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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
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Introduction

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 communlty about the need to provide prostheses that are safe in

use, and alsabe

be applicablg

During use,
methods sp
compound lo

The static te

activities whe

structural co

The evaluati
laboratory te

The laborato
bearing part

Ideally, addit
development
standards fo

In order to allow continuity of testing-by checking the test methods for ankle-foot devices and foot

specified in

period will b

period will b
and 1SO 226
outcomes, in
suitability.

a prosthesis is subjected to a series of load actions, each varying individually with time. Th

to prostheses of mechanical characteristics different from those used in the consehsus.

cified in this International Standard use static and cyclic strength tests which typically prg
adings by the application of a single test force.

b test
duce

ts relate to the worst loads generated in any activity. The cyelic tests relate to normal walking

re loads occur regularly with each step. This International¢Standard specifies fatigue test
ponents. The tests specified do not provide sufficient data\to’ predict actual service life.

bn of lower-limb prostheses and their components requires controlled field trials in addition
5ts specified in this International Standard.

ry tests and field trials should be repeated when significant design changes are made to a
bf a prosthesis.

ional laboratory tests should be carried out to deal with function, wear and tear, new ma3
s, environmental influences and user-activities as part of the evaluation procedure. There a
such tests, so appropriate procedures will need to be determined.

Clause 16 of ISO 22675:2006 against those specified in this International Standard, a tran
established, during‘\which both test methods are valid. For practical reasons, this tran
b adapted to the périod of time after which the systematic review of this International Sta
75:2006 is indicated. The systematic review of both standards is expected to result, among
the finding ep-wWhether the test methods specified in 1ISO 22675:2006 have demonstrated
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Prosthetics — Structural testing of lower-limb prostheses —
Requirements and test methods

1 $cope

IMPORTANT — This International Standard is suitable for the assessment of the ¢onformity of lower
limb |prosthetic devices/structures with the strength requirements specified in-4:4 ‘of 1SQ 22523:2006
(see INOTE 1). Prosthetic ankle-foot devices and foot units on the market, which have d¢monstrated
their[compliance with the strength requirements specified in 4.4 of EN 12523:1999 through|submission
to the relevant tests of ISO 10328:1996, need not be retested to ISO 22675:2006.

WARNING — This International Standard is not suitable to serve @as“a guide for the sdlection of a
specjffic 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 andigyclic strength tests on lower-limp prostheses
(see INOTE 2) which typically produce compound loadings: by the application of a single test force. The
compound loads in the test sample relate to the peak values of the components of loading which normally
occuf at different instants during the stance phase of walking.

The Ists described in this International Standard comprise

rincipal static and cyclic tests for all components;
— @& separate static test in torsion for all'\Components;

— geparate static and cyclic testsion ankle-foot devices and foot units for all ankle-foot deviges as single
¢omponents including ankle{units or ankle attachments and all foot units as single components;

— separate static ultimate strength test in maximum knee flexion on knee joints and associated parts for
Il knee units or kneg=shin-assemblies and adjacent components that normally provide the flgxion stop on
complete prosthesis;

— geparate static and cyclic tests on knee locks for all mechanisms which lock the kneg joint in the
xtended pgosition of the knee unit or knee-shin-assembly.

The {ests\described in this International Standard apply to specific types of ankle-disarticulatioh prostheses
(see NOTE 3), to transtibial (below-knee), knee-disarticulation and transfemoral (above-knee) prostheses and
to the distal (lower) part of hip-disarticulation and hemi-pelvectomy prostheses (see NOTE 4).

NOTE 1 ISO 22523 (formerly EN 12523) addresses those of the Essential Requirements listed in Annex 1 of the
European Medical Device Directive 93/42/EEC that are applicable to external limb prostheses and external orthoses.

NOTE 2  The tests can be performed on complete structures, on part structures or on individual components.

NOTE 3  The tests only apply to ankle-disarticulation prostheses which include (foot) components of prosthetic ankle-
foot devices taken from the normal production line.

NOTE 4  The distal part comprises the knee unit, the ankle-foot device and all parts between. Tests on hip units are
described in ISO 15032.
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2 Normative references

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

ISO 8549-1, Prosthetics and orthotics — Vocabulary — Part 1: General terms for external limb prostheses

and 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

ISO 22523:2

ISO 22675:2
methods

3 Terms

For the purpgses of this document, the terms and definitions in ISO 8549-1 and the following definitions 3

3.1
proof streng
static load re
and still allow

3.2

ultimate strength

static load rd
which could

3.3

fatigue strength

cyclic load w

3.4
batch
set of test sg

tests to demonstrate compliance’ with one or more requirements of this International Standard

D06, External limb prostheses and external orthoses — Requirements and test methods.

D06, Prosthetics — Testing of ankle-foot devices and foot units — Requirements ang

and definitions

th
presenting an occasional severe event, which can be sustained by the prosthetic device/strd
it to function as intended

presenting a gross single event, which can be sustained by the prosthetic device/structur
ender it thereafter unusable

hich can be sustained by the prosthetic device/structure for a given number of cycles

mples of a prosthetic-device/structure submitted together to a test laboratory/facility to unds

test

pply.

cture

e but

rtake
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4 Designations and symbols of test forces and moments

The designations and symbols of all relevant test forces and moments are listed in Table 1.

5

5.1

Table 1 — Designations and symbols of test forces and moments

[
b

Designation Symbol
Test forces; twisting moments F,Fy, Fy, M,
Proof test force of end attachments Foa
Stabilizing test force Ftan
Settling test force Fgat
Static proof test force Fop
Static proof test force on heel/forefoot Figp Fosp
Static ultimate test force Fy,
Static ultimate test force on heel/forefoot Fido Fosy
Minimum test force Fin
Maximum test force Fmax
Range of pulsating test force Fy,
Mean test force Femean
Amplitude of pulsating test force Fe,
Pulsating test force Fy®)
Final static test force Fqp,

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/forefaot

F1cmin’ F20min

F1 cmax’ F2cmax
F 1cr E 2cr

F1 cmean’ FZCmean

Amplitude of pulsating testforce on heel/forefoot Ficar Foca
Pulsating test force.on.heel/forefoot Fqo(8), Fiol(t)
Final static test-farce on heel/forefoot Fian Fotin
Stabilizing twistihg moment M, gtz
Settling, twisting moment M, et
MaximGm twisting moment M, max

NOTFE Further details of the test forces and moments listed are given in Table 3.

strength and related performance requirements and conditions of use

According 1o 4.4.7 or 150 225252006, a lower Imb prostheliC device/structure

. S

1all have the

strength to sustain the loads occurring during use by amputees [...] in the manner intended by the
manufacturer for that device according to his written instructions on its infended use”.

For the assessment of the conformity of lower limb prosthetic devices/structures with the above requirement
(see also Scope), this International Standard provides a means of determining the three categories of strength
defined in 3.1 to 3.3 and, in addition, the static strength in torsion and the security against slipping of clamped

components.

All of these are listed in Table 2, together with the related performance requirements and the test methods for

their verification.
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5.2

the following safety concept shall apply.

The device/structure shall

In order to satisfy the general requirement in 5.1 for a specific lower limb prosthetic device/structure,

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).

The conditigns in a) and b) are regarded in both the classification and designation of pres

devices/strug

NOTE TH
specified, with
prosthetic dev
prosthetic dev|

tures according to Clause 20 and their labelling according to Clause 21.

e statement of the body mass limit not to be exceeded by amputees is part of the conditions'of use
justification, by the manufacturer in his written instructions on the intended use of a_specific lowel
ce/structure, taking account of all other factors affecting the loads expected to be exerted)on that lowe
ce/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

thetic

to be
r limb
r limb

Category 4f strength

Related performance requirement 2

Test method for verification

Proof strength (see 3.1)

Structure shall sustain static loading by

Principal static proof test (16.2.1), sepa
applied in two test configurations,
separate static proof test for ankle-foot de

ately

vices

proof test forces at prescribed values forfand foot units (17.2.3), successively applied in
prescribed times heel and forefoot loading,
separate static proof test for knee [ocks
(17.4.3), applied in a single test configuration.
Permanent deformation of structure shall|Principal static proof test (16.2.1),
not exceed prescribed values in any|separate static proof test for knee [locks

loading condition

(17.4.3)

Ultimate strer|gth (see 3.2)

Structure sshall sustain static loading by
ultimatetest forces at prescribed values

Principal static ultimate strength test (16
separately applied in two test configuratior
separate static ultimate strength test for g
foot devices and foot units (17.2.4), sepa
applied in heel and forefoot loading,

separate static ultimate strength teg

.2.2),
S,

nkle-
ately

t in

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

maximum knee flexion for knee joints| and
associated parts (17.3),
separate static ultimate strength test for [knee
locks (17.4.4), applied in a single| test
configuration
Structure shall sustain successively
1) static loading by maximum test forces | Principal cyclic test (16.3), separately applled in
at prescribed values for prescribed |two test configurations,
tirmes; separate—cyclic—testforaniklefoot-deviees and
Fatigue strength (see 3.3) [2) cyclic loading by pulsating test forces at|foot units (17.2.5), separately applied in heel
prescribed values for prescribed|and forefoot loading,
numbers of cycles; separate cyclic test for knee locks (17.4.5),

applied in a single test configuration

Static strength in torsion

Structure shall sustain static loading 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

two opposite directions of twisting

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

6.1.1

General

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.

nate system
points (see

6.1.2 Each test configuration shall be defined in a three-dimensional, rectangular coordi
(see Figure 1), having an origin 0 and containing a geometric system of planes, lines and
Figures 2 and 3).

6.1.3| Each test configuration specifies reference parameters both for the position of therline of
the tgst force and for the alignment of test samples within the coordinate system.

6.2 | Axes of coordinate systems

6.2.1] The axes of each of the coordinate systems are specified in 6.2.2 £0)6.2.4 in relation to|

which is standing on the ground in an upright position.

If a tg

6.2.2
effec
posit

6.2.3
effec

which is to the left for a left prosthesis and to theright for a right prosthesis.

st sample is not in the upright position, the axes of the coordinate system shall be rotated to

The u-axis extends from the origin 0 of the coordinate systems (see Figure 1) and passe
ive ankle-joint centre and the effective knee-joint centfe“(see 6.7.3 and 6.7.6 as well as
ve direction is upwards (in the proximal direction).

The o-axis extends from the origin 0 perpendicular to the u-axis (see Figure 1) and p
ive knee-joint centreline (see 6.7.5 and Figure'6). Its positive direction is outward (in the latg

pplication of

a prosthesis
correspond.
5 through the

Figure 6). Its

arallel to the
ral direction),

Figure 1). Its

is. They are

x B.

6.2.4] The faxis extends from the origin-O-perpendicular to both the o-axis and the u-axis (see
positive direction is forward towards the.toe (in the anterior direction).

6.3 | Reference planes

6.3.1 General

The feference planes\(see Figures 2 and 3) shall be parallel planes perpendicular to the u-a
specified in 6.3.2 10)6:3.5.

NOTEH Thereference planes specified in 6.3.2 to 6.3.5 also contain reference lines which relate to Anne
6.3.2| Top reference plane, T

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

6.3.3 Knee reference plane, K

The knee reference plane, K, is located at a distance u = uy from the origin. It contains the knee load
reference point Py (see 6.4) and the effective knee-joint centre (see 6.7.6).

6.3.4

Ankle reference plane, A

The ankle reference plane, A, is located at a distance u = u, from the origin. It contains the ankle load
reference point P, (see 6.4) and the effective ankle-joint centre (see 6.7.3).

©1S0
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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 Pg (see 6.4).

Key

1 right
2 left

0 origin
Key

1 right
2 left

3 top refer¢gnce plane, T 6~ bottom reference plane, B

f forward
o outward
u upward

Figure 1 — Coordinate systems for right and left-sided application

Q

4 knee reference plane, K
5 _cankle reference plane, A

Figure 2 —.Coordinate systems according to Figure 1 with reference planes
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0

Key

1 riphtleg 5 knee'reference plane, K P, top load application point

2 Idftleg 6 _dnkle reference plane, A Py knee load reference point

3 tqp reference plane, T 7~ ~bottom reference plane, B P, ankle load reference point

4 Idad line Pg bottom load application point

NOTH This figure illustrates a typical test loading condition representative of the condition of forefoot loading during

the sthnce phase of normal walking. It does not illustrate the test loading conditions defined in 7.1.2.

Figure 3—Specific configuration with u5 = 0, showing coordinate systems with referenge planes
(see Figures 1 and 2), reference lines, reference points and test force, F,
for right and left-sided application
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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 (ff; o1, ut)
— knee load reference point, Px (fk: ok uk)
— ankle load reference point, Pa (fas op, up)

— bottom load application point,  Pg (fg, og, ug)

IMPORTANt— In the subsequent clauses of this International Standard, the f~- and o-coordinateL are
also referreg to as OFFSETS (see also 6.8.1).

6.5 Test fprce

The test forcg, F, is a single compressive load applied to the bottom and top load application points Pg and P+
specified in §.4.

6.6 Load |Jine

The load ling is the line of application of the test force, F. It passes through the reference points spegified
in 6.4.

6.7 Longitudinal axis of the foot and effective joint centres and centrelines

6.7.1 Gendral

In order to align the test sample within the appropriate ceordinate system (see 6.1 to 6.3) it is necessary to
locate

a) the longltudinal axis of the foot (see 6.7.2);

b) the effeqtive ankle-joint centre (see 6.7:3);

c) the effegtive ankle-joint centreline(see 6.7.4);
d) the effegtive knee-joint centreline (see 6.7.5);
e) the effegtive knee-joint cenire (see 6.7.6).

If the locatiof of the longitudinal axis of the foot or any effective joint centre or effective joint centreline [s not

straightforward, the . manufacturer/submitter shall provide a diagram or instructions, with justificgtion,
identifying itg location in relation to the test sample.

6.7.2 Longitudinal axis of the foot

Unless otherwise specified by the manufacturer/submitter, the longitudinal axis of the foot shall be taken to
pass through the centre of the widest part of the forefoot and equidistant between the medial 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
placed as specified in 6.7.3.3 and illustrated in Figure 4.

6.7.3 Effective ankle-joint centre
6.7.3.1 Locate the effective ankle-joint centre as described in 6.7.3.2 t0 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.

8 © 1SO 2006 — Al rights reserved
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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 7, placed under the heel of the foot (see Figure 4).

Dimensions in millimetres

Key
1 effective ankle-joint centre L foot length
2 effective ankie-jointcentretine Py bottonT foad appticatior potntomn forefoot (lest loading
3 longitudinal axis of foot corresponding to 6.7.2 condition If)
h. heel height Sz combined bottom offset of bottom load application
' point Py on forefoot from u-axis
NOTE The recommended heel height for the ankle-foot device or foot unit under test is taken as 4, = 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 | and Il and of combined
bottom offset Sy (see 6.8.2) for test loading condition Il [see 7.1.2 b)]

© 1SO 2006 — Al rights reserved 9
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6.7.3.4 The effective ankle-joint centre lies
a) ina vertical plane passing through the longitudinal axis of the foot;

b) in the ankle reference plane located 80 mm above the bottom reference plane, i.e. 80 mm above the
horizontal line passing through Pg;

c) a quarter 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 Effedtive knee-joint centreline

6.7.5.1 For a monocentric knee unit which has no knee lock or stance phase control mechanisn, the
effective knep-joint centreline shall coincide with the joint flexion axis [see Figure 5 a), b) and C)]:

This shall al§o apply to a monocentric knee unit with a knee lock or a stance phase control-mechanism hich
allows walkirjg 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 establjshed
from the manufacturer’s/submitter’s written alignment instructions for the knee unit {see Figure 5 d) and ej)].

a) b) c) d) e)

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.

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

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 ¢ffsets shall be the perpendicular distances of the reference points specified in 6.4rom the ¢-u plane and

the 4-f plane of the coordinate systems specified in 6.1 and 6.2. Their values,'are ident|cal with the
corresponding f~ and o-coordinates of these reference points.

6.8.2] Combined offsets

The ¢gombined offsets Sg, Sa, Sk and St shall be the perpendicular distances of the reference points Pg, P, Py
and R+ specified in 6.4 from the u-axis of the coordinate systems spggified in 6.1 and 6.2.

NOTH Sg is also addressed in 10.1.2 and illustrated in Figures 4 and 6 for test loading condition Il defingd in 7.1.2 b).

6.8.3| Effective lever arms L, and L

The ¢ffective lever arms are the perpendicular distafices of the effective joint centres from the lodd line, where
L, represents the ankle effective lever arm length and Ly the knee effective lever arm length.

6.8.4| Distance Lzt
Lgt ghall be the distance between the bottom load application point Pg and the top load applicgtion point P

(see p.4).

7 Test loading conditions and test loading levels
7.1 | Test loading conditions

7.1.1l General

The gomplexity 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 clyclic 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 test loading 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 Test loading 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 | and Il 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.

Test loading condition | is related to the instant of maximum loading occurring early in the stance phase of
walking.

a)

b) Testloa se of

walking.

ling condition Il is related to the instant of maximum loading occurring late in the stance-phs

7.1.3 TestJoading conditions of separate structural tests

7.1.3.1 T¢st loading condition of the separate static test in torsion

-axis
ed in

The loading
(see 6.2.2) fi
Table 9.

bf the separate static test in torsion specified in 17.1 shall be applied“as torque about the i
rst in one direction and then in the other direction. The specific values of torque are specif

7.1.3.2 Test loading conditions of the separate tests on ankle-foot devices and foot units

The loading
be applied in
angle « and
position of th
dimensional
test are speg

71.3.3
for knee join

The loading

Test loading condition of the separate static ultimate strength test in maximum knee fle;

bf the separate static and cyclic tests on ankle-foot devices and foot units specified in 17.2
two different test loading conditions simulating héel loading in the direction determined b
forefoot loading in the direction determined by-the angle g. For both test loading condition
e line of load application (see 7.1.1) within the coordinate system (see 6.1 and 6.2) shall be
see Figure 7). The specific values of angles and forces for each test loading condition and
ified in Tables 10 and 11.

ts and associated parts

of the separate static ultimate strength test in maximum knee flexion on knee joints

associated p

squatting (de

system (see
are specified

7134 Te

arts specified in 17.3shall be applied in a single test loading condition simulating kneeli
ep knee bend). The-position of the line of load application (see 7.1.1) within the coorg
6.1 and 6.2) shall'betwo-dimensional (see Figure 8). The specific values of length and test
in Table 12.

st loading\condition of the separate tests on knee locks

shall
y the
s the
two-
each

Kion

and
ng or
inate
force

The loading pf the\separate static and cyclic tests on knee locks specified in 17.4 shall be applied in a gingle
test loading ondltlon S|mulat|ng a situation in WhICh heel Ioadlng tends to flex the knee while it is locked jn full
extension. The=posi s . A C 31 and
6.2) shall be two- dlmensmnal The specmc values of offsets and test forces are speC|f|ed for each test in

Tables 13 and 14.

7.2 Test loading levels

7.21 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 categories of
prostheses are needed and, consequently, different test loading levels are required, each being specified by
individual values of dimensions and loads.

The series P test loading levels designated as given in 7.2.3 shall apply to lower limb prostheses for adults.
NOTE For further information see Annex B.
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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).

7.2.3] Designation of test loading levels for adults is given below.

Test

The values of test force, F,, of the principal cyclic test according to 16.3.2 are set at a level which covers
the full range of load actions disclosed by the locomotion data acquired from the group of amputees
representative of the relevant test loading level (see Annex B); the values of the test forces, F;., and Fy,,
of the separate cyclic test for ankle-foot devices and foot units according to 17.2.5 and the test force, F,,

of the separate cyclic test for knee locks according to 17.4.5 are set correspondingly.

The corresponding values of the test forces, Fg, and F,, of the principal static tests according to 16.2.1
and 16.2.2, the test forces, F1p/Fog, and Fyg /Fy, Of the separate static tests for ankle-foot devices and
oot-units-according-to--23-anrd-i-F+24-and-the-testiforces L and-F—of-the-separate-static tests for
nee locks according to 17.4.3 and 17.4.4 are calculated by appﬁcation of factors as specifigd in Table 3;
lhe values of the twisting moment, M|, ., of the separate static test in torsion according-to|17.1 and the
est force, Fg, of the separate static ultimate strength test in maximum knee flexion aceording to 17.3 are
get correspondingly.

The specification of all test forces takes account of records on component failures gf lower limb
prostheses, taken in clinical or technical service.

oading levels: P3, P4, P5, P6

NOTH 1 Field experience has shown that there is a need for lower limb prostheses which sustain loads gbove the level
covergd by test loading level P5. In order to allow the structural testing of such prostheses on a uniform basjs, test loading

level

foot upits (see Annex D).

P6 has been developed for the principal structural tests and’the separate structural tests on ankle-fopt devices and

NOTH 2  The values of the dimensions and loads of test'loading levels P3, P4 and P5 are specified in separate tables

in Cl

duse 8. As an interim measure, pending validation, it is suggested that the values of the dimensipns and loads

specified in D.3 and D.4 and Tables D.2 and D.3 ate-appropriate for test loading level P6. Further test loafling levels will

be defined, if necessary.

8

Yalues of test loads, dimensions and cycles

Forcgs and twisting moments;/segmental lengths, offsets and angles; prescribed number gf cycles are

addressed.

