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Introduction

1ISO 10328-5:1996(E)

Throughout all parts of ISO 10328, the term prosthesis

externally applied device used to replace wholly, or in pa¥t) a

deficient limb segment.

As a result of concern in the international commbhity about

provide prostheses that are safe in use, and alsorbecause of an|

that test standards would assist the development of better p

series of meetings was held under the aegis’ of the Internatig
for Prosthetics and Orthotics (ISPO)¢The final meeting W
Philadelphia, PA, USA in 1977, at which a preliminary cong

reached on methods of testing and_the required load values.
onwards this work was continded by ISO Technical Com
leading to the development of ‘this series of International Sta
test procedures may nothbe applicable to prostheses of
characteristics different frem those used in the consensus.

During use, a prosthiesis is subject to a series of load actions, §
individually with tithe. The test methods specified in ISO 1032
and cyclic strength tests in which, with one exception, compod

are produced by the application of a single test force.

The static tests relate to the worst loads generated in any 3

cyclicitests relate to normal walking activities where loads oc
with™ each step. ISO 10328 specifies fatigue testing o

components. The tests specified do not provide sufficient daf

actual service life.

The evaluation of lower-limb prostheses and their compone

controlled field trials in addition to the laboratory tests sped

different parts of ISO 10328.

The laboratory tests and field trials should be repeated whe
design changes are made to a load-bearing part of a prosthesis

|deally, additional laboratory tests should be carried out t
function, wear and tear, new material

developments, en

means an
h absent or

the need to
awareness
ostheses, a
nal Society
as held in
ensus was
From 1979
Mittee 168,
ndards. The

mechanical
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ach varying
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ur regularly
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ified in the

h significant
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vironmental

influences and user activities as part of the evaluation procedure. There

are no standards for such tests, so appropriate procedures wil
specified.

| need to be
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Prosthetics — Structural testing of lower-limb prostheses —

Part b:
Supplementary structural tests

1 Scdpe

ISO 10328 specifies procedures for static and cyclic strength tests of lowerdimb prostheses where, with ohe exception,

compouId loadings are produced by the application of a single test force¢Tfie compound loads in the test
to the p

walking.

sample relate

ak values of the components of loading which normally occuf.at"different instants during the stance phase of

The tes{s described in ISO 10328 apply to transtibial (belowtknee), knee-disarticulation and transfemoral (above-

knee) prpstheses.

NOTE —| The tests may be performed on complete structurés, on partial structures, or on individual components.

This parf of 1ISO 10328 specifies structural tests-and test requirements which are additional to thosg specified in

ISO 103p8-3 and ISO 10328-4. The tests, together with their required application, are as follows.

Tesf in torsion All components

Tes|ts on ankle-foot devices All ankle-foot devices as single components, including ankle Units or ankle
attachments

Tegt on knee flexion &teps All knee units and associated parts that provide the flexion stop on a

complete prosthesis

Tedts on kne€vocks All mechanisms which lock the knee unit in the extended positign

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part

of ISO 10328. At the time of publication, the editions indicated were valid. All standards are subject to

revision, and

parties to agreements based on this part of ISO 10328 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently

valid International Standards.

ISO 8549-1:1989, Prosthetics and orthotics — Vocabulary — Part 1. General terms for external limb prostheses and

external orthoses.

ISO 10328-1:1996, Prosthetics — Structural testing of lower-limb prostheses — Part 1: Test configurations.
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ISO 10328-2:

1996, Prosthetics — Structural testing of lower-limb prostheses — Part 2: Test samples.

© 150

ISO 10328-3:1996, Prosthetics — Structural testing of lower-limb prostheses — Part 3: Principal structural tests.

ISO 10328-4:1996, Prosthetics — Structural testing of lower-limb prostheses — Part 4: Loading parameters of
principal structural tests.

ISO 10328-6:1996, Prosthetics — Structural testing of lower-limb prostheses — Part 6: Loading parameters of

supplementa

ry structural tests.

ISO 10328-7:1996, Prosthetics — Structural testing of lower-limb prostheses — Part 7: Test submission document.
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ses of this part of ISO 10328, the definitions given in ISO 8549-1 apply.

torsion

se of test

ply torsional loads to their prostheses which exceed the levels of the twisting moments
rated by test loading conditions specified in 1IS@¥10328-3 and 1SO 10328-4. To ensure the f{
he prosthetic structure and the security of fixations against slippage, a static load in torsion

hl requirements

ents of the respective parts 0f.ISO 10328 shall apply to all the components of a system, f
ankle-foot device.

proof test in torsion

ble the test sample in accordance with the manufacturer's assembly instructions, taking p
htening of bolts which clamp components together.

induced
orsional
hlone is

om the

articular

the test'sample with the knee unit in full extension and with the effective knee- and an
Clause(7 of 1ISO 10328-2:1996) on the u-axis and with all adjustable components in their midp
nnet be established from examination of the sample, then use the manufacturer's written al

kle-joint
sitions.
gnment

recommenda

TOTTS for the prosthesis 1o estabish the midpositions.

4.3.3 Fix one end of the test sample and apply a twisting moment M, to the other end to generate a settling
torsional moment of Mg, as specified in table 6 of ISO 10328-6:1996, about the u-axis. Maintain the settling
torsional moment for a period not exceeding 30 s and then remove it.

4.3.4 Apply the twisting moment M, to generate a stabilizing torsional moment of M g4 as specified in table 6 of

ISO 10328-6:

435 Markt

1996, about the u-axis and maintain it until the markings of 4.3.5 are completed.

he initial relative angular positions at the junctions of all parts.
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4.3.6 Increase the twisting moment M, smoothly at a rate not exceeding 4 N-m/s to generate a maximum
torsional moment of M may, specified in table 6 of ISO 10328-6:1996, about the waxis. Maintain the maximum
torsional moment for 30 s and then decrease it to the stabilizing torsional moment of M stap.

4.3.7 Measure and record the final relative angular positions of the top and bottom components of the test
sample. Complete the final measurement within 15 min.

4.3.8 The test sample shall satisfy the requirements of clause 4 of this part of ISO 10328 and table 6 of
ISO 10328-6:1996 if the relative angular movement between the ends of the test sample after unloading does not
exceed 3°, and the prosthesis or component continues to function safely.

4.3.9 Repeat the test (4.3.3 to 4.3.8) in the opposite direction.

4.3.10 (arry out the complete test on a second test sample, and check that neither fails to comply)yvith clause 4
of this pprt of ISO 10328 and table 6 of ISO 10328-6:1996.

4.3.11 Record the following:

a) the ftightening torque of any joint-clamping bolts which are required to be tightenedto assemble the sample in
the [test configuration;

b) theftime elapsed for testing and for measuring the relative angular movement;

c) thefrelative angular movement.

5 Tests on ankle-foot devices

5.1 Pyrpose of tests

Although, according to subclauses 4.1, 4.2 and 4.3 of }1S@ 10328-2:1996, ankle-foot devices can be tested as part of
test samples or as single components in the test configurations of 1ISO 10328-1 and in the test loadipg conditions
for the grincipal structural tests of ISO 10328-3 at'the relevant test load level of ISO 10328-4, this part pf ISO 10328
specifiep special structural static and cyclic .tests for ankle-foot devices in which the heel and forefopt are loaded
alternately.

These fests relate to ankle-foot degiees and their connections to the remainder of the prosthesig. Any report
relating [to these tests should apply‘only to the ankle-foot device in association with the connections sybmitted.

5.2 Selection and preparation of samples

The anKlle-foot deviceshall be selected in accordance with ISO 10328-2:1996, subclause 5.2. It shall pe submitted
assembled by themanufacturer/submitter and connected to the remainder of the prosthesis, via e.g. pn ankle unit,
alignmgnt deviee; pylon base, flexible structure or exoskeletal member.

5.3 Alignment

The alignment of the ankle-foot device within the coordinate system shall be set in accordance with ISO 10328-1
and 1SO10328-2:1996, subclauses 7.1 and 7.2.

The centreline of the foot shall be turned by O, =7° as shown in figure 1 and specified in table 7 of
ISO 10328-6:1996, to give a “toe-out” position of the ankle-foot device.

The test forces Fy and F, shall be transmitted to the heel and forefoot portion by load application plates which shall
be mounted in a fixed angular position relative to the ankle-foot device and which contain appropriate technical
means that minimize the transmission of transverse forces (see figure 1).
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The angles of the load lines and the load application plates shown in figure 1 shall be as follows (see also table 7 of

ISO 10328-6:

1996):

@uﬂ = @fu1 =15°

Ouf2 = Ofyp = 20°

5.4 Test procedures for ankle-foot devices

The test forc

es are listed and specified in tables 3 and 8 respectively of ISO 10328-6:1996.

5.4.1 Statid

proof test for ankle-foot devices

5.4.1.1 Prepare and align the test sample in accordance with 5.3 and the test submisSion d

(1ISO 10328-7
5.4.1.2 Mo{

5.4.1.3 Incr
specified in t

5.4.1.4 Mai
5.4.1.5 Deg

5.4.1.6 Incr
specified in 1

5.4.1.7 Mai

5.4.1.8 Deg
part of ISO 1
a)
b)

c)

the prog
the test
the test

5.41.9 Car
of this part d

5.4.1.10 Fo

5.4.2 Statiq

NOTE — At

).
nt the test sample in the test equipment as illustrated in figure 1.

pase the test force Fy smoothly to the specified proof test force F; sp Of the relevant test load
pble 8 of ISO 10328-6:1996, at a rate between 100 N/s and 250 N/s.

htain the proof test force Fysp at the prescribed value for 30 s.
rease the test force F to zero and change the direction of loading to 6.

base the test force Fp smoothly to the specified proof testforce Fpsp of the relevant test load
able 8 of ISO 10328-6:1996, at a rate between 100 N/&and 250 N/s.

ntain the proof test force Fg;, at the prescribed value for 30 s.

rease the test force F to zero and check whether the test sample has failed to satisfy clause
0328 and tables 7 and 8 of ISO 10328-6;1996. Relevant failure criteria are as follows:

f load cannot be applied,
sample fractures;

sample fails to function.

y out the complete test,on a second test sample and check that neither fails to comply with
f ISO 10328 and tables~7 and 8 of ISO 10328-6:1996.

[ test samples.that fail, record the load at and the nature of failure in the test report (see ISO 1

failuretest for ankle-foot devices

bst’'sample that has completed the static proof test without failure may be used for this test.

bcument

level, as

level, as

5 of this

clause 5

D328-8).

5.4.2.1 Prepare and align the test sample as required in 5.3 and the test submission document (ISO 10328-7).

5.4.2.2 Mount the first test sample in the test equipment, as illustrated in figure 1.

5.4.2.3

Increase the test force F; smoothly at an initial rate between 100 N/s and 250 N/s until the test sample

fails or sustains the ultimate test force Fig, for brittle failure specified in 5.4.2.4. Record the maximum value of the

test force F;

reached during the test.

5.4.2.4 The test force F; in the direction of loading O¢; which the test sample shall withstand in order to satisfy
the requirements of clause 5 of this part of ISO 10328 and tables 7 and 8 of ISO 10328-6:1996 is dependent upon

the mode of

failure that may occur (see 3.1 and 3.2 of ISO 10328-3:1996).
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The test sample shall satisfy the requirements of clause 5 of this part of ISO 10328 and tables 7 and 8 of
ISO 10328-6:1996 if it sustains the ultimate test force Fqg, for brittle failure or if ductile failure occurs at a load
exceeding the ultimate test force Fqg4 for ductile failure.

The values for Fqg, of the relevant test load level are listed in table 8 of ISO 10328-6:1996.

NOTE — If expressly requested by the manufacturer/submitter or if requested in the test submission document, the static
failure test may be continued, after the test sample has withstood the test force specified in 5.4.2.4 for brittle failure, until
failure actually occurs.

5.4.2.5 Mount the second test sample in the test equipment as illustrated in figure 1. Do not use an ankle-foot
device which has failed the test specified in 5.4.2.2 t0 5.4.2.4.

NOTE —| If an ankle-foot device satisfies the test requirements in one direction of loading, it may be used-foc{he test in the
other dirdction of loading.

5.4.2.6 |Increase the test force Fy smoothly at an initial rate between 100 N/s and 250 N/s Until the|test sample
fails or sjustains the ultimate test force Fyq, for brittle failure specified in 5.4.2.7. Record'theé maximum value of the
test force F, reached during the test.

5.4.2.7 |The test force F5 in the direction of loading Gy, which the test sample\shall withstand in order to satisfy
the requirements of clause 5 of this part of ISO 10328 and tables 7 and 8 of IS© 10328-6:1996 is dependent upon
the modg of failure that may occur (see 3.1 and 3.2 of ISO 10328-3:1996).

The tesf sample shall satisfy the requirements of clause 5 of this\part of ISO 10328 and tabled 7 and 8 of
ISO 103p8-6:1996 if it sustains the ultimate test force Fyg, for brittle failure or if ductile failure occlyirs at a load
exceeding the ultimate test force Fyq, for ductile failure.

The values for Fpg, of the relevant test load level are listed in(table 8 of ISO 10328-6:1996.

NOTE —| If expressly requested by the manufacturer/subnditter or if requested in the test submission documegnt, the static
failure tet may be continued after the test sample has~withstood the test force specified in 5.4.2.7 for brittle failure until
failure acfually occurs.

5.4.2.8 [Carry out the complete test on a second test sample and check that neither fails to comply \vith clause 5
of this pprt of ISO 10328 and tables 7 and 8-6f ISO 10328-6:1996.

5.4.2.9 (If failure occurs, inspect the)'specimen to detect the mode of failure and record the resultp in the test
report (§ee 10328-8).

5.4.3 (yclic test for ankle:foot devices

5.4.3.1 |Prepare and<align the test sample in accordance with 5.3 and the test submission document
(ISO 10328-7).

5.4.3.2 |Mountthe test sample in the test equipment as illustrated in figure 1.

5.4.3.3 LApply—atternately—the—eyehe—test—Foree—F ="+ rmar—Fmm—te—the—heel—arnd—the—eyehe test force
Foc = Fomax — Fmin to the forefoot at a frequency between 0,56 Hz to 3 Hz, in accordance with the test submission
document (ISO 10328-7). If the specified frequency cannot be achieved, then the manufacturer/submitter and the
test laboratory/facility shall agree to a different frequency. Subclauses 7.1.1 to 7.1.5 of ISO 10328-3:1996 shall
apply to this clause.

5.4.3.4 Inspect the waveform of the applied test forces Fi; and Fyp.. Terminate the test if the waveform does not
comply with 7.1.2 of ISO 10328-3:1996.

5.4.3.5 Continue the test until failure occurs or a total endurance of 2 x 108 cycles for both the heel and the
forefoot has been achieved.
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5.4.3.6 At the request of the manufacturer/submitter visually examine all test samples that complete a cyclic test
without failing at x 4 magnification or greater, and record in the test report the presence and nature of any cracks.

5.4.3.7 Subject all test samples that successfully complete a cyclic test to a final static force Fyfi, = Fisp in the
direction of loading @ and to a final static force Fofin = Fpsp in the direction of loading Gy, (Fysp and Fpgp of the
relevant test load level as specified in table 8 of ISO 10328-6:1996) applied at a rate between 100 N/s and 250 N/s.
Maintain the load in each direction for 30 s without failure.

5.4.3.8 Carry out the complete test on a second test sample and check that neither fails to comply with clause 5

of this part o

5.43.9 For

6 Test or

6.1 Purpo
Users can af
test is requir
6.2 Genern

6.2.1 The r{
provide the f

6.2.2 The t
complete prq

f ISO 10328 and tables 7 and 8 of ISO 10328-6:1996.

test samples that fail, record the nature of failure in the test report (see ISO 10328-8).

knee flexion stops
e of test

ply high loads to prostheses in full flexion when kneeling or squattingddeep knee bend). A
bd in order to ensure an adequate level of safety during normal use,
al requirements

exion stop on a complete prosthesis.

sthesis. Parts outside this may be substituted.

quirements of clause 6 of this part of ISO 10328 shallapply to all knee units and associated p

st sample shall consist of the knee unit andassociated parts that provide the flexion st

structural

arts that

Op on a

6.2.3 If the[knee unit can be used in different assemblies, then the test sample assembly shall represent the leg
assembly wiphere the flexion stop point is nearestto the centre of rotation of the knee joint at maximum flexion of
the test sampple assembly.

6.2.4 The test sample construction shallyaccurately duplicate the flexion stop of the normal prosthesis; this may
include the {se of a socket and/or shifi-foot assembly.

6.2.5 |If thejtest sample can be.aligned, the alignment shall be set in the most adverse position.

6.2.6 The tgst sample shall.have extension pieces attached above and below the knee unit and alignedl on the
u-axis and pprpendicularto the effective knee-joint centreline to represent wholly or in part the thigh and $hin (but
see 6.2.4). The exterfsion pieces shall provide an effective length of 400 mm, measured from the effectiye knee-

joint centre {

see figuee 2).

6.3 Static

6.3.1

test for knee flexion stops

until failure occurs or the test sample has sustained the specified loads.

Increase the test force F between the ends of the extension pieces at a rate between 100 N/s and 250 N/s

6.3.2 The static test force Fs, which the test sample shall withstand is specified in table 9 of ISO 10328-6:1996.

6.3.3 Carry out the complete test on a second test sample and check that neither fails to comply with clause 6 of
this part of ISO 10328 and table 9 of ISO 10328-6:1996.

6.3.4 For test samples that fail, record the load at and the nature of failure in the test report (see ISO 10328-8).
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7 Tests on knee locks
7.1 Purpose of tests

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

mechanism during this phase is potentially hazardous. A structural test is required in order to ensure an adequate
level of safety during normal use.

7.2 General requirements for knee locks

7.2.1 Therequirements of clause 7 of this part of 1SQ 10328 shall apply to all knee units—with-a flexion lock
mechanism.

7.2.2 |If|the lock position is adjustable or alignment adjustment of the test sample moves the [oeK’in r¢lation to the
centre of rotation, then the test sample shall be set so that the lock is as close as possible\d ‘the effective knee-
joint cenftre (see 1ISO 10328-2:1996, subclause 7.4).

7.3 Stptic proof test for knee locks

7.3.1 Prepare and align the test sample in accordance with ISO 10328-2 and the test submissidn document
(ISO 10328-7) and set all dimensions in accordance with table 10 of ISO 170328-6:1996.

7.3.2 Mount the test sample in the test equipment.
7.3.3 Apply to the test sample a settling test force
Fsed = 0,8F
where F|. is the cyclic test force specified in table 11.0fISO 10328-6:1996.
Maintair| the settling test force Fget for a period.not exceeding 30 s and then remove it.

7.3.4 Apply a stabilizing test force Fgap =50 N and maintain it until the adjustments and measuremgnts of 7.3.5
are completed.

7.3.5 I} accordance with table 10 of ISO 10328-6:1996, adjust the bottom and top load application leyers until the
ankle and knee offsets (fa andx,of o and ok, as appropriate) are correct.

Measur¢ and record the ifital value of LgT as Lg.

7.3.6 Increase the test force smoothly to the proof test force Fs, specified in table 11 of ISO 10328-6:1996 at a
rate betyveen 100-N/s and 250 N/s.

Maintair} the proof test force Fgp at the prescribed value for 30 s.

E
J

D

N}
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7 3 7 [: oot £ S L £
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7.3.8 Maintain the test force Fsigp =50 N until the measurement of Lgt is completed. Complete the
measurement within 15 min.

Measure and record the inital value of Lgt as L.

7.3.9 Calculate the permanent deformation D, between the bottom and top load application points and record the
value as:

Dy =Lg— Ly
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7.3.10 Check whether the test sample has failed to satisfy clause 7 of this part of ISO 10328 and tables 10 and 11
of ISO 10328-6:1996.

Relevant failure criteria are as follows:

a) the test sample yields or fractures so that the proof load cannot be applied;
b) the permanent deformation D4 exceeds 2 mm;

c) the test sample fails to function safely after unloading.

7.3.11 Carry out the complete test on a second test sample and check that neither fails to comply with clause 7 of
this part of ISO 10328 and tables 10 and 11 of ISO 10328-6:1996.

7.3.12 For fest samples that fail, record the load at and the nature of failure in the test report (see ISO 10328-8).

7.4 Static|failure test for knee locks

NOTE — A tpst sample that has completed the static proof test without failure may be used fop this test.

7.41 Prepgre and align the test sample in accordance with ISO 10328-2, afd the test submission dbcument
(ISO 10328-7) and set all dimensions in accordance with table 10 of ISO 10328-6:1996.

7.4.2 Mourjt the test sample in the equipment.
7.4.3 Apply[to the test sample a settling test force
Fset = O|8F,
where F is the cyclic test force specified in table 11 of ASO 10328-6:1996.
Maintain the|settling test force Fget for a period not exceeding 30 s and then remove it.
7.4.4 Apply|a stabilizing test force Fgap = 50 N'and maintain it until the adjustments of 7.4.5 are completef.

7.4.5 In acqordance with table 10 of ISO)10328-6:1996, adjust the bottom and top load application levers |until the
ankle and knee offsets (fa and fx or oavand ok, as appropriate) are correct.

7.4.6 Incregse the test force Fsmoothly at an initial rate of between 100 N/s and 250 N/s.

7.4.7 Contipue the test ufitiMailure occurs or the applied test force F exceeds the ultimate test force Fg, $pecified
in table 11 o ISO 10328i6:1996. Record the maximum value of the test force F reached during the test.

7.4.8 If the| deformation of flexible parts prevents an ultimate load being attained which exceeds the $pecified

ultimate test fofce'Fs, replace the flexible parts by rigid parts and repeat the test. Record all such substitlitions in
the test repqrtd{see ISO 10328-8).

NOTE — If expressly requested by the manufacturer/submitter or if requested in the test submission document, the static
failure test may be continued after the test sample has withstood the test force specified in 7.4.7 until failure actually occurs.

7.4.9 Carry out the complete test on a second test sample and check that neither fails to comply with clause 7 of
this part of ISO 10328 and tables 10 and 11 of ISO 10328-6:1996.

7.4.10 |If failure occurs, inspect the specimen to detect the mode of failure and record the results in the test report
(see ISO 10328-8).
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