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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 techni

cal

committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in the wo
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters
electrotechnical standardization.

rk.
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The procddures used to develop this document and those intended for its further maintenance
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for
different {ypes of ISO documents should be noted. This document was drafted in accordance jwith
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may. be the subjec

list of patent declarations received (see www.iso.org/patents).

name used in this document is information given for the convenience of users and does
an endorsement.

anation on the meaning of ISO specific terms and expressiohsrelated to conformity assessme
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Introduction

Three major factors contribute to foot design:

a) shape and size;

b) strength requirements;

c) functional performance.

WhCl C

—| a) is obvious and defined by the footwear,

—| b) is specified in ISO 22523 referring to ISO 22675 (but is not suitable for usé7as a guide for the
selection of a specific ankle-foot device or foot unit in the prescription of andndividual lpwer limb
prosthesis), and

—| ¢) is addressed in this Technical Specification.

The AOPA group of ISO/TC 168 members between 2006 and 2009 €artied out work on a method to

replace design criteria for prosthetic ankle-foot devices with cempliance criteria which |would be

applicable to both jointed devices and unjointed devices with-elastic elements. In 2010, thg working

group “Testing” convened in Seattle, Washington and decidedto-work on a standard, based on the work

of
wh
an

Th
to

ing
an
qu

In
in

h
orfe

the AOPA group and other international groups. The vision statement was: “To develop 3
ich describes quantitative methods to evaluate or assess key performance indicators of
kle-foot devices which are correlated to measurable prosthesis user benefit.”

e subsequent work on this task has made it clear that it consists of (at least) two elemer]
develop a standard which describes quantitative methods to evaluate or assess key pel
icators and secondly, to investigate and attempt to establish the correlation between these
1 relevant measures of prosthetic usef)benefit. This Technical Specification describes

hntitative methods to evaluate or assess key performance indicators.

following definitions apply in inderstanding how to implement an ISO International Sta
r normative ISO deliverables (TS, PAS, IWA).

“shall” indicates a requirement
“should” indicates.arecommendation
“may” is used-ta’indicate that something is permitted

“can” is used to indicate that something is possible, for example, that an organization or
is able to)do something

B.34 ‘of the ISO/IEC Directives, Part 2 (sixth edition, 2011) defines a requirement as an “e
[lie-content of a document conveying criteria to be fulfilled if compliance with the docume

standard
brosthetic

ts: firstly,
-formance
measures
solely the

hdard and

ndividual

xpression
nt is to be

claimedand from wiich o deviation 15 permitted:*

In 3.3.2 of the ISO/IEC Directives, Part 2 (sixth edition, 2011) defines a recommendation as an
“expression in the content of a document conveying that among several possibilities one is recommended
as particularly suitable, without mentioning or excluding others, or that a certain course of action is
preferred but not necessarily required, or that (in the negative form) a certain possibility or course of
action is deprecated but not prohibited.”
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TECHNICAL SPECIFICATION

ISO/TS 16955:2016(E)

Prosthetics — Quantification of physical parameters of
ankle foot devices and foot units

1
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reflerences, the latest edition of the referenced document (including.any amendments) applieg.

IS(
IS(
IS(

3
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3.1
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ph
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3.3

ful
ph

Scope

icators of prosthetic ankle foot devices.

- each method, the set-up and test configurations are described. Also included|is a
rfameters which are derived or calculated from the recorded data.

Normative references
ispensable for its application. For dated references, only the edition cited applies. Fo

10328, Prosthetics — Structural testing of lower-limb prosthéses — Requirements and test i
22523:2006, External limb prostheses and external orthoses — Requirements and test meth

22675:2016, Prosthetics — Testing of ankle-foot devices and foot units — Requirements and te

Terms and definitions

" the purposes of this document, the folewing terms and definitions apply.

el, mid-foot and toe characteristics
ysical parameters to describe the response of the ankle foot device under load after hee
d stance and prior toe off

l-over characteristics
ysical parametets+to describe the sagittal plane properties of the ankle foot device relevz
fient during stance-phase

1 contaet' motion
ysical\parameter to describe the angular range of motion of the shin where the heel and the

coptact with the ground simultaneously

-formance

variety of

e following documents, in whole or in part, are normatively refereficed in this document and are

 undated

nethods
Dds

5t methods

| strike in

int for the

toearein

3.4

torsional characteristic
physical parameter to describe the rotational response of the ankle foot device under load and
additional torque in transversal plane

3.5

frontal plane characteristics
physical parameter to describe the frontal plane response of the ankle foot device during roll over on
four different tilted ground angles in frontal plane

©lI
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4 Symbols and abbreviated terms

Symbols and abbreviated terms are those used in ISO 10328 and ISO 22675.

