitute test |«
final adjustments sample
17.4412t017.4415 174419
Loading

to ultimate load level

174416

Loading
requirements
satisfied?

Has test sample
completed other:

Test sample has passed the Test sample has failed the
separate static ultimate separate static ultimate
strength test for knee locks strength test for knee locks
174417 174417
"e 25 — Flowchart for the separate static ultimate strength test for knee locks,
specified in 17.4.4.1

arate cyclic test for knee locks
st method
"he following-general requirements shall apply:

st frequeticy selected is higher than 1 Hz, then the maximum frequency shall be belov
which dynamic mass effects begin to affect the maximum load value or the waveform.

the, ‘course of the cyclic test, specified parts shall be replaced when the numb

v the

br - of

cycles

1 | 1 4 Joi ol 1 1 R H I ad o pa | sl
IdS TTALIITU 4 vd4dliut 4dt WIHLIDT SUCIl TTUIdUTIITIIU IS TTIUILALTU I dUCUTUAIILT VWL

the

manufacturer’s/submitter’s service instructions and/or the test submission document [see 12.3.5
b)]. All such replacements shall be recorded.

c) Atestsample that completes the cyclic test without failing shall be subjected to final static loading
by the test force Ffip, applied at a rate of between 100 N/s and 250 N/s and maintained for (30 * 3) s.

Subject to request in the test submission document [see 12.3.5 d)] or agreement between the
manufacturer/submitter and the test laboratory/facility, the final static test may also cover the separate
static proof test for knee locks, if applied without re-alignment of the test sample in the manner

specified in

17.4.3.1.6 to 17.4.3.1.9.

d) A test sample that fails and/or a test sample that completes the cyclic test without failing shall, at
the request of the manufacturer/submitter, be visually examined at the magnification specified in
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the test submission document [see 12.3.5 c}], and the presence, location and nature of any fractures
and/or cracks be recorded, together with the magnification used.

e) The settings, adjustments and/or measurements of segment lengths and offsets [see 17.4.5.1.2,
17.4.5.1.4, (17.4.5.1.16 and 17.4.5.1.18)] shall be carried out with the test sample mounted either in
the test equipment or in a special jig capable of applying the stabilizing test force Fstap (see 13.2.2).

NOTE A flowchart for this test is shown in Figures 26 to 28.

17.4.5.1.2 Prepare and align a test sample from the batch specified in Table 16 for this test in accordance
with 9.5, Clauses 10 and 11 and 12.2.1, NOTE 1 of 16.1.1 and Table 13.

RecoL‘d the values of offsets, test forces and prescribed number of cycles to be applied.

At zdro load, set (or check and, if necessary, correct) the test sample segment lengths (ua + up, ug — ua
and §iT — ug or any other specific combination) (see 10.3.6) in accordance withthe values|specified in
Tablé¢ 5.

Record the combinations and values of the segment lengths set.

At zero load, initially set (or check and, if necessary, correct) the bottom™and top load appli¢ation levers
until|the initial values of the ankle and knee offsets (fa, fk, 04 and,og)(see 6.8.1) are in accordance with
the vialues specified in Table 13.

Record the initial values of offsets set.

If the setting of the segment lengths and offsets at zerq-load has been carried out with theltest sample
placed in a special jig, transfer the test sample fromi‘the jig to the test equipment before proceeding
with{17.4.5.1.3.

Record whether a special jig is used.

17.4{5.1.3 Apply to the test sample the settling test force Fset, specified in Table 14.

Maintain this force, Fset, at the prescribed value for a period not less than 10 s and not maojre than 30 s
and then remove it. Record the elapsed time.

Allow the test sample to rest at zero load for a period not less than 10 min and not more than 20 min
before proceeding with 17.4.5.1.4. Record the time at rest.

17.4|5.1.4 Apply tothe test sample and maintain during the adjustments of 17.4.5.]1.5 and the

meagurements andrecordings of 17.4.5.1.6 the stabilizing test force Fsap, specified in Table |

\“-
rP‘Ln

If the¢ adjustments of 17.4.5.1.5 are carried out with the test sample placed in a special jig, apply the
stab'llzmg test force Fstab by the jig upon transfer of the test sample from the test equlpment to the

511.6.

Record whether a special jig is used.

17.4.5.1.5 Finally adjust the bottom and top load application levers until the final values of the ankle and
knee offsets (fa, fk, 0a and ok) are in accordance with the values specified in Table 13 at the stabilizing
test force Fstab.

Record the final values of offsets set.

17.4.5.1.6 Carry out the following.

a) Measure and record the distance LgT (see 6.8.4) as L11 or the displacement § of the moving load
application point from its reference position in the test equipment as 611.
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b) Ifrequested by the manufacturer/submitter, measure and record the effective lever arms La and Lk

(see 6.8.3).

Take into account that the data to be acquired are irrelevant to the performance requirements of
17.4.5.2, although they may provide interesting and useful information in conjunction with the data to
be acquired according to 17.4.5.1.8 b), 17.4.5.1.16 and 17.4.5.1.17 particularly on the deformation of the
test sample under load. For this reason, carry out these measurements and recordings only if requested

by the manufacturer/submitter, as indicated.

NOTE

In principle, the optional measurement and recording of the effective lever arms Lp and Lk is not

necessary here. They are identical to the ankle and knee offsets fp and fk, since these are set to the same value in

Jever,

the same pla
have changed

17.4.5.1.7 Apply to the test sample the maximum test force Fcmax, specified in Table 14.

ne (nA and ox-aresetto 7prn)' sothatthe load line passes pqra"n] tothe y-axis. This may, hoy

after the application of other loading conditions [see 17.4.5.1.8 b), 17.4.5.1.16 and 17.4.5.1.17],

Maintain this force, Femax, until step 17.4.5.1.8 is completed.

17.4.5.1.8 (arry out the following.

a) Measurg and record the distance LpT as L1 or the displacement § of the moving load applichtion
point frpm its reference position in the test equipment as 612.

b) If requésted by the manufacturer/submitter (see NOTE to 17:4.5.1.6), measure and record the
offsets fa, fk, oa and ox and/or the effective lever arms Lp and Lg-

Take into afcount that the data to be acquired are irreleyant to the performance requirements of

17.4.5.2, although they may provide interesting and useful,information in conjunction with the da

be acquired
test sample
by the many

17.4.5.1.9 |

If the test
with 17.4.5.

If the test sample fails to sustain the-static loading at Fcmax until step 17.4.5.1.8 is completed, recorg

together wi
maximum t¢

17.4.5.1.10
0f13.6.3.2/

according to 17.4.5.1.6 b), 17.4.5.1.16 and 174:5.1.17 particularly on the deformation ¢
under load. For this reason, carry out these\measurements and recordings only if requg
facturer/ submitter, as indicated. See also NOTE to 17.4.5.1.6 b).

Decrease the test force F to the minimum test force Fepin, specified in Table 14.

sample sustains the static _lpading at Femax until step 17.4.5.1.8 is completed, prd
.10.

th the highest value-of test force reached or the time for which the prescribed value
st force Femax has)been maintained and terminate the test.

3.2.3.2:3\and 17.4.5.1.1 a) and the values specified in Table 14, at the frequency called

the test sub
the test equi

mission:document [see 12.3.5 a)] for a series of cycles, in order to allow the test samplg
pment to “settle down”.

tato
f the
bsted

ceed

| this
f the

Apply tothe test sample the pulsating test force F¢(t) in accordance with the requirements

for in
b and

NOTE 1

and the test equipment control mechanism.

The number of cycles required for the test to settle down will depend on the nature of the test sample

Take care that during this settling-in period, the highest force applied to the test sample does not exceed

the maximu

NOTE 2
more than 10

m test force Femax by more than 10 % (see 13.6.3.2.2/13.2.3.2.8).

% can cause early deterioration of the test sample.

Experience has shown that repeated loading at values exceeding the maximum test force Femax by

Do not proceed with 17.4.5.1.11 until the test sample and the test equipment have settled down, and the
pulsating test force F¢(t) has achieved the waveform specified in 13.6.3.2.2/13.2.3.2.8 and keeps within

the toleranc

98

es specified in 14.3 f) and g).
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Stop the test equipment and record the frequency called for, together with the number of cycles required
to settle down and whether the pulsating test force F¢(t) is applied in accordance with 13.2.3.2.3 and
14.3 f) and g).

If the frequency called for cannot be achieved or does not allow the pulsating test force F¢(t) to be
applied as specified, repeat the preceding steps of 17.4.5.1.10 at a different frequency, to be agreed upon
between the test laboratory/facility and the manufacturer/submitter.

Record any agreement on a frequency differing from the value called for.

If the pulsating test force F¢(f) cannot be applied at any frequency agreed upon between the test
labornfnryl/fqrilify and the m;\nnf;n‘h]rprl/cnhmifhar record this and terminate the test

17.4{5.1.11  Apply to the test sample the maximum test force Femax-

Meagure and record the initial value of the distance LgT as L13 or the displacement'd of the moving load
application point from its reference position in the test equipment as 613.

17.4|5.1.12  Decrease the test force F to the minimum test force Femine

17.4{5.1.13  Apply to the test sample the pulsating test force F(t) indaccordance with the requirements
of 13.6.3.2/13.2.3.2 and 17.4.5.1.1 a) and the values specified in<Table 14, at the frequeng¢y called for
in thle test submission document [see 12.3.5 a)] or at a different frequency agreed betwgen the test
laboratory/facility and the manufacturer/submitter (see :17.4.5.1.10) for the prescribed number of
cycles specified in Table 14.

Inspect the waveform of the applied pulsating test force F¢(t). Terminate the test if the wayeform does
not domply with 13.6.3.2.2/13.2.3.2.3.

Record the frequency applied, together with the results of the inspection of the wavefgrm and the
decidion on the continuation of the test.

Set the test equipment displacementtrip to 5 mm below the value of the initial distance L1g at Fcmax Or
5 mm above the value of the initial displacement 613 at Femax determined in 17.4.5.1.11.

17.4}5.1.14 Record the durations and reasons for all occurrences of switch-off, together with the
number of cycles of load applied up to that time.

17.4{5.1.15 Examine the test sample for damage if the test equipment has switched off due to
excegsive displacement and proceed as follows:

a) If there iS no sign of failure, restart the test from 17.4.5.1.10 and apply the prescribefl number of
¢ycles Feduced by the number of cycles completed before the test equipment tripped| Record the
restart.

b) [fthe testsampte has faited; Tecord thistogether withthre mumber of Tyclesat switch-off and
terminate the test (but see 17.4.5.1.22).

17.4.5.1.16  During the course of the cyclic test, replace any parts which would be replaced in normal
service. Proceed as follows.

Stop the test equipment when the number of loading cycles has reached a value at which the
exchange/replacement of these parts is indicated in accordance with the manufacturer’s/submitter’s
service instructions and/or the test submission document [see 12.3.5 b) and 17.4.5.1.1 b)]. Record the
number of cycles at shutdown.

Measure and record the distance Lpt or the displacement 6 and, if requested by the
manufacturer/submitter [note the additional instructions of 17.4.5.1.6 b) and 17.4.5.1.8 b)], the
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offsets fa, fk, 0a and ok and/or the effective lever arms Lp and Lk with the test force Fenmin applied and
subsequently with the test force Femax applied.

Exchange/replace the specified parts in accordance with the manufacturer’s/submitter’s service
instructions and/or the test submission document.

Restart the test from 17.4.5.1.2, 17.4.5.1.3 or 17.4.5.1.10, depending on the mechanical properties of
these parts and the complexity of the dis- and re-assembling of the test sample necessary for their
exchange/replacement.

Record the details of the exchange/replacement and the resulting conditions of the restart, together

with the nu

her of the r‘nrrpcpnnding clause

17.4.5.1.17
Table 14 haqd

If failure oc

Continue the test until failure occurs or the prescribed number of cycles specifi
been completed.

urs, record this together with the number of cycles at switch-off of the tesbequipmen

terminate the test (but see 17.4.5.1.22).

If the presq
record the ¢
the additior]
effective ley

Femax applig

17.4.5.1.18
force Ffin, S|
(30 £ 3)sar

If the test s
together wi
final static t

If the final s
17.4.3.1 [see

ribed number of cycles has been completed, stop the test equipmént and measurg
listance Lpt or the displacement § and, if requested by the mahufacturer/submitter

al instructions of 17.4.5.1.6 b) and 17.4.5.1.8 b)], the offsets fx, fk, oa and ok and/o
er arms La and Lk with the test force F.min applied and subsequently with the test

d. Record the number of cycles at shutdown.

Subject a test sample that completes the cyclic gest without failing to the final stati
ecified in Table 14, applied at a rate of between‘100 N/s and 250 N/s and maintaine
d record the results.

ample fails to sustain the final static loading at Ffi, for the prescribed time, record
th the highest value of test force reached or the time for which the prescribed value
est force Ffin has been maintained,

tatic test is intended also to cover the separate static proof test for knee locks specifi
17.4.5.1.1 c)], follow the instiuctions given in 17.4.3.1.6 to 17.4.3.1.9.

17.4.5.1.19

Decide and record whether the test sample has passed or failed the test procg

bd in

t and

and
Inote
r the
force

C test
d for

this
f the

ed in

dure
 and

specified in
17.4.5.1.18 4

17.4.5.1.20
it to detect t|

17.4.5.1.21

17.4.5.1.2 to 17.4.51118, checking the results of steps 17.4.5.1.9,17.4.5.1.15,17.4.5.1.1]
1gainst the performance requirements of 17.4.5.2.

If the test§ample fails to satisfy any of the performance requirements of 17.4.5.2, in
he nature and, if possible, the location of any damage and record the results.

At 'the request of the manufacturer/submitter, visually examine a test sample that

and/or a tes

L sample that completes the separate cyclic test for knee locks and the final static test wit

spect

fails
hout

failing, to detect the presence, location and nature of any fractures and/or cracks [see 17.4.5.1.1 d)].

Carry out the examination at the magnification specified in the test submission document [see 12.3.5 c)]
or decided according to circumstances in agreement with the manufacturer/submitter, if appropriate.

Record the magnification used and the

information obtained, taking account of

the

manufacturer’s/submitter’s instructions concerning the documentation of test results [see 12.3.5 c}].

17.4.5.1.22

If a test sample being tested at a frequency of 3 Hz or higher fails to satisfy any of the

performance requirements of 17.4.5.2, repeat the test on a substitute test sample at a frequency less
than 3 Hz, specified in the test submission document [see 12.3.5 e)] or agreed upon between the test
laboratory/facility and the manufacturer/submitter and record the failure and the repetition, including
all specific records called for.
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17.4.5.2 Performance requirements

17.4.5.2.1 In order to pass the separate cyclic test for knee locks, a test sample shall satisfy the
performance requirements listed in a) to c).

a) The test sample shall sustain static loading by the maximum test force Fepax at the prescribed
value for the time required for measurements and records of 17.4.5.1.8.

b) The test sample shall sustain cyclic loading by the pulsating test force F¢(t) at the prescribed level
and range for the prescribed number of cycles.

)

17.4

sepa

17.4)5.2.1 c) [which is identical to 17.4.3.2 a)], together with the following requirement [whic
to 17.4.3.2 b)].

If the test sample satisfies the performance requirement,0f/17.4.5.2.1 c) but fails to

The value of permanent deformation D4 of the test sample shall@ot exceed 2 mm.

or (30 + 3) s.

rribed value

5.2.2 In order to also pass the separate static proof test for knee locks specified in 17.4.3.1 when
being subjected to the final static test applied in the manner specified in 17.4.3:116 to 17.4.

3.1.9 for the

Fate static proof test for knee locks [see 17.4.5.1.1 c¢) and 17.4.5.1.18], thetest sample

shall satisfy
his identical

satisfy the

performance requirement of 17.4.5.2.2, the separate static proof test for knee locks shall bg carried out

as specified in 17.4.3.1.

17.4

17.4

17.4

© ISO

5.3 Compliance conditions

5.3.1 In order to claim that the prosthetic' device/structure submitted for test according to 9.1
to 9.4 complies with the performance requirements of the separate cyclic test for knee
International Standard according to 17.4i5.2.1, tests of this type shall be passed (in the
17.4/5.2.1) by two test samples from the\prescribed batch, the prescribed batch including tH
test Jample allowed by 17.4.5.1.22 (see’9.4 and Table 16).

ocks of this
meaning of
e substitute

5.3.2 In order to claim-~that the prosthetic device/structure submitted for test according to 9.1
to 9.4 also satisfies the compliance conditions of the separate static proof test for knee

ocks of this

2016 - All rights reserved
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International Standard according to 17.4.3.3, 17.4.5.3.1 shall apply provided that the test samples also
comply with the performance requirement according to 17.4.5.2.2.

4

Initial settings,

application of setiling load,

final adjustments

3

Repetition of test on
substitute test sample <
at a frequency < 3 Hz

17451216 174515

17.4.5.1.22

Yes

%d for
<

realignment

%mp[e?
17.4.5.1.16

Measurement of
LgrordatFgy

17.45.1.6

Static loading at
maximum test force

17.451.7

Measurement of
Lgrord at F,

17.45.1.8

Loading
requirement
satisfied?

Start of

initial cyclic loading
for "setiling down"

Termination of test,
since test sample
does not satisfy
17.45.2 a)

17.4.5.1.9

17.4,51.10

Loading
requirements
satisfied at
frequency applied?

Termination of
initial cyclic loading
for "settling down"

17.45.1.10

Agreement
on different
frequency?

Termination of test,
since F(f) can not

be applied at any

1745170

\ frequency /
Measurement of 17.4.51.10
Lgrord atF
17.4.5.1.11

Figure 26 — Flowchart for the separate cyclic test for knee locks, specified in 17.4.5.1
Continued on Figures 27 and 28
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Start of
"regular" cyclic loading

17.4.5.1.13

Waveform as
required?

Yes

Termination of test,

since waveform
does not comply
with 13.2.3.2.3

1745113
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Replacement
of parts

Setting of displacement
trip to specified value

17.4.5.1.13

Switch-off due
to excessive

17.4.5.1.16

Measurement
of Lgrord at
Fmin and Fmax

Continuation of test until
shutdown of test equipment
because of / due to

a) replacement of parts

b) occurrence of failure

¢) completion of cyclicdest

Sample
failed?

of Lgroré at
Fmin and Fmax

17.4.5.1.16 17.4.5.1.16}17.4.5.1.17
a) Relevant b)
event?
c)
A
Measurement

17.4.51.17

Test

frequency
>3 Hz

No

Yes

17.4.5.1.22

Final static test

17.45.1.18

Figure 27 — Flowchart for the separate cyclic test for knee locks, specified in 17.4.5.1
Continued from Figure 26 and continued on Figure 28
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104

Substitute for
static proof
test?

Yes

No

17.45.1.18

Initial measurement

Y

Loading

Loading
requirements
satisfied?

Yes

of Lgrord at proof load level
1{.4.ld.1.b 1{.4.5.1.18
. Loadin
at prtl)_gﬁ(cj):g level re;q:tiilg_lrzggts ~
174317 17.4.5.1.18
Yes

17.4.3.1.7

Final measurement
of Lgrord

17.4.3.1.8

Calculation of
permanent deformation

17.43.1.9

Permanent
deformation within
permitted

Test sample has passed both
theé_separate cyclic test and

\ ﬁ est sample has passed
tha ca i

he separate static proof tes

for knee locks

tj K for knee locks

17.4.5.1.19

17.4.5.1.19

Continued from Figure 27

Test sample has failed

for knee locks

17.4.5.1.19

Figure 28 — Flowchart for the separate cyclic test for knee locks, specified in 17.4.5.1
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18 Test laboratory/facility log
18.1 General requirements

18.1.1 The test laboratory/facility carrying out the tests specified in this International Standard and
indicated in the test submission document shall ensure that all records called for in this International
Standard are entered in the test laboratory/facility log.

18.1.2 The submitter of test samples and the identification of the test submission document shall be
clearly indicated and the date or dates of receipt be recorded.

18.1|3 The identification of the test report or reports (such as serial number) shall beclearly indicated
and the dates of preparation and submission be recorded.

18.2 Specific requirements

Accofding to the instructions of this International Standard, specific records shall be entergd in the test
laboratory/facility log for:

a) the identification (number) of the test equipment used and the reference (number)] of the end
dttachments, jig and measuring devices (if used);

b) the selection, type, preparation, identification and aljigninent of test samples;

c) the conduct of specific tests, selected in accordanc¢e’ with this International Standard jand the test
$ubmission document;

d) 4ny unusual features observed during the test(s).

NOTH Annex E offers a summary of the recerds to be entered in the test laboratory/facility log, for general
information and guidance of test laboratory/facility staff and submitters (see 19.3).

19 Test report
19.1 General requirements

19.1{1 The test laboratory/facility shall prepare a test report for the test(s) conducted and ghall provide
at legst one copy to the submitter of the test sample.

NOTH The(test laboratory/facility should maintain another copy of the test report with the test/log. This will
simplify thereply to possible further inquiries of the manufacturer/submitter.

19.1{27The test report shall be signed and dated on behalf of the test laboratory/facility by a
designated person.

19.1.3 The test laboratory/facility shall clearly indicate a name and address for communication.

19.1.4 The test laboratory/facility shall provide a unique and traceable identification and date for the
test report (such as serial number) including identification of each page, and the total number of pages of
the report. The test laboratory/facility shall maintain a record of such identification and date.

19.1.5 The submitter of the test sample, the manufacturer, if known, and the test laboratory/facility
identification shall be clearly indicated.
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19.1.6 The date of receipt of test samples and date(s) of preparation of the test report shall be clearly
indicated.

19.2 Specific requirements

19.2.1 For each type of test conducted (see 9.4), the test report shall specifically refer to this
International Standard, the clauses related to the specific type of test performed, and the test loading
condition or direction of loading, the test loading level applied and which special test set-ups were used.
This particularly applies to tests that are conducted at the additional test loading levels P6, P7 or P8
according to Annex D (see 16.2.1.1.2, 16.2.2.1.2 and 16.3.2.2 and/or 17.2.3.1.2,17.2.4.1.2, 17.2.4.1.8 and

17.2.5.1.3),
16.2.2.1.6 af

19.2.2 The
strength tes
samples of g

19.2.3 For
have been s
of this Inter
in which coq

If one or m
specific typ

19.3 Optid

19.3.1 The
submission

19.3.2 Upo
report any

i)
entered in t

20 Classit

20.1 Gene

}

AT TO thEe attermative Static Utate Strengti teSt according to ATEX C (SE€ 16.2.2-1-
id/or 17.2.4.1.1 and 17.2.4.1.5/17.2.4.1.11).

test report shall include any statements (with justification) of why the separate©tatic ulti
[ in maximum knee flexion on knee joints and associated parts should notbelapplied t
specific prosthetic structure including a knee unit or a knee-shin-assembly (see 17.3.3

pach prosthetic device/structure for which an appropriate batch or’batches of test san

ational Standard has been demonstrated. The test report shall also state the tests condy
npliance has not been demonstrated.

bre test samples of the prosthetic device/structure submitted for test has/have fai
b of test, the test report shall include details of the failure.

ns

test report shall include any additiomal information, specifically requested in the
Hocument (see 12.1.2 and 12.1.3).

h request of the submitter, the test laboratory/facility shall copy from the test log to th
rther records of samples anditest results called for. Annex E gives details of the records
e test laboratory/facility log'according to the instructions of this International Standar

ication and designation

ral

A lower limly prosthetic device/structure

for whi

a)

h_compliance with the requirements of this International Standard is claimed (see 9.]

| and

ate
test
3).

hples

bmitted for test, the test report shall state the tests in which conipliance with requirenpents

cted,

led a

test

> test
to be

o
O
N

and 9.3]

for a specific test loading level “P” (see 7.2) and

b)

which is suitable for lower limb amputees with a body mass not exceeding a specific value of

maximum body mass “m” kg according to the manufacturer’s written instructions on the intended
use of that device,

shall be clas

sified and designated as shown below.

ISO 10328 - “P” - “m” kg

20.2 Examples of classification and designation

EXAMPLES

1 to 3 illustrate variations of classification/designation for lower limb prost

hetic

devices/structures that comply with the requirements of this International Standard for one and the
same test loading level (P4).
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These examples are distinguished by different values of maximum body mass (70 kg, 80 kg, 90 kg), which
indicate differences in the intended use of the devices concerned, depending on their individual design.

EXAMPLE1 1S010328-P4-70kg
EXAMPLE 2 IS0 10328 - P4 -80 kg
EXAMPLE3 IS0 10328 -P4-90kg

In consideration of the background information given in Annex B, the following can be stated.

a) The c1a551flcatlon/de51gnat10n accordmg to EXAMPLE 1 is typlcal of a lower limb prosthetic

tevice/striettre-intended 3 - expected otoad their lower
mb prosthe51s ata hlgher level than those amputees on whose locomotlon data testloading level
P4 is based. For this reason the value of maximum body mass is limited to 70 Kgy which is 10 kg
below the maximum body mass of those amputees (80 kg).

b) The classification/designation according to EXAMPLE 2 is typical of-a’lower liml prosthetic
device/structure intended to be used for amputees, who are expected to load their lower limb
prosthesis at the same level as those amputees on whose locomotioh'data test loadinlg level P4 is
based. For this reason the value of maximum body mass is limited t®80 kg, which is identical with

the maximum body mass of those amputees (80 kg).

c) The classification/designation according to EXAMPLE 3cistypical of a lower liml prosthetic
device/structure intended to be used for amputees, who are expected to load their lower limb
prosthesis at a lower level than those amputees on whaese locomotion data test loading level P4 is

based. For this reason the value of maximum body mdss is limited to 90 kg, which is {10 kg above

the maximum body mass of those amputees (80 kg)-

All examples of classification/designation illustrated in EXAMPLES 1 to 3 and commented pn in a) to c)
requjre the manufacturer to specify, with justification, the conditions of use in his written jnstructions
on the intended use of the lower limb prosthébic device/structure.

NOTH The above classifications/designiations are also used in the examples of label layout (see 21.3 and
Figune 30).

21 Labelling

21.1 General

Each|lower limb presthetic device/structure

a) flor which-eompliance with the requirements of this International Standard is claimed|(see 9.1, 9.2
nd 9.3)-for a specific test loading level “P” (see 7.2) and

b) hlch is suitable for lower limb amputees with a body mass not exceedmg a specjfic value of
“m” the intended

use of that device,

shall be labelled in accordance with the classification/designation specified in 20.1. If appropriate, the
label may include further information as shown in Figure 29 and addressed in 21.2.

The statements on the label shall be given independent of any specific information on the intended use
of the prosthetic device/structure supplied by the manufacturer with the device/structure.
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IS0 10328 -"P"-"m" kg’ /N

*} Body mass limit not to be exceeded!

A For specific conditions and limitations of use see
manufacturer's written instructions on intended use!

)

Figure 29 — General concept for the label layout

21.2 Use o

The mark “4
specifies thg

conditions of use is given in the manufacturer’s written instructions on the intended ase’of the devij

The warnin
on the label

f mark “*)” and warning symbol

o___n

)” behind “kg” shall allow reference to a brief statement on the label that the value¢/m” s
body mass limit not to be exceeded and that further important informatipf jon the sp

g symbol to be used in addition to the mark “*)” shall allow reference to a brief state
regarding particular limitations of use, e.g. limitations concerning the activity of ampy

rated
beific

ment
tees.

This is, for Instance, the case if the stated body mass limit “m” exceeds the.body mass limit of those

amputees o whose locomotion data the stated test loading level “P” is based.

The use of mark “¥)” and warning symbol is illustrated in the label models a) to c) of Figure 30,

commented|on in 21.3.

21.3 Exaniples of label layout

The layout pf the label shall conform to any of the models a) to c) of Figure 30. The examples of

classificatiop/designation used in these models correspond to those used in EXAMPLES 1 to 3 of 20.2.

— The lab¢l according to model a) of Figure 30-shall apply to lower limb prosthetic devices/structures
correspponding to EXAMPLE 1 of 20.2, cominented on in 20.2 a).

— Thelabel according to model b) of Figure 30 shall apply to lower limb prosthetic devices/structures
corresppnding to EXAMPLE 2 of 20,2, commented on in 20.2 b).

— The labe¢l according to modelrc) of Figure 30 shall apply to lower limb prosthetic devices/structures
corresppnding to EXAMPLE-3"of 20.2, commented on in 20.2 ¢).

21.4 Label placement

The label shiall be placed on the device and/or on the packaging for each unit or, where appropriate, on

the sales packaging. If individual packaging of each unit is not practicable, the label shall be placed in

the informa

Fion\leaflet supplied with one or more devices.
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ISO 10328 - P4-70 kg~

*} Body mass limit not to be exceeded! For further details
see manufacturer's written instructions on intended use!

. )

Model a)
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ISO 10328 - P4 - 80 kg’

*} Body mass limit not to be exceeded! For further details
see manufacturer's written instructions on intended use!

Model b)

IS0 10328:2016(E)

ISO 10328 -P4-90kg’ /N

*) Body mass limit not to be exceeded!

A For specific conditions and limitations of use see
manufacturer's written instructions on intended use! /

Model c)

Figure 30 — Models for the label layout
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Annex A
(informative)

Description of internal loads and their effects

A.1 General

The test loa
of this Inter

compression), bending moments and a twisting moment (induced torque) indicated in Claus& A.3.

The referen

A.2 Mom

A.2.1 Gen

The momen
are specifie

A.2.2 AnK

A.2.21 Th
with the f-u

A.2.2.2 Th
with the o-u

A.2.3 Kng¢

A.2.3.1 Th
with the f-u

A.2.3.2 Th
with the o-u

A.3 Intd

ding conditions of the principal (and separate) structural tests specified in the main
national Standard are based on internal reference loads, consisting of an axialforce

ce forces and moments act respectively along and about reference lines.

ent reference lines

eral

L reference lines are those lines about which the moments specified in Clause A.3 act.
1 as follows using the elements of the geometric system described in Clause 6.

[le moment reference lines

plane.

plane.

e moment reference lines

e knee moment reference line Ky is the line of intersection of the knee reference plan
plane.

e knee moment reference line K, is the line of intersection of the knee reference plan
plane.

rnal loads

body
axial

They

e ankle moment reference line Ar is the line-of intersection of the ankle reference planfe (A)

e ankle moment reference line Ag'is the line of intersection of the ankle reference planje (A)

e (K)

e (K)

A3.1

General

The internal forces and moments are indicated in A.3.2 and A.3.3, together with anatomical
descriptions of their effects. Table A.1 contains a list of these together with alternative descriptions for
the movements that positive forces, bending and twisting moments tend to cause.

For a left-sided application, the axial force and all moments shall be positive as illustrated in Figures A.1
and A.2.

For aright-sided application, the mirror image applies (see 6.1 and Figures 1, 2 and 3). As a consequence,
the moments Mpg, Mkrand M, are positive in the opposite direction.
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A.3.2 Axial force F, (axial compression)

The axial force Fy is the force component along the u-axis. Positive F, tends to compress the prosthesis
in its longitudinal direction.

A.3.3 Moments

A.3.3.1 Ankle bending moment, My,

The ankle bending moment My, is the moment about the ankle moment reference line A,. Positive Ma,

tend

A.3.3.2 Ankle bending moment, Mt

The
tend

A.3.3.3 Knee bending moment, Mg,

The
tend

A.3.3.4 Knee bending moment, Mgy

The
tend
knee|

A.3.3.5 Twisting moment (torque), My

to cause dorsiflexion at the ankle joint.

inkle bending moment Mjr is the moment about the ankle moment refereneelline Af.
5 to cause inversion at the ankle joint.

b to cause extension at the knee joint.

knee bending moment Mkt is the moment about the knee moment reference line Kjy.

joint).

Positive Maf

knee bending moment Mk, is the moment about the knee momeént reference line K,. Positive Mk,

Positive Mks

5 to cause a lateral movement of the knee relativeto foot and hip (tends to cause addyction at the

The twisting moment M, is the moment about the u-axis. Positive M, tends to cause interndl rotation of

the distal end of the leg relative to thé proximal end.

Table A.1 — Positive internal forces and moments with descriptions of their effects

Anatomical description Alternative descript
Internal load .
Positive load tends to

ion

Axial force Fy compress the leg in its longitudinal direction
Ankle bending motient My, |cause dorsiflexion at the ankle joint |move the ankle to raise the togs
Ankle bendingmoment Ma¢ |cause inversion at the ankle joint move the ankle to raise the inside of the foot
Kneg bending moment Mk, |cause extension at the knee joint straighten the knee
cause a lateral movement at the knee . . .
Kned bending moment My; _|relative to foot and hip (cause adduction| ™o ¢ the knee in an outward (IhreCtlon rel-

- £ h .
] dlIvE LU 100U dIIU 11T
at the knee joint) P

Twis

cause internal rotation of the distal end

ting moment My of the leg relative to the proximal end

twist the leg to turn the forefoot inwards
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Key

1 left leg

2 load line

3 effectiye ankle-joint centre

4 effectiye ankle-joint centreline
5 effectiye knee-joint centre

Af ankle mnoment, My, referencé line

Ao ankle fhoment, M, reference line

K¢ knee mpoment, Mg \reference line

Ko knee moment, Mig, reference line and effective knee-joint centreline
Pr top lodd application point

Pk knee lgadreference point

Pp  ankle load reference point
Pp bottom load application point

Application of a specific test loading condition I to left-sided test sample, showing the coordinate system with ug =0
with reference planes, reference lines, reference points and components of internal loading generated by application
of the test force F

Figure A.1 — Test loading condition I
[see 7.1.2 a)]
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