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Foreword
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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.
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Introduction

Seated persons exposed to whole-body vibration carry a risk for musculoskeletal problems such as low-
back problems and for spinal degeneration which is most likely increased by unfavourable postures.
However, the biomechanical mechanism of this increase is not fully understood.

It is therefore necessary, as a first step, to determine the posture and ergonomic environment of a
seated person with special focus on the spine.

This document is offering a collection of ideas on how to measure postures which are dynamic. To this
end, this dJocument summarizes descriptive quantities that

— are likely to be relevant for the assessment of adverse health effects due to whole-bodyrvibratjon
and upfavourable seated posture,

— can bg determined using a variety of methods,

— are irf] accordance with the description of static, unfavourable seated posturés-as far as angleg of
body pegments are concerned, and

— include additional information, e.g. the presence of arm- or backrests.

The wholg¢ set of quantities and conventions used can be reported in order to

— facilifate the comparison of seated postures,

— be able to compare different methods for the determinatién-of the seated posture, and

— permjt further investigation, e.g. in biomechanical laboratories, on the basis of the determined
seatefl postures.

Due to lipnitations of the applied assessment methods, it might be necessary to combine differgnt
methods in order to be able to report a completelist of quantities.

This docujment does not specify sampling strategies or evaluation methods.

vi © IS0 2022 - All rights reserved
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Mechanical vibration — Description and determination of
seated postures with reference to whole-body vibration

some of the approaches described here can be applied to standing or recumbent positions,
considerations are likely to be required in these cases.

NOTE1  This work is closely related to International Standards which focuis.on static postures (IS

or pn radiologically accessible landmarks, i.e. points on the body (ISO 8727[2]).

Additionally, this document deals with dynamic postures where body angles or associated nj

ar¢ determined visually or by measuring points on the skin ot ¢clothing.

NOTE 2  Nevertheless, ISO 8727[3] and 1SO 112264l put forward principles for further extensions

defermination which are followed in this document, in particilar for measurements of body angles.

Thiis document does not specify sampling strategiés or evaluation methods.

2 | Normative references

Thiere are no normative references in this document.

3 | Terms and definitions

No| terms and definitions dre listed in this document.

: H : v £ ists, safety
engineers) for determination of postures for a seated person who is exposed to whole-bedy
It Is the intention that the results of different methods can be easily related to these(guan
that they allow for a common terminology between practitioners. The focus of this docwment
a dollection of ideas on how to measure postures in practice. The postures detérmined cg
used as a basis for further investigation or as a means of comparison for differeht methods

vibration.
tities and
is to offer
n also be
Although
hdditional

D 11226041

ovements

of posture

ISQ and IEC maintain®erminological databases for use in standardization at the following addiresses:

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

—| IEC Electrnopedia: available at https://www.electropedia.org/

4 | Description of posture quantities

4.1 General

This clause summarizes the description of measurable quantities used in Z2. The basis of the

descriptions is the points on the body as shown in Figure 1.

4.2 Points on the body

With the help of the points on the body presented in Figure 1, lines and planes can be defined, which
in turn define a posture. They are chosen in such a way that their position in space is relevant for the

strain on the spine.

© IS0 2022 - All rights reserved
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Aline between two points is represented by the respective normalized vector, v;. A plane is represented

by three points and a normalized vector, v, perpendicular to that plane.

Their angles with respect to the coordinate system can in turn be correlated to movements of parts of
the spine that are considered to be independent from one another.

A general vector in the coordinate system described in Clause 6 is represented in Figure 2.

Having defined suitable points on the body, two markers for optical measurement systems determine
a line, v}, and three markers are needed for a plane, Vpl- Triaxial accelerometers, on the other hand,
combined with, e.g. gyroscopes or magnetic sensors, offer a possibility to measure a (local) line, v,, with
only one densor unit.

® 8

®9

@10

11 12

Key
1 leftlatleral canthus 7  T; (spinous process)
2 lefttrdgus 8 L; (spinous process)
3 right tfagus 9  L; (spinous process)
4 leftactomion 10 Lg (spinous process)
5 rightacromion 11 left greater trochanter
6  C, (spinous process) 12 right greater trochanter

Figure 1 — Sketch of the human body with landmarks, i.e. points on the body that can
be monitored if using a marker-based measurement system

2 © IS0 2022 - All rights reserved
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Key
a | Toward the head.

b | Toward the left-hand side.
¢ | Anterior.

