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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying-any-or.all such, patent rights.

ISO/TR 22676 was prepared by Technical Committee ISO/TC 168, Prosthetics and orthotics.
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Introduction

This Technical Report is exclusively intended for use in connection with ISO 22675.

This Technical Report offers information that is closely related to the above International Standard but is not
necessarily required for its application.

In order to confine the volume of ISO 22675 to the necessary, information with guidance character has been
separated from it and compiled in this Technical Report.

© ISO 2006 — All rights reserved vii
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TECHNICAL REPORT ISO/TR 22676:2006(E)

Prosthetics — Testing of ankle-foot devices and foot units —
Guidance on the application of the test loading conditions of
ISO 22675 and on the design of appropriate test equipment

1 Scope

This Technical Report offers guidance on:

a) the specification of the test loading conditions of ISO 22675;

b) the design of appropriate test equipment.

The analytical work related to these items would have expanded the length of ISO 22675 without being

directly required for its application. Most of the text of this Technical Report relates to the theoretical and
technical background and the design of the equipment.

2 Guidance on the specification of the test loading, conditions of ISO 22675

21 General

Although the concept of the tests on, ankle-foot devices and, foot units of ISO 22675 differs from that of the
corresponding tests of ISO 10328, the relevant values of loads and dimensions are adopted where possible.
Nevertheless, a few adaptations are unavoidable.

In order to confine the volume of ISO 22675 to the necessary, these and other matters relevant to the

specification of the test loading conditions and test loading levels of ISO 22675 are dealt with in detail in this
Technical Report.

2.2 Directions of static and maximum cyclic heel and forefoot reference loading

NOTE For the meaning of “reference” see also statements under “IMPORTANT” at the end of 2.4.1 and 2.4.2.

2.2.1 Basic relationships and conditions

The specification of the directions of static and maximum cyclic heel and forefoot reference loading is based
on the relationships of a) and the conditions of b) and c) below.

a) According to Figure 1, for any instant of the loading period shown in Figure 2 there is a given relationship

between the test force F and the forces at the foot platform, comprising the tangential (A-P) force
component Fr, the perpendicular force component Fp and their resultant Fg. This relationship is

determined by the angles «, fand y.
The following Equations apply:
a+f=y (1)

p = arctan (F{/Fp) (2)

© I1SO 2006 — All rights reserved 1
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b) The values of the tilting angles y; and y, of the foot platform for static and maximum cyclic heel and
forefoot reference loading are consistent with those specified in 1ISO 10328 for the separate structural
tests on ankle-foot devices and foot units. These values are y; = — 15° for heel loading and y, = 20° for
forefoot loading (see Table 10, Figure 7 and 17.2 of ISO 10328:2006 and Table 8 of ISO 22675:2006).

c) The ratio F{/Fp of the values of the tangential and perpendicular force components at the foot platform
according to Figures 1 and 2 for static and maximum cyclic heel and forefoot reference loading at the
tilting angles according to b) is roughly + 0,15.

NOTE The ratio addressed in c) is based on gait analysis data representative of normal level walking.

2.2.2 Lines of action of the resultant reference forces Fp, and Fg,

The relationships of 2.2.1 a) and the conditions of 2.2.1 b) and c) allow the inclination of the lines of action of
the resultant reference forces Fr4 and Fr, of static and maximum cyclic heel and forefoot reference loading to
be specified as follows:

— from Equation (2) and the condition according to 2.2.1 ¢) g = arctan (Fy/Fp) = arctan (+ 0,15) = + 8,5°;

— from Equation (1) and the conditions according to 2.2.1 b) oy = 4 — 4 = - 15° + 8,5° = - 6,5° and
0.’2=}/2—ﬂ2=200—8,50_ 11 5O

The inclinations of the load lines of test loading conditions | and Il of the principal structural tests of ISO 10328
do not correspond to these values, as the following calculation demonstrates. The inclination of their
projection on the f-u-plane is defined.by Equation (3)!

o = —arctan [(fx — fal(ug — up)] (3)

The specific values of ¢ | calculated with the /- and u-coordinates specified for test loading level PS5 (see
Tables 5 and 6 of ISO 10328:2006) are ¢, = ~ 11,31° and ¢, = 6,52°, Together with the values 3 = — 3,69°
and g, = 13,48° calculated using Equation (1) and the values of y according to 2.2.1 b) they determine the
ratio of horizontal and vertical ground reaction force as

(Fr/Fp), i =tan f y “)

giving the values (F1/Fp), = — 0,064 and (F{/Fp),, = 0,24, which differ considerably from the ratio according to
2.21c).