Tabl

¢s 3 to 13 desctibe-and/or specify the values of
test forces-and twisting moments,

dimensions such as segmental lengths, offsets and angles and

eveles (nrescribed nuumhbear of loadina cveles)
et ¥ Ho8G-RLHRBer0HHOaaiRg-GYGiesS)-
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Table 3 — Test loads and relevant references

Test force @ or moment Reference
Clause Table Test descriptor b
Proof test force on end attachments Fra=12Fg ipperlevel 13 4,DA1 A
Stabilizing test force Fyap 13, 16, 17 4,8,14,D.2 A 1,2,3,9 10,11
Settling test force Fo =08F, 13,16, 17 4,8,14,D.2 A1,2,39 10, 11
Static proof test force Fu =175F, 16, 17 8,14,D.2 1,9
Static proof test force on heel F1sp =175 Fy, 17 11,D.3 5
Static proof test force on forefoot F2§) =175 Fy, 17 11,D.3 5
Static ultimate fest force
— lower level Fsu’ lower level = 1,5 FSp 16 8,D.2
— upper level Fsu! upper level = 2,0 FSp 16 8,D.2
Static ultimate fest force F, 17 12
Static ultimate {est force F,,=20 Fop 17 14 10
Static ultimate {est force on heel
— lower level F1su7 lower level = 159 F1Sp 17 11,D3
— upper level F1su’ upper level = 2,0 F1sp 17 11 D3
Static ultimate {est force on forefoot
— lower level F25u7 lower level = 159 Fzsp 17 11,D.3 6
— upper level Fzsu, upper level = 2,0 F25p 17 11,D.3 6
Minimum test fgrce Foin 1344617 8,14,D.2 3,11
Maximum test force Fmax 13; 16, 17 8,14,D.2 3,11
Range of pulsafing test force F. 13, 16, 17 8,14,D.2 3,11
Mean test forcq Forean = 05 (Foin t Fepd |13 8,14,D.2 3,11
Amplitude of pylsating test force F,=05F, 13 8,14,D.2 3,11
Pulsating test force Fc(t) 13, 16, 17 3,11
Final static test|force Fon=Fsp 16, 17 8,14,D.2 3,11
Minimum test f¢rce on heel/forefoot Fiemine Eachin 13, 17 11,D.3 7
Maximum test force on heel/forefoot F grax T ocmax 13,17 11,D.3 7
Range of pulsaling test force on heel/forefoot Fonrr Fogr 13,17 11,D.3 7
Mean test forcq on heel/forefoot Flomean’ Facmean 13 11,D.3 7
Amplitude of pylsating test force on heel/fotefoot F, ., F,., 13 11,D.3 7
Pulsating test fprce on heel/forefoot Fuo(0), Fol?) 13,17 7
Final static test|force on heel/forefoot Fiin Fofin 17 11,D.3 7
Stabilizing twisfing moment M, gap 17 9 4
Settling twisting moment M, oot 17 9 4
Maximum twistjng moment M, ax 17 9 4
NOTE To gimplify, application of this International Standard, all relevant test loads are listed in this table together with referenges to
the specific clayises) tables and test procedures.

a8  The test forces Fop Fpa, FSp and F, are determined using appropriate factors.

b Test descriptors
A: Proof test of end attachments (apparatus)
1: Principal static proof test

2: Principal static ultimate strength test

6: Separate static ultimate strength test for ankle-foot devices and foot units
7: Separate cyclic test for ankle-foot devices and foot units
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

3: Principal cyclic test
4: Separate static test in torsion

5: Separate static proof test for ankle-foot
devices and foot units

14 © 1SO 2006 — Al 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 test Settling Proof
. . force, Fg,, test force, F, | test force, Fpa
Test procedure Test loading Test loading
P level condition N N N

| 1024 5376

P5
Il 920 4 830
| 944 4 956

Principal structural tests @ P4 50

1 oZo 4 348
| 736 3 864

P3
Il 638 3 348
Separate tests on knee locks P5, P4, P3 50 800 4 200

For the additional test loading level P6 the test forces are specified in Table D.1.

.= 12F

su, upper level

hternational Standard carried out at this specific test loading level and at all lower levels.

nd attachments that satisfy the stiffness requirements of the proof test of e€nd~attachments for prdof test forces
, of a specific test loading level specified in this table are suitable for all static and cydic tests of this

bsts of this International Standard and/or to the specific requirements of\the prosthetic device/structure submitted for test,

B

A

I

For sets of end attachments, individually designed to the specific requirements ofithe test loading conditions of the
]

Rarticular conditions apply (see the option described in 13.2.1.2.1).

tatic and cyclic

Tablp 5 — Total length and segmental lengths of difféerent types of test samples for principal tests and

separate tests on knee locks, for all testdoading conditions and test loading levdls

(see also 10.2, 10.3,:16.2, 16.3, 17.4 and Figure 2)

Dimensions in millimetres

Typical combinations of segmental lengths of test samples|2.
Reference plane level
A B ¢
ut — — -+
(quuK)=150b (quuK)=150b
ug — — (ug —uy) =570
(uy —up) =420
up — (uy — ug) = 500 -+
(up —ug) = 80 (up —ug) = 80
ug — — -+
Tptal length (e, — ug) ab 650 650 630
NOTH The total length and the segmental lengths also apply to the additional test loading level P6 specified in Annex D
[see D.G.a)].

— Complete structure: A
— Partial structure: A, B, C

— Any other structure: A, B, C

@  The total 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.

b Forthe 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 (u; — u,) and the value of 570 mm specified in column C
for the segment length (u — u,) are too short and need to be increased as required, by increasing the total length (u; — ug). In this
case the values of the offsets f; and oy, specified in Table 6, need to be replaced by new values adapted to the increased total
length (u; — ug), to be calculated using the formulae in Figure 12 (see also footnote b in Table 6).

© 1SO 2006 — All rights reserved
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Table 6 — Values of offsets for all principal tests
(see 16.2 and 16.3)

Dimensions in millimetres

Offset 2
Numerical value
Reference Direction mm
plane and Test loading condition
location b . . .
Test loading level P5 Test loading level P4 Test loading level P3
| Ll | 1l | I

Jr 82 55 89 51 81 51
Top ¢

oT -79 -40 -74 —44 -85 — 49

Jk 52 72 56 68 49 68
Knee

oK -50 -35 —48 -39 =~ 57 — 43

Ia -32 120 - 35 115 —41 114
Ankle

on 30 -22 25 -24 24 - 24

/8 - 48 129 -52 124 - 58 124

Bottom ¢

og 45 -19 39 -22 39 - 23

NOTE The offsets specified for P5 also apply to the additional test loadinglevel P6 specified in Annex D [see D.3 b)].

8 Seeb6.8.1)

b For indiviqual values of total length (u; — ug) deviating from the value specified in Table 5, the offsets f; and o specified i this
table need to be adapted, using the formulae in Figure 12 [see also footnote b in Table 5].

€ Only for gyiidance in aligning test samples.

Tahle 7 — Values of combined-offsets related to the values of offsets listed in Table 6
(see 10.1.2 and 13.2.1.2.3)
Dimensions in millimetres
Combined offsets S, =/ fZ+02 2
Numerical value
Reference plane | Dimension mm
and Test loading condition
location P . . .
Test loading level P5 Test loading level P4 Test loading level P3
] T} 1 T} 1 I
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 Sg 66 130 65 126 70 126

NOTE The combined offsets specified for P5 also apply to the additional test loading level P6 specified in Annex D.

@  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 (u; — ug) deviating from the value specified in Table 5, the combined offset S, specified in this
table needs to be adapted, using the formulae in the heading [see also footnote b in Table 5].

16 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=472484ae42c2d57c41964f5a16a7f97f

ISO 10328:2006(E)

Table 8 — Test forces of all principal tests and prescribed number of cycles of the cyclic test,

for test loading levels P5, P4 and P3
(see 16.2 and 16.3)

Test loading level (P,) and test loading

condition (I; Il)

Test procedure and test load Unit
P5 P4 P3
| Il | | | |
»
] | Stabilizing test farce F ot N 5Q
L
)
>
1)
°
s
L Settling test force Faet N 1024 | 920 944 828 /36 638
]
)
Proof test force Fsp N 2240 |(2013 | 2065 | 1811 | 1|610 | 1395
Fqu, lower level N 3360 | 3019 (3098 | 2717 | 24415 | 2092
: Ultimate static test force
b7
Fy, upper level N 4480 | 4025 | 4130 | 3623 | 3220 | 2790
Minimum test force Femin N 50
Cyclic range Fy N 1280 | 1150 | 1180 | 1035 D20 797
chax
Maximum test force N 1330 | 1200 | 1230 | 1085 D70 847
chax = chin + Fcr
chean
Mean'test force Fmean = N 690 625 640 568 510 449
0'5 (chin + chax)
. Fea
Cyclic amplitude N 640 575 590 518 160 399
Fca =05 Fcr
. . Ffin
Final static force N 2240 | 2013 | 2065 | 1811 | 1610 | 1395
Ffin - Fsp
Prescribed number of cycles 1 3x106

NOTE
Table D.2.

For the additional test loading level P6 the values of the test forces and the prescribed number of cycles are specified in

© 1SO 2006 — All rights reserved
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Table 9 — Twisting moments of the separate static test in torsion
(see 17.1)

Test loading level

Static test load
N-m

Settling twisting moment,
M

u-set

Stabilizing twisting
moment, M .o

Maximum twisting

moment, M, max

P5, P4, P3

3

1

50

NOTE The specified test loads also apply to the additional test loading level P6 specified in Annex D.

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
20
7

NOTE The specified directions of loading also‘apply to
the additional test loading level P6 specified in Annex.D.

18
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Table 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 (Px) and test loading condition
(F1x; F2x)
P5 P4
Test procedure and test load Unit gﬁ - 5 g; - 5‘ g‘u - 5
5 o ™ 5 o ™ 5 o ™
<] o <]
o X w— O @ X w— O ©Cc X w O
Sl o c ol o c o o c
— re) —_— o —_ 0T
T e8 13 [ [ 3 | €8
T = T - I =
o Proof test force Fispr Fosp N 2240 | 2240 | 2065 |f2065 | 1610 [ 1610
5
|
(3]
<
- F
kS Isu, lower level’ N 3360 | 3360 {-3098 | 3098 | 2415 | 2415
9 2su, lower level
o Ultimate static
s test force
7
F1su, upper lever N 4480~| 4480 | 4130 | 4130 | 3220 | 3220
2su, upper level
Minimum test
force F1cmin’ FZCmin N 50
Cyclic range Fiep Foor N 1280 | 1280 | 1180 | 1180 9P0 920
o Maximum test Fiemax Facmax
5 force N 1330 | 1330 | 1230 | 1230 9ro 970
g Fyemax = FxnigFxer
O
2 FHcmean'Fécmean
f‘: Mean test force Ve — N 690 690 640 640 510 510
3 Xcmean
"5 0s5 (Fxcmin + Fxcmax)
E . . F1ca’ F20a 3
Fe) Cyclic amplitude N 640 640 590 590 450 460
Fxca = 0’5 FXCI’
. ) Fifins Fofin
Final static-force N 2240 | 2240 | 2065 | 2065 | 1610 [ 1610
Fﬁnzfﬁp
Prescribed number of cycles 1 2x10°6
NOTH For the additional test loading level P6 the values of the test forces and the prescribed number of cycles are srecified in
Tablg D-3)

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, 7
Test loading level
mm N
PS5, P4, P3 400 1750

NOTE

The specified loading parameters also apply to the additional test loading level P6 specified in Annex D.

© 1SO 2006 — All rights reserved
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Table 13 — Offsets of all separate tests on knee locks,
for test loading levels P5, P4 and P3

(see 17.4)
Offset @
Reference Plane Numerical value
Direction
mm
-50
Knee J
oK 0
7 —50
Ankle A
op 0
NOTE The specified offsets also apply to the additional test loading level P6
specified in Annex D.
28  Seeb.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)
. Test loading level (Px)
Test procedure and test load Unit
P5, P4, P3
Lwn S
59 Stabilizing test force Fgiab N 50
3
-% ;', Settling test force Fogt N 800
n3
oo Proof test force Fgp N 1750
L S
=g
(ST}
s 0
89
2 Ultimate static testforce Fg, N 3500
Minimum)test force Femin N 50
Cygclic range F N 1000
o F
3 Maximum test force _omax N 1050
8 chax_chin+Fcr
9 E Tean
S Mean test force _ T N 550
w =0,5 (chin + chax)
o
b : : Fca
o Cyclic amplitude _ N 500
E F, 0,5 Fy
o . . Fiin
Final static force - N 1750
Ffin - Fsp
Prescribed number of cycles 1 1x106

NOTE The specified test the forces and the prescribed number of cycles also apply to the additional test loading level P6 specified
in Annex D.
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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 test loading 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.

Comphance of a prosthetlc dewce/structure submitted for test W|th the performance requwements of a specific

test g
spec
prost

NOTH
which
range
of the|

9.2

The ¢
of pr
comy
Tablg

9.3
devi

9.31

For b
unit,

satisf
indeq
invol

9.3.2

In or

fic prosthetic assembly and alignment S|mulated in the set-up of the batch of test sa
hetic device/structure which have been subjected to this test (see 9.4).

The manufacturer/submitter may claim compliance also for other prosthetic assemblies and/or

of loading covered by the most adverse assembly and the worst-case alignment simulated in the test
prosthetic device/structure submitted for test.

ifferent combinations of principal and separate structural tests, fequired to be completed on

psthetic structures submitted for test representing complete assembilies, partial assemblies
onents (see Clause 10) to claim their compliance with:this International Standard, are
15.

Arrangements for tests on samples of prosthetic structures including ankle-f

General

atches of test samples of prosthetic. structures submitted for test including an ankle-foot @
the claim of compliance with this (Infernational Standard requires that the ankle-foot devic
y the requirements of the separate tests on ankle-foot devices and foot units speci
endent of other tests required*to claim compliance with this International Standard, whi
e/load the ankle-foot device or foot unit.

Particular arrangements concerning the ankle-foot device or foot unit

Her to claim compliance with this International Standard, for a prosthetic structure subm

includling an ankle<foot device or foot unit that is detachable:

q

4

q

amples-0f this ankle-foot device or foot unit from the permitted batch (see Table 16) shall
nly te-the separate tests on ankle-foot devices and foot units specified in 17.2

while

the prosthetic device/structure submitted for test can be used, provided it can be certified that thes¢

ces or foot units, required to claim compliance with this International Standard

y only for the
ples of the

alignments in
lie within the
sample set-up

Selection of tests required to claim compliance with this International Standard

test samples
or individual
indicated in

pot

evice or foot
e or foot unit
fied in 17.2,
ch also may

itted for test

be subjected

the samples of the remainder of the prosthetic structure shall be subjected to the principal structural tests

specified in 16.2 and 16.3 with the ankle-foot device or foot unit replaced by a rigid lever arm (bottom load
application lever).

9.3.3 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.
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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.

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 Numberoftests and test samples required to claim compliance with this International
Standard

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

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

The minimumh number indicates how many test samples of a prosthetic device/structure submitted 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) and, if these
include partigl structures according to 10.2.2 which can be used in various prosthetic assembilies, in the|most
adverse progthetic assembly possible (see 10.3.4).

NOTE THe total number of test samples actually needed for the'conduct of a selection of specific types of tests
relevant to thg prosthetic device/structure submitted for test may differ from the total calculated by addition of the nimber
of test samples specified in Table 16 for each of the types of tests’selected, since the number of substitutes needefl may
vary, and sinde test samples that have completed a specific test without failing 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 Gengdral

Test sampleg, which have demonstrated compliance with the performance requirements of any of the|tests
specified in this International Standard, may be subjected to other tests of this International Standard, except
as stated in 9.5.2.

Any decisior] on the multiple“use of test samples shall be based on a corresponding indication in the test
submission document (see‘Clause 12) and/or the agreement between the manufacturer/submitter and thg test
laboratory/fagility.

As a general rule,, any failure occurring during a test on a test sample that has previously been subjec]ed to
another test justifies the repetition of the failed test on a substitute test sample (see Table 16).

NOTE The multiple use of test samples is specifically addressed in the principal static tests (16.2.1 and 16.2.2), the
separate static tests for ankle-foot devices and foot units (17.2.3 and 17.2.4) and the separate static tests for knee locks
(17.4.3 and 17.4.4) — (see also references in the NOTE in 9.4).

Unless otherwise indicated in the test submission document and/or agreed between 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.

22 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=472484ae42c2d57c41964f5a16a7f97f

9.5.2 Restriction

ISO 10328:2006(E)

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.

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 th

Howgver, compliance with this International Standard can be claimed for the next lower regula
of this International Standard, from which that particular test loading level has begfi’derived.

level

Refe

test

test Ipads set x % above test loading level P, .

5 case compliance with this International Standard cannot be claimed for that particular test)

ence to this International Standard may also be given by stating that the prescribed batch (g
Eamples of a prosthetic device/structure submitted for test has (have) been tested a) f
Interpational Standard or in a more specific manner b) by applying the tests 'of this Internationa

Table 15 — Tests required to claim compliance with thisdnternational Standard for prq
structures representing complete assemblies, partiakassemblies or individual comanents

pading level.

test loading

r batches) of
ollowing this

Standard at

psthetic

Separate structural tests

Examples of prosthetic structures Ptrln(;lpall ) Tests on Testin| | 1octs on
. a structura Test in ankle-foot maximum
submitted for test b . . knee
tests torsion ¢ | devices and knee ;
s d L locks
foot units flexion
Complete structure of transfemoral/knee- » 9
disarticulation prosthesis or distal part of X X X
hip-disarticulation prosthesis with foot unit (see 9.3) (see 9.3)
Complete structure of transfemoral/knee-
disarticulation prosthesis or distal part 6f x x x X
hip-disarticulation prosthesis withoutfo0t unit
Complete structure of transtibial prosthesis with foot X N X
unit (see 9.3) (see 9.3)
Complete structure of transtibial prosthesis without
foot Yinit * *
Partipl structure including knee unit and ankle-foot X N x N "
devige or foot unit (see 9.3) (see 9.3)
Partipl structure including knee unit but not
anklg-foot deviee or foot unit * * * *
Partipl stfucture including ankle-foot device or foot X N x
unit but-not knee unit (see 9.3) (see 9.3)
Partial structure without knee unit and without
ankle-foot device or foot unit * *
Ankle-foot device or foot unit N x
(e.g. of ankle-disarticulation prosthesis) only (see 9.3)

o 0 T o

Examples of the different types of test samples of prosthetic structures submitted for test are specified in 10.2.
Tests required for test samples of all prosthetic structures except samples of single ankle-foot devices or foot units.
Test required for test samples of all prosthetic structures.

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.

Test required 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.)

Tests required for test samples of prosthetic structures including a knee unit which can be locked in the extended position.

© 1SO 2006 — All rights reserved
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Table 16 — Number of tests and test samples required to claim compliance
with this International Standard

Batch P of test samples allowed for
Minimum @ each type of test
Test loading condition and manner number of . .
Type of test of application tests Regular Possible sublstltute test
required test samples
samples | o ¢ Reference
Principal structural tests
Static proof test | Test loading condition 1 [7.1.2 a)] and 2 2 1 1691110
(see 16.2.1T°T) TestToading condiion T [7.T.2D)] 2 2 1
Ssttfgﬁ;t'mgf Test loading condition | [7.1.2 a)] and 2 2 1 16.2.5.1:9 ahd
(see 16.2.3.1) Test loading condition I [7.1.2 b)] 2 2 1 16.2,2.110 (option)
Cyclic tes}t @ Test loading condition | [7.1.2 a)] and 2 2 1 16.3.2.22
(see 16.3]2) Test loading condition 11 [7.1.2 b)] 2 2 1 T
Separate test in torsion
Static test Two oppc_)snle dlre?tlons of Io:dlng, ) )
(see 17.1[3) successively applied to each test — —
) sample (7.1.3.1)
Separate tests on ankle-foot devices and foot'units
Direction of loading at angle « and
Static proofltest direction of loading at angle $, 2 2 1 17.2.31.1
(see 17.2.3.1) successively applied to each test D
sample (7.1.3.2)
o ) 17.2.4.1.15 and
Static ultinlate Direction of loading at angle « 5 9 1 17.2.4.1.17 (option)
strength test and 9 9 1 17.2.4.1.15 arjd/or
(see 17.24.1) I pirection of loading at angle S (7.1:3:2) 17.2.4.1.16 and
17.2.4.1.17 (option)
Direction of loading at angle & and
Cyclic test @ direction of loading at angle g, 2 2 . .
(see 17.2.%.1) alternately applied to €ach test sample
(7.1.8.2)
Separjate static ultimate strength test in maximum knee flexion on knee joints and associated parts
Static tegt . -
(see 17.3|4) Singl€ condition (7.1.3.3) 2 2 — —
Separate tests on knee locks
Static proofj test Single condition (7.1.3.4) 2 2 1 17.43.1.12
(see 17.4.3.1) T TTUOT
Static ultinjate
strength t¢st Single condition (7.1.3.4) 2 2 1 17.4.4.1.9
(see 17.4.4.1)
Cyclic test @ . i
(see 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 necessary to satisfy the
compliance conditions.
b For the definition of batch see 3.4.
¢ 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).
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10 Test samples

10.1 Selection of test samples

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

NOTH Test samples of prosthetic devices/structures may also be submitted for specific tests by any.interested party.

10.1.2 Selection of ankle-foot devices and foot units of appropriate size of foot

10.1.RA1 For principal structural tests on samples of prosthetic structures incliiding an ankle-fpot 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
selegted shall allow the application of load in accordance with the combined-bottom offset Sg spécified for the
test (see 6.8.2, Table 7 and Figures 4 and 6), Sg being determined by the*formula

Sg =+/f8 +0B (1)

wherg fg and og are the f- and o-offsets of the bottom load application point Pg.

The $election of the size of the foot and possible subsequéent adaptations of the test force shall Qe carried out
as follows:

a) gelect a size that gives the correct combined bottom offset, Sg;
b) if a correct size foot is not available, use the-hext larger size;

c) if the foot available is shorter than the correct length, then increase the applied test force F td £’ where:

- F[SB_D] @)
S Bact
and where
¥Bspec = specified combined bottom offset;
$sact  -=.actual combined bottom offset.

10.1.2.2 For separate structural tests on ankle-foot devices and foot units on samples [of prosthetic
strucfures including an ankle-foot device or a foot unit that can be detached or on samples cpmprising an
ankle-foot device or a foot unit as a single component, the size of the foot selected shall provide the worst-
case loading (see note) that is possible for that type of foot when subjected to the heel and forefoot loading
specified for the test (see Tables 10 and 11).

The size of foot providing the worst-case loading shall be determined by the manufacturer/submitter
(see NOTE) and shall be stated, 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 of risk management and/or on the results of appropriate preliminary tests conducted on feet of different size.

An appropriate measure for the worst-case loading is the direction and magnitude of the ankle (A-P) bending moment
(see Annex A), generated by the test forces applied to the heel and forefoot of the ankle-foot device or foot unit and
determined by the lengths of the effective lever arms on which these test forces act.
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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.

10.2 Types of test samples

10.2.1 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

10.2.1.2
consists of g
below the an

NOTE Tq
knee are sped|

10.2.1.3
attachment 3
attachment,
foot unit.

10.2.1.4
transfemoral
prosthetic st

In order to d
during use b
the socket o
Standard.

10.2.1.5
alignment wi

The mechanical

foot unit.

For the distal part of a hip-disarticulation (or hemi-pelvectomy) prosthesis, a complete)stry
knee unit and ankle unit or ankle attachment with all parts between. It may also contain
kle unit or ankle attachment, including the foot unit.

sts of components of hip-disarticulation (or hemi-pelvectomy) prostheses which are“above the level
fied in 1ISO 15032.

-or a transtibial (below-knee) prosthesis, a complete structure consists of the ankle unit or
nd the socket attachment with all parts between. It may also/contain parts above the s
ncluding the socket (see 10.2.1.4), and below the ankle unit{oh ankle attachment, includin

connection between a transtibial ™ (below-knee), knee-disarticulatio
(above-knee) socket and the distal shin-socket or kiniee-socket attachment is a critical regio
ucture.

bmonstrate that this connection has the strength required to sustain the loads expected to
y amputees in the manner intended, manufacturers shall submit complete structures, incl
r a socket dummy, for test in accordance with the relevant requirements of this Interna

An example of a complete structure of a left transfemoral (above-knee) prosthesis ar
hin the coordinate system is'shown in Figure 6.
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ad line

[fective knee-joint'eentre
ffective knee-~joint centreline
[fective ankle-joint centre
[fective/ankle-joint centreline
heée-load reference point

P, ankleToad reference point
Pg bottom load application point
P top load application point

NOTE

©1S0

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 Il defined in 7.1.2 b).

Figure 6 — Application of a specific test configuration with ug =0
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10.2.2

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.

10.2.3

If the design

Anly other structure

of a leg structure does not allow it to be tested as a test sample in accordance)with 1

or 10.2.2, the¢n a special test set-up may be used for testing. For example, such a leg could be -a one-

flexible plast

c structure that includes the foot.

If the manufacturer/submitter and the test laboratory/facility certify in writing in the test.submission docu

(see Clause

12) and the test report (see Clause 19), that the effective geometry of the test sample an

test loading ¢
may be cari

onditions comply with the requirements of Clauses 7, 8 and 16 or 17, as“appropriate, then tg
ied out and a test report issued in accordance with Clause 19(in which this complian

specifically addressed.

If the test sample satisfies the requirements of the relevant clauses, of this International Standard,
ith these clauses can be claimed. The claim shall clearlyindicate that the test sample complies
with 10.2.3 of this International Standard.

compliance

0.2.1
piece

ment
d the
sting
ce is

then

If the geometry of the test sample cannot be so certified, .then compliance with these clauses cannpt be

claimed.

10.3 Preparation of test samples

10.3.1 The pamples shall include all parts normally fitted.

10.3.2 Any cosmetic components shall-be omitted from the sample, unless they contribute to the struftural

strength.

10.3.3 Whefe any test sample includes a socket or socket dummy, the preparation of the test sample|shall

include the measures listed in@)to c).

a) The disthl portion of the~socket or socket dummy, into which the distal socket attachment device extends,
shall either be a void or be filled with foam or soft materials, in order to allow this portion to deform freely
under lopd.

b) The renfaining proximal portion of the socket or socket dummy shall be connected rigidly to the top end
attachméent—eensisting-ef-the-extension-piecerasrequiredand-the-topload-applicationlever
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

Clau

10.3.
(see
cons

The f
one (
comb

10.3.
in ac
to the
exos

10.3.
parts
norm

q

4

K
Partg
parts

If a g
comp

neargst to the axis of rotation (monocentric design) or nearest to the instantaneous centr

(poly

is in @gccordanee with 10.3.4.).

10.3.

proximal and distal part of a prosthesis ‘and/or their alignment within a prosthesis, and

e-+Handthe-testsubmissiondoctment:

17.4), all test sample types according to 10.2 shall be given a fixed total length, using end
sting of extension pieces and the load application levers.

ixed total length shall be determined by the dimension ut — ug and shall be achieved by s&
f the combinations specified in Table 5 for different types of test sample((See 10.2) or any g
ination. The combination of segment lengths selected shall be recorded:

7 For the separate tests on ankle-foot devices and foot units, the ankle-foot device or foot
cordance with 10.1.2, shall be submitted assembled by the manufacturer/submitter to the pa
remainder of the prosthesis such as an ankle unit, alignment device, pylon base, complian
eletal member. The type and identification of the part conhected shall be recorded.

B For the separate static ultimate strength test in maximum knee flexion for knee joints an

ally provides the knee flexion stop on a complete-prosthesis, comprising

ub-assemblies of knee units and adjaceht components normally required for their attac

outside the specific assembly may be substituted. The form of the specific assembly and arj
shall be recorded.

onents, then the)test sample set-up shall represent the assembly where the knee flexion

Centric deSign) of the knee unit or knee-shin-assembly at maximum knee flexion of the test s

D CFor the separate static ultimate strength test in maximum knee flexion for knee joints an

b For the principal structural tests (see Clause 16) and the separate structural tesSts’on knee locks

attachments

lecting either
ther relevant

Init, selected
rt connected
t structure or

d associated

(see 17.3.4), the test sample shall consist of the assembly of knee unit and associat¢d parts that

hment to the

nee-shin-assemblies, including adjacent components required for their attachment to the proximal part of
& prosthesis and/or their alignment within a prosthesis.

y substituted

pecific knee unit ©ryknee-shin-assembly can be used in conjunction with different attachmg¢nt/alignment

stop point is
b of rotation
ample. (This

d associated

parts

,—attestsamptes—shatttave—extensiompieces—attached—above—and—betowthe—kmee—umit;

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

10.4

be recorded.

Identification of test samples

The test laboratory/facility shall apply to each test sample an indelible, unique and traceable identification.

©1S0
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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 appraopriate
coordinate slystem in accordance with 6.1 to 6.3, 6.7.2 to 6.7.4, 14.3 a) and d), Table 10 and. thg test
submission document (see Clause 12).

The longitud|nal axis of the foot (see 6.7.2) shall be turned by y = 7° as shown in Figure@-and specifled in
Table 10 to dive a “toe out” position of the ankle-foot device or foot unit.

AR
= f
A Vs |
A

a longitudinal axi§ ef foot corresponding to 6.7.2.

NOTE The test mechanism used to apply /7, and F, each should allow low-friction motion in 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)
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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, L., of 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 alignment
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 rglation to the
centre of rotation, then the test sample shall be set so that the lock is as close as (pdssible to|the effective
kneetjoint centre (see 6.7.6).

~

gdngth of thigh and.shin portion
a  Hffective kneerjoint centre.

Figlire’8 -~ Test configuration for the separate static ultimate strength test in maximum khee flexion
on knee joints and associated parts
(see 10.5.3.1,13.5and 17.3.4)
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10.6 Worst-case alignment position of test samples

10.6.1 All tests shall be conducted in the worst-case alignment position of the test samples as defined by the
criteria specified in 10.6.2 to 10.6.4.

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 direg

10.6.4 For s
associated p|
(monocentrig
line at maxin

In order to e
normal prost
be designed
contour/shap
instructions fi

the type
the attag
the align
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re-adjust the glignment in a way which moyes the knee unit from the position of posterior displacement in the a

direction so as

11 Responsibility fortest preparation

11.1 The m
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amples for the separate static ultimate strength test in maximum knee flexion on kneé joint
arts, the worst-case alignment position is when the perpendicular distance of the axis’of ro
design) or the instantaneous centre of rotation (polycentric design) of the knee unit-from theg
um knee flexion of the test sample assembly reaches its maximum value (but-see NOTE).

hsure that the test sample reaches the highest possible value of knee fléxion that can occu
hesis, the structures representing the thigh and shin portion (including.thie extension pieces
and/or arranged so that their posterior contour/shape and extension. keep within the “refer
e determined by the smallest dimensions that are possible in accordance with the manufact
br the intended application(s) of the knee unit or knee-shin-assembly taking account of

s) of prosthesis (knee-disarticulation, transfemoral or hip-disarticulation prosthesis);
hment of these assemblies to the proximal and distal part of the prosthesis;
ment of the knee joint within the prosthesis;

hded use of these assemblies within accomplete prosthesis by the envisaged group
S.

order to enlarge the free space on the posterior side of the test sample to allow the maximum value o
ached, it may be appropriate or necessary to start the adjustment of the alignment with the knee unit g

would have the opposite effect on the distance referred to in the first paragraph of 10.6.4, and t

f posterior displacement relative-1o the longitudinal axis of the structure representing the thigh an{

to increase this distance.

anufacturer/submitter shall be responsible for the selection and assembly of the compone
ncluding: screw connection torque settings in accordance with the manufacturer's w
br.the assembly of components as supplied with every component of the type.

5 and
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security against slippage, which is tested in the separate static test in torsion (see 17.1.3.1).

11.2 The manufacturer/submitter shall be responsible for the provision with the test sample of specified
parts to be replaced when the number of cycles of the principal cyclic test and the separate cyclic test for knee
locks has reached a value at which such replacement is indicated [see 16.3.1.2/16.3.2.16, 17.2.5.1.2
a)/17.2.5.1.9 and 17.4.5.1.1 b)/17.4.5.1.16].

11.3 The manufacturer/submitter shall be responsible for preparing the test submission 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
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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;

— 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(s,fssembled in
accordance with Clause 10, the test submission document (see Clause 12) and the manufaeturer|s/submitter’s
writtgn instructions supplied with every component of the type.

If th¢ test sample assembly is not correct the test laboratory/facility shall, (inconsultatjon with the
manufacturer/submitter, alter it to the specified configuration.

11.6 | The test laboratory/facility shall be responsible for adjustment of dhe“alignment to give the correct
offsefs and effective lever arms during test, in accordance with

— 10.5.1 for the principal structural tests (see also 16.2.1.082/16.2.1.1.5, 16.2.2.1.2/16.2.2.1.5 and
16.3.2.2/16.3.2.5);

— 10.5.3 for the separate static ultimate strength test ‘i’ maximum knee flexion on kneg joints and
associated parts (see also 17.3.4.1);

— 1051 and 10.5.4 for the separate tesis~ on knee locks (see also 17.4.3.1|2/17.4.3.1.5,
7.4.41.2117.4.41.5and 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 associated
information and shall provide at least one copy with the batch of test samples of evely prosthetic
devide/structure submitted-for test.

12.1.2 The manufacturer/submitter shall, if appropriate, state in the test submission document|which of the
meagurements.and recordings of the ankle and knee offsets fj, fk, op and ok and/or effective lever arms Ly
and [y, indicated at various stages of the principal structural tests (see 16.2 and 16.3) and fthe separate
structural tests on knee locks (see 17.4), shall be carried out.

NOTEH Although these data may provide interesting and useful information particularly on the defofmation of test
samples under load, they are irrelevant to the performance requirements to be satisfied according to the compliance
conditions of each of these tests. For this reason, the measurements and recordings referred to will be carried out only if
requested by the manufacturer/submitter.

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

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

12.2 Information required for test samples

12.21  Allltest samples

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

a) manufagturer's name and model identification and/or number or other means of identification;
b) type of dample in accordance with 10.2.1, 10.2.2 or 10.2.3;

c) any cerfffication from the manufacturer which states that the test sample has been taken from nprmal
productipn and which gives details of the method of selection in accordance with 10.1.1;

d) any spegtial assembly instructions for the test sample and/or attdchments in accordance with 10.3;

e) if not stfaightforward, identification of the position of effective centres (6.7.3 and 6.7.6) and/or eff¢ctive
centrelines (6.7.4 and 6.7.5) in accordance with 10.5;

f)  identificgtion of the worst-case alignment position_in~accordance with 10.6;
g) tightening torque values for connecting bolts in_accordance with 11.1;
h) record of the supply of any replacement parts provided in accordance with 11.2;

i) record of any end attachments and/er'extension pieces and their static alignment in accordance with 10.3,
10.5 (and 11.3).

12.2.2 Tept samples for tests on ankle-foot devices and foot units
The manufagturer/submittet shall include in the test submission document

a) a record of any-agreement on the identification of the longitudinal axis of the foot in accordancq with
6.7.2;

b) informatomretatingtotheamangements for tests omsamptesof prostheticstructures-includingankte-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
with 10.1.2.2.

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

The manufacturer/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 identification of associated
parts that are involved in the provision of the knee flexion stop, in accordance with 10.3.4 and 10.3.8.
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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 tes
document.

12.3.2 For all tests

t submission

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) e most adverse assembly and the worst-case alignment of the test sample (10.3.4and 10.4

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

The fequest to proceed with the test procedure in the second direction of Ioading on the occurre
in thg test procedure in the first direction of loading in accordance with 17:4.3.7, 17.2.3.1.5 and 17

12.3.4  For static ultimate strength tests

a) If appropriate, request for continuation of the test until>failure actually occurs in acc
16.2.2.1.6 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 th
and any further instructions concerning the documentation of test results.

b) Only for principal static ultimate strength tests({16.2.2.1) and separate static ultimate stre

ankle-foot devices and foot units (17.2.4.1): the application of an increased rate of loading i
vith 16.2.2.1.1 and 16.2.2.1.6 and/or 17.2:4.1.1 and 17.2.4.1.5/17.2.4.1.11, and Annex C.

12.3.p For cyclic tests

a) The test frequency called for in;accordance with 16.3.2.10 and 16.3.2.13 and/or 17.2.5.1.7 a
and/or 17.4.5.1.10 and 17,4.51.13;

b) [Replacement intervals. of service items in accordance with 16.3.1.2 and 16.3.2.16, 17.2,
17.2.5.1.9 and/or 17.4.5.1.1 b) and 17.4.5.1.16;

c) If appropriate]request for visual examination with specification of magnification in acc
16.3.1.4 and>46.3.2.21 and/or 17.2.5.1.2 c) and 17.2.5.1.14 and/or 17.4.5.1.1 d) and 17.4
lequest shall include instructions concerning the documentation of test results.

d) Onlyfor principal cyclic tests and separate cyclic tests for knee locks: the request to carry

~

hce of failure
2.4.1.6.

prdance with
p failure load

gth tests for
accordance

nd 17.2.5.1.8

5.1.2 a) and

prdance with
.5.1.21. This

out the final

gtatic test in the manner required to cover the related static proof test in accordance

ith 16.2.1.1,

16.3.1.3 and 16.3.2.18 and/or 17.4.3.1.1,17.4.5.1.1 c) and 17.4.5.1.18.

e) Only for principal cyclic tests and separate cyclic tests for knee locks: if appropriate, specification of a test

frequency of less than 3 Hz, to be applied to a substitute test sample in the repetition o

f test on the

occurrence of failure at a test frequency of 3 Hz or higher in accordance with 16.3.2.22 and/or 17.4.5.1.22.

12.3.6  For tests in torsion

Identification of the mid-positions of all adjustable components in accordance with 17.1.3.2.
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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 and foot units, addressed in 9.3.

13 Equipment

131

The differen

General

of test equiprﬁent.

Each piece ¢
not restrict its

Other pieces

end atta

a specig
segmen

any dev
13.2 Equ

13.21 En

13.2.1.1

For the appl
requires the

The end attal
under test.

The end atta

13.2.1.2

13.2.1.2.1
conditions | g

The proof te

f test equipment shall provide sufficient freedom of movement for the test sample tol perm
deformation under load within the specified range.

of equipment are

chments required for specific set-ups of test samples;

| jig that may be used on an optional basis to facilitate the setting, adjusting and/or measur
lengths and offsets of test samples;

ces used to measure loads and dimensions.

pment for the principal tests specified in 16.2.and 16.3

d attachments

General

cation of test loading conditions | andJll of the principal structural tests, the test sample s
ise of end attachments, consisting of load application levers and non-prosthetic extension p

chments shall not enhance erireduce the stresses due to the specified test loads in the stry

Proof test of end attachments

The test shall be carried out on end attachments required for the application of test lo

nd Il of-the principal structural tests specified in 16.2 and 16.3.

st-ofvend attachments is, in principle, also applicable to the end attachments required fq

application o

the tost r\nnﬁr’u wration of the ennarnfn structural tests for knee locks ennmﬁnd in17.4 (con 1

chments shall satisfy the' requirements of the proof test of end attachments, specified in 13.2,

types

t and

ng of

et-up
eces.

cture

1.2

Ading

r the
B.6.1).

In this case steps 13.2.1.2. 3 t0 13.2.1.2.11 of the test are to be carried out accordlngly

End attachments which satisfy the stiffness requirements of the proof test of end attachments for proof test

forces Foa
principal stat

=12F

Su, u

per leve
ic and cyc

i

at all lower levels.

| of a specific test loading level (see Tables 3, 8 and D.2) are suitable for all
ic tests of this International Standard carried out at this specific test loading level and

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 values of test force Fy, relating as shown in
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Fsp Or Femax

test for which this set has been designed.

EXAMPLE

(see Tables 3, 8 and D.2) to be applied during the

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 static ultimate strength test

Foa=12F

su, upper level

For the static proof test

Fpa =12 Fsp

For the cyclic test

Foa=12F =21 Fy 2

cmax

a

The value of test force to be applied to end attachments intended to be used for cyclic tests takes into accoun

met if the procedure requires the exchange of end attachments, which would be theasg; if the set-up of the test
dyclic test contained end attachments specifically designed for cyclic tests only.

gample having passed the cyclic test is subjected to a final static test without preceding re-alighment. The latter conglition cannot be

that each test

sample for the

13.2./1.2.2 Carry out the proof test of end attachments, consisting of the load application levers
prosthetic extension pieces used, by measuring their stifftess in the manner specified in
13.2.01.2.11.

Assemble any non-prosthetic components used in the test sample for the application of the
tions for the principal structural tests. Set the bhottom and the top load application lever in th¢ same plane
with fhe load application points pointing in the same direction.

cond

If the
condjtion in the meaning of 10.6, i.e. the adjustment shall be directed away from the load
increpse the effective lever arm.

If it ip
stiffngss of these components shall not be less than the stiffness of the other non-prosthetic
when

Recard 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
cond(tion(s) and,test loading level(s), set the bottom load application point Pg on the bottom loa
lever
maximum distance from a line corresponding to the u-axis of the test sample in the test situation.

If the|

non-prosthetic extension pieces used-have means of adjustment, this shall be set to the wq

necessary to use additional non-prosthetic components to allow assembly of end atta

assembled in the test/Situation.

and the tep load application point Pt on the top load application lever (in the same direq

And any non-
13.2.1.2.3 to

test loading

rst structural
ine so as to

Chments, the
components

test loading
d application
tion) to their

load application levers are used for the application of several test loading conditions and/o

r test 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 | and Il 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 Il
at test loading level P5 and the top load application point P to the maximum distance within the range of
adjustability required for the application of test loading condition | 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 Fgg of
the relevant test loading condition and test loading level, specified in Table 4 or Table D.1.

Maintain this force, Fgg, 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 F,,

'f'd' kl 4 T okl N4 al H Y PN H FH YN 4 H +P 0~ Il "N | H lataal
Specl Ie In AaUlT = Ul TAaUIT U. T, difu TTiaiitainit o Ut uic T ouriTiTlit SPTUITITU UTTUW 1o CUTTIPITITU.

Measure and record the distance Lgt (see 6.8.4) as L, or the displacement ¢ of the moving load(@ppligation
point from itg 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/s and 250 N/s_t0 the progf test
force Foa of the relevant test loading condition and test loading level, specified in Table 4-or Table D.1, and
maintain it until the measurement specified below is completed.

Measure and record the distance Lgt as L, or the displacement ¢ of the moving loéad application point frgm its
reference pogition in the test equipment as 5,.

13.2.1.2.8 Decrease the test force F to Fg,, and maintain it until the measurement specified belpw is
completed.

Measure and record the distance Lgt as L; or the displacement.¢-of the moving load application point frgm its
reference pogition in the test equipment as Js.

13.2.1.2.9 Qalculate and record the deflection, D4, at £y; and the permanent deformation, Dy, at Fgiy, as
follows:

Dy=LitL, or Dy=8 -5 )
Dy=Lyt Ly or Dy = 65— 04 (4)
13.2.1.2.10 Do not use the end attachment if the calculated values exceed the following limits:

Maximu]: deflection at F,: Dy=2mm.

Maximum permanent deformation at Fgi,p: Dy =1 mm.

13.2.1.2.11 Record theresults.

13.22 J

d (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 Fg,, while this is carried out.

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
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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/s and 5 kN/s are considered to be appropriate.

13.2.3.2 Test equipment to perform cyclic compression loading — (Compression testing machine or
other equipment)

13.2.3.2.1 The test equipment shall be capable of producing cyclic test forces up to the values specified in
Table 8 or Table D.2 for the relevant test loading condition and test loading level, to be applied in the

f' ' H A .. P | I Y T IR D B = A4 L A_D
con |Juldl|U| 15 SPCUINITU TIT TaDITS I dllfu U dliu niiustratcu it rigurcos A. 1T dllu A.Z.

13.2.8.2.2 The test equipment shall generate a single pulsating test force F(¢) as illustratédyin Rigure 9.

13.2.8.2.3 The waveform of the pulsating test force F () generated by the test equipment shall pe sinusoidal
(see [Figure 9). If it is certified that a sinusoidal form is not possible, then the wayveform of the pulsating test
force| F,(¢) shall be smooth with no overshoot spikes, characterized by a course corresponding to the
desciiption given in 13.2.3.2.5.

13.2.8.2.4 The test force F(t) according to 13.2.3.2.2, 13.2.3.2.3 and Figure 9 shall be descriped/specified
by means of any appropriate selection of the following components/patameters:

— minimum test force F,ipn;

— flange of the pulsating test force (the cyclic range), F,;
— aximum test force, F a0

— 1nean test force Fpean:

— amplitude of the pulsating test force (the cyelic amplitude) F,,

Y 4
A A
R
oS
X
LW
Key
X time Fg cyclic range of test force
Y test force Fe, cyclic amplitude of test force
Fenax ~ Maximum test force Femean ~ Mean test force
F minimum test force

cmin

Figure 9 — Load cycle parameters for the principal cyclic test
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13.2.3.2.5 For the purposes of both designation and specification in Table 8 and several requirements
in 16.3.2, the test force F(r) shall be described as a single pulsating force, oscillating through the cyclic

range F, with a minimum test force F,;, to generate a maximum test force F,,, where
Fomax = Fomin + For (5)

13.2.3.2.6 For the purposes of setting or programming test machines for generating the pulsating test
force F(¢) as a sine wave, which normally will require the input of the values for the mean test force Fean
and the cyclic amplitude F,, the test force F(¢) shall be described by the function

Fo(t) = Fomean + Fea Sin (@1) With Foean = 0,5 (Femin + Fomax

)and F, = 0,5 F, (6)

where sin (o|¢) describes a sine wave with the frequency /= «/(2r) Hz.

13.2.3.2.7 The test equipment shall switch off if the pulsating test force F(f) exceeds theltolerances
specified in 14.3 f) and g), with the exception specified in 13.2.3.2.8.

13.2.3.2.8 [f the test equipment control mechanism used to generate the pulsating testiforce F(¢) requfres a
number of cycles to achieve the waveform according to 13.2.3.2.3, during this settlingTin period the wavéform
of the test fofce shall be smooth with no overshoot spikes, and the highest force applied shall not excedd the

maximum tegt force F 5, by more than 10 %.

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

max 0Y| more

13.2.3.2.9 The test equipment shall switch off if, when it is running @t the prescribed load with the presdribed
waveform, the distance Lgt (6.8.4) between the bottom and top load application points Pg and Pt at F},, or
the displacement § of the moving load application point from<its reference position in the test equigment
at Fnax Chahges by more than 5 mm from its value at F; measured and recorded at the initial or previous

occasion of dtart up (16.3.2.10/16.3.2.12).

max>

13.3 Equjpment for the separate static test in-torsion specified in 17.1
13.3.1 Tept equipment

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

13.3.1.2 easuring device

The device shall be capable of measuring the angular positions of identified parts relative to twisting about the
axis of torqu¢ application.

13.4 Equjpment for the separate tests on ankle-foot devices and foot units specified in[17.2

13.41 Test equipment

13.4.1.1 Test equipment to perform static heel and forefoot loading

13.4.1.1.1 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 11 or Table D.3 for the
relevant test procedure, test loading condition and test loading level, to be applied in the directions of loading
determined by the angles « and g specified in Table 10, as illustrated in Figure 7.

NOTE For the alternative static ultimate strength test according to Annex C, increased loading rates of between
1 kN/s and 5 kN/s are considered to be appropriate.
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13.4.1.1.2 The static 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 « 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 transmission of transverse
forces (see Figure 7).

13.4.1.1.3 The loading platform(s) of the test equipment shall have sufficient length to allow simultaneous

heel
13.4

a)

b)

13.4.

a)

b)

13.4.

13.4
Tabl

direc

13.4

(load

heel

The

force

13.4
Figu

13.4.
be si
wave

by a

13.4.

and forefoot contact on one and the same platform.

.1.1.4 Test equipment with a twin actuator set-up shall allow the arrangement

of the heel loading platform so that it supports the forefoot if heel loading deforms the test\§a
an extent that forefoot support is necessary to avoid unrealistic conditions of loading and

f the forefoot loading platform so that it supports the heel if forefoot loading deforms the te
uch an extent that heel support is necessary to avoid unrealistic conditions ofloading.

q

q

4

1.1.5 As a consequence of 13.4.1.1.4, test equipment with a twin actuator)set-up shall ens

dluring a test in heel loading the forefoot cannot contact the forefoot Joading platform and

dluring a test in forefoot loading the heel cannot contact the heél loading platform.

1.2 Test equipment to perform cyclic heel and forefoot loading

1.2.1 The test equipment shall be capable of producing cyclic test forces up to the value
11 or Table D.3 for the relevant test loading.eondition and test loading level, to be a
ions of loading determined by the angles a and{f specified in Table 10, as illustrated in Figu

€

1.2.2 The cyclic test forces shall be transmitted to the heel and forefoot portion by a loa
ng platforms), which can be adjusted gperpendicular to the direction of loading determined b
oading and perpendicular to the direction of loading determined by angle g for forefoot loadi

oading platform(s) shall incerporate appropriate means that minimize the transmission
5 (see Figure 7).

1

1.2.3 The test equipment shall generate two pulsating test forces F;.(r) and F,.(f) as
e 10.

1.2.4 The waveform of the pulsating test forces () and F,.(f) generated by the test eq
husoidal [see-Figure 10 a), b) and c)]. If it is certified that a sinusoidal form is not possi
form of the pulsating test forces F1(¢) and F,(¢) shall be smooth with no overshoot spikes,

course.corresponding to the description given in 13.4.1.2.6.

mple to such

st sample to

ire that

5 specified in
bplied in the
re 7.

ling platform
y angle « for
Ng.

pf transverse

illustrated in

lipment shall
ble, then the
tharacterized

1.2.5 The test forces F4.(¢) and F,.(¢) according to 13.4.1.2.3, 13.4.1.2.4 and Figure 10

a), b) and c)

shall be described/specified by means of any appropriate selection of the following components/parameters:

minimum test forces, F4cmin Focmins

ranges of the pulsating test forces (the cyclic ranges), Fy¢, Focp
maximum test forces F4cmax: Focmax

mean test forces, F1cmeans Focmean:

amplitudes of the pulsating test forces (the cyclic amplitudes) Fy ., Foga-
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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 F,(r) and F,.(¢) shall be described as single pulsating forces, oscillating through the
cyclic ranges Fy. and Fy., with the minimum test forces Fy i, and Fyonin 0 generate the maximum test
forces Fycmax @nd Foomax Where

F1cmax =

F2cmax =

F1cmin + F1cr

F2cmin + F2cr

(7a)

(7o)

13.4.1.2.7 For the purposes of setting or programming test machines for generating the pulsating test
forces F1(t) and F,.(¢) as sine waves or portions of them, which normally will require the input of the values

for the mean
and F, (1) sh

Figl) =
Fout) =

where sin (d
generated w
and c)] and 3

13.4.1.2.8
tolerances s

13.4.1.29

and Fo (1) re
period the w
forefoot porti

NOTE E
by more than

The test equipment shall switch off if the pulsating test forces F(r) and F,.(f) excee

If the test equipment control mechanism used to.(generate the pulsating test forces

test forces /4 mean aNd Fomean @nd the cyclic amplitudes £y, and F,.,, the test forces
all be described by the functions:

F1cmean T Fica SiN (@ 1) With Fygmean = 0,5 (Figmin + Fremax) @nd Figa = 0,5 Fyg,
Focmean + Faca SiN (@1 — nmt) With Fogmean = 0,5 (Fagmin + Fagmax) @nd Fogg 51055 Foer
t) describes a sine wave with the frequency f'= «/(2r) Hz, and (o ¢t -Gig) indicates that F,

th a phase shift, which corresponds to a half period of the sine wave for n = 1 [Figures
full period of the sine wave for n = 2 [Figure 10 b)].

ecified in 14.3 f) and g), with the exception specified in 13:4,1.2.9.

uires a number of cycles to achieve the waveform‘according to 13.4.1.2.4, during this settl
bn shall not exceed the maximum test force Fygmax OF Focmax Y more than 10 %.

perience has shown that the repeated loading ‘at values exceeding the maximum test force 7., or 4
0% can cause an early deterioration of th€ fest sample.

1 c(t)

(8a)
(8b)

(1) is
10 a)

1 the

F1c(t)
ng in

hveform shall be smooth with no overshoot spikes, and the highest force applied to the hgel or

2cmax
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NOTE Background information on the different loading profiles illustrated in a) to d) is given in Annex F.
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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 &

normal nrocthesic (coa 10 6-4)
ROHRProStHESIS(SEE—To-6-4

The stiffnesqy of the extension pieces shall not be less than the stiffness of the thigh and shin pertior] of a
normal prosthesis which they represent wholly or in part.

13.5.2 Test pquipment to perform static compression loading — (Compression testing' machine or
other equipment)

The test eqyipment shall be capable of producing static test forces at a loading_rate 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 Table 12 and
illustrated in Figure 8.

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

13.6.1 End attachments

For the appligation of the test loading condition for the separatestructural tests on knee locks, the test sgmple
set-up requires the use of end attachments, consisting of loadiapplication levers and non-prosthetic extehsion
pieces.

The end attachments shall not enhance or reduce the ‘'stresses due to the specified test loads in the strycture
under test.

The end attafhments shall satisfy the requirements of the proof test of end attachments specified in 13.2/1.2.
13.6.2 Jid (optional)

See 13.2.2.

13.6.3 Tept equipment

13.6.3.1 Tgst 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 up-to.the values specified in Tables 4 and 14 for the relevant test procedure, to be applied |n the
configurationlspecified 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

Table 14, to be applied in the configuration specified in Tables 5 and 13.

The test equipment shall be capable of producing cyclic test forces up to the values specified in

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)

specification shall apply to Table 14 and several requirements in 17.4.5.1.

44

the description of the test force F, given in 13.2.3.2.5 for the purposes of both designation and
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b) the limit of change in the distance Lgt (6.8.4) between the bottom and top load application points Py
and Pt at F 54 Or the displacement ¢ of the moving load application point from its reference position in
the test equipment at F,,,, 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.

14 Accuracy

14.1 General

Details of methods used to measure accuracy shall be recorded.

The llest equipment, any jig used for alignment and/or measurement and any devices used to mleasure loads
and gimensions shall be calibrated at least annually and whenever any part is replaced.-Rgcords of the
calibfation shall be maintained.

14.2] Accuracy of equipment
In orgler to meet the accuracy of procedure specified in 14.3, the test equipment, any jig used fdr the setting-
up of test samples and any measuring devices should be capable of medsuring a) to d) to the accuracy
specified:

a) ljnear dimensions to an accuracy of + 0,2 mm,
b) angular dimensions to an accuracy of + 0,2°,
c) ftestforces and moments to an accuracy of + 1 % of the-highest value required in the test, and
d) the frequency of cyclic tests to an accuracy of £(1,% of the test frequency used.
14.3| Accuracy of procedure

a) llinear dimensions, except segmentiengths, shall be initially set and finally adjusted with a tolerance
of £ 1 mm.

b) $egment lengths shall be set with a tolerance of + 2 mm.

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

d) The angular “toe-6ut” position of prosthetic feet shall be set with a tolerance of + 3°.

e) $tatic test.forces and moments shall be applied with a tolerance of + 2 % of the highest valye prescribed
for the test.

NOTH It has heen found suitable and anfir‘innﬂy accurate to use the weight of amass of 5 kg to develop the
stabilizing test force F,, in any jig used for the adjustment and/or measurement of offsets at F, in the upright position
of the test sample.

f)  Pulsating test forces F(¢) shall be applied at the instant of F;, with a tolerance of + 25 N and at the

instant of F 5, with a tolerance of + 3 % of the value prescribed for F ..

g) The frequency of cyclic tests shall be controlled with a tolerance of + 10 % of the test frequency used.

h) The distance Lgy between the load application points or the displacement & of the moving load
application point shall be controlled with a tolerance of + 1 mm.
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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 tests relate to the worst loads generated in any activity. The cyclic tests relate to normal walking
activities where loads occur regularly with each step.

The static tejst procedure (e.g. 16.2) consists of a proof test (16.2.1) and an ultimate strength test(14§.2.2).
This test procedure is carried out to determine the performance of the load-bearing structures .under typical
severe loadifg conditions that can occur during use by users as occasional single events.

15.3 Cyclic test procedure

The cyclic test procedure (e.g. 16.3) consists of repeated applications of a prescribed load to a test sgmple
with loading fonditions typical of normal walking, followed by a final static test (#6:3.1.3) for which the lopding
and unloading procedures of the relevant static proof test (16.2.1) apply.

16 Test procedures — Principal structural tests

16.1 Tes{ loading requirements

16.1.1 PrIparation for test loading
i

The preparation for loading shall proceed as follows:
a) The tes{ sample shall be assembled to. a-fixed length using end attachments consisting of extepsion
pieces as required and the load application levers (see 10.2, 10.3 and Table 5).

b) In order|to establish the position ©ofjthe line of application of the test force as described in 7.1.2, the test
sample ghall be set up in the(teést equipment with the bottom and top load application levers having a
combingtion of forward/backward and outward/inward offsets (see 10.5 and Table 6). Figure 11 shows
the geormetry for a left leg‘and Figure 12 gives all the formulae for the calculation of theoretical offsets.

NOTE 1 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 Fqr seame “prosthetic designs it may not be possible to set up a test sample in accordance with |these
requirements. [Special test set-ups may then be used in certain cases (see also 10.2.3).

16.1.2  Application of test loading

The loading shall be applied in the two test loading conditions | and Il described in 7.1.2 and specified in
Tables 6, 7 and 8 and illustrated in Figures A.1 and A.2.

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).
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Key
1 Igad line

a) side view

b) top view

aligned to simulate a left-sided test sample (see 16.1.1)

Figureg 11" — lllustration of test loading principle applied to a knee unit with attachments,
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5
5
0
Key
1 top referepce plane, T
2 knee refeflence plane, K
3 plane at ahy height u = uy
4 ankle refefence plane, A
5 bottom reference plane, B
.y +{(fK - fa)ux -uK)} T +{(fK S a)ux -uA)} )
(ug -up) (ug ~up)
0X=6K+{(0K'0A)(MX'MK)} or 0X=0A+{(OK'OA)(’/‘X'“A)} (10)
(ug-un) (ug-un)
Figure 12 — Meéthod of calculating offsets at any height u = u,
(see 16.1.1)
16.2 Pringipal static4est procedure
16.2.1  Principal.static proof test
16.2.1.1 Test method

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 to0 16.2.1.1.9.

48
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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 c¢)].

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 Fg,, (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 t¢st sample which has completed the principal cyclic test procedure (including the final statig test) without
is used for this test in accordance with 9.5.1, re-align it in accordance with Clauses-1Q)apd 11, 12.2.1

Recard the initial values of offsets set.

brresponding
specified in

MK — HA and
Table 5.

h levers until
th the values

If the| setting of the segment lengths and offsets.at zero load has been carried out with the test sample placed

in a gpecial jig, transfer the test sample from-the jig to the test equipment before proceeding with

Recard whether a special jig is used.

16.2.1.1.3 Apply to the test sample the settling test force Fg of the relevant test loading cond
loading level, specified in Tablg 8-or Table D.2.

Maintain the force, Fgg, atithe prescribed value for a period not less than 10 s and not more t
then remove it. Recordthe elapsed time.

meagurements and recording of 16.2.1.1.6 the stabilizing test force Fg,,, specified in Table 8 or 1

6.2.1.1.3.

tion and test

nan 30 s and

0 min before

.5 and the
able 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 Fg,p, 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 F,, 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, oa @nd o) 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, Fg,y,.

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 Lgt (see 6.8.4) as L, or the displacement & of the moving load
application point from its reference position in the test equipment as J,.

b) If requested by the manufacturer/submitter, measure and record the effective lever arms L, and Ly
(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

accordi ason,
carry out these measurements and recordings only if requested by the manufacturer/submitigr, as
indicatedl.

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 progf test
force Fp of the relevant test loading condition and test loading level, specified in Table 8 or Table D.2.

Maintain this|force, F

sp at the prescribed value for (30 + 3) s.

Decrease the test force F to Fgyyy,.
If the test dample sustains the static loading at Fp for the prescribed\time, record this and prqceed
with 16.2.1.1]8.

If the test sample fails to sustain the static loading at F
highest value of test force reached or the time for whicﬁ the preseribed value of the proof test force Fg
been maintained and terminate the test (but see 16.2.1.1.12).

for the prescribed time, record this together wit\ the
has

16.2.1.1.8 Maintain (or, if a special jig is used, apply and maintain) the stabilizing test force Fg,, unil the
measuremer]ts and records of a) [and b)] specified below, are completed.

a) Measurg and record the distance Lgr as Lg-0r the displacement & of the moving load application|point
from its| reference position in the test equipment as ;. Complete the measurement within p min
(see NQTE).

b) If requested by the manufacturer/submitter, measure and record the offsets f5, f«, op and ok, and/or the
effectivel lever arms L, and L\ Complete the measurements within 15 min (see NOTE).

Take intp 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 16.24.1.6 b) particularly on the deformation of the test sample under load. For this repson,
carry out these“measurements and recordings only if requested by the manufacturer/submittgr, as
indicated.

If the measukements of h) are carried out with the test eampln pls\m:\rl ina Qpﬂf‘iﬂl jig, remove the stab Iizing

test force Fg,, 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 Fg,, (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.
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16.2.1.1.9 Calculate and record the permanent deformation, D3, between the bottom and top load
application points:

D3:L4—L5

or D3 = 55 — 54

(11)

16.2.1.1.10 Decide and record whether the test sample has passed or failed the test 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 performance
requirements of 16.2.1.2.

16.2.1.1.11 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.
(see
subs

16.2.

1.1.12 If a test sample, which has already completed the principal cyclic test procedure-v
16.2.1.1.2), fails to satisfy either of the performance requirements of 16.2.1.2, repeat t

1.2 Performance requirements

In onder to pass the principal static proof test, a test sample shall satisfy the following

requi

a)
f

b)

If an
cons

16.2.

In or
the p
16.2.
of the

fements.

'he test sample shall sustain static loading by the proof-igst force Fgp at the pres
or (30 + 3) s.

The value of permanent deformation D5 of the test sample shall not exceed

— 5 mm for a total sample length (i1 — ug)specifieq = 650 mm or

exceeding 650 mm (see Footnote b of Table 5).

individual prosthetic component fails to satisfy either of the requirements specified in a
itutes a failure only in the prostheticcassembly and alignment simulated in the test sample se

1.3 Compliance conditions

ler to claim that the.prosthetic device/structure submitted for test according to 9.1 to 9.4 ¢
erformance requirements of the principal static proof test of this International Standard
1.2 at a specific-test loading level, tests of this type shall be passed (in the meaning of 16.2
e test loading conditions | and Il by two test samples from the prescribed batch, the pres

inclu

ing the substitute test sample allowed by 16.2.1.1.12 (see 9.4 and Table 16).

Compliance, with the performance requirements of the principal static proof test can also be c
final $tatic.test (16.3.1.3/16.3.2.17) as part of the principal cyclic test procedure (16.3) is applied i
specified’in 16.2.1.1.6 to 16.2.1.1.9 (see also 16.3.3 and 16.3.4).

ithout failing
ne test on a

itute test sample and record the failure and the repetition, including all specific records’called for.

performance

cribed value

— 5 mm multiplied by the ratio [(ur — ughsctual(uT — uB)Speciﬁed] for values of total sample length

and b), this
t-up.

omplies with
according to
.1.2) in each
cribed batch

aimed, if the
n the manner
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( Start )

Y

Initial settings,
application of settling load, |«

Repetition of test
on substitute test |

final adjustments

16.2.1.1.210 16.2.1.1.5

sample
16.2.1.1.12

Initial measurement
of Lgrord

16.2.1.1.6

Loading
at proof load level

16.2.1.1.7

Loading No

requirements
satisfied?

16.2.1.1.7
Yes

Final measurement
of Lgrord

16.2.1.1.8

Calculation-of
permanent deformation

16:29.1.9

Permanent
deformation within No
permitted
range?
16.2.1.1.9

Has test sample Yes
> completed other
tests before?

16.2.1.1.12

Yes

Y

Test sample has passed the
principal static proof test

16.2.1.1.10

Figure 13 — Flowchart for the principal static proof test, specified in 16.2.1.1

No

Y

Test sample has failed the
principal static proof test

16.2.1.1.10
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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 Fg,, (see 13.2.2).

For test samples of lower limb prostheses with material properties and/or construction features which render
them unable to sustain the required ultimate test force at a rate of loading of between 100 N/s and 250 N/s,
specified in 16.2.2.1.6, Annex C offers guidance on the application of an alternative static ultimate strength
test, [nwhich a higher rate of loading is applied 1o the sample.

The higher rate of loading shall either be specified in the test submission document [see. 12.3.4 b)] by the
manufacturer/submitter or agreed between the manufacturer/submitter and the test laboratofy/fadjlity (see also
16.2.R.1.6) and may be applied to the initial test sample or to a substitute test samplé€, Jif-the initigdl test sample
has failed at a rate of loading of between 100 N/s and 250 N/s (see 16.2.2.1.10).

NOTH A flowchart for this test is shown in Figure 14.

16.2.2.1.2 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 fest sample which has completed the principal static proof<test without failing is used fgr this test in
accordance with 9.5.1, re-align it in accordance with Clauses,10)and 11, 12.2.1 and 16.1.1 and Tables 5 and 6
(see plso 16.2.2.1.9). Record the re-use of the test sample.

If a tgst sample which has completed the principal cyclic test procedure (including the final statid test) without
failing is used for this test in accordance with 9.5.1¢re-align it in accordance with Clauses 10 and 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 test sample.

Recard the test loading condition and test Ibading level to be applied, together with the correspgnding values
of offsets and test forces. Make specific.reference if the additional test loading level P6 specified in Annex D is
to be|applied.

At z¢fro load, set (or check and,(if\necessary, correct) the test sample segment lengths (up — ug| ux — ua and
u — Y or any other specific combination) (see 10.3.6) in accordance with the values specified in [Table 5.

Recard 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 injitial values ©fthe ankle and knee offsets (f5, fk, oa and ok) (see 6.8.1) are in accordance with the values

9
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 F g of the relevant test loading condition and test
loading level, specified in Table 8 or Table D.2.

Maintain this force, Fg, 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 16.2.2.1.4. Record the time at rest.
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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 Fgy,,, 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 Fg,, 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 F,, 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 whether a special jig is used.

16.2.2.1.5 Finally adjust the bottom and top load application levers until the final values of the ankle and

knee offsets[(7a, 7k, 05 and oy) are in accordance with the values for the refevant test foading condition and

test loading Ipvel, specified in Table 6, at the stabilizing test force F,,.

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 the test s3
fails, or the fest force F' attains the value of the ultimate test force Fg, \yper level Of the Televant test lo

condition and test loading level, specified in Table 8 or Table D.2, without failure of the _test sample.

mple
Ading

If appropriate, apply the test force F at a higher rate of loading, specified by or agreed with the
manufacturef/submitter in accordance with Annex C (see 16.2.2.1.1).
Record the Make
specific refer

ighest value of the test force F reached during the test and‘whether failure has occurred.
ence if the test force F is to be applied at a higher rate of leading.

ment

If expressly
[see 12.3.4 4
ultimate test

Take into ac
the values o
higher proof

16.2.2.1.7
in 16.2.2.1.2
16.2.2.2.

Take into aq
in 16.2.2.1.2
alternative s
principal sta
loading levd
(see also 16,

requested by the manufacturer/submitter, or if requested in the test submission docy
)], continue the principal static ultimate strength, tést after the test sample has withstoo
force Fg, upper lever Until failure actually occurs and record the value of the load at failure.

count that in this case the end attachments-used need a higher value of stiffness and ensur
their deflection and permanent deformation keep within the limits specified in 13.2.1.2.1(
oad than is specified in Table 4 or Table D.1 for the test loading level to be applied.

Decide and record whether the, tést sample has passed or failed the test procedure spe
to 16.2.2.1.6, checking the results of step 16.2.2.1.6 against the performance requireme

count that, accordihg to C.2 c), a test sample that has passed the test procedure spe
to 16.2.2.1.6 with step 16.2.2.1.6 applied at a higher rate of loading in accordance wit
tic ultimate strength test specified in Annex C (see also 16.2.2.1.1), subsequently shall pas
ic proof test.Specified in 16.2.1.1 in the relevant test loading condition and at the relevan
I, in order' to satisfy the requirements of the alternative static ultimate strength
2.2.3).

16.2.2.1.8
detect the n

16.2.2.1.9

the test sample fails to satisfy any of the performance requirements of 16.2.2.2, inspec
ahﬂmmqu . | f y Uits:.

If a test sample, which has already completed the principal static proof test and/or the principal

d the

b that
at a

cified
nts of

cified
h the
s the
t test

test

it to

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.

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.
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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 loading by the ultimate test force Fg, at the value prescribed

for Fsy, 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 Fg, sustained by the test sample without loss of its structural
integrity shall be equal to or greater than the value prescribed for £, 1o.vertevet

If any individual prosthetic component fails to satisfy either of the requirements specified~ir’ a) and b), this

consfitutes a failure only in the prosthetic assembly and alignment simulated in the test sample sgt-up.

16.2..3 Compliance conditions

In ordler to claim that the prosthetic device/structure submitted for test according to 9.1 to 9.4 qomplies with

the performance requirements of the principal static ultimate strength test of this Internatiopal Standard

accolding to 16.2.2.2 at a specific test loading level, the following shall apply.

a) If the test force F has been applied at a rate of between 100.N/s ‘and 250 N/s, tests of this [type shall be
assed (in the meaning of 16.2.2.2) in each of the test loading conditions | and Il by two [test samples
om the prescribed batch, the prescribed batch including. the substitute test sample allowed py 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 the alternative static

ltimate strength test specified in Annex C (see(16.2.2.1.1 and 16.2.2.1.6), the compliance ¢
shall apply provided that the same test samples also pass (in the meaning of 16.2.1.2) the p
proof test of this International Standard.in_the relevant test loading condition and at the
Ipading level (see 16.2.2.1.7 and Annex.C).

bndition of a)
rincipal static
relevant test
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( Start )

Y

Initial settings,

OPTION
Repetition of test on

application of settling load, |«
final adjustments

16.2.2.1.210 16.2.2.1.5

substitute test sample |-
at increased
rate of loading

16.2.2.1.10

Repetition of test on

Loading to ultimate substitute test sample
_|oad level at normal or at normal or increased
ifcreased rate of loading rate of loading
16.2.2.16 16.2.2.1.9
/o_ack No Has tést'sample
< requirements > completed other
satisfied? tests before?
16.2.2.1.7 16.2.2.1.9
Yes
< Applied rate Increased Applied rate Normal
of loading? of loading?
\ 16.2.2.1.7 Y 16.2.2.1.10
Application of principal Increased
Normal static proof test (16.2.1.1.1)
16.2.2.1.7
Pr(_)of test No
requirements >
satisfied?
16.2.2.1.7
Yes
Test sample has passed the Test sample has failed the
principal static ultimate strength test principal static ultimate strength test

16.2.2.1.7 16.2.21.7

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 manufacturer’s/submitter’s
service instructions and/or the test submission document [see 12.3.5 b)]. All such replacements shall be

recorded.

16.3.
by th

1.3 A test sample that completes the cyclic test without failing shall be subjected to final
b test force Fy;,,, applied at a rate of between 100 N/s and 250 N/s and maintained_ for {30 + 3

Subject to request in the test submission document [see 12.3.5 d)] or\. agreement
manufacturer/submitter and the test laboratory/facility, the final static test may.also cover the p
proof| test, if applied without re-alignment of the test sample in the manner spegified in 16.2.1.1.6

16.3.
the r
subni
recor

1.4 A test sample that fails and/or a test sample that completes(the cyclic test without f3
pquest of the manufacturer/submitter, be visually examined ,at{the magnification specifie
ission document [see 12.3.5 c)], and the presence, location and’nature of any fractures and
ded, together with the magnification used.

16.3.

P Test method

16.3.
16.3.
equigd

R.1 The setting, adjustment and/or measurement of segment lengths and/or offsets [
P.5, (16.3.2.16 and 16.3.2.17)] shall be cartied out with the test sample mounted eithe
ment or in a special jig capable of applying-the stabilizing test force F,, (see 13.2.2).

NOTH A flowchart for this test is shown in.kigures 15 to 17.
16.3.2.2 Prepare and align a test sample from the batch specified in Table 16 for this test ir
with 9.5, Clauses 10 and 11, 12.2.9vand 16.1.1 and Tables 5 and 6.

Recard the test loading condition and the test loading level to be applied, together with the c

static loading
)s.

petween the
incipal static
016.2.1.1.9.

iling shall, at

d in the test
or cracks be

see 16.3.2.2,

r in the test

accordance

brresponding
dditional test

MK — HA and
Table 5.

ets UA’fK’ OA and OK)
for the relevant test loading condition and test loading level, specified in Table 6.

ccordance wi

Record the initial values of offsets set.

ioh levers until

th the values

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.

Record whether a special jig is used.

16.3.2.3 Apply to the test sample the settling test force Fgg, of the relevant test loading cond
loading level specified in Table 8 or Table D.2.

© I1SO 2006 — All rights reserved
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Maintain this force, Fgy, 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.

16.3.24 Apply to the test sample and maintain during the adjustments of 16.3.2.5 and the measurements
and recording of 16.3.2.6 the stabilizing test force F,,, specified in Table 8 or Table D.2.

If the adjustments of 16.3.2.5 are carried out with the test sample placed in a special jig, apply the stabilizing
test force Fg,, by the jig upon transfer of the test sample from the test equipment to the jig after having
completed 16 i o ofthe

sample from

Record whether a special jig is used.

16.3.2.5 Finally adjust the bottom and top load application levers until the final valuges ‘of the ankl¢ and
knee offsets|(fa, fk, 0a @nd o) are in accordance with the values for the relevant test leading conditiop and
test loading Ipvel, specified in Table 6, at the stabilizing test force F,,.

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

a) Measurg and record the distance Lgr (see 6.8.4) as Lg or the displacement & of the moving| load
applicatipn point from its reference position in the test equipmentas .

b) If requepted by the manufacturer/submitter, measure and“record the effective lever arms L, and Ly
(see 6.8]3).

Take intp 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 16.3.2.8 b), 16.3.2.16 and 16.3:2.47 particularly on the deformation of the test sample inder
load. For this reason, carry out these..measurements and recordings only if requested by the
manufagturer/ submitter, as indicated.

16.3.2.7 A\pply to the test sample the-maximum test force F,,, of the relevant test loading conditiop and
test loading Ievel, specified in Table-8 or Table D.2.

Maintain this|force, Fpay.

untistep 16.3.2.8 is completed.
16.3.2.8 Carry out the_following.

a) Measurg and record the distance Lgt as L, or the displacement & of the moving load application|point
from its feference position in the test equipment as &;.

b) If requestedby themmarufacturer/submitter; measure—and record-theoffsets 74, /i, o4 and o andfor the
effective lever arms L, and Ly.

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.

16.3.2.9  Decrease the test force F to the minimum test force F,;, specified in Table 8 or Table D.2.

If the test sample sustains the static loading at 7, until step 16.3.2.8 is completed, proceed with 16.3.2.10.

max
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If the test sample fails to sustain the static loading at F,,, 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 F,, 5, has been maintained and terminate the test.

16.3.2.10 Apply to the test sample the pulsating test force F(r) 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 12.3.5 a)] for a series of cycles, to

allow

NOTE 1

the test sample and the test equipment to “settle down” (see NOTE 1).

The number of cycles required for the test to settle down will depend on the nature of the test s

test equipment control mechanism.

ample and the

Take| care that during this settling in period the highest force applied to the test sample does(hgt exceed the
maximum test force F,,,,, by more than 10 % (see 13.2.3.2.8 and NOTE 2).

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

Do n

pulsgting test force F(f) has achieved the waveform specified in 13.2.3.2.8-and keeps within tf

spec
Stop

settle
and ¢

If the|
spec
labor

Recq

If the
and t

16.3.

Meagq
appli

16.3.

16.3.
of 13
in T4

ot proceed with 16.3.2.11 until the test sample and the test equipment, have settled dg
fied in 14.3 f) and g).

the test equipment and record the frequency called for together with the number of cycle
down and whether the pulsating test force F(r) is applied’in” accordance with 13.2.3.2.]

).

fied, repeat the preceding steps of 16.3.2.10 at a different frequency, to be agreed upon bet
btory/facility and the manufacturer/submitter.

rd any agreement on a frequency differingfrom the value called for.

pulsating test force F(¢) cannot bedpplied at any frequency agreed between the test labg
he manufacturer/submitter, record(this and terminate the test.

.11 Apply to the test sample'the maximum test force F;

max-

ure and record the initial value of the distance Lgr as Lg or the displacement & of the
cation point from its feference position in the test equipment as Jg.

.12 Decrease the test force F to the minimum test force F .

.13  Apply to the test sample the pulsating test force F(¢) in accordance with the
2.3.2.and 16.3.1.1 and the values for the relevant test loading condition and test loading le

wn, and the
e tolerances

5 required to
and 14.3 f)

frequency called for cannot be achieved or does not'allow the pulsating test force F(¢) to e applied as

veen the test

ratory/facility

moving load

fequirements
vel, specified

ble’8, at the frequency called for in the test submission document [see 12.3.5 a)] or

frequ

|

encCy agreed between the test laboratory/facility and the manufacturer/submitter (see 16.3(2.10) for the

t a different

prescribed number of cycles specitied in Table 8 or Table D.2.

Inspect the waveform of the applied pulsating test force F(¢). 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.

Set the test equipment displacement trip to 5 mm below the value of the initial distance Lg at F;
above the value of the initial displacement Jg

atF determined in 16.3.2.11.

cmax’

max OF 5 mm

16.3.2.14 Record the durations and reasons for all occurrences of switch-off, together with the number of

cycle

©1S0

s of load applied up to that time.
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16.3.2.15 Examine the test sample for damage if the test equipment has switched off due to excessive
displacement and proceed as follows.

a)
reduced

b)
test (but

by the number of cycles completed before the test equipment tripped. Record the restart.

see 16.3.2.22).

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

If the test sample has failed, record this together with the number of cycles at switch-off and terminate the

16.3.2.16  During the course of the cyclic test, replace any parts which would be replaced in normal service.
Proceed as follows.

Stop the te
exchange/re
instructions 2
shutdown.

Measure ang
[note the adg
lever arms L

Exchange/re
and/or the te

Restart the f
and the ¢
exchange/re

Record the ¢
number of th

16.3.2.17
Table D.2 ha

If failure ocq
terminate thg

If the prescri
distance Lgq
instructions
and Ly with
number of cy

16.3.2.18
of the releva
of between 1

nd/or the test submission document [see 12.3.5 b) and 16.3.1.2]. Record the number. ofycyc

record the distance Lgt or the displacement ¢ and, if requested by the manufacturer/sub

\ and Ly with the test force F,,;, applied and subsequently with the test foree F,,,,, applied.

blace the specified parts in accordance with the manufacturer's/submitter's service instru
5t submission document.

bst from 16.3.2.2, 16.3.2.3 or 16.3.2.10, depending on the /mechanical properties of these
bmplexity of the dis- and re-assembling of the-\test sample necessary for
blacement.

etails of the exchange/replacement and the resulting' conditions of the restart, together wit
b corresponding clause.

Continue the test until failure occurs or the prescribed number of cycles specified in Table
S been completed.

urs, record this together with thesaumber of cycles at switch-off of the test equipmen
test (but see 16.3.2.22).

or the displacement Scand, if requested by the manufacturer/submitter [note the addi
pf 16.3.2.6 b) and 16.3:2.8 b)], the offsets f5, fk, op and ok and/or the effective lever arn
the test force F,4-applied and subsequently with the test force F, . applied. Recor|
cles at shutdown;

Bubject a test. sample that completes the cyclic test without failing to the final static test forg

00 N/s. and’250 N/s and maintained for (30 + 3) s (see 16.3.1.3) and record the results.

If the test sa
the highest

ple\fails to sustain the final static loading at Fy, for the prescribed time, record this togethe

blacement of these parts is indicated in accordance with the manufacturer's/submitter/s sl

the
rvice
es at

mitter

itional instructions of 16.3.2.6 b) and 16.3.2.8 b)], the offsets f5, fk, op and dg and/or the effective

tions

parts
their

h the

8 or

and

bed number of cycles has been completed, stop the test equipment and measure and record the

tional
NS Lp
q the

eFfin

nt test loading condition and test loading level, specified in Table 8 or Table D.2, applied at & rate

I with

alue of test force reached or the time for which the prescribed value of the final stati

test

force Fy,, has been maintained.

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), foll

ow 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 test 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

16.3.2.20

requirements of 16.3.3.

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

60

If the test sample fails to satisfy any of the performance requirements of 16.3.3, inspect it to
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16.3.2.21 At the request of the manufacturer/submitter, visually examine a test sample that fails and/or a
test sample that completes the principal cyclic test and the final static test without failing, in order to detect the
presence, location and nature of any fractures and/or cracks (see 16.3.1.4).

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 manufacturer's/submitter's
instructions concerning the documentation of test results [see 12.3.5 c)].

16.3.2.22 If a test sample being tested at a frequency of 3 Hz or higher fails to satisfy any of the
performance requirements of 16.3.3, repeat the test on a substitute test sample at a frequency less than 3 Hz,
specified in the test submission document [see TZ2.3.5 e)] or agreed between the testTaboratory/facility and the
manufacturer/submitter. Record the failure and the repetition, including all specific records calted’for.

16.3. Performance requirements

16.3.B8.1 In order to pass the principal cyclic test procedure, a test sample~shall satisfy the following
performance requirements.

a) The test sample shall sustain static loading by the maximum test force-Z,,,, at the prescriped value for
e time required for the measurements and records of 16.3.2.8.

b) The test sample shall sustain cyclic loading by the pulsating test force F(r) at the prescrijed level and
ange for the prescribed number of cycles.

c) The test sample shall sustain static loading by the final’static test force Fy, at the pregcribed value
for (30 £ 3) s.

16.3.B.2 In order to also pass the principal static proof test specified in 16.2.1.1.1 when being subjected to
the fipal static test applied in the manner specified«in’/16.2.1.1.6 to 16.2.1.1.9 for the principal stgtic proof test
(see |16.3.1.3 and 16.3.2.18), the test sample-shall satisfy 16.3.3.1 c) [which is identical t0]16.2.1.2 a)],
together with the following performance requirement [which is identical to 16.2.1.2 b)].

The Yalue of permanent deformation Dy-of.the test sample shall not exceed
— % mm for a total sample length (ug = up)specified = 650 mm or

— % mm multiplied by the ratiq {(ur — ug)actyal (T — uB)specifieal fOr values of total sample length exceeding
%50 mm (see Footnote/byof Table 5).

If thg 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 16.2.1.1.11.

16.3.3.3 If any'individual prosthetic component fails to satisfy any of the requirements specifigd in 16.3.3.1
and 16.3.3.2,\this constitutes a failure only in the prosthetic assembly and alignment simulatgdd in the test
sample setzup.

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 | and Il 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 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.
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Figure 15 — Flowchart for the principal cyclic test, specified in 16.3.2
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be applied at any
frequency

16.3.2.10

Continued on Figures 16 and 17
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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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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

User$ can apply twisting loads to their prostheses which exceed the levels of the twisting momJ&nts (induced
torque) generated by the test loading conditions of the principal structural tests, specified_in\this|International
Standlard. To ensure the twisting strength of the prosthetic structure and the security of fixafions against
slippage, a static load in torsion alone is applied.

1713 Test method
NOTE A flowchart for this test is shown in Figure 18.

17.1.p1 Prepare (or check and, if necessary, correct) the assembly of a test sample frgm the batch
specified in Table 16 for this test in accordance with the manufacturer's assembly instructipns and 9.5,
Clauge 10, 11.4, 11.5and 12.2.1.

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

17.1.B.2 Set up the test sample with the knee .unit'in full extension and with all adjustable c¢mponents in
their mid-positions in accordance with the test submission document (see 12.3.6).

Whete this can neither be established fromithe test submission document nor from examinatign of the test
sample, then use the manufacturer's written alignment recommendations for the prosthesis to jestablish the
mid-positions.

Recard the set-up, including the mid-positions adjusted.
17.1.3.3 Mount the test(sample in the test equipment with the effective ankle-joint centre (s¢e 6.7.3) and
the effective knee-joint céntre (see 6.7.6) on the axis of torque application, in order to generate tvisting about

the utaxis (see 6.2.2),

17.1.8.4 Fix ene end of the test sample and apply to the other end the settling twisting mpment A,
about the u-axis;)specified in Table 9, in a selected direction of twisting designated positive.

-set

Maintainthis moment, M,, ¢, at the prescribed value for a period of not less than 10 s and not mpre than 30 s

and thémremove it.

-set’

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 A,,_,; 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
M,,_stap @bout 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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17.1.3.6

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

components

17.1.3.7

Maintain this

Decrease the twisting moment M, to the stabilizing twisting moment M|,

of the test sample ¢g4 and ¢r4, respectively.

specified in Table 9.

-max’

M,

moment, M _mnax

at the prescribed value for (30 + 3) s.

-stab-

Increase the twisting moment A/, 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 M,

If the test s
with 17.1.3.8]

If the test sa
the highest
twisting mon

consideration of the statement given below. Record the decision.

The occurre
performance
shall be tern
laboratory/fa

17.1.3.8
completed. (
angular mov

Measure and record the final angular positions relevant.to twisting about the u-axis of the bottom an

components
Note and red

17.1.3.9

sample A, &s follows:

Apy=|(

If the calculs
procedure in

17.1.3.10
and record tH

hmple sustains the static loading at M, for the prescribed time, record this and-prg

-max

mple fails to sustain the static loading at M, _,,,, for the prescribed time, record this-togethe
alue of twisting moment reached or the time for which the prescribed value’ of the max|

nent M, .« has been maintained and decide on the continuation of the-test procedu

nce of failure in the test procedure in one direction of twisting prevents compliance wit
requirements of this test being claimed for the test sample (see’17:1.5). For this reason th

Cility and the manufacturer/submitter (see 12.3.3).
Maintain the stabilizing twisting moment M, o, until the measurements specified beloy
omplete the measurements within 10 min in orderto“limit the effect of recovery on the re
bment (see 17.1.3.9).

of the test sample ¢, and ¢y, respectively)

ord the time taken for measuring.

Calculate and record the relative angular movement about the u-axis between the ends of th

b2 — ¢81) — (P12 — P10

ted value of relative angular movement Ap, exceeds 3°, decide on the continuation of thg
consideration-of the statement given in the last paragraph of 17.1.3.7 and record the decisio

Check thé results of steps 17.1.3.7 and 17.1.3.9 against the performance requirements of 1
e findings.

If the test sanple has passed the test procedure in the positive direction of twisting, proceed with 17.1.3.1

ceed

F with
mum
re in

h the
b test

ninated, unless otherwise stated in the test submission document or agreed between thg test

v are
ative

d top

b test

12a)

b test
n.

7.1.4

2.

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.

Record the results of the inspection of the test sample.
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17.1.3.12 Carry out the test procedure specified in 17.1.3.4 to 17.1.3.9 in the negative direction of twisting.

Designate the angles for this direction of twisting as follows:

a) t

b) t

c) t

he initial angular positions (17.1.3.6) as ¢g3 and ¢r3;
he final angular positions (17.1.3.8) as ¢gg4 and ¢yy;

he relative angular movement (17.1.3.9) as Ag,, to be calculated as

Apy = (pg4 — ¢B3) — (P14 — P13)l

(12b)

Recq
recor

17.1.
twisti

17.1.
proce
and/q

If ap
in 17

Reco

17.1.
in17

17.1

In or
requi

.A Performance requirements

ds called for.

B.13 Check the results of steps 17.1.3.7 and 17.1.3.9 of the test procedure inthe’'negativ
ng against the performance requirements of 17.1.4 and record the findings.

B.14 If the test sample fails to satisfy either of the performance requirements of 17.1.
dure in the negative direction of twisting, inspect it to detect any slippage of the clamped
r the nature and, if possible, the location of any damage and record-the results.

propriate, use the markings of the initial angular positions at the junctions of all par
1.3.6/17.1.3.12 a) to establish where and what amount of slippage has occurred.

rd the results of the inspection of the test sample.

B.15 Decide and record whether or not the test sample has passed the test proced
1.3.4 to 17.1.3.9 in both directions of twisting, taking account of the findings of 17.1.3.10 anc

Her to pass the separate static testvin torsion, a test sample shall satisfy the following
fements:

a)

b)
[

If an
cons

17.1

.p

e test sample shall sustain) static loading in each of the two directions of twisting by t

isting moment M., atthe prescribed value of for (30 + 3) s;

e values of relativeZangular movement Ap, and Ag, between the ends of the test sample
he two directions.of’ twisting shall not exceed 3°.

individual ‘prosthetic component fails to satisfy either of the requirements specified in a
itutes a failure only in the prosthetic assembly and alignment simulated in the test sample se

Compliance conditions

rd the application of the test procedure in the negative direction of twisting, together witL all specific

e direction of

4 in the test
connections

s measured

ire specified
17.1.3.13.

performance

he maximum

occurring in

and b), this
t-up.

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

©1S0

.1.4) by two test samples from the prescribed batch (see 9.4 and Table 16).

2006 — All rights reserved

67


https://standardsiso.com/api/?name=472484ae42c2d57c41964f5a16a7f97f

ISO 10328:2006(E)

( Start )

Y

Setting-up of test sample,
application of settling load

171311017134

Initial markings, measurement of
initial angular positions at M _gap

17.1.36

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 .

17.1.3.8

Calculation of relative angular
movement in positive direction

17.1.3.9

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

17.1.3.11 17.1.3.12

Relative angular
movement within
permitted
range?

No

No Performance
requirements

\
A

satisfied?
17.1.3.13
Y
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. For further details
see last paragraph of Introduction.

17.2.2 Purpose of tests

Although ankle-foot devices and foot units, representing a part of a test sample or a)'singl¢ component
according to 10.2.1, 10.2.2 or 10.2.3, can be subjected to the principal structural tests of-Clause [16 in the test
configurations of Clause 6 and in the test loading conditions and at the test loading levels of ¢lause 7, this
subclause specifies special structural static and cyclic tests for ankle-foot devices and foot units| in which the
heel and forefoot are loaded successively or alternately.