5 Requirements

To determine comprehensive ankle foot device performance and to claim compliance with this
Technical Specification, all parameters shall be quantified and the strength requirements specified in
IS0 22523:2006, 4.4, shall be met.

If an ankle foot device allows for different adjustments on key performance indicators;-the
manufactyirer/submitter shall define the settings relevant for quantification. To claim compliance.wfith
this Technical Specification, all parameters shall be quantified in the specific adjustments) and the
strength fequirements specified in ISO 22523:2006, 4.4, shall be met.
Samples for the quantification shall be from the same production batch as those for strength testing
If not othqrwise specified in this Technical Specification, the test preparation as described in ISO 10328
or ISO 22675 shall apply.
NOTE The order of tests given in Table A.1 minimizes the effort for test setup and configuration.
6 Setup conditions
Use the cgordinate system and test configurations specified in'I1SO 22675:2016, Clause 6, except P is
located at|700 mm height on a line which is located at midfoot and parallel to the u-axis.
The test methods specified are defined for a prosthetic foot of size 26 cm and appropriate for a 70|kg
amputee.
For all thq described test methods, a force momentsensor shall be positioned above midfoot and at the
height of 300 mm, see Figure 1.
In order o quantify the influence of compliant components between knee and ankle foot device, the
force moment sensor is positioned at atheight of 500 mm.
A displacgment sensor rigidly connected to the force moment sensor parallel to u-axis shall be used to
record vertical displacement (sg).
An anguldr sensor rigidly eonnected to the force moment sensor perpendicular to u-axis shall be uged
to record fthe torsional angle (o).
Using the [data acquified by the sensors, the following characteristics shall be calculated.
— Stiffnpss at.static plate angle Dy = (AFy/A sy)
— Leverjarm length at static plate angle 1= (Mo/Fy)

NOTE Calculations in ranges of F, < 10 % Fymax to be considered carefully because of noise.
— Lever arm length changes at static plate angle Als=1-1y
— Effective foot length at tilting plate Al =1I-h
— Full contact motion at tilting plate Aa = az-01
2 © IS0 2016 - All rights reserved
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— Energy at static plate angle
— Torsional stiffness
— Torsional angular range

— Effective foot width at tilting plate

ISO/TS 16955:2016(E)

E=[FyAsy
Do = (AMy/Aay).
Aau = AauZ'Aaul

Alye = 1p-Ih

700

500

2L

Figure 1 — Setup

7 | Quantification
7.1 Heel, mid-foot andtoe characteristics

7.1.1 Procedure

Pefrform the cquantification of the heel, mid-foot and toe characteristics using the gdometrical
copfiguration 'of foot and foot platform described for loading in ISO 22675:2016, 13.4.1.3, using plate

angles of %7,5° and 10° in addition (see Figure 2).

is de51gned The loadlng and unloadmg t1me shall be w1th1n (1 +0,1) s.

Figure 3)
oot device

Perform the quantification of mid-foot characteristic as stated above but with the foot plate horizontal
(0°) and the peak force in the loading profile (see Figure 3) in accordance with 200 % (1 373 N) of the
maximum body weight for which the ankle foot device is designed. The loading and unloading time

shall be within (1 + 0,1) s.

© ISO 2016 - All rights reserved
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Fuy

t

The loading profile shall be a sinusoidal wave with the peak at the specified load.

Figure 3 — Loading profile

7.1.2 Dhta collection and calculations

Higure 2 — Heel, mid-foot and toe characteristics (tilting angle of foot platform)

| lFu | lFu | lFu | lFu | lFu
y ( . ¢ _ ( - ( y (
M, M, M, M, M,
I S| IS o | Isu . IS oo
2 - = = 2
<
(=) <
2 S = S 2
g — = "~
1/2L 1/2L 1721 1721
L L L L
-15° -15° 0° 10° 20°

During the testy-weftical displacement (sy), vertical force (Fy) and outward moment (M,) shall|be

recorded.

Using thisldata the fn”nv\ling characteristics shall be calculated (cnn alsg Tabhle 1)

© ISO 2016 - All rights reserved
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Table 1 — Heel, mid-foot and toe characteristics

Test Parameter Measured signal/Calculated
value

F

u

BW

1) Stiffness A/

SU
1
2) Lever arm length at Fy max
|
I’_/ FU
1
Heel and toe |3) Lever arm length changes
|/ FU
MO
4) Moment
t
FU
5) Energy
SU
FU
2BW
1) Stiffness [
SU
1
Mid-foot 2) Lever arm length at Fymax
|
— £
FU
3) Energy /ﬁ

%]

7.2 Roll-over characteristics

7.2.1 Procedure

Perform the quantification of the roll-over characteristics (see Figure 4) using the geometrical
configuration of foot and foot platform and the loading profile described in ISO 22675:2016, 13.4.2, except

— applying the force of F1cmax between the plate angles -15° and +20° (see Figure 5), and

— the duration of the loading profile shall be within 600 ms + 10 %.

© IS0 2016 - All rights reserved 5
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700

500

Fu

1721

Figure 4 — Roll-over characteristics

7.2.2 Dhtacollection and calculations

7

Figure 5 — Loading profile and foot platform angle

LAL 1 1

: ~ -c 1 . c 1. (.2 b 1L Vi 3 - 3 - hY 11 R
Durlng th: LESL, TOUL PIdatIOTNIT AITEIC (U], VETLILATTOILE [Ny ) d1IIU OUlwdl U TITUIICTIU (Vg ) SIIdIT DE TTLUTU d.

Using this data the following characteristics shall be calculated as shown in Table 2.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=d5aa612c3bb1d0dc5760eebccaa685b8

ISO/TS 16955:

Table 2 — Roll-over characteristics

Test Parameter Measured signal/Calculated value
1 ‘
1) Effective foot length i/
="
a
Rollover
7
2) Full contact motion //
=T
o

7.3 Torsional characteristic

7.3.1 Procedure

Perform the quantification of torsional characteristics using the geometrical configuration

in [7.1.1 (mid-foot characteristics) except that the vertical foree '(f/y,) is applied at a consta

ac¢ordance with 100 % of the maximum body weight (687 N)d{orwhich the ankle foot device i

ure 6).

ly a torsional moment of =15 Nm to +15 Nm while the foot is under maximum load (Figur

The torsional moment time shall be within (10®1) s.

iE

2016(E)

described
ht level in
5 designed

b 7).

0
y. IS”
o
2
(=]
3
MU
/.
1/2L

Figure 6 — Torsional characteristics
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Fuy

732 D
During th
Using thig

Figure 7 — Force and moment profile

hta collection and calculations

b test, torsional angle (ay) and torsional moment (M) shall be recorded.

data the following characteristics shall be calculated as shown in Table 3.

Table 3 — Torsional characteristic

Test

Parameter

Measured Signal/Calculated Value

Torsion

1) Torsional stiffness

2) Torsional angular range

7.4 Fropntal plane characteristics

741 P

Perform t
profiles d

rocedure

he quantificatien of the frontal plane characteristics (see Figure 8) using the setup gnd
pscribed in\Z:2.1, except

— the tilting plate is tilted statically in the frontal plane in addition to the tilting movement in

sagitt

al-plane,

— the heetdumm

— the frontal angle is set in an angle of +5° and in an angle of +10° to quantify the medial and lateral

chara

cteristics,

— the joint in the top load application point is blocked against rotation about the u-axis.

© ISO 2016 - All rights reserved
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7 ( ] ®
M, M. ||
. Isu +—C Isu
(=] S
= =
= S
[¥a} (¥a)
i ;é /TA
N>
121 1/7TW !
! W
a) Sagittal b) Frontal

Figure 8 — Frontal plane characteristics

Fy

/ '

Figure 9 — Loading profile and foot platform angular range in sagittal plane

7.4.2 Data collection and calculations
During the test, foot platform angle (a), vertical force (F,) and forward moment (Mr) shall be recorded.

Using this data the following characteristics shall be calculated as shown in Table 4.

© IS0 2016 - All rights reserved 9


https://standardsiso.com/api/?name=d5aa612c3bb1d0dc5760eebccaa685b8

ISO/TS 16955:2016(E)

Table 4 — Frontal plane characteristics

,\ |
- O

8 Accessories

8.1 General

Torsion adapters, shock absorbers, ankle units and other functional components can be testéd by dojng
a comparison test.

8.2 Pragcedure
Run the tgsts specified in Clause 7 using a relevant foot and the functional component.

Repeat the tests without the functional component.

8.3 Redults

Compare the results in order to quantify the functional influenge of the component to the relevant fdot.

10 © IS0 2016 - All rights reserved
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Annex A
(informative)

Quick reference

Table A1 — Quick reference

Testa Test profiles Parameters Measured signal/Calculated
value
F
1) . 2) ,
1) Stiffness 2 T;F’
2) Lever arm length ” S
3) Energy 3) EL
SLI
Fu
7.1 ) F, ,
7.1 1) Stiffness 1) s // 4)
: 2}, Lever arm length < Q,[
S, I
3) Leverarmlength | 5 11 5) ﬂ
changes = -
4) Moment
3) 1
5) Energy ‘7F
Fu
1) Torsional stiffness
7.3 i
M t 2) Torsional
angular range
t
FU
1) Effective foot
) m_, length R IT — A1 L
a l 2) Full contact 2N V4 .
/ motion - « a
t
FU
[\, 1w
74 1) Effective foot 10
£ a t width /—F—>
=~ a
74, 400 |
t

a  The order of tests given in this table minimizes the effort for test setup and configuration.