In order to approach the conditions illustrated in Figures 1 and 2, the inclination of the lines of action of the
resultant reference forces Fgq and Fr, of static and maximum cyclic heel and forefoot reference loading
according to ISO 22675 need to be determined by values of the angles a4 and «, close to those calculated in
the above.

This has been taken into account when establishing the full set of parameters required to specify the test
loading conditions of the tests on ankle-foot devices and foot units of ISO 22675.

Figure 3 illustrates the profiles (curves) of the forces Fp, F, Fr and F as well as the profiles (curves) of the
angles «, fand yas a function of stance phase time.

Apparently, the values of the angles « and g for static heel reference loading or maximum cyclic heel
reference loading at 150 ms after heel contact («y = — 6,18° B, = - 8,82°) and for static forefoot reference
loading or maximum cyclic forefoot reference loading at 450 ms after heel contact (a, = 11,14°; S, = 8,86°)
are close to the values of the angles 4, a, and g calculated in the above (a4 = - 6 5% a, = 11,5° and
p==8,5°).

2 © I1SO 2006 — All rights reserved
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Based on these values, the directions of static and maximum cyclic heel and forefoot reference loading
according to ISO 22675 can be specified in part as follows:

— The direction of static and maximum cyclic heel reference loading is defined as a straight line inclined to
the u-axis by a4 = - 6,18°.

— The direction of static and maximum cyclic forefoot reference loading is defined as a straight line inclined
to the u-axis by o, = 11,14°.

NOTE The angles «; and «a, only determine the inclination to the u-axis of the lines of action of the resultant
reference forces Frq and Fg, of static and maximum cyclic heel and forefoot reference loading according to ISO 22675. In
order to also determine their position, further parameters need to be specified, as for example the coordinates of specific
reference points, through which they pass, as follows.

The different test loading conditions applicable to or particularly developed for ankle-foot devices and foot
units, specified in 1ISO 10328 and ISO 22675, are illustrated in Figure 4 for test loading level P5. This figure
illustrates:

1) the test loading conditions | and Il of the principal structural tests of ISO 10328 (their projection on
the f~u-plane);

2) the loading conditions of the separate structural tests on ankle-foot devices and foot units of
ISO 10328;

3) the directions of static and maximum cyclic heel and forefoot reference loading of the tests on ankle-
foot devices andfootiunits 'of 1ISON2267 5

The directions of static and maximum- cyelic'heel and forefdot reference loading according to 1ISO 22675 are
specified in Cartesian coordinates as in test loading conditions | and Il of the principal structural tests of
ISO 10328.

For consistency at testloading'level P5; the lines of action’of the resultant'reférence forces Fgrq and Fgy of
static and maximum cyclic heel and forefoot‘reference/loading according to 1SO 22675 have the same
Jfa-offsets as in test loading conditions | and Il of ISO 10328 (see Figure 4).

With the values of the f,-offsets at test loading level P5 specified in Table 7 of ISO 10328:2006 the above
requirement allows the complete specification of the directions of static and maximum cyclic heel and forefoot
reference loading according to ISO 22675 at test loading level P5 as follows:

— the direction of static and maximum cyclic heel reference loading at test loading level P5 is defined as a
straight line which passes the ankle level at /a4 = f; = — 32 mm and is inclined to the u-axis by
oy =—6,18°%

— the direction of static and maximum cyclic forefoot reference loading at test loading level P5 is defined as
a straight line which passes the ankle level at fa, = fo; = 120 mm and is inclined to the u-axis by
o =11,14°.

2.2.3 Position of the top load application point P
NOTE 1 The following is in accordance with Clause 6 and Figure 1 of ISO 22675:2006.
For the tests on ankle-foot devices and foot units of ISO 22675, the top load application point Py is the point of

intersection P; of the lines of action of the resultant reference forces Fr4 and Fgr, of static and maximum cyclic
heel and forefoot reference loading specified in 2.2.2.

© I1SO 2006 — All rights reserved 3



ISO/TR 22676:2006(E)

The coordinates fr and ug of the top load application point Py are calculated by determining at first the
functions u4(f) and u,(f) of these lines of action from Equation (5)

u(f) =fx tan (90 — a) + ug (5)
and then determining their point of intersection P; by putting u4(f) = u,(f).

This method provides the following results:

— the functions of the lines of action of the resultant reference forces Fgr, and Fg, are
u1(f)p5 = 9,24 Xf"r 375,53 and uz(f)P5 = - 5,08 Xf"r 689,39,

— their point of intersection is located at P; ps (fi p5 = 22; u; p5 = 578).

The method for determining the functions u4(f) and u,(f) of the lines of action of the resultant reference forces
Frq and Fg, and their point of intersection P; relates to test loading level P5. To apply this method to test
loading levels P4 and P3, adaptations concerning the specific fy-offsets are necessary, as described in the
following.

According to 10.1.2.1 of ISO 10328:2006, “For the principal structural tests on samples of prosthetic structures
including an ankle-foot device or a foot unit [...], the size of the foot selected shall allow the application of load
in accordance with the combined bottom offset Sg specified for the test...”

NOTE2  The combined bottom offset Sy, determines the distance from the u-axis of the bottom load application point
Pg, on the forefoot.

The selection of the correct size of foot (praviding thelcorrect (distance] from the u-axis of the bottom load
application point Pg, on the forefoot determines also the correct distance from the u-axis of the bottom load
application point Pg, on the heel.

Assuming standard proportions for different sizes of feet, the values of Sg, and Sg, should show a similar
scaling. According to the dimensions specified in Table 8 of ISO 10328:2006, this is, however, not the case.
While the values of Sg; decrease from test loading level P5 to test loading level P3, as to be expected, the
corresponding values of Sg, have the opposite trend. (Hence, for test loading levels P4 and P3, the bottom
load application point Pg, of test loading condition | is likely to be located outside the heel portion of an ankle-
foot device or foot unit of the size that provides the correct combined bottom offset Sy, of the load application
point Pg, on the forefoot.)

The same applies, in principle, to the values of the offsets fg);; f5; and fai; fal-

For the determination of the reference test loading conditions for static and maximum cyclic heel and forefoot
reference loading according to ISO 22675 adapted values of f5- and fg-offsets, identified by suffixes “1” and
“2”, can be established by the following conditions, which take account of the configurations described in 2.2.2
and illustrated in Figure 4.

NOTE 3 The offsets f5, and f,, of test loading level PS5 and the offset f,, of test loading levels P4/P3 of
ISO 10328:2006 have been adopted as f,, and f,, of P5 and f,, of P4/P3 without adaptation of their values.

('a, p5 = /i, ps)/(ui, ps — un, ps) = /8, p5 = /i, ps)/(ui, ps — U, ps) (6)
In1, pslin2, ps = /a1, pap3liaz, Pap3 (7)
/81, Ps!fB2, P5 = /81, PaiP3l/B2, P4/P3 (8)
('B2, P5 —/B1, P5)fa2, P5 = /a1, P5) = (B2, P4/p3 —/B1, P4ip3)/ (a2, PaiP3 — /a1 PaiP3) 9)

4 © I1SO 2006 — All rights reserved



ISO/TR 22676:2006(E)

using Equation (6)  fg¢ ps = (- 32 -22)/(578 — 80) x (578 — 0) + 22 = — 41 and
J2, p5 = (120 — 22)/(578 - 80) x (578 - 0) + 22 = 136.
using Equation (7)  faq pap3 =—32/120 x 115 = - 31.

USing Equation (8) fB1, P4/P3[f82, P4/P3 =—-41/136 = - 0,3 or

81, pap3 = — 0,3 x /g2 paps-

USing Equation (9) fBZ, P4/P3 _fB1, P4/P3 = (136 + 41)/(120 + 32) X (115 + 31) =170 or

To2,Pajp3 + 0.3 x f2 pap3 = 1,3 < fg2, pajp3 = 170, giving

fB2, P4/P3 = 170/1,3 =131 and

/81, Parp3 = — 0.3 x fo pajp3 = 39.

Since it is desired that for static and maximum cyclic heel and forefoot reference loading the ratio F:Fp of the
values of the tangential and perpendicular force components (see 2.2.1) is the same for all test loading levels,
the inclinations of the lines of action of the resultant reference forces Fr4 and Fg,, determined by the angles
oy =—-6,18°and a, = 11,14° (see 2.2.2) also need to be the same for all test loading levels.

The point of intersection P; py/p3 of the lines of action of the resultant reference forces Fry and F, for the
specific fy-offsets related to test loading levels P4 and P3 illustrated in Figure 5 in the style applied to Figure 4
can, therefore, be calculatéd lin,'the manner described in thel abovel for/test loading level P5, using the
functions determined by application of Equation (5), modified by a coordinate transformation that regards
parallel shifting determined by the diffefencés

(fa1, P5 = /a1, Pasp3) for uq(f) and (faz pssrifaz, para) fonan(h)-

The resulting coordinates of the point ofintersection P, p4/p3 are

Pi, papalfi, paip3 = 21; uj, pajp3 = 554).
The different positions of the point of intersection P, of the lines of action of the resultant reference forces Fg4
and Fr, determined in the above are dependent on the size of foot determined by the foot length L rather than
on the test loading level. This can be shown as follows.

Assuming again, standard proportions for different sizes of feet, the values of fp,, faq OF (fao +/a1) €an be
expected to show a scaling that is proportional to the size of foot.

Indeed, the scaling of the /- and u-coordinates of P; p5 by the quotient fa, pa/palfaz, ps = 115/120 gives exactly
the same position of P; ps/p3 as calculated in the above.

For test loading level P5 test loading condition Il the most appropriate size of foot meeting the condition of
10.1.2.1 of ISO 10328:2006 quoted in the above is size 26 (foot length L = 26 cm).

Consequently, the most appropriate size of foot meeting this condition for test loading levels P4 and P3 shall
be size 26 scaled by either of the quotients

('a2, Paip3 = /a1, Paip3) a2, ps = /a1, ps) = (115 + 31)/(120 + 32) o

(/s2, paip3 — /81, Paip3)/(fB2, 5 — /a1, p5) = (131 + 39)/(136 + 41),

which give identical values (0,96) indicating size 25 (foot length L = 25 cm).

© I1SO 2006 — All rights reserved 5
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In this relation it is important to realize that straight lines drawn from the points of intersection P; p5 or P; ps/p3
to the points on the f-axis at fg1, ps and fgy ps5 OF fg1, pajp3 @nd fgo, pasp3 determine reference triangles of
identical proportions (see Figure 5).

Since the ratio of f-offsets/foot length L is identical for both sizes of foot, triangles determined by straight lines
drawn from the points of intersection P; p5 or P; pg/p3 to the points on the f~axis determined by the posterior
heel edge and the point of foot of the reference feet of sizes 26 (foot length L =26 cm) and 25 (foot
length L = 25 cm) will also have identical proportions (see Figure 6).

The dependence of the position of the point of intersection P; of the lines of action of the resultant reference
forces Fr4 and Fg, on the foot length L described in the above has been established in the concept of the
tests of ISO 22675 in the following manner.

— The point of intersection P; of the lines of action of the resultant reference forces Fr4 and Fg, of static
and maximum cyclic heel and forefoot reference loading is referred to as top load application point Py. If
appropriate, the dependence of the position of the top load application point P1(f7, u7) on the foot length L
is indicated by the additional suffix 'L" in the form Pt | (ff |, ut ). If appropriate, general suffix 'L' is
replaced by specific values. o '

— The f and u-coordinates determining the position of the top load application point Py are specified in
Table 8 of 1ISO 22675:2006 for a wide range of foot lengths L. In addition, that table includes the
Equations that determine these coordinates for any other foot length.

— As is illustrated in Figure 6, the proportion of the reference triangle described in the above uniformly
applies to all sizes of foot, independent of the test loading level. In principle, this allows ankle-foot devices
and foot units of any size of foob:to bestested at any of the test loading levels(specified.

For feet of different lengths L, positioned within‘the coordinate_system as lillustrated in Figure 6, the related top
load application points Pt | are located on a straight line directed to the origin of the coordinate system. The
distance Dpt between load application points Pr 1 relating to two successive values of foot length L has a
fixed value determined by the Equation

(fT,262 + “T,262)
Dpr = o (10)

which gives a value of Dpt = 22,2.