To comply with the requirements of this International Standard, a batch of‘test samples of anklg-foot devices
or fogt units shall satisfy the performance requirements stated in 17.2.3.2,y17.2.4.2 and 17.2.5.2.

17.2.3  Separate static proof test for ankle-foot devices andfoot units

17.2.31 Test method
17.2.3.1.1 The separate static proof test for ankle-foot devices and foot units shall be conducted as
descfibed in 17.2.3.1.2 to 17.2.3.1.10, initially applying the test force F; on the heel and fubsequently
applyling the test force F, on the forefoot of the same test sample, or vice versa.

The geparate static proof test for ankle-footdevices and foot units may be carried out as part of the alternative
statiq ultimate strength test specified in Annex C [see also 17.2.4.1, Clause C.1 and C.2 c)].

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

17.2.3.1.2 Prepare and align a test sample from the batch specified in Table 16 for this test, i accordance
with 9.5, Clauses 10 and 11;+12:2.1 and 12.2.2 and Table 10.

If a t¢st sample whichchas completed the separate cyclic test procedure for ankle-foot devices gnd foot units
(inclyding the final static test) without failing is used for this test in accordance with 9.5.1, |re-align it in
accordance with_Glauses 10 and 11, 12.2.1 and 12.2.2 and Table 10 (see also 17.2.3.1.11)| Record the
re-use of the test'sample.

Recard thedtest loading level to be applied, together with the corresponding values of the angles| « and g and
2 ading. Make

17.2.3.1.3 For the test in heel loading set the angle of the line of application of the test force Fy 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 F; and increase it smoothly at a rate of
between 100 N/s and 250 N/s to the proof test force Figp of the relevant test loading level, specified in
Table 11 or Table D.3.

Maintain this force, Figps at the prescribed value for (30 + 3) s and then decrease the test force F; to zero.

If the test sample sustains the static heel loading at Figp 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 Fy5, 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 proof test force
Figp has beer—maintairec—and—decide—on—the—continuation—of—the—testprocedure—in—consideration—f the

statement giyen below (but see 17.2.3.1.11). Record the decision.

The occurrepce of failure in the test procedure in one direction of loading prevents compliance with the
performance|requirements of this test being claimed for the test sample (see 17.2.3.3). For this reason thp test
shall be terminated, unless otherwise stated in the test submission document or agreed between the test
laboratory/fagility and the manufacturer/submitter (see 12.3.3).

17.2.3.1.6 [f the test sample fails to satisfy the performance requirement of 17.2.3:2 in the test procediire of
heel loading,|inspect it to detect the nature and, if possible, the location of any damage and record the results.

17.2.3.1.7 For the test in forefoot loading set the angle of the line of application of the test force F,|to g,
specified in Table 10, and adjust the (forefoot) loading platform perpendicular to it.

If appropriat¢, remove the test sample from the test equipment during the setting and arrangement ¢f the
loading platfgrm(s) and subsequently remount it.

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

If the test equiipment uses a twin actuator set-up, ensure that the heel cannot contact the heel loading plgtform
during forefopt loading.

17.2.3.1.8 Apply to the forefoot of the test sample that has completed the test procedure of heel lopding
without failing (see 17.2.3.1.5) the test~force F, and increase it smoothly at a rate of between 100 N/s
and 250 N/s fo the proof test force Fogo ofthe relevant test loading level, specified in Table 11 or Table D|3.
Maintain this|force, Fogp, at the prescribed value for (30 + 3) s and then decrease the test force F, to zerq.
If the test sample sustains the jstatic forefoot loading at Fogp for the prescribed time, record this.
If the test sample fails¢to ‘sustain the static forefoot loading at F,, 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 proof test
force Fpg, hgs been'maintained (but see 17.2.3.1.11).

17.2.3.1.9 I thc tcbt bdlllp:c fd“b tU bdtibfy thC pCI-fUIIIIdIIbU ICquiICIIIUI It Uf 17232 ill thc tcbt pluucdure 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 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.
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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 Fisp and Fosp at the prescribed values and
inclinations for (30 + 3) s each.

17.2.3.3 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 requirement of the separate static proof test for ankle-foot devices and foot units of this
International Standard according to 17.2.3.2 at a specific test loading level, tests of this type, each
succgssively applying heel loading and forefoot loading 1o the same test sample, shall be passed (in the
meaning of 17.2.3.2) by two test samples from the prescribed batch, the prescribed bateh-|ncluding the
subsfitute test sample allowed by 17.2.3.1.11 (see 9.4 and Table 16).
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A

Settings and adjustments
for heel loading

17.2312t017.2.31.4

Heel loading Repetition of test
atproof — onmsubstitute test— =
load level sample
17_2_'3_1_5 17.2.3.1.11

Heel loading No

requirements
satisfied?

17.2.3.1.5
Yes

Settings and adjustments
for forefoot loading

17.2.31.7

{

Forefoot loading
at proof
load level

17.2.3.1.8

Forefootloading
requirements
satisfied?

17.2.3.1.8

Yes

/The test sample has passed\

Has test sample
completed other
tests before?

No

17.2.3.1.11

/ The test sample has failed \

the separate static proof test for
ankle-foot devices and foot units

17.2.3.1.10

e separate static proof test for
nkIe foot devices and foot units

17.2.3.1.10

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
17.2.41 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 t
them
spec
ultim

The

PSt samples of Tower Tmb prostheses with material properties and/or construction features
unable to sustain the required ultimate test force at a rate of loading of between 100 N/s
fied in 17.2.4.1.5 and 17.2.4.1.11, Annex C offers guidance on the application of an)alte
bte strength test, in which a higher rate of loading is applied to the test sample.

nigher rate of loading shall either be specified in the test submission document [see 12.3

Wwhich render
and 250 N/s,
'native static

4 b)] by the

manufacturer/submitter or agreed upon between the manufacturer/submitter and the test labgratory/facility
(see|also 17.2.4.1.5 and 17.2.4.1.11) and may be applied to the initial test_sample or to a spubstitute test
sample, if the initial test sample has failed at a rate of loading of\between 100 N/s gnd 250 N/s
(see [17.2.4.1.17).

NOTH A flowchart for this test is shown in Figure 20.

17.2.4.1.2 Prepare and align a test sample from the batch specified in Table 16 for this test i accordance
with 9.5, Clauses 10 and 11, 12.2.1 and 12.2.2 and Table 10.

If a test sample which has completed the separate .static proof test for ankle-foot devices and foot units,
withqut failing, is used for this test in accordance with9.5.1, re-align it in accordance with Clausgs 10 and 11,

12.2.

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 t¢st sample which has completed the separate cyclic test procedure for ankle-foot devices 4

nd foot units

(inclyding the final static test) without failing is used for this test in accordance with 9.5.1, [re-align it in
accofdance with Clauses 10 and 11, 12.2.1 and 12.2.2 and Table 10 (see also 17.2.4.1.15). Rgcord the re-

use g

Recq

force
the a

17.2.

adjug

Arrar
the te

f the test sample.

rd the test loading level t0 be applied, together with the corresponding values of the angle 4
F,, determining the direction and magnitude of heel loading. Make specific reference if the
Hditional test loading-level P6 specified in Annex D is to be applied.

#.1.3 For the test in heel loading set the angle of the direction of loading to «, specified in 1
t the (heel)Joading platform perpendicular to it.

ge thes(heel) loading platform so that it supports the forefoot, if heel loading by the test forc
st sample to such an extent that forefoot support is necessary to avoid unrealistic conditiong

and the test
bpplication of

[able 10, and

b F, deforms
of loading.

If the testequipment USES a twin actuator Set-up, ensure that the forefoot cannot contact the 1o
platform during heel loading.

17.2.

4.1.4 Mount the test sample in the test equipment, as illustrated in Figure 7.

foot loading

17.2.41.5 Apply to the heel 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 Fyg, ypper 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
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 F; reached during the test and whether failure has occurred. Make
specific reference if the test force F 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
F1su, upper lever 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 into ad
in17.2.4.1.2

count that, according to C.2 c), a test sample that has passed the test procedure(spe
to 17.2.4.1.5 with step 17.2.4.1.5 applied at a higher rate of loading in accordance’ wit

alternative sfatic ultimate strength test specified in Annex C (see also 17.2.4.1.1), subsequently)shall pas

separate sta
loading and

ic proof test for ankle-foot devices and foot units specified in 17.2.3.1 in the relevant direct
at the relevant test loading level, in order to satisfy the requirements of the-alternative

ultimate strepgth test of Annex C (see also 17.2.4.3).

If the test sa
below (but s

The occurre
performance
shall be term
laboratory/fa

17.2.41.7
heel loading,

17.2.4.1.8
accordance

If a test san
without failin
12.2.1 and 1

If a test sam
(including th
accordance

use of the te

Record the t
force F,, det
test loading |

ple fails, decide on the continuation of the test procedure in consideration of the statement
e 17.2.4.1.15). Record the decision.

nce of failure in the test procedure in one direction of loading prevents compliance wit
requirements of this test being claimed for the test sample\(see 17.2.4.3). For this reason th
inated, unless otherwise stated in the test submission document or agreed upon between th
Cility and the manufacturer/submitter (see 12.3.3).

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

ple which has completed the separate static proof test for ankle-foot devices and foot
j is used for this test in accordance with 9.5.1, re-align it in accordance with Clauses 10 an
P.2.2 and Table 10 (see als0 17.2.4.1.15). Record the re-use of the test sample.

ple that has completed the separate cyclic test procedure for ankle-foot devices and foot
b final static test) without failing is used for this test in accordance with 9.5.1, re-align
ith Clauses 10-and 11, 12.2.1 and 12.2.2 and Table 10 (see also 17.2.4.1.15). Record tk
5t sample.

bst loadinig level to be applied, together with the corresponding values of the angle £ and th
brmining.the direction and magnitude of forefoot loading. Make specific reference if the addi
bvel\P6 specified in Annex D is to be applied.

cified
h the
s the
on of
static

given

h the
b test
b test

If the test sample fails to satisfy the performance_requirements of 17.2.4.2 in the test procedlire of

Sults.

Prepare and align a fresh test sample "from the batch specified in Table 16 for this tgst in
vith 9.5, Clauses 10 and 11, 12.2.1 and;12.2.2 and Table 10 (but see 17.2.4.1.1/17.2.4.1.16).

units
d 11,

units
it in
e re-

b test
lional

17.2.4.1.9 For the test in forefoot loading set the angle of the direction of loading to g, 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 F,
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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17.2.4.1.11 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 Fog, ypper 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
manufacturer/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

speci

fic reference if the test force F, is applied at a higher rate of loading.

If ex
[12.3

FZSu,

17.2.4.1.12 Check the results of step 17.2.4.1.11 against the performance requirements of

recor

Take,
in17
altern
sepa
loadi
ultim

17.2.
foref
resul

17.2.4.1.14 Decide and record whether or not the test sample referred to in 17.2.4.1.2 has pa

racchiraciiactad by, b manfaatiirariaibpraitt o P V-G~ TRV-V-X P9~ BT~ 1~ tact crbraical
JIUOOIY IUqUUDlUU IJ_Y are TMTTIATTUTAUIUT CT/ OUMJTTITILCT Ul LL IU\‘UUOLUU LLI uaure COol OUVITITOOI
4 a)], continue the static ultimate strength test after the test sample has withstood the ultim

upper level: until failure actually occurs and record the value of the load at failure.

d the findings.

into account that, according to C.2 c), a test sample that has passe€d)the test proced
2.4.1.8 to 17.2.4.1.11 with step 17.2.4.1.11 applied at a higher rate 'ef)loading in accordz
ative static ultimate strength test specified in Annex C (see also 17.2.4.1.1), subsequently g
rate static proof test for ankle-foot devices and foot units specified in 17.2.3.1 in the relevar
ng and at the relevant test loading level, in order to satisfy<the requirements of the alte
hte strength test of Annex C (see also 17.2.4.3).

.1.13 If the test sample fails to satisfy the performance‘tequirements of 17.2.4.2 in the test
ot loading, inspect it to detect the nature and, if pessible, the location of any damage ar
S.

n document
bte test force

17.2.4.2 and

ire specified
nce with the
hall pass the
t direction of
rnative static

procedure of
d record the

5sed the test

procedure 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.§ has passed
the tgst procedure of forefoot loading (17.2.4.1°8 to 17.2.4.1.11), taking account of the findings [of 17.2.4.1.6
and 17.2.4.1.12.

17.2.4.1.15 If a test sample that has already completed, without failing, the separate static pI'OJ)

the s
the g
(17.2
recor

17.2.4.1.16 If a test{(sample that has already completed, without failing, the separate static ultin
br ankle-foot‘devices and foot units in one direction of loading (see 17.2.4.1.1 and 17.2.4.
n the otherdirection of loading (see 17.2.4.1.12), repeat the test on a substitute test sample
ion of loading and record the failure and the repetition, including all specific records called fg

test f
test i
direc

pparate cyclic test procedure-for ankle-foot devices and foot units (see 17.2.4.1.2), failsto s
erformance requirements- 0f' 17.2.4.2 in heel loading (17.2.4.1.2 to 17.2.4.1.5) or in for
4.1.8 to 17.2.4.1.11), repeat the test on a substitute test sample in the failed direction of
d the failure and thecrepetition, including all specific records called for.

f test and/or
tisfy either of
pfoot loading
loading and

nate strength
.6), fails this
in the failed

-

bf loading of

peated on a

ordance 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 F4, at the value and
inclination prescribed for Fig, pper level OF Static forefoot loading by the ultimate test force Fyg, at the
value and inclination prescribed %r Fasu, 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 Fg, or Fyg, sustained by the test sample without loss of its

structurgHntegrity-shalt-be-either

—

— > the value Fig, jower level Prescribed for static heel loading, or

—

— = the value Figy, jower level Prescribed for static forefoot loading.

17.2.4.3 Compliance conditions

In order to c|aim that the prosthetic device/structure submitted for test according . t6-9-1 to 9.4 complieg with
the performance requirements of the separate static ultimate strength test for ankle-foot devices and foot|units
of this Interngitional Standard according to 17.2.4.2 at a specific test loading level,)the following shall apply.

a) Ifthe tegt forces F, and F, have been applied at a rate of between 100 N/s and 250 N/s, tests of this|type,
each separately applying heel loading and forefoot loading to different test samples, shall be passéd (in
the meahing of 17.2.4.2) in each of these directions of loading*by two test samples from the presgribed
batch, the prescribed batch including the substitute test samples allowed by 17.2.4.1.15 and 17.2.4.1.16
(and alsp by 17.2.4.1.17 as an option) (see 9.4 and Table 16).

b) If the tgst forces Fy and F, have been applied at\a higher rate of loading in accordance with the
alternatiye static ultimate strength test specified in~Annex C (see 17.2.4.1.1 and 17.2.4.1.5/17.2.4.1.11),
the compliance condition of a) shall apply provided that the same test samples also pass (in the mepning
of 17.2.3.2) the separate static proof test.fér ankle-foot devices and foot units of this International
Standaryl in the relevant direction (of* loading and at the relevant test loading |[level
(see 17..4.1.6/17.2.4.1.12 and Annex C).
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(H)17.2.4.1.2 to
17.2.4.1.4

(F)17.2.4.1.8 to
17.2.4.1.10

\

I forefoot (F) loading on -
substitute test sample at
increased rate of loading

(HY 1724117 (FY17.24117

Heel (H) or forefoot (F) loading
to ultimate load level at normal
or increased rate of loading

(H)17.2.4.15 (F)17.2.4.1.11

Loading No

Repefition of heel (H) or
forefoot (F) loading on

substitute test sample at normd|

or increased rate of,loading

(H)17.2.4.1.15 (F)17.2.4.1.15/16
Yes

Has test sample

requirements
satisfied?

(H)17.2.4.1.6 (F)17.2.4.1.12

Yes

Increased

Applied rate
of loading?

(H)17.2.4.1.6 (E)1r.2.4.1.12
Normal

completed other
tests before?

(H)47.2.4.1.15 (F)17.2.4.01.15/16

No

Normal

Applied rate
of loading?

(H) 17.2.4.1.17 (F)17.2.4.1.17

Increased

Application of separate
static proof test (17.2.3.1)

(Hy17.2.4.16

(H)17.2.4.1.6

(FY17.24.1.12

Proof test
requirements
satisfied?

(F)17.2.4.1.12

Yes

\

Test sample has passed heel (H)
or forefoot (F) loading of separate
static ultimate strength test for
ankle-foot devices and foot units

(H)17.2416 (F)17.24.1.12

Y

Test sample has failed heel (H)
or forefoot (F) loading of separate
static ultimate strength test for
ankle-foot devices and foot units

(H)17.2416 (F)17.2.4.1.12

Figure 20 — Flowchart for the separate static ultimate strength test for ankle-foot devices
and foot units, specified in 17.2.4.1
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17.2.5 Separate cyclic test for ankle-foot devices and foot units

17.2.51 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) During t
reached

service

recordedl.

A test s
forefoot
250 N/s

b)

A test s
request
submiss|
cracks b

c)

17.2.5.1.3
with 9.5, Cla

Record the t
the test force
prescribed n
Annex D is tq

17.2.5.1.4
to B, specifig]
of loading.

17.2.5.1.5
17.2.5.1.6

maximum te
specified in T

If the test sample_sustains the successive static heel and forefoot loading at F;yax @Nd Focmax: Pr

with 17.2.5.1

€ course of the cyclic test, specified parts shall be replaced when the number of cycle
a value at which such replacement is indicated in accordance with the manufacturer's/subm
nstructions and/or the test submission document [see 12.3.5 b)]. All such replacements sh

ample that completes the cyclic test without failing shall be subjected to final static hee
loading by the test forces F'y5, and Fyg,, successively applied at a rate of between 100 N/
and maintained for (30 + 3) s for each loading case.

bmple that fails and/or a test sample that completes the cyclic test without failing shall,
of the manufacturer/submitter, be visually examined at the magnification specified in th
on document [see 12.3.5 c)], and the presence, location and ‘nature of any fractures g
e recorded, together with the magnification used.

Prepare and align a test sample from the batch specified in Table 16 for this test in accorg
ise 10 and 11, 12.2.1 and 12.2.2 and Table 10.

pst loading level to be applied, together with the',Corresponding values of the angles « and

s [y and F,, determining the directions and\magnitudes of heel and forefoot loading, an

umber of cycles. Make specific reference’ if the additional test loading level P6 specifi
be applied.

Bet the angle of the direction of heellloading to « and the angle of the direction of forefoot lo
d in Table 10, and adjust the Heel'and forefoot loading platform(s) perpendicular to the direc
Mount the test sample(nyjthe test equipment as illustrated in Figure 7.

Apply to the test-sample successively the maximum test force Fi 5« to the heel an

5t force Foomgy 10 the forefoot in accordance with the values for the relevant test loading
able 11 or Table D.3.

7.

b has
tter's
bl be

and
5 and

t the
test
nd/or

ance

? and
d the
ed in

hding

tions

j the

evel,

ceed

If the test sa

mple Talls 10 sustain the successive static heel and Torefoot Ioading at £4cmayx @NA Focmaxs I

ecord

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 F,.(¢) to the heel and the pulsating
test force F,(r) 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 0,5Hz 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 Fy 4y OF Foemax Oy more than 10 % (see 13.4.1.2.9).

NOTE 2

Experience has shown that repeated loading at values exceeding the relevant maximum test

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

force by more

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 F4(t) and F,.(¢) 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 cy

pulsa

If the

appli
0,5H

Reco

If the
labor

17.2.
test f
test

acco
the v
cycle

frequency called for cannot be achieved or does not allow the pulsating test forces F,((7)-a
bd as specified, repeat the preceding steps of 17.2.5.1.7 at a different frequency; prefers
z and 3 Hz, to be agreed upon between the test laboratory/facility and the manufacturer/sub

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

pulsating test forces F,.(r) and/or F,.(r) cannot be applied at any frequency agreed bety
htory/facility and the manufacturer/submitter, record this and terminate the test.

p.1.8 Apply to the test sample alternately the pulsating test_force F,(¢) to the heel and
brce Fo.(t) to the forefoot in accordance with the requirements of 13.4.1.2 and the values fo
oading level, specified in Table 11 or Table D.3, at a\frequency of between 0,5 Hz
dance with the test submission document [see 12.3.5 a)}.or any agreement on a frequency
blue called for therein, preferably between 0,5 Hz and:3 Hz (see 17.2.5.1.7), for the prescrib

o settle down and whether the

d Fp.() to be
bly between
Mitter.

een the test

the pulsating
" the relevant
and 3 Hz in
differing from
ed number of

5 specified in Table 11 or Table D.3.

Inspe
comg

Recq
the ¢

17.2.
Proc

Stop
exch
instry
cycle

Exch
and/q

Rest:

ct the waveform of the applied test forces Fy(7) and F,(7). Terminate the test if the wavef
ly with 13.4.1.2.4.

bntinuation of the test.

.1.9 During the course of-the cyclic test, replace any parts which would be replaced in no
ed as follows.

hnge/replacement_of these parts is indicated in accordance with the manufacturer's/subm
ctions and/or_the test submission document [see 12.3.5 b) and 17.2.5.1.2 a)]. Record th
5 at shutdown

r the tést submission document.

Zo L 4 10 47 9

brm does not

rd the frequency applied, together with-the results of the inspection of the waveform and th¢ decision on

rmal service.

the test equipment,;-when the number of cycles of load has reached a value gt which the

tter's service
e number of

bnge/replace the specified parts in accordance with the manufacturer's/submitter's service instructions

o XL 4 + £ 4 o 4 7 N H o I H 1 e £ Ll
rneuic tcot nmuiir 17.2.9. 1.9 VUl 'I'TI.2.J. 1.7, UCPCIIUIIIU vl urc rmoculriarnedar pryptltico Ul UicotT

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.
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17.2.5.1.11 Subject a test sample that completes the cyclic test without failing to the final static test force F5,

in the direction of heel loading determined by the angle o and subsequently to the final static force Fog, i

n the

direction of forefoot loading determined by the angle g in accordance with the values 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
loading case maintain the load at the maximum value for (30 + 3) s and record the results [see 17.2.5.1.2

If the test sample fails to sustain the successive final static heel loading at F45,, and forefoot loading at F,
the prescribed time in either of the directions of loading, record this together with the highest value o

each

b)].

fin for
f test

force reached in each direction of loading or the time for which the prescribed values of the final static test

forces Fy5, and Fyg, have been maintained.