Figure 2 — Cartesian coordinate system for a general vector, v

Experiments that do not measure the absolute posture in space; but a relative posture, can p
reﬂ;erence (the upright standing or seated posture) in the Cartesian coordinate system of (|
orgler to be able to transform their data later.

4.3 Inclinations and axial rotations

To[more easily understand and visualize the inclination and axial rotation convention, the 1
consider reviewing Clauses 5 to 7.

=}

rovide the
lause 6 in

eader can

Onfce the posture of a part of the body is defined by a vector, v, its sagittal inclination can be defined by

XZ

the angle 6, of the projection of v.ofrto the xz-plane and the Z-axis, as given by Formula (1):

VX

Xz _
incl = arctan—z
1%

Thiis is shown in Figure.3 a). A sagittal extension is given by v¥ < 0. The lateral inclination

ac¢ordingly by the angle of he projection of v on to the yz-plane and the Z-axis, as given by Foi
y
14
0% = arctanv—z

Here,£he sign of v determines left and right lateral inclination.

ey

is defined

mula (2):

(2)
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The effect
matrix to
effects ca

rotation iJ

If v is @

parallel t¢ z, then v’ = D(6,¢p)v defines the vector v’ which in this document is always chosen to

orthogonz

This defin
scalar pro

X =an

This is illu

~

Y

Sagittal inclination of a vector v b) Rotation of a vectotv

Figure 3 — Sagittal inclination and rotation of a vector v

s of inclinations on a given vector v;ot parallel to z can be described by applying a rotd
that vector D1 (Q,gb)v'mt =v., Where 6, ¢ are the polar angles of v, .. Consequently, 1

1 be eliminated by the inverse rotary matrix v, =D(60,@)v},. . This is used to describe ax

rot -
hdependently from inclinations.

he rotation axis around which another unit vecto¥ v is rotated, and if v;ot =D(60,0)V.o

1 to v'rot and z, see Figure 3 b).

es the rotation angle of v around v, , independent from inclinations, with respect to y by {

duct given by Formula (3):

ccos(v’-y)

rot;

strated in Figure 3 b).

\ry
he

ial

is
be

he

les

Annex A gives examples for-the application of these definitions to different body segments. Ang
pertinent|to different body-segments are shown in 7.2.2 to 7.2.10.

4.4 Symbols

C;to G, vertebrae of the cervical spine

D rotary matrix

L; to Lg vertebrae of the lumbar spine

N normalization constant

T, toTyy vertebrae of the thoracic spine

th, Is subscripts indicating the thoracic and lumbar spine

v=AB vector between points A and B

v = (V¥ v, vZ) vector, represented by its Cartesian coordinates

4 © IS0 2022 - All rights reserved
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v'=Dv vector without influence of inclination

Xy z unit vectors of the Cartesian coordinate system parallel to the X, Y and Z axes
X angle between two vectors

6, ¢ polar angles, the Z-axis of the coordinate system as polar axis

5 Biomechanical background

:2022(E)

5. General

Thiis clause provides the biomechanical background for the selection of relevant quantities wi
to the spinal load of seated persons subject to whole-body vibration.

5.2 Spinal segments

In prder to describe the spinal load as closely as possible, the range ofmotion of different p3
splne in inclination and axial rotation can be considered. A summaryfs)given in Table 1 which
that the lumbar, thoracic and cervical spine show different mobility and can, therefore, I
separately.

Table 1 — Maxima and minima of spinal tolerances towards movement
according to Reference [6]

th respect

irts of the
indicates
e treated

Type of movement Maxima (vertebrae) Minima (vertebrae)

Sagittal inclination Co/Cyq, C4f€s, Ly/Ls, L /Sy To/T1o

Lateral inclination C1/CyC,/Ty, L3/Ly Ts/ T

Axial Rotation C1/Cy, T1p/Ly Ts/Tg

NJQTE C,isthe occiput.