© IS0 2016 - All rights reserved 11


https://standardsiso.com/api/?name=d5aa612c3bb1d0dc5760eebccaa685b8

ISO/TS 16955:2016(E)

Annex B
(informative)

Three dimensional locus of force contact point on foot-sole

The force contact point, fcp, (f1, u1, 01) is calculated as the cross point of line A (screw line calculated
from the putput of 6-axis load cell) and line B (swing foot plate suriace) shown in Figure B.T a). JThe
origin is on the centre of 6-axis load cell. Locus of the point (f1, u1, 01) is corresponding to but not.eqpal
to the “roll-over shape” used by References [1] and [2]. The “roll-over shape” is the locus of cep-[cenfre
of pressure) on the foot-sole in sagittal plane.

The force|F and the moment M measured by a 6-axis load cell are positioned on the dentre of the lqad
cell, and #@re equally transformed to the force F and the moment Mp on the screw line shown| in

Figure B.4. The 6-axis load cell should be closely positioned to the foot for higher\resolution.

M= Mp +M, (H.1)
M =|a-F (M, / [F) (H.2)
M_ =, xF (M, LF) (83)

(F—F )//IE' then
(F-rf)xF=0 (H.4)

From Forinula (B.2) and Formula (B.3), Formula (B.4) is transformed to Formula (B.5):

FxFYM+(a-F)=0 (B.5)

Formula(@isthescrewlineA,whereFz(f,u,o)t,ﬁz(F F F )t,1\7l=(Mf,Mu,Mo)t

f>o"u’o

From the felation of Férmrula (B.6), a is calculated from Formula (B7):

M-FE (M &M,)-F=M, -F=a-F-F (B.6)
M-E_MF. +MF +MF
d=—= 112 uzu Zuu (-7)
F-F Ff +F; +F;
From Formula (B.5) and Formula (B.6), the screw line A on each plane is expressed as follows.
— Sagittal plane (f-u plane) fF, —uF; -M_ +aF =0 (B.8)
— Frontal plane (u-o plane) uF_ —oF, — M +aF; =0 (B.9)

When the 6-axis load cell is positioned as shown in Figure B.1 b), the screw line A on the sagittal plane
is expressed as Formula (B.8) in which fis changed to f - f;. This should be applied to Formula (B.10).

12 © IS0 2016 - All rights reserved
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In Formulae (B.11), (B.12) and (B.13), f{t) should be changed to f{t)-fa. In Formula (B.13), f1(t) should be

changed to f1(t)-fa.
The equation of line B (swing foot plate) is expressed as Formula (B.10) from Figure B.3 and Figure B.4.

u
TAL
u=tan6 - f —u; - [— + fTA’LtanQJ

cosO

Then, line A and line B in sagittal plane are expressed as the function of time (¢).

(B.10)

Li

Lix

F(&)F, () —u(t)F, (£) = M, (£) + aF, (¢) = 0

e B:

u(t) = tan0(¢) - f(£) —uy () - [#S(Lt) + fTA’LtanO(t)J

From Formulae (B.11) and (B.12),

By
lod

Sci

By
thd

F(E)F, (t)—tanO(t) f(£)Fp (t) +uy (E)Fp(t) +

[ Urp L + fTA,Ltane(t)J Fe(t)-M_(t)+aF (t)=0

cosO(t)
then,
—uy (£)F (£) - [sz—g&) + fr A‘Ltane(t)J Fe(t)+ M (t) - aF, (t)
f1 (t) =

F(t) - tan6(t)F (t)

substituting f1(¢) for f(£) inEgrmula (B.12), u1(t) is determined, and the locus of the point (|
us of the force contact point on the foot-sole in the sagittal plane is fixed.

ew line A in the fronfal plane (u-o plane) is expressed as Formula (B.15) from Formula (B.

(B.11)

(B.12)

(B.13)

(B.14)

1, u1), the

B).

u(t)F, (t) — o(LJE)(¢) — M, (t) + aFy (£) = 0

o u

substituting u1(t) for u(t) in Formula (B.15), 01(t) is determined, and the locus of the point
threedimensional locus of force contact point on foot-sole is fixed.

(B.15)

| f1, u1, 01),

shown in

OZE of the calculated results of three dimensional locus of force contact point on foot-sole is
Fidure B.5

© ISO 2016 - All rights reserved
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