2.3 Magnitudes of static and maximum cyclic heel and forefoot reference loading

The specification of the magnitudes of static and maximum cyclic heel and forefoot reference loading is based
on the following general condition.

The specific values Fgq, and Fr, of the resultant reference forces Fr4 and Fr, (see Figure 1) are consistent
with the corresponding values F,, and F,, of the test forces F; and F, specified in ISO 10328 for the separate
tests on ankle-foot devices and foot units (see Tables 12 and D.3 of ISO 10328:2006). The specific values
FRr1, and Fg,, of the resultant reference forces Fr4 and Fg, are listed in Table 1.

The specific values F4, and F,, of the test forces F; and F, related to the specific values Fg4, and Fg,, of the
resultant reference forces Fr4 and Fg, (see Figure 1) are determined by the following Equation, derived from
the relationship described in 2.2.1 a):

F1’2=FR1’R2><COSQ1’2 (11)

The specific values F4, and F,, of the test forces F; and F, calculated using Equation (11) for a4 = -6,18°
and a, = 11,14° (see 2.2.2) are listed in Tables 10 and C.2 of ISO 22675:2006.
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Table 1 — Magnitudes of resultant reference forces Fg, and Fro,

Resultant force Related test forces F and F, of the separate tests on ankle-foot devices and foot units
Frip Froy specified in ISO 10328 (see Tables 12 and D.3 of ISO 10328:2006)
Symbol Numerical values for heel and forefoot loading 7 and 7,
at test loading level Py
P6 P5 P4 P3
Heel | Forefoot | Heel | Forefoot | Heel | Forefoot | Heel | Forefoot
N

Frisp, Fisp 2800 — 2240 — 2065 — 1610 —
Frosp Fasp — 2800 — 2240 — 2065 — 1610
FRisu, lower level, Fisu, lower level, 4200 - 3360 - 3098 - 2415 -
FRosu, lower level, Fasu, lower level _ 4200 _ 3360 _ 3098 _ 2415
FRisu, upper level, Fisu, upper level, 5600 - 4480 - 4130 - 3220 -
FRosu, upper level Fasu, upper level _ 5600 _ 4480 _ 4130 _ 3220
Fricmax, Fier 1600 — 1280 — 1180 — 920 —
FRrocmax Foer — 1600 — 1280 — 1180 — 920
FRifin, Fitin 2800 — 2240 — 2 065 — 1610 —
FRrofin Fotin A 2800 — 2240 - " 2 065 — 1610

2.4 Reference test loading conditions of static and cyclic tests

2.41

Static tests

According to the statements of 2.2 and 2.3, the reference test loading conditions for static (and maximum
cyclic; see NOTE) heel and forefoot loading according to ISO 22675 are determined by the parameters listed
in a) to d). (For the meaning of “reference” see IMPORTANT.)

a)

d)

The position of the top load application point P, determined by the coordinates f; and u relevant to the
foot length L of the test sample (see 2.2.3); these are specified as offsets /r | and uy | in Table 8 of
ISO 22675.

The direction of the lines of action of the resultant reference forces Fry and Fg,, determined by the
coordinates of the top load application point Pt [see a)] and their inclinations to the u-axis, determined by
the angles 4 =—-6,18° and a, = 11,14° (see 2.2.2).

The magnitudes of the resultant reference forces Frq and Fr,, specified in Table 1, and the related test
forces F, and F, to be applied in the top load application point Pt [see a)] as illustrated in Figure 1,
determined by Equation (11) for ¢4 = — 6,18° and o, = 11,14°. These are specified in Table 10 of
ISO 22675:2006.

The tilting angles 4 = — 15° and », = 20° of the foot platform for static (and maximum cyclic; see NOTE)
heel and forefoot loading. These are specified in Table 9 of ISO 22675:2006.

IMPORTANT — The inclinations of the lines of action of the resultant reference forces Fgr, and Fg, to the
u-axis addressed in b) are only relevant to the reference test loading conditions of the static (and cyclic; see
NOTE) tests, since the concept of the tests of ISO 22675 allows each sample of ankle-foot device or foot unit
to develop its individual performance under load corresponding to its individual design.
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