Due to the large mobility in the cervical spine (vertebrae C; to C;), it is more feasible to dg
mqvement by the position of thé-héad (sagittal and lateral inclination, axial rotation).

pscribe its

Thie thoracic spine (vertehraeT; to T;,) is separated from the lumbar spine by a distinct minimum for

all|types of movement./Therefore, the axial rotation, sagittal inclination and lateral inclinat
thoracic spine are inyvestigated separately.

Thie lower part 6f)the lumbar spine is closely connected to the pelvis. The forward and
tilfing of the pelvis leads concomitantly to the lordosis or kyphosis of the lumbar spine (ve
to |Ls). This‘is‘an additional degree of freedom which has already been addressed in ISO 11
for] the other'degrees of freedom of the lumbar spine, it is sufficient to measure the sagittal 3
indlination, since the axial rotation is negligible for the seated person.

ion of the

backward
‘tebrae L,
22641, As
nd lateral

5.3 Body segments apart from the spine

Appendicular body segments (i.e. the upper and lower limb) are known to affect the biomechanical
response of the seated body. The position of the lower limb can affect the apparent mass and
transmissibility as can the position of the upper limb. For drivers, the position of the upper limb can be
dictated by the nature of the driving task, the nature and position of controls. The position of the lower

limb can be dictated by the presence of pedals, the seat height, and upholstery in the vehicle.

In order to fully describe the position and loading on the spine of the seated subject, one can co

nsider the

position of all body segments as this affects the position of the centre of mass which the musculoskeletal

system is required to support.

© IS0 2022 - All rights reserved
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5.4 Other quantities

Detailed segmental positions alone do not fully describe the loading on the body. For example, one set of
segment angles could be stable or unstable depending on whether a seat was present or not. Similarly,
they do not allow for a description of the biomechanical response as it is known that the presence of a
backrest affects the apparent mass and transmissibility.

6 Coordinate system

In mostc

ses the person isseatedinavehicle with the pncifinn ofthe pplvic inthe seat pm'nfing forwa

d.

Because t
might not
standards

appropriate transformations can be necessary.

A suitable
unit vectd
is vertica
Y-axis of t|
greater tr
the spine

NOTE 1
Within the

If the pel

with the pelvis. This might be the case, e.g. when the driverds leaning out of the window or is driv

backward
transforn]
old and nd

NOTE 2
the seated

systems can be associated with each other by(a ynitary transformation.

NOTE 3

line with the vehicle coordinate systen.

he direction of the seat might not correspond to the direction of motion of the vehicle, thé)s
have a clear front (e.g. a stool) or the coordinate systems used in other whole-body vibrat
, e.g. 1SO 2631-1[1] and ISO 5805[2] does not match this coordinate system; conSequen

coordinate system resembles an external polar coordinate system. It consists of orthogo
rs X, y, and z. The vector x is fore-aft at the pelvis; y is lateral and left)at the pelvis an
at the pelvis (see Figure 4). For upright seated persons, the vector 2 opposes gravity. T
he coordinate system is parallel to the Y-axis of the pelvis, given by the'line that connects {
pchanters. This coordinate system is the basis for all variables concerning the movements
Hescribed in Clause 7.

The line that connects the greater trochanters is not necessarily the rotational axis of the pel
levels of accuracy of this document, this is acceptable.

is orientation does not correspond to the seat orientation, the coordinate system rota

s for a longer time. Then, the coordinate system-can be transformed in such a way that {
ed coordinate system’s new Y-axis is again parallel to the Y-axis of the pelvis and the angle
w Z-axis is minimal. If there is spinal axial\rotation, the origin is defined at the pelvis.

In this case, the transformed coordinate system does not correspond to the coordinate system
person in the measurement standardfor whole-body vibration (see ISO 2631-1[11). Both coordin

In many cases, additional transformations are necessary when the seat coordinate system is nof

bat
on
ly,

hal
1 z
he
he
of

fes

ng
he
of

of
hte

in
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NO

7
Wi

In

information, e.g. angles‘of body segments, see 7.2; for other information which can be collecte

to

7.1
Th

.1 General

X

TE The Y-axis is parallel to the line that connects the grxeater trochanters (circles).

Figure 4 — Cartesian coordinate system for a seated person

Characterization of postures

len reporting quantities determined, it is important to report clearly the conventions used

order to characterize ‘a’posture, the quantities in this clause can be determined. For
Hescribe the ergeniemic environment, e.g. whether arm- or backrests are present or not, se
2 Posturalkinformation

ere are-four types of degrees of freedom describing the posture (see Figure 5):

Inclination, flexion, rotation and torsion.

postural
d in order
P 7.3.

©lI

The inclination [see Figure 5 b)] is the change of an angle from the reference posture angle (zero-

neutral-posture 0°), [see Figure 5 a)].

The flexion [see Figure 5 c]] is the difference of two inclinations (upper inclination mi
inclination).

nus lower

The torsion [see Figure 5 d)] is the difference of two rotations with respect to one axis (upper

rotation minus lower rotation).

SO 2022 - All rights reserved
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00

WP

3 &61

<@ 0,

N

a) Neutral O posture b) Inclination a c) Flexionf (a;-a;) d) Torsion y (8305

Figure 5 — Degrees of freedom describing posture

7.2.1 Apgles of body segments

This subclause describes angles of body segments (see Table 2) with respeé¢tto the coordinate system
defined i Clause 6. The sign of inclination/flexion angles is positive when the inclination/flexjon
resembleq a clockwise movement.

Each body segment is represented by a line between two points ‘6n the body of the person as|in
1SO 1122¢4]. These points are palpable landmarks on the skin or the surface of the clothing in accordance
with ISO $727[3]. Transducers or markers can be fixed at thesé points or alternative techniques can|be
applied sych as goniometry, video or visual analysis to proyide equivalent data.

These bodly segment angles might continuously or periodically change during a measurement. The
nature of movement can be described.

Figure 1 gresents a sketch of the human body, together with a possible set of points for the descriptjon
of the moyement of the respective body segménts. The latter are summarized in Table 2.

Table 2 — Body segmentsand their movements as described by the position
of attributed-points of the body according to Figure 1

Bpdy segment Movement/angle Necessary points

Sagittal inclination of the head 1to3

Lateral inclination of the head 2to3

Head/cervical spine Sagittal flexion, extension of the neck 1to7

Lateral flexion of the neck 2to7

Neck torsion 2to5
Sagittal inclination of thoracic spine 6,7
Thoracic spine taterat iu.\,}.iuatiuu of thoractespine 6,7
Position of the backrest 6,7

Back torsion 4to 10

8 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=1fe8a76cb0e257b736aad0d8508ae16c

ISO/TR 10687:

Table 2 (continued)

2022(E)

Body segment Movement/angle Necessary points

Sagittal inclination of the lumbar spine 9to 10
Lateral inclination of the lumbar spine 9to 10
Sagittal flexion of the back 6to 10
Lateral flexion of the back 6to 10

Lumbar spine -
Back torsion 4to12

Position of the backrest 8,10
Sagittal inclination of the back 4 to 10,
Curvature (kyphosis, lordosis) 8 to"10)
Lateral tilt 11,12
Pelvis

Axial rotation 11,12

Body angles that are listed in Table 2 are described in 7.2.2 to 7.2.16. Inythe case of simultaneous

mqvements, the descriptions have to be adapted accordingly.

7.2

For a person in an upright standing posture, the line between-the lateral canthus and ¢t

.2 Sagittal inclination of the head

he tragus

(pgints 1 and 3 in Figures 1 and 6) is used for describing th€ head inclination. Looking straight ahead

is
by

pogpitive angles and vice versa.

7.2.

represented for the reference position 0°. The inclination{of the head in the sagittal plane

the deviation of this line from the reference position\(see Figure 6). Looking downward

Figure 6 — Sagittal inclination of the head

3 Lateral inclination of the head

e 1ine that is orthogonal to the line between the left and right tragus (points 2 and 3 in

is defined
results in

Figures 1

g posture

thls line is declared for 0°. Lateral 1nchnat10n of the head is the deviation of thls line from the reference

position in the lateral plane (see Figure 7). Angles to the right hand side of the person are positive and

vic

©lI

e versa.
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v < < <
Figure 7 — Lateral inclination of the head

7.2.4 Sjgittal inclination of the thoracic spine

The line hetween the third thoracic vertebrae (T3) and the seventh cersical vertebrae (C;) (pointy 7
and 6 in Fjgures 1 and 8) is used for describing the reference position @2 in an upright standing postulre.
Sagittal ifclination of the thoracic spine is a deviation of this linefrom the reference position in the
sagittal plane. Forward angles are positive and vice versa.

o
] 00 h
\\ I
/
+ /

)}

Figure 8 — Sagittal inclination of the thoracic spine

7.2.5 Lateral inclination of the thoracic spine

The line between the seventh vertebrae of the cervical spine (C;) and the third thoracic vertebrae (T;)
(points 6 and 7 in Figures 1 and 9) is used for describing the reference position 0° in an upright standing
posture. Lateral inclination of the thoracic spine is a deviation of this line from the reference position in
the lateral plane. Angles to the right-hand side of the person are positive and vice versa.

10 © IS0 2022 - All rights reserved
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A A
7 I '

Figure 9 — Lateral inclination of the thoracicspine

7.2.6 Sagittal inclination of the lumbar spine

Thee line between the third lumbar spinous process (L;)<nd the fifth lumbar spinous process (L)
(ppints 9 and 10 in Figures 1 and 10) is used for desctibing the reference position 0° in gn upright
stgnding posture. Sagittal inclination of the lumbar spine is a deviation of this line from the|reference
popition in the sagittal plane. Forward angles are positive and vice versa.

Figure 10 — Sagittal inclination of the lumbar spine

7.2.7 Lateral inclination of the lumbar spine

The line between the third lumbar spinous process (L3) and the fifth lumbar spinous process (L)
(points 9 and 10 in Figures 1 and 11) is used for describing the reference position 0° in an upright
standing posture. The lateral inclination of the lumbar spine is a deviation of this line from the reference
position in the lateral plane. Angles to the right-hand side of the person are positive and vice versa.

©1S0 2022 - All rights reserved 11
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7.2.8 S:

This angl
(@) - ay) 3

Figure 11 — Lateral inclination of the lumbar spine

pgittal flexion of the neck

e is described as the difference between head and thoraci¢inclination in the sagittal plgne
s shown in Figure 12.

Figure 12 — Sagittal flexion of the neck

7.2.9 Lateral flexion of the neck

This angle is described as the difference between head and thoracic inclination in the lateral plane
(a; — ay) as shown in Figure 13.

12
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Figure 13 — Lateral flexion of the neck

7.2.10 Neck torsion

Fol a person in an upright standing posture, the line betweén the left and right tragus (points 2 and 3
in Figures 1 and 14) is defined as the reference position for‘rotational movement of the head. Also, the
ling between the left and right acromion (points 4 and &.n Figures 1 and 14) is defined as the|reference
pogition for the axial rotation of the thoracic spine. Fhe neck torsion is given by the angle fifference
befween the axial rotation of the head and the axialxotation of the thoracic spine (a; - @,). Thiis leads to
a tprsion within the cervical spine. Axial rotation-to the right hand side is positive and vice vdrsa.

/ 00 00 .\

rigure 14 — NeCK torsion

7.2.11 Sagittal flexion of the back

This angle is described as the difference between the inclination of thoracic spine and the inclination of
lumbar spine in the sagittal plane (a; - a,) as shown in Figure 15.

©1S0 2022 - All rights reserved 13
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Figure 15 — Sagittal flexion of the back

7.2.12 Lateral flexion of the back

This angl¢ is described as the difference between the inclinationof thoracic spine and lumbar sping in
the latera| plane (@; - a,) as shown in Figure 16.

Figure 16 — Lateral flexion of the back

7.2.13 Back torsion

For a person in an upright standing posture, the line between the left and right acromion (points 4 and
5 in Figures 1 and 17) is defined as the reference position for the axial rotation of the thoracic spine.
Also the line between the left and right greater trochanter (points 11 and 12 in Figures 1 and 17) is
defined as the reference position for the axial rotation of the lumbar spine. The back torsion is given
by the angle difference between the axial rotation of the thoracic spine and the axial rotation of the
lumbar spine (a; - @,). This leads to a torsion within the thoracic spine. Axial rotation to the right hand
side is positive and vice versa.

14 © IS0 2022 - All rights reserved
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0° 0°

—

Figure 17 — Back torsion

.Y

7.2.14 Curvature of the lumbar spine (kyphosis, lordosis)

Thie curvature of the lumbar spine is given by the angle between the first, third and fifth lumbgr spinous
processes (L, L3 and Lg). The curvature is kyphosis, if the angle opens toward the front of the person
(sde Figure 18), and lordosis if the angle opens toward the back of the person.

10

Figure 18 — Curvature of the lumbar spine (kyphosis)

7.2.15 Lateral tilt of the pelvis

Because, in most cases, the location of the pelvis is in the seat, when the driver is, for example, leaning
out of the window, the pelvis is tilted. The tilt angle is given by the line between the greater trochanters
and the horizontal axis (see Figure 19). Leaning to the left results in negative tilt angles.

In this case, the coordinate system (see Clause 6 [Coordinate system]) changes.

© IS0 2022 - All rights reserved 15
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Figure 19 — Lateral tilt of the pelvis

7.2.16 Axial rotation of the pelvis

If the pelyis is rotated on the seat surface, the coordinate systém (see Clause 6 [Coordinate system])
changes. The axial rotation angle is given by the line betweerhe greater trochanters and the horizonftal
axis (see Figure 20). Axial rotation to the left hand side leads to negative axial rotation angles.

Figure 20 — Axial rotation of the pelvis

7.3 Other information

7.3.1 General

Other information provide sufficient data to understand internal and external loading on the body. This
can be split into body support, controls and external loading. For example, the angle of the legs can
affect the pelvis and trunk posture. The consequences of this information on the posture of the upper
and lower limbs can be described (see 3.3).
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7.3.2 Body support

Each contact point supporting the body can be described.

— Feet: flat on floor/on heels/free hanging/on pedals.
— Seatpan: angle, length of contact and seat pan shape

— Seatback: angle, height of contact and seat back shape

— Headrest: contact/no contact.

—| Armrest: no/yes (dimensions).
—| Grip: grab rail/steering wheel/joystick/other.
—| Other.

7.3.3 Controls

Primary controls can be described. Primary controls can change duting different phases jof a work
cy¢le. Foot controls are controlled by the feet; hand controls are controlled by motion of the arm or
wilist; finger controls are controlled by motion of the fingers.

—| Foot controls: control type, continuous/intermittent/operation, (legs stretched? no/yles).

—| Hand controls:  control type, continuous/intermittent operation, (arms stretched? no/Jyes).
—| Finger controls: control type, continuous/intermittent operation, (arms stretched? no/jyes).
—| Other.

A yecord of the position of the controls with respect to the seat can be valuable.

7.3.4 External loading

External loading can come from items mounted on the body. Some of these items are d¢signed to
regtrict body movement (e.g. harnesses, some protective equipment). Where appropriate, the masses
of these items can be reported.

—| Harness: seatbelt/harness type.
—| Protective equipment:  helmet/body armour/buoyancy aid/other.
—| Equipment: pack/weapon/tools/other.

—| Othexr

8.1 General

The posture of persons can be determined in a variety of ways. Some of the most common methods
are described here but this list is not comprehensive and does not impede innovation. Several methods
described here require specialized measurement equipment.

8.2 Optical methods
Optical methods have been applied to assess posture simultaneously with whole-body vibration in the

laboratory and in the field as shown e.g. in References [7] and [8]. Generally, they measure the position
of markers on the surface of the skin or clothing of the test person. Dedicated cameras and software can
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be used to track these markers and determine the relevant angles. One problem with optical markers
is that complex software is needed to evaluate results from multi-camera measurements. Some optical
systems cannot be used outdoors during the day.

8.3 Ultrasonic sensors

Ultrasonic sensors determine the propagation of ultrasound via the skin and deduce information on
posture by comparing the actual signal to a set of reference positions (leaning in the backrest, forward
inclination, etc.; for an example see Reference [9]). The choice of these reference positions determines
the number of quantities that are accessible and the connection to the definitions of this Technical
Report is more difficult.

8.4 Elertro-goniometers

Electro-g¢niometers measure segment angles directly using devices which are mountedracross a joint.
They can pe obscured from view and do not require cameras. Some problems with electro-goniometers
include the bulk and routing of cables for multiple measurement sites and pgtentially erronequs
measurements if the device is unable to bend freely.

8.5 OtHer transducer-based methods

Other trapsducer-based methods include: gyrometers, magnