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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

The prdcedures used to develop this document and those intended for its further maintenance|ar
describg¢d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordance>with th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

AR CENY

-

Attentidn is drawn to the possibility that some of the elements of this document may'be the subject d
patent rjights. ISO shall not be held responsible for identifying any or all such patent-rights. Details @
any patént rights identified during the development of the document will be in thejintroduction and/ofr
on the I$0 list of patent declarations received (see www.iso.org/patents).

-

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

For an fexplanation of the voluntary nature of standards, the 4neaning of ISO specific terms an
expressjons related to conformity assessment, as well as information about ISO's adherence t
the Wofld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), se
www.isp.org/iso/foreword.html.

W U =

This dofument was prepared by Technical Committee 1SO/TC 173, Assistive products, Subcommitte
SC 1, Wheelchairs.

4%

Alist of pll parts in the ISO 16840 series can be found on the ISO website.

-

Any feedlback or questions on this document should be directed to the user’s national standards body:. /
completle listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The influence of pressure on the health of skin tissues has been acknowledged for some time: what
used to be called "bed sores" or "decubitus ulcers" became renamed "pressure ulcers" in Europe and
"pressure injuries” in much of the rest of the world. However, in recent years, greater awareness of
other extrinsic factors affecting the health of skin tissues has led to increased reference to the more
general term of tissue integrity. The current pressure injury definition from the 2019 International
Guideline Prevention and Treatment of Pressure Ulcers/Injuries[l] highlights this new understanding.
Pressure injury is referred to in Reference [1] as “localized dnmqu to the skin nnd/nr nn’]er]ying
tissue, as a result of pressure or pressure in combination with shear.” “The tissue damage ocCurs as the
result of intense and/or prolonged exposure to sustained deformations in compression (perpendicular
tio the tissue surface), tension or shear (parallel to the tissue surface), or a combination of thesg loading
modes. The tolerance of soft tissue for sustained deformations differs by tissue type'dnd may also be
C

» o«

ffected by microclimate, perfusion, age, health status (either chronic or acute);comorbidities, and
onditions of the soft tissues”.

The current NPIAP/EPUAP/PPPIA Guidelineslll note the changing views o pressure injury |staging.
qtages 1 and 2 are described as “partial-thickness tissue loss” and havingZthe strongest connedtions to
quperficial microclimate (temperature, humidity, altered pH due to ncontinence), shear, and|friction
dffects. Stage 1 and 2 pressure injuries are also described as ‘outsidein’ skin damagelZl. Stag¢s 3 and
4, Unstageable, and Suspected Deep Tissue Pressure Injury are«ategorized in the Guidelines jas “full-
thickness skin and tissue loss”. Deep tissue injury is an ‘inside put’skin damage, which usually o1figinates
in deep soft tissues subjected to external pressure and shear forces and subsequent deformations
dround the bony prominencesl2l. Suspected deep tissue injury is one of the most challenging gressure
ipjuries for accurate identification: it can present as amxintact non-blanchable red, maroon, of purple
discolouration that can quickly evolve to reveal a fulltissue loss[3]. Current guidelines advise clinicians
ot to think of the numbered stages as linear progtéssion of the wound towards improvement/healing
dr worsening, but rather use the stage descriptions to note the maximum depth of a wound at{a single
point in timel3l.
\
1
ly
q

Vhile the characteristics of an ideal mi¢roclimate (skin temperature and humidity) are stjll being
esearched, it is recognized that there are strong connections between microclimate and frictfion, and
ence surface and internal tissue loads. This is relevant for all pressure injuries, not just the superficial
nesll,

Ik is the materials closest tothe skin, be they clothing, continence products, and/or the materijlls in the
dover of the support surfaee that the person is sitting or lying on that often have the most inppact on
thicroclimate, friction;-and shear effects on the surface of the skin.

qtage 3 and 4, Unstageable and Suspected Deep Tissue, Pressure Injuries affect the deeper layefs of the
dkin and aroundbony tissues and are currently thought to derive from the effects of external pressure,
gxternal shedrforces, and the resulting internal shear stresses and strains.

Both short‘term high pressure and long-term moderate pressures can be harmful for soft|tissues.
Internal>muscular, adipose, and dermal tissue deformations are linked to a multitude of d4maging
€
a

ffects: part1al or total occlusions of mlcrovascular and lymphatlc network, tissue 1schaem1a direct cell
athmation
and necrosis, pH changes in interstitial flulds altered orientation of collagen flbres and subepidermal
separationl2][41(3][6],

Combined effects of shear and pressure can be more damaging than effects of pressure and gravity
forces alone. These effects can be ameliorated or exacerbated by the materials and construction of
support surfaces.

The accompanying effects of shear strain alongside the pressures introduced by the effects of gravity
creating areas of pressure on the body, have a more damaging effect on the tissues themselves, than
pressure alone.

© IS0 2023 - All rights reserved v
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Frequently the terms discussed in this document are misused or confused in general usage. This
document has been created to aid in understanding the differences between the defined extrinsic
elements and their respective effects on human tissues.
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3 Termsand definitions

254842

| Scope

'his document describes common terms related to forces and their effects as expérienced by
odies and their support surfaces. It provides further information on concepts around how thes
ffect the human body's response to postural support systems, and particularly highlights the
f the interface between tissues and postural support devices (PSD) en,the maintenance ¢
htegrity. It provides a general introduction to biomechanical concepts;, phenomena, and voc
'his is intended to facilitate effective understanding and sharing of information between a
isciplines/stakeholders involved in providing equipment to managétissue integrity.

Yepresentative stakeholders include people with a disability, occupational therapists,
herapists, biomedical engineers, nurses, medical and para medical personnel, device manuf3
nd other professionals facilitating development, prowvision, and access to seating and
quipment.

'his document does not provide detailed information that is currently available in physiolog
ooks or scientific literature.

. Normative references

'he following documents are referfed to in the text in such a way that some or all of their
ndated references, the latest.edition of the referenced document (including any amendments)
S0 7176-26, Wheelchairs~</Part 26: Vocabulary

SO 16840-1, Wheelchair seating — Part 1: Vocabulary, reference axis convention and measures
egments, posture.aid postural support surfaces

or thepurposes of this document, the terms and definitions given in ISO 7176-26 and 1SO 1684
he following apply.

human
e forces
b impact
f tissue
pbulary.
range of

physical
cturers,
mobility

jcal text

content

onstitutes requirements of thi§ document. For dated references, only the edition cited applies. For

applies.

for body

.0-1 and

|

U and IEU malntaln terminology datdbdases I0r Use 11 StanddrdlZation at the 10llowing addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31
perpendicular force
force occurring at 90° to an element’s surface

Note 1 to entry: It is measured in newtons (N).
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3.2

shear force

F

S

force occurring parallel with an element’s surface

Note 1 to entry: It is measured in newtons (N).

3.3

pressure

p

force pe|
p=7
where

p

X

A

1M
Note 1 td

3.4
shears
T

shear fofce divided by the area of the element’s surfaceito which the shear force is applied, parallel wit

the slop

T=1

where

T

F

s
A
1M

Note 1 td

3.5
axial st|

r unit area in a direction perpendicular to the surface

I/A

is the pressure (MPa);

is the perpendicular force (N);
is the area (mm?2);

Pa=1 000 kPa.

entry: It is measured in pascals (Pa) or equivalent units.

[I'€SS

e or plane in which it lies

/A

is the shear stress (MPa);
is the shear force (NJ;

is the area (mm#2);
Pa=1000KkRa:

entry: Itis’measured in pascals (Pa) or equivalent units.

ain

=}

normal
£

strain

change of dimension due to the action of pressure

Note 1 to entry: Axial strain is dimensionless.

EXAMPL

E Compressive effects from pressure are illustrated in Figure 1.

© IS0 2023 - All rights reserved
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AVy-y.

A_A_A_A
111

Figure 1 — Axial strain effects from the compressive effect of pressure

.6
hear strain

O~ n 0y

hange in the shape of an element due to the action of shear stress
Note 1 to entry: Shear strain is dimensionless.

Note 2 to entry: See Figure 2.

.,
|
|

—

Figure 2 — Shear strain effects

7
hear modulus

atio of shear stress to shear strain

Lo S N 7 . B S G|

Note 1 to entry: It isu€asured in pascals (Pa).

3.8

iction

rce resisting the relative motion of two objects with surfaces in contact

8.1
tatic friction

riction rorce resisting the imittat Tetattive motion

3.8.2
dynamic friction
friction force resisting the motion while motion is in process

© IS0 2023 - All rights reserved
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4 Effects on human tissues from interaction with a support surface

4.1 General principles

When any surface comes into direct contact with a user’s body, then there will be a number of effects:

a) the skin surface is subject to complex pressure distributions;
b) the pressure distribution gradient at the interface surface, and friction forces, induce internal
tisspe-deformation:
c) tisspe deformation from the skin to the bony prominences produces an overall tissue displacement
with respect to the unloaded tissue condition;
d) tisspe deformation comprises internal axial strain and shear strain:
1) |axial strain and shear strain induce modification of internal blood and lymphatic circulation;
2) |blood vessel occlusion can lead to cellular death due to lack of oxygen and nutrients;
3) |[high levels of cell strain can lead to cellular death due to disruption of\the cytoskeleton.
e) thefe is modification of thermal exchange;
f) there is modification of moisture exchange;
g) thete is influence on the posture adopted by the body.
4.2 Phenomenological description
4.2.1 |General
When a|person sits on a seat cushion, there afe two primary objects in contact with each other, af
shown Il Figure 3: the human body (key 1)»and the cushion (key 2). There can be multiple interfacep
between these two primary objects (e.g. clothes, cushion covers, sheets, continence products, etc).
Gravitafional forces applied to the static human body are transmitted to the cushion through a contadt
surface [whose complex shape candepend on the stiffness and shape of the human body and of thg
cushion] At any location of the contact surface (key 3), a tangential plane can be ideally defined (key 4].
Key
1  human body
2 cushion
3 contact surface
4  tangential plane
Figure 3 — Human body in contact with a cushion
4 © IS0 2023 - All rights reserved
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4.2.2 Pressure and shear

With reference to a given plane, two types of forces can be defined. The force at right angles to the plane
is a perpendicular force. The force parallel with the plane is the shear force. This is described in part a
of Figure 4 where the two objects are simplified as Object A and Object B. In Figure 4, the two objects
are in contact at a common flat surface with an area A.

< w

T
N

e

contact surface
shear force
perpendicular force
pressure

object A
object B
[OTE Object A can representithe skin of a seated person and Object B a support surface under a seated person.

1
4
4
3  shear stress
A
H
\

a  Forces acting on Object’Aand transmitted to Object B.

B Pressure and shear stress acting on the upper surface of a unit volume of Object B at the Object A{Object B
contact surface.

¢  Pressure and-shear stress acting on the lower surface of a unit volume of Object A at the Object Aj{Object B
contact suffaee.

Figure 4 — Forces and stresses acting between two objects.

Vhen the perpendicular force is distributed over the contact surface of area A, the pressuré can be
quantified. When the shear force is distributed over the contact surface of area A, the shear stress can
be quantified, as described in parts b and c of Figure 4. These quantities can be extended also at any
location of a curved contact surface, as local forces per unit area referenced to the local tangential plane

(see Figure 5).

© IS0 2023 - All rights reserved 5
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a b
Key

1 seatpd person

2 cushion

3 pregsure

4 shedr stress

a

Pregsure on a tangential plane at the contact surface (exerted by the cushion on the skin).

o

Shedr stress due to pressure and friction on a tangential plane at the contact(surface (exerted by the cushiop
on the skin).

Figure 5 — Relationship between pressure and shear stresson a tangential plane at a contact
surface

4.2.3 [Friction

With regard to the contact surface of the two boedies, friction produces shear stresses at the locdl
tangent|al plane, depending on

a) thepmount of pressure between the twoisurfaces,
b) thenature of the two surfaces, and
c) thefnvironmental conditions-atithe contact surface.

As sheaf forces on one of two_objects attempt to create relative motion between their two surface;
this creptes static friction initially, which will increase the shear stress forces at the surfaces, leadin
to increpsed shear straip under the surfaces. When the shear forces reach the point where one surfac
starts tp move relative'to the other surface, the friction moves from static to dynamic friction. Th
result will be decreased shear stress at the surfaces, leading to less shear strain beneath the surfaceg,
but abrgsive damage can still occur as the surfaces move over each other.

4.2.4 istribution of strains
Focusin i i IStTi i s

(deformation) is created inside the human body’s soft tissues and inside the cushion, even where
only a perpendicular force is applied to the cushion (as compared with its upper nominal surface
when unloaded). The heterogeneity of the human tissues in combination with the presence of bony
prominences produces complex distributions of strains across the soft tissue layers inside the body.

W WUy <

These deformations can be classified as shear strain, when changes in shape occur (see Figure 2), or as
axial strain, when only dimensional changes occur (see Figure 1 for an example of compression under
pressure). They usually occur together.

Shear strain, together with axial strain, is responsible for the damage to soft tissues at different depths
of the skin layers (epidermis, dermis, fat, connective tissue, circulatory vessels, muscles), due to blood

6 © IS0 2023 - All rights reserved
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vessel occlusion and to cell strain. Mechanisms causing this damage continue to be under s
evaluation.

Simply sitting on a cushion produces complex strain distributions inside the body soft tiss
inside the cushion. Different shear strains occur in the different tissue layers (see Figure 6).

a b
Key
1 perpendicular force
4 pressure
3 shearstress
4  shear and axial strain

3 Before perpendicular force applied.
B After perpendicular force applied.
NOTE Complex strains are developed inside the cushion‘as well as the skin tissues.

Figure 6 — Example of body tissue strains resulting from contact surface stresses when
on a cushion

Vhen an additional shear force(is applied to the part of the body in contact with the cush
in Figure 7) (e.g. by certain construction of a cushion, or by a person’s action of sliding fd
dditional shear stresses are-produced at the contact surfaces: this changes the tissue intern
istributions and can produce an increase of shear strain at certain locations (red blocks, F]
esulting in increased-risk of tissue damage as well as a reduction of strain levels at other 1
green blocks, Figure-7).

e Wl S o W B M S P

023(E)

cientific

ues and

sitting

on (key
rward),
h] strain

gure 7)
bcations
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Key

axia
incr

incr

N O U1 W

incr

Figure| 7 — Alterations of shear strain effects arising from theapplication of an external shear

A furthér element of relevance can be the shear moduliis'of the support surface, in that the harder

materia

that a njuch greater amount of force or stress is required to strain or deform it along the plane of th
direction of the force. The implication is that if the support surface has a lower shear modulus than th
skin tisgues on the support surface, the support surface will take up the greater percentage of shea

strain o

4.3 Clinical implications of support surface cover selection

Skin an

and sactum, tend to be less thanin other areas such as under the femurs along the thighs. Shear force

on the t
The cell
the thic
with de

shedr force
perpendicular force
pregsure

strain
pased shear stress
pased shear strain

pased tissue damage risk

force

is, the higher will be its shear modulus value:*As the shear modulus value rises, this indicate

=0 (D 77O

 deformation.

1 underlying soft tissue'thickness over bony prominences such as ischial tuberosities, coccy3

<

vi

ssues therefore haveless thickness under the bony prominences to dissipate the shear strairf.
5 in this less thick tissue will thus undergo greater individual distortion than the cells withip
ker soft tissue regions when subjected to the axial and shear forces generated following contad
iser surfaces(e.g. bone, seat cushion, back support, etc.) (see Figure 8).

ot
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Key
1 shear force
4 perpendicular force

NOTE Difference in skin and underlying soft tissue thickness under the ischial tuberosities and f
ipdicated in the figure.

Figure 8 — Relative effects of shear strain on less thick tissues-under a bony promineng

hear strain on the adjacent tissues. On the other hand; the support surface cover adjacent to thg
hyers of skin will need to have higher friction elements to prevent the user from sliding off the
4 however, the greater depth of skin (e.g. as indicated in Figure 8 under the femur along the
is more appropriate for distributing the shear'strain over a greater number of cells, thereby
leduced shear strain to each individual celk

]
important: if the support surface covering can move, with the skin at this point, then there wi
q
1

4.4 Measurement of pressure distribution and shear

4.4.1 Pressure mapping

Yome pressure mappingdevices have software that depicts not only the actual pressures mea
dach sensor, but also agradient view which shows the rate of change of pressure from one sens
next. The greater the-gradient, the greater the likely shear strain occurring in the tissues betw
densor’s area of détection and the next, at the surface of the skin.

4.4.2 Shearsensors

o

\ sheaf<sensor detects force and direction of external shear forces that occurs locally betw
densorfand the adjacent surfaces (e.g. the cushion surface, garment, skin, etc.) to which it is ay

Pmur are

e (e.g.

ischial tuberosity) as compared with deeper tissues (e.g.ainder the femur along the thjighs)

'he selection of the support surface materials adjacent €0 the skin covering the bony promirﬂlences is

be less
thicker
surface
thighs)
giving a

sured at
br to the
een one

feen the
plied. A
.

ynitof measure is generally newton, and under appropriate circumstances pascal could be use

When using a shear sensor, certain limitations should be considered (see Annex A).

4.4.3 Pressure and shear modelling

Although not offering direct measures, modelling with finite element analysis has been developed as a
cost-effective way to model in three dimensions the friction, shear, and pressure effects of the human

body’s interaction with a cushion.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Considerations around the use of shear sensors

A.1 Effects on the measurement from the sensor itself

The thigkness and flexibility of the shear sensor should be considered. For precise measurement, th
sensor ghould be sufficiently thin to avoid effects to the measurement by the sensor itself./The senso|
1d be flexible enough to follow the shape of the measured object(s), and to avoid the effects

W = =3 (D

the sensgr itself.

A.2 Slipperiness of the shear sensor surface

The ‘slipperiness’ of the shear sensor surface should be considered. There are two types of sheal
measur¢ment by a shear sensor, one is measurement with no slip‘\between the sensor and the object(s]
and the jother is measurement with slip. When measuring withyno slip, it is appropriate to fix the senso|
to the object(s), and to make slipperiness of the surface of the sensor low.

=

<

S

When nleasuring the shear force between a wheelchair\cushion and a body with no slip, it is appropriat
to fix the sensor to a cushion by a double-faced tapefand to cover the surface of the sensor with a fabri
that is thin and has a high coefficient of static friction. In this case, note that when the slipperines
betweelh two objects is very high, and between.either object and the sensor is very low, the sensor ca
easily bfeak.

(=7 I o I 0}

When njeasuring the shear force with slip, the surface features (i.e. the coefficient of dynamic frictior)
of the sgnsor must be same as that ofithe object(s).

N

When the sensor is placed between an Object A and an Object B, the coefficient of friction of the side @
the sendor which contacts Object A should be same as that which contacts Object B, and vice versa.

When the sensor is fixedto either object (e.g. Object A), the surface feature of only the other side (i.qg.
the surfpce that contaéts Object B) should be considered.

A.3 Aftual sensing area of a shear sensor

To compare ‘the test results pascal should be used as the unit of measure. The unit of measure of A

the actual sensing area of the sensor. The actual sensing area is Where the force is bemg applled Thus,
for example, when part of the sensing area is not in contact an object, the actual sensing area becomes
smaller. Otherwise, the actual sensing area is equal to the sensing area of the sensor.

A.4 Cabling

To take the raw data from a sensor, usually a cable is used to connect the sensor to an external circuit.
When the cable is in contact with an object, a pull force on the object might occur. To minimize this
adverse effect, one method to consider is using a flexible/stretchable cable. Another method to consider
is to cover the sensor cable area with lubricant materials to minimize friction from the cable. Embedding
a cable into an object is one way to minimize the adverse effect.

10 © IS0 2023 - All rights reserved
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