17.2.5.1.12 Desi ecord—w e
in 17.2.5.1.2|to 17.2.5.1.11, checking the results of
performance|requirements of 17.2.5.2.

17.2.5.1.13

detect the ndture 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
test sample that completes the separate cyclic test for ankle-foot devices and foot units and the final stati
without failing, to detect the presence, location and nature of any fractures and/or‘cracks [see 17.2.5.1.2

Carry out the examination at the magnification specified in the test submiSsion document [see 12.3.5
decided accqrding to circumstances in agreement with the manufacturer/submitter.

Record the magnification used and the information obtained, taking ‘account of the manufacturer's/subm
instructions goncerning the documentation of test results [see 12,3:5'c)].

17.2.5.2 Performance requirements

In order to ppss the separate cyclic test for ankle-foot'devices and foot units, a test sample shall satisf
following performance requirements:

a) the tesfl sample shall sustain successive’ static heel and forefoot loading by the maximum
forces Flicmax @Nd Foomax at the prescribed values and inclinations;

b) the test pample shall sustain alterfnating cyclic heel and forefoot loading by the pulsating test forces
and F, (f) at the prescribed levels and ranges for the prescribed number of cycles;

c) the test pample shall sustain 'successive static heel and forefoot loading by the final static test forces
and F,;/ at the prescribed values and inclinations for (30 + 3) s each.

17.2.5.3 Compliance conditions

In order to claim\that the prosthetic device/structure submitted for test according to 9.1 to 9.4 complies

steps 17.2.5.1.6, 17.2.5.1.10 and 17.2.5.1.11 again$

the test sample fails to satisfy any of the performance requirements of 17.2/5.2) inspecj i

/or a
C test

).

C)] or

tter's

y the

test

Fic(?)

Fifin

with

the perform@nce requirements of the separate cyclic test for ankle-foot devices and foot units o

[ 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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Y

Termination of test
since test sample dogs
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}

'
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Lo_adlng No ‘
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17.2.5.1.6
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Need for initial aItSetr?\r;tci)r]:g cyclic
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I 17.2.5.1.7
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Loading
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frequency applied? frequey
17.2.51.7 17.25.1.7
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Y
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for "settling down" any frequency
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Figure 21 — Flowchart for the separate cyclic test for ankle-foot devices and foot units,
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82

| |

Start of
"regular" alternating cyclic
heel and forefoot loading

17.251.8

Waveforms of / Termination of test,
F. (t) and F..(f) No since waveforms of

i —\ Fri{tandfor Fo(t)ydonot
as required? \\Comply with 13.4.1 .Z.V
17.2.5.1.8

17.2.5.1.8

l 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

Occurrence
of failure

Relevant
event?

Replacement
of parts

17.4.5.1.9 17.2.5.1.10

Completion of
cyclic test

17/2.5.1.10

Final static test at
F i and F o,

17.2.5.1.11

Lo_adlng ) No
ISYUITTTITCTIS -
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Y

Test sample has passed the Test sample has failed the
cyclic test for ankle-foot cyclic test for ankle-foot
devices and foot units devices and foot units

17.2.5.1.12 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

17.3

associated parts

.1 General

The requirements of this test shall apply to all assemblies of knee joints and associated parts that normally

prov

17.3.

User
A strlictural test is required, in order to ensure an adequate level of safety during hormal use.

17.3

17.3
their

NOTE

boun

of ma

knee

In copsideration of the complexity of this criterion, for-thé purposes of this International Standard the d

appligability of this test is based on the conditions specified in 17.3.3.2 and 17.3.3.3.
NOTH 2 In some prostheses the maximum khee flexion allowed by the assemblies stated in 17.3.1
contapt on surfaces of other parts, as e.g. cosmetic components, the socket or the heel of the foot. In these

in makimum knee flexion is not applicable.
17.3.B.2 The separate static ultimate strength test in maximum knee flexion specified in 17
applied to a specific knee unit or knee-shin-assembly only if the knee flexion stop is incorporate

ide the knee flexion stop (see 17.3.3.1) on a complete prosthesis, comprising

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;

i ies, Inciudi I
prosthesis and/or their alignment within a prosthesis.

ul

2 Purpose of test

5 can apply high loads to prostheses in full flexion when kneeling or squatting (deep

B Applicability of the test to specific test samples

3.1 The decisive criterion for the applicability of the test specified in 17.3.4 to specific te
nvolvement in the provision of the knee flexion stop.

1 The term “knee flexion stop” used here and in the intfeductory paragraph of 17.3.1 covers
aries provided by the assemblies stated in 17.3.1, which stopithe angular movement of the knee joint
ximum knee flexion of a complete prostheses. It is not limited to specific knee flexion stop buffers ind
oint designs.

q

ximal part of

knee bend).

5t samples is

any physical
in the position
luded in some

bcision on the

is reduced by
cases the test

.3.4 shall be
i in the knee

mechanism or provided by the‘adjacent components listed in 17.3.1.

This ghall be determined as prescribed in 17.3.4.1 and 17.3.4.2, also taking account of the infofmation given

in thg test submission.document (see 12.2.3).

17.3.8.3 Thesdest shall not be applied to a specific knee unit or knee-shin-assembly, if the

manufacturer/Submitter provides a certificate stating that

a) either \kKneeling or squatting (deep knee bend) is expressly excluded from its intended juse within a

omplete prosthesis, according to the manufacturer’s written instructions supplied with every component

of thetypeor

b) 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.

The reasons for not testing a submitted sample or not continuing the test shall be recorded.

© I1SO 2006 — All rights reserved
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17.3.4

NOTE

17.3.4.1

Test method

A flowchart for this test is shown in Figure 23.

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 F, to be applied.

Prepare and align a test sample from the batch specified in Table 16 for this test in accordance

Ensure that the posterior contour/shape and extension of the structures representing the thigh and shin
portion within the length L, (including the extension pieces) is of the smallest dimensions possible in

accordance
knee flexion

the use
disarticu

the attad
the knesd

the grou

Record the g
the length L

17.3.4.2
the parts of {

Record the Iq

a) If the ki
compon
b) If the kn
separatg
submitte

simulate
Record the d
17.3.4.3
17.3.4.4

100 N/s and
specified in T

iththe manufacturer'sinstructions, so thatthe testsample Teaches the highest possibte va
bceurring in a normal prosthesis, taking account of

of the knee unit or knee-shin assembly in knee disarticulation, transfemoral vand/o
lation prostheses;

hment of these assemblies to the proximal and distal part of the prosthesis and the alignm
joint within the prosthesis;

ps of amputees for whom the use of these assemblies within a complete prosthesis is intend

arameters of the posterior shape of the structures representing’the thigh and shin portion

Move the test sample to the position of maximum kneg;flexion and detect the location/posit
ne test sample which stop further flexion.

cation/position of the parts providing the kneefléxion stop and proceed as follows.

ee flexion stop is provided by any parts-of the knee unit and adjacent attachment/align
bnts or by any parts of the knee-shin.assembly listed in 17.3.1, proceed with 17.3.4.3.

be flexion stop is not provided by any parts listed in 17.3.1, terminate the test and record th
static ultimate strength test«in,maximum knee flexion is not applicable to the specific stry

d in the test sample.

ecision on the continuation of the test procedure.

Mount the test sample in the test equipment as illustrated in Figure 8.

Apply tosthe ends of the extension pieces the test force F, smoothly and at a rate of bet

250, N/s>until the test sample fails, or the test force F attains the value of static test force
able\12, without failure of the test sample.

ue of

r hip

bnt of

ed.

ithin

on of

ment

bt the
cture

d for test in the specific.application, attachment and alignment within a complete prosthesis,

Record the h

17.3.4.5

ighest value of the test force F reached during the test and whether failure has occurred.

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

in 17.3.4.3 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

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

17.3.5

Performance requirement

If the test sample fails to sustain the performance requirement of 17.3.5, inspect it to detect the

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 F, at the prescribed value.

84
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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 shall be passed
(in the meaning of 17.3.5) by two test samples from the prescribed batch (see 9.4 and Table 16).

( Start )

Y

Initial arrangements

17.3.4.1

Detection of knee flexion
stop on test sample in
maximum knee flexion

17.3.4.2

Is test
applicable?

No

17.3.4.2 Y
Yes ( Test terminated )
17.3.4.2
Static loading of test
sample in maximum
knee flexion
12)3.4.4
Loading No
requirements
satisfied?
17.3.4.4
Yes
Test sample has passed Test sample has failed
the separate static test in the separate static test in
maximum knee flexion maximum knee flexion
17.3.4.5 17.3.4.5

Figure 23 — Flowchart for the separate static ultimate strength test in maximum knee flexion
for knee joints and associated parts, specified in 17.3.4
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17.4 Separate tests on knee locks

17.4.1 Gene

ral

The requirements of this subclause shall apply to all knee units incorporating mechanisms which lock the knee

in the extend

17.4.2

ed position.

Purpose of tests

Locked knee units are subject to flexion loading during the stance phase of walking, and a failure of the knee

lock mechan

sm during this phase is potentially hazardous. A structural test is required in order to ensu

re an

adequate leV

17.4.3 Se

17.4.3.1

17.4.3.1.1

manufacture
covered by t
knee locks W

el of safety during normal use.
parate static proof test for knee locks
Test method

Bubject to request in the test submission document [see 12.3.5 d)] or (agreement betwee

ne final static test to be applied to a test sample which has completed the separate cyclic te
ithout failing [see 17.4.5.1.1 c) and 17.4.5.1.18). This requires<the application of the final

test in the manner specified in 17.4.3.1.6 to 17.4.3.1.9.

The setting,
and 17.4.3.1
jig capable o

NOTE A

17.4.31.2
with 9.5 Clau

If a test sam
test) without
11 and 12.2.

Record the v

At zero load
UT - l/lK or an|

Record the ¢

At zero load
the initial val

adjustment and/or measurement of segment lengths andfor offsets [see 17.4.3.1.2, 17.4
[ applying the stabilizing test force F,,, (see 13.2.2):
flowchart for this test is shown in Figure 24.

Prepare and align a test sample from the batch specified in Table 16 for this test in accorg
ses 10 and 11 and 12.2.1, NOTE 1 of 16.1.1 and Table 13.

ble that has completed the separate/cyclic test procedure for knee locks (including the final
failing is used for this test in aéeordance with 9.5.1, re-align it in accordance with Clauses 1
1, NOTE 1 of 16.1.1 and Table-13 (see also 17.4.3.1.12). Record the re-use of the test samp

plues of offsets and testforces to be applied.

set (or check andyif necessary, correct) the test sample segment lengths (up — ug, ux — u
y other specificicombination) (see 10.3.6) in accordance with the values specified in Table 5

pmbinations(and values of the segment lengths set.

initiatly-set (or check and, if necessary, correct) the bottom and top load application levers
Les of the ankle and knee offsets (fp, fk, 0p and oy, see 6.8.1) are in accordance with the v

specified in

able 13

n the

[/[submitter and the test laboratory/facility, the separate static proof test for knee locks may be

st for
static

3.1.5

8 b)] shall be carried out with the test sample mounted_either in the test equipment or in a special

ance

static
) and
le.

\ and

until
hlues

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 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 F, specified in Table 14.

Maintain this force, Fgg, at the prescribed value for a period not less than 10 s and not more than 30 s and

then remove

86

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 17.4.3.1.3. Record the time at rest.

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 Fg,,, 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 Fg,p, 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 Fg,, 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 t}I\e ankle and
knee|offsets (fa, fk, oa and o) are in accordance with the values specified in Table 13 at\the sjabilizing test
force| Fgiap-

Recard the final values of offsets set.
17.4.8.1.6 Carry out the following.

a) easure and record the distance Lgr (see 6.8.4) as Lq or the displacement & of the [moving load
pplication point from its reference position in the test equipment as'o,.

b) If requested by the manufacturer/submitter, measure andecord the effective lever armp L, and Ly
ee 6.8.3).

Take into account that the data to be acquired are irreleyant to the performance requirements of 17.4.3.2,
Ithough they may provide interesting and useful infermation in conjunction with the data tq be acquired
ccording to 17.4.3.1.8 b) particularly on the defarmation of the test sample under load. For this reason,
¢arry out these measurements and recordings only if requested by the manufacturer/$ubmitter, as
indicated.

NOTE In principle, the measurement and-recording of the effective lever arms L, and Ly is not ng¢cessary here.
They are identical to the ankle and kneeoffsets f, and fi, since these are set to the same value in the same plane
A and oy are set to zero), so that the lead line passes parallel to the u-axis. This may, however, have|changed after
the application of the proof load [see,17.4.3.1.8 b)].

17.4.B.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|Fg,,, specified in Table™14.

Maintain this force, Fggoat the prescribed value for (30 £ 3) s.

Decrgase the testforce F to Fgyyy,.

If the¢ test sample sustains the static loading at Fp for the prescribed time, record this gnd proceed
with 17.4,3:4.8.

If theltest sample fails to sustain the static loading at F.,, 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 Fyp 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 Fg,, until the
measurements and records of a) [and b)] specified below are completed.

a) Measure and record the distance Lgt as L4 or the displacement 6 of the moving load application point
from its reference position in the test equipment as &,,. Complete the measurement within 5 min
(see NOTE).

b) If requested by the manufacturer/submitter, measure and record the offsets f5, fk, op and ok, and/or the
effective lever arms L, and L. 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 F,, 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 Fg,, (17.4.3.1.7), 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 (1/44.371.9) gnd on
the ankle and knee offsets and effective lever arms. The different values of time limit specified for the mieasurements of a)
and b) take adcount of the different amounts of time required for the measurement and recording.

17.4.3.1.9 C(alculate and record the permanent deformation, D,, between the bottom and top| load
application ppints:

D4:L9 —L100rD4:é‘10—é‘9. (13)

17.4.3.1.10 Decide and record whether the test sample has passed of failed the test procedure spegified
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 against the performance
requirementq of 17.4.3.2.

17.4.3.1.11 If the test sample fails to satisfy either of the performance requirements of 17.4.3.2, inspedt it to
detect the ndture and, if possible, the location of any damage,'and record the results.

17.4.3.1.12 I a test sample that has already completed~the separate cyclic test procedure for knee [locks
without failing (see 17.4.3.1.2), fails to satisfy either of:the performance requirements of 17.4.3.2, repeat the
test on a substitute test sample and record the failure and the repetition, including all specific records ¢alled
for.

17.4.3.2 Performance requirements

In order to pass the separate static. proof test for knee locks, a test sample shall satisfy the follpwing
performance|requirements:

a) the test] sample shall sustain static loading by the proof test force Fgp at the prescribed pMalue
for (30 4 3) s.

b) The valde of pernaarient deformation D, of the test sample shall not exceed

— 2 mm for'atotal sample length (u — ug)specifieg = 650 mm or

—  2m multiplied by the ratio f(u... — "B)auuall("T — “D)bpl‘:blllb‘u] 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 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 17.4.5.1.5t0 17.4.5.1.8 (see also 17.4.5.2 and 17.4.5.3).
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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
17.4.41 Test method
17.4.41.1 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 Fg,, (see 13.2.2).

NOTE

A flowchart for this test is shown in Figure 25.

17.4.4.1.2 Prepare and align a test sample from the batch specified in Table 16 for this test in accordance

with 9.5, Cla

If a test sam
test in accor
and Table 13

Ises 10 and 11 and 12.2.7T, NOTE T of 10.1.7 and lable 15.
ble that has completed the separate static proof test for knee locks without failing is tsed fq

(see also 17.4.4.1.9). Record the re-use of the test sample.

r this

lance with 9.5.1, re-align it in accordance with Clauses 10 and 11 and 12.2.1, NOTE"1 of 16.1.1

If a test sample that has completed the separate cyclic test procedure for knee locks (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

11 and 12.2.
Record the v

At zero load
UT - l/lK or an|

Record the
At zero load
the initial val
specified in T

Record the in

If the setting
in a special j

Record whet|
17.4.41.3

Maintain this
then remove

Allow the tes

plues of offsets and test forces to be applied.

set (or check and, if necessary, correct) the test sample segment lengths (up — ug, ux — u
y other specific combination) (see 10.3.6) in accordance with the values specified in Table 5

pmbinations and values of the segment lengths set,

initially set (or check and, if necessary, correct) the bottom and top load application levers
Les of the ankle and knee offsets (f, fx, 05.a@nd o) (see 6.8.1) are in accordance with the v
able 13.

itial values of offsets set.

of the segment lengths and offsets at zero load has been carried out with the test sample p|
g, transfer the test sample from the jig to the test equipment before proceeding with 17.4.4.1

her a special jig is used.
\pply to the test.sample the settling test force F, specified in Table 14.

force, Fgoi\at the prescribed value for a period not less than 10 s and not more than 30
it. Record the elapsed time.

t sample to rest at zero load for a period not less than 10 min and not more than 20 min b

proceeding v

1, NOTE 1 of 16.1.1 and Table 13 (see also 17.4.4.1.9). Record the re~use of the test sampl¢.

\ and

until
hlues

aced
3.

5 and

efore

ith17.4.4.1.4. 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 F,,, 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 Fg,, 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 Fg,, 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 (f5, fk, oa and o) are in accordance with the values specified in Table 13 at the stabilizing test
force Fg p.

Record 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 F,, 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 expressly requested by the manufacturer/submitter, or if requested in the test submissiogn document
[12.3]4 a)], continue the separate static ultimate strength test for knee locks after the“test|sample has
withstood the ultimate test force F, until failure actually occurs and record the value of the load af failure.

Take|into account that in this case the end attachments used need a higher value of stiffness anfl ensure that
the vplues of their deflection and permanent deformation keep within the limits'specified in 13.2.1.2.10 at a
highgr proof load than is specified in Table 4 (see second paragraph of 13.2.1(2{1).

17.4.4.1.7 Decide and record whether the test sample has passed or:failed the test procedlire specified
in17|4.4.1.2 to 17.4.4.1.6, checking the results of step 17.4.4.1.6/,against the performance| requirement
of 1714.4.2.

17.4.4.1.8 If the test sample fails to satisfy the performance requirement of 17.4.4.2, inspect it|to detect the
nature and, if possible, the location of any damage and record.the results.

17.4.4.1.9 If a test sample that has already completed the separate static proof test and/or [the separate
cyclig test procedure for knee locks without failing (see 17.4.4.1.2), fails to satisfy the |performance
requirement of 17.4.4.2, repeat the test on a substitute test sample and record the failure and the repetition,
inclugling all specific records called for.

17.4.4.2 Performance requirement

In ordler to pass the separate staticiultimate strength test for knee locks, the test sample shall sustain static
loading by the ultimate test force Fy,, at the prescribed value.

17.4.4.3 Compliance.conditions

In ordler to claim that-the prosthetic device/structure submitted for test according to 9.1 to 9.4 qomplies with
the performance reguirement of the separate static ultimate strength test for knee locks of this|International
Standlard according to 17.4.4.2, tests of this type shall be passed (in the meaning of 17.4.4.2) by two test
samples fromthe prescribed batch, the prescribed batch including the substitute test sampl¢ allowed by
17.4.4.1.9 (see 9.4 and Table 16).
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Figure 25 — Flowchart for the separate static ultimate strength test for knee locks,

specified in 17.4.4.1

17.4.5 Separate cyclic test for knee locks

17.4.5.1

17.4.5.11

Test method

The following genéral requirements shall apply:

a) If the tedt frequency.selécted is higher than 1 Hz, then the maximum frequency shall be below the le
which dynamic mass effects begin to affect the maximum load value or the waveform.

b) During t
reached

he eourse of the cyclic test, specified parts shall be replaced when the number of cycle
a’value at which such replacement is indicated in accordance with the manufacturer's/subm

vel at

5 has
tter's

Lo o T~ "0\ | ALl la 1

service

FS 'H all $lo 4 4+ o + + pu | 4+ L 4 4 la
ISUTUCTOTTS Al mUuruT T TS U SUVTTITOS STUTT UULUTITCTIU ST T T2, 0.0 V). AT SULIT TTPUIAQUTTITCTTIS " O1T

recorded.

Il be

c) A test sample that completes the cyclic test without failing shall be subjected to final static loading by the
test force Fy,,, 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
in17.4.3.1.6 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 the test
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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 Fg,, (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.

Recard the values of offsets, test forces and prescribed number of cycles to be applied.

At zglro load, set (or check and, if necessary, correct) the test sample segment lengths_(up— ug| ux — ua and
u — Y or any other specific combination) (see 10.3.6) in accordance with the values spécified in [Table 5.

Recard 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 injitial values of the ankle and knee offsets (fa, fk, 0a and ok) (see 6.8:4) are in accordance with the values
specified in Table 13.

Recard 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 gpecial jig, transfer the test sample from the jig to thetest equipment before proceeding with 17.4.5.1.3.

Recard whether a special jig is used.
17.4.6.1.3 Apply to the test sample the settling test force F, specified in Table 14.

Maintain this force, Fgq, at the prescribed.value for a period not less than 10 s and not more than 30 s and
then femove 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
procgeding with 17.4.5.1.4. Recard the time at rest.

17.456.1.4 Apply to the~test sample and maintain during the adjustments of 17.4.5.1.5 and the
meagurements and recoxdings of 17.4.5.1.6 the stabilizing test force Fg,,, specified in Table 14.

If the|adjustments_ ©6f 17.4.5.1.5 are carried out with the test sample placed in a special jig, apply the stabilizing
test force Fg 4, by the jig upon transfer of the test sample from the test equipment to the jig| after having
completed %7475.1.3 and then remove F,, and re-apply it by the test equipment upon transfer of the test
sample fronithe jig to the test equipment before proceeding with 17.4.5.1.6.

4

R | o J H - + ol
ecorawnetnera speciarjig1susea:

17.4.5.1.5 Finally adjust the bottom and top load application levers until the final values of the ankle and
knee offsets (f5, fk, oa and o) are in accordance with the values specified in Table 13 at the stabilizing test
force Fgiap.

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 L4 or the displacement § of the moving load
application point from its reference position in the test equipment as ;4.
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b) If requested by the manufacturer/submitter, measure and record the effective lever arms L, and Ly
(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 L, and L, is not necessary
here. They are identical to the ankle and knee offsets Ja and f, since these are set to the same value in the same
plane (o yreftoare-setio-zero)y-so-thatthetoad —Fhis-m e ve-ehpnged
after the ppl|cat|on of other Ioadlng conditions [see 17.4.5.1.8 b), 17.4.5.1. 16 and 17.4.5.1. 17]

17.4.5.1.7 Ppply to the test sample the maximum test force F .., specified in Table 14.

Maintain this|force, Fpay.

until step 17.4.5.1.8 is completed.
17.4.5.1.8 Carry out the following.

a) Measurg and record the distance Lgt as L4, or the displacement 6 of the moving load application|point
from its feference position in the test equipment as 6.

b) If requegted by the manufacturer/submitter (see NOTE to 17.4.5.1.6); measure and record the offsgts f,,
Ji op and ok and/or the effective lever arms L, and Ly.

Take intp 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 acduired
according to 17.4.5.1.6 b), 17.4.5.1.16 and 17.4.5.1.17particularly on the deformation of the test sgmple
under Igad. For this reason, carry out these measurements and recordings only if requested by the
manufagturer/ submitter, as indicated. See also NOTE to 17.4.5.1.6 b).

17.4.5.1.9 Decrease the test force F to the minimum test force F,;,, specified in Table 14.
until step 17.4.5.1.8 is completed, prqceed

If the test pample sustains the static loading at Fg,
with 17.4.5.1110.

If the test sample fails to sustain the.static loading at F,, until step 17.4.5.1.8 is completed, record this
together with the highest valueCof-test force reached or the time for which the prescribed value qf the
maximum tegt force F 5, hastbéen maintained and terminate the test.
17.4.5.1.10 Ppply to the test sample the pulsating test force F(r) in accordance with the requirements
of 13.6.3.2/18.2.3.2 and17.4.5.1.1 a) and the values specified in Table 14, at the frequency called for |n the
test submissjon document [see 12.3.5 a)] for a series of cycles, in order to allow the test sample and the test
equipment tq “settle"down”.

NOTE 1 Tl < IIuIIIbUI Uf L,y\,ico |cqui|cd fUI thc tCDt tU bUtt:U dUVVII VV;“ deCIId UTT thU ||atU|c Uf thc tcot Ddlllp:c d Id the
test equipment control mechanism.

Take care that during this settling-in period, the highest force applied to the test sample does not exceed the
maximum test force F 5, by more than 10 % (see 13.6.3.2.2/13.2.3.2.8).

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

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(¢) has achieved the waveform specified in 13.6.3.2.2/13.2.3.2.3 and keeps within the
tolerances 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(r) 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(r) 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(r) cannot be applied at any frequency agreed upon between the test

ot

labor st

toelfoniliy, oA thh o o f ot e a /o bttt o - ard-thic—andterminatathat
OryrTacity  arna e T ararat o ST e T TCOUTU TS ard T iatc e te

17.4.56.1.11 Apply to the test sample the maximum test force F

max-

Mead
appli

ure and record the initial value of the distance Lgt as L3 or the displacement's of the
cation point from its reference position in the test equipment as J; 3.

17.4.5.1.12 Decrease the test force F to the minimum test force F

min-
17.4.
of 13
test g
and t

p.1.13 Apply to the test sample the pulsating test force F(¢) in‘accordance with the

6.3.2/13.2.3.2 and 17.4.5.1.1 a) and the values specified in Table*14, at the frequency ca
ubmission document [see 12.3.5 a)] or at a different frequency agreed between the test labg
he manufacturer/submitter (see 17.4.5.1.10) for the prescribéd number of cycles specified in

moving load

requirements
ed for in the
ratory/facility
Table 14.

Inspgct the waveform of the applied pulsating test force F(£). Terminate the test if the wavefgrm does not
comply with 13.6.3.2.2/13.2.3.2.3.

Recard the frequency applied, together with the results of the inspection of the waveform and th¢ decision on
the cpntinuation of the test.

Set the test equipment displacement trip to°§-mm below the value of the initial distance L5 at Fy,,, or 5 mm
above the value of the initial displacement o5 at F,,,, determined in 17.4.5.1.11.

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

17.4.6.1.15 Examine the test sample for damage if the test equipment has switched off due
displacement and proceed-as follows:

to excessive

ber of cycles
start.

erminate the

a) If there is no sign)of failure, restart the test from 17.4.5.1.10 and apply the prescribed num
duced by the.number of cycles completed before the test equipment tripped. Record the re

b) If the test'sample has failed, record this together with the number of cycles at switch-off and
st (but'see 17.4.5.1.22).

17.4.5:

Proceed as follows.

rmal service.

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 Lgt or the displacement ¢ 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 offsets 1, fx, oo and oy and/or the

effective lever arms L, and Ly with the test force F,;, applied and subsequently with the test force F .4
applied.
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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

exchange/replacement.

their

Record the details of the exchange/replacement and the resulting conditions of the restart, together with the
number of the corresponding clause.

17.4.5.1.17 Continue the test until failure occurs or the prescribed number of cycles specified in Table 14 has

been compl

If failure ocq
terminate thg

If the prescri
distance Lgq
instructions ¢
and Ly with
number of cy

17.4.5.1.18
specified in
record the re

o
AV

urs, record this together with the number of cycles at switch-off of the test equipmen
test (but see 17.4.5.1.22).

or the displacement § and, if requested by the manufacturer/submitter\[note the addi
f 17.4.5.1.6 b) and 17.4.5.1.8 b)], the offsets f5, fk, op and oy and/or the effective lever arr]
the test force F;, applied and subsequently with the test force g3 ,, applied. Recor
cles at shutdown.

Bubject a test sample that completes the cyclic test without failing: to the final static test force
[able 14, applied at a rate of between 100 N/s and 250 Nfs’ and maintained for (30 + 3) s
Sults.

If the test sample fails to sustain the final static loading at Fy;, forthe prescribed time, record this togethe

the highest
force Fy, has

alue of test force reached or the time for which“the prescribed value of the final stati
been maintained.

If the final static test is intended also to cover the separate static proof test for knee locks specified in 17

[see 17.4.5.1

17.4.5.1.19
in17.4.5.1.2
against the p

17.4.5.1.20
detect the n

17.4.5.1.21
test sample
detect the pr

.1 c)], follow the instructions given in 17(4.3.1.6 to 17.4.3.1.9.

Decide and record whether the test sample has passed or failed the test procedure spe
to 17.4.5.1.18, checking the results of steps 17.4.5.1.9, 17.4.5.1.15, 17.4.5.1.17 and 17.4.5
erformance requirements of-17.4.5.2.

the test sample fails~to.Satisfy any of the performance requirements of 17.4.5.2, inspec
ture and, if possible/the’location of any damage and record the results.

A\t the request ©f the manufacturer/submitter, visually examine a test sample that fails ang

and

bed number of cycles has been completed, stop the test equipment and measure and record the

fional
NS Lp
d the

P Flins
and

I with
test

4.3.1

cified
.1.18

it to

/or a

hat completés the separate cyclic test for knee locks and the final static test without failipg, to

bsence, 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

decided accq

rding to circumstances in agreement with the manufacturer/submitter, if appropriate.

C)] or

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 €)] 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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5.2 Performance requirements

.5.21

performance requirements listed in a) to c).

a)

b)

c)

17.4

subje
statio
[whic

If the

requ

in 17

17.4.

17.4
com

Standlard according to 17.4.5.2.1, tests of this type‘shall be passed (in the meaning of 17.4.5.2.1

F,

The test sample shall sustain static loading by the maximum test force F

the time required for measurements and records of 17.4.5.1.8.

In order to pass the separate cyclic test for knee locks, a test sample shall satisfy the

at the prescribed value for

The test sample shall sustain cyclic loading by the pulsating test force F(r) at the prescribed level and

range for the prescribed number of cycles.

cribed value

“hc tUOt OGIIIP:U oha” Oubta;ll Dtdt;b :Uad;IIU by thU f;ua: atat;u tUDt fUI U lr'ﬁn Gt thU pIU\.
for (30 £ 3) s.

.p.2.2 In order to also pass the separate static proof test for knee locks specified in-17.4.3.
cted to the final static test applied in the manner specified in 17.4.3.1.6 to 174.3!1.9 for
proof test for knee locks [see 17.4.5.1.1 ¢) and 17.4.5.1.18], the test sample_ shall satisfy
h is identical to 17.4.3.2.a)], together with the following requirement [which is\identical to 17 .4

The value of permanent deformation D, of the test sample shall not exceed 2 mm.
test sample satisfies the performance requirement of 17.4.5.24, ¢) but fails to satisfy the

rement of 17.4.5.2.2, the separate static proof test for kne€“Jocks shall be carried out
4.3.1.

5.3 Compliance conditions

.p.3.1 In order to claim that the prosthetic devige/structure submitted for test according
lies with the performance requirements of thé’separate cyclic test for knee locks of this

when being
the separate
17.45.2.1 c)
1.3.2 b)].

performance
as specified

fo 9.1 to 9.4
International
) by two test

samples from the prescribed batch, the prescribed batch including the substitute test samplé allowed by

17.4

17.4

satisfies the compliance conditions\ of the separate static proof test for knee locks of this
Stan
perfo

.p.1.2.2 (see 9.4 and Table 16).

.p.3.2 In order to claim that the prosthetic device/structure submitted for test according to 9

ard according to 17.4.3.3/1/.4.5.3.1 shall apply provided that the test samples also corn
rmance requirement accarding to 17.4.5.2.2.

1to0 9.4 also
International
nply with the
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( Start )

A

Initial settings,
application of settling load, [«

Y

Repetition of test on

final adjustments

substitute test sample -

at a frequency <3 Hz

17451210 174515

Measurement of
L prordatF

17.4.5.1.22

174516

Static loading at
maximum test force

17.4.51.7

Measurement of
Lgrord atF .

17.4.5.1.8

Loading
requirement
satisfied?

Yes

Need for
realignment
of gample?

Start of
initial cyclic loading |-

Termination of test,

since test sample

does not satisfy
17.4.5.2 a)

17.45.1.9

for "settling down"

17.45.1.16

1745.1.10

Loading
requirements
satisfied at
frequency applied?

17.45.1.10

T armminatian-af
rorrmaaorT Ot

Agreement
on different
frequency?

N
%

initial cyclic loading
for "settling down"

17.4.5.1.10

Measurement of
LgrordatF

17.4.5.1.11

A

Figure 26 — Flowchart for the separate cyclic test for knee locks, specified in 17.4.5.1

Termination of test,
since F(t) can not

be applied at any
frequency

17.4.5.1.10

A A

Continued on Figures 27 and 28
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A * A

Start of
"regular" cyclic loading

17.4.51.13

Termination of test,
since waveform
does not comply
with 13.2.3.2.3

Waveform as
required?

I Yes 1745113

Setting of displacement
trip to specified value

17.45.113

Switch-off due
to excessive

Sample
failed?

Replacement
of parts
17.45.1.16 Continuation of test until
. shutdown of test equipment Test
Measurement because of / due to f es >Yes i
of L gy or § at a) replacement of(parts riqgtla_rlwcy
Foinand F_ ., b) occurrence-of failure z 17.4.6.1.22
c) completion-of cyclic test No T
17.4.5.1.16 17.4.5.1.16/17.4.5.1.17

a) Relevant b)
event?

c)

Y
Measurement

of L gy or 0 at
Fmin and Fmax

17.45.1.17

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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Substitute for
static proof
test?

No

17.45.1.18

Yes

Y

Initial measurement Loading
of Lgrord at proof load level

17.4.3.1.6 17.45.1.18

Loading
requirements
satisfied?

Loading No

at proof load level

174317 17.4.5.1.18

Yes

< Lo_ading No
requirements >
satisfied?

17.4.31.7

Yes

Final measurement
of Lgrord

17.4.3.1.8

Calculation of
pefmanent deformation

17.4.31.9

Permanent

<:Jeformation within No -
permitted

range? 474319

Yes

\

Y Y

Test sample has passed both
the separate cyclic test and
the separate static proof test
for knee locks

Test sample has passed Test sample has failed
the separate cyclic test the separate cyclic test
for knee locks for knee locks

17.4.5.1.19 17.45.1.19
17.4.5.1.19

Figure 28 — Flowchart for the separate cyclic test for knee locks, specified in 17.4.5.1
Continued from Figure 27

100 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=472484ae42c2d57c41964f5a16a7f97f

ISO 10328:2006(E)

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 be clearly indicated and
the dptes of preparation and submission be recorded.

18.2] Specific requirements

According to the instructions of this International Standard, specific records shall be enterefl in the test
laborptory/facility log for:

a) e identification (number) of the test equipment used and the ‘reference (number)| of the end
ttachments, jig and measuring devices (if used);

b) e selection, type, preparation, identification and alignment ¢f’test samples;

c) the conduct of specific tests, selected in accordance.with this International Standard pnd the test
submission document;

d) any unusual features observed during the test(s);

NOTH Annex E offers a summary of the regords 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 shall provide at
least|one copy to the-submitter of the test sample.

NOTH The testJaboratory/facility should maintain another copy of the test report with the test log. This will simplify
the reply to possible further inquiries of the manufacturer/submitter.

19.1.2 The test report shall be signed and dated on behalf of the test laboratory/facility by g designated
persagn:

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.

19.1.6 The date of receipt of test samples and date(s) of preparation of the test report shall be clearly
indicated.
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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 level P6 according to AnnexD (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 and 17.2.5.1.3), and to the alternative static ultimate
strength test according to AnnexC (see 16.2.2.1.1 and 16.2.2.1.6 and/or 17.24.1.1 and
17.2.4.1.5/17.2.4.1.11).

19.2.2 The test report shall include any statements (with justification) of why the separate static ultimate
strength test in maximum knee flexion on knee joints and associated parts should not be applied to test
samples of a|specific prosthetic structure including a knee unit or a knee-shin-assembly (see 17.3.3.3),

19.2.3 For ¢ach prosthetic device/structure for which an appropriate batch or batches of test samples|have
been submitfed for test, the test report shall state the tests in which compliance with requireménts df this
International|Standard has been demonstrated. The test report shall also state the tests conducted, in Which
compliance has not been demonstrated.

If one or more test samples of the prosthetic device/structure submitted for test has/have failed a specifig type
of test, the tgst report shall include details of the failure.

19.3 Options

19.3.1 The fest report shall include any additional information, specifically*requested in the test submission
document (s¢e 12.1.2 and 12.1.3).

any further rg¢cords of samples and test results called for. AnnexE gives details of the records to be entefed in

19.3.2 Upo% request of the submitter, the test laboratory/facility shall copy from the test log to the test feport
the test labotatory/facility log according to the instructions of this International Standard.

20 Classification and designation

20.1 General
A lower limb |prosthetic device/structure

a) for whicl compliance with the requirements of this International Standard is claimed (see 9.1, 9.2 an@l 9.3)
for a spécific 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 max/mum

body mgss “m” kg accofding to the manufacturer's written instructions on the intended use of that deyice,
shall be classified and,designated as shown below.

ISO 10B28 - "P™- "m" kg

20.2 Examples of classification and designation

EXAMPLES 1 to 3 llustrate variations of classification/designation for lower limb prosthetic
devices/structures that comply with the requirements of this International Standard for one and the same test
loading level (P4).

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.

EXAMPLE 1 1SO 10328 - P4 - 70 kg
EXAMPLE 2 1SO 10328 - P4 - 80 kg
EXAMPLE 3 SO 10328 - P4 - 90 kg

102 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=472484ae42c2d57c41964f5a16a7f97f

ISO 10328:2006(E)

In consideration of the background information given in Annex B, the following can be stated.

a) The classification/designation according to EXAMPLE 1 is typical of a lower limb prosthetic
device/structure intended to be used for active amputees, who are expected to load their lower limb
prosthesis at a higher level than those amputees on whose locomotion data test loading level P4 is
based. For this reason the value of maximum body mass is limited to 70 kg, 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 limb 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 locomotion data test loading level P4 is based. For this

i is limi o 80 k ich is | ' i aximum body

c) The classification/designation according to EXAMPLE 3 is typical of a lower™ limp prosthetic
device/structure intended to be used for amputees, who are expected to load theirlower limb prosthesis

t a lower level than those amputees on whose locomotion data test loading level P4 is bgsed. For this
Eason the value of maximum body mass is limited to 90 kg, which is 10 kg~above the maximum body
ass of those amputees (80 kg).

All examples of classification/designation illustrated in EXAMPLES 1 t¢ 3 and commented op in a) to ¢)
require the manufacturer to specify, with justification, the conditions ,of'use in his written instrugtions on the
intenfled use of the lower limb prosthetic device/structure.

NOTH The above classifications/designations are also used in the'examples of label layout (see 21.3 apd Figure 30).

21 Labelling

21.1| General
Each|lower limb prosthetic device/structure

a) for which compliance with the requirements of this International Standard is claimed (see 9.1} 9.2 and 9.3)
flor a specific test loading level.'P” (see 7.2) and

b) Which is suitable for lowek limb amputees with a body mass not exceeding a specific value|of maximum

body mass “m” kg accarding to the manufacturer's written instructions on the intended use of|that device,

shall|be labelled in accordance with the classification/designation specified in 20.1. If appropriate, the label
may [nclude furtherinformation 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 intendgd use of the
prosthetic device/structure supplied by the manufacturer with the device/structure.

IS0 10328 - "P"-"m" kg’ A\

*)  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
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21.2 Use of mark "*)" and warning symbol

The mark "*)" behind "kg" shall allow reference to a brief statement on the label that the value "m" stated
specifies the body mass limit not to be exceeded and that further important information on the specific
conditions of use is given in the manufacturer's written instructions on the intended use of the device.

The warning symbol to be used in addition to the mark "*)" shall allow reference to a brief statement on the
label regarding particular limitations of use, e.g. limitations concerning the activity of amputees. This is, for

instance, the case if the stated body mass limit "m" exceeds the body mass limit of those amputees on whose
locomotion data the stated test loading level "P" is based.

Th f Lo KNI <l H | +1 4 4oal i 4la lala el el ANy AY £ . 20 4 d
e use o Ifarn J Al wdaltimy S yriourio mustratcu i Ui 1dUTHTTTUUTTS 4 ) U L) Ul T'Tyulc ou, CUITITTITT I on

in 21.3.

21.3 Examples of label layout

The layout pf the label shall conform to any of the models a) to c) of Figure 30(\Fhe examples of
classificationfdesignation used in these models correspond to those used in EXAMPLES 1°to 3 of 20.2.

— The labgl according to model a) of Figure 30 shall apply to lower limb presthetic devices/strugtures
correspanding to EXAMPLE 1 of 20.2, commented on in 20.2 a).

— The labgl according to model b) of Figure 30 shall apply to lowenYimb prosthetic devices/strugtures
correspgnding to EXAMPLE 2 of 20.2, commented on in 20.2 b).

— The labgel according to model c) of Figure 30 shall apply to;lower limb prosthetic devices/strugtures
correspanding to EXAMPLE 3 of 20.2, commented on in 20:2.¢).

21.4 Label placement

The label shpall be placed on the device and/or on-the packaging for each unit or, where appropriate, gn the
sales packaging. If individual packaging of each:-unit is not practicable, the label shall be placed ip the
information 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)

ISO 10328 - P4-80 kg’

*) Body mass limit not to be exceeded! For further details
see manufacturer's written instructions on intended use!

- J

Model b)

ISO 10328 - P4 - 90 kg 'O V/\ W

*) Body mass limit not to be exceeded!

A For specific conditions andiimitations 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 Ioatliing conditions of the principal (and separate) structural tests specified in the main body-g

International

bending mon

The referenc

Standard are based on internal reference loads, consisting of an axial force (axial compres
nents and a twisting moment (induced torque) indicated in Clause A.3.

e forces and moments act respectively along and about reference lines.

A.2 Moment reference lines

A.2.1 General

The moment

reference lines are those lines about which the moments, specified in clause A.3 act. The

specified as follows using the elements of the geometric system described in Clause 6.

A.2.2 AnkJle moment reference lines

A.2.21 The ankle moment reference line A; is the line\ofintersection of the ankle reference plane (A
the f~u plane

A222 The ankle moment reference line A is'the line of intersection of the ankle reference plan
with the o-u glane.

A.2.3 Knee moment reference lines

A.2.3.1 The knee moment reference line K; is the line of intersection of the knee reference plane (K
the f~u plane

A.2.3.2 The knee moment reference line K is the line of intersection of the knee reference plane (K

the o-u plane.

A.3 Intern

alloads

f this
5ion),

y are

with

e (A)

with

with

A.3.1 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 a right-sided application, the mirror image applies (see 6.1 and Figures 1, 2 and 3). As a consequence,
the moments My, My and M, are positive in the opposite direction.
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A.3.2 Axial force F, (axial compression)

The axial force F|; 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, M,

The ankle bending moment M, is the moment about the ankle moment reference line A,. Positive M, tends

toca

se dorsiflexion at the ankle joint

A.3.3

.2 Ankle bending moment, M ¢

The ankle bending moment My¢is the moment about the ankle moment reference line/A{-Positive

caus

A.3.3

The |
to ca

A.3.3

The
caus

A.3.3

The
dista

b inversion at the ankle joint.

.3 Knee bending moment, M,

nee bending moment M, is the moment about the knee moment reference line K. Positi
Ise extension at the knee joint.

.4 Knee bending moment, M

nee bending moment My; is the moment about the knee moment reference line K;. Positive
b a lateral movement of the knee relative to foot and hip (tends to cause adduction at the kne

.5 Twisting moment (torque), M,

wisting moment A/, is the moment about'the u-axis. Positive M, tends to cause internal r
end of the leg relative to the proximal‘end.

Mg tends to

e My, tends

Mystends to

e joint).

ptation of the

(0}

Table A.1 — Positive internal forces and moments with descriptions of their effegts
Anatomical description Alternative descriptipn
Internal load
Positive load tends to

Axiall force F, compress the leg in its longitudinal direction
Ankle bendingimoment M, | cause dorsiflexion at the ankle joint move the ankle to raise the toes
Ankle bending moment M, | cause inversion at the ankle joint move the ankle to raise the insidg of the foot
Kneg bending moment M, | cause extension at the knee joint straighten the knee

Knee bending moment My, | relative to foot and hip (cause adduction

cause a lateral movement at the knee

at the knee joint) to foot and hip

move the knee in an outward direction relative

Twisting moment M

cause internal rotation of the distal end
u | of the leg relative to the proximal end

twist the leg to turn the forefoot inwards

©1S0
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A
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Af l/_/ >~ fe 3
\>/®/ o P Fs T
B 0
f

left leg
load line
effective pnkle-joint centre
effective pnkle-joint centreline

s ankle moment, My, veference line

1
2
3
4
5 effective knee-joint centre
A
A, ankle moment, Wy, reference line

K; knee moment, My, reference line

K, knee mo%mmW
P top load application point

Py knee load reference point

P, ankle load reference point
Pg bottom load application point

Application of a specific test loading condition | 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 |
[see 7.1.2 a)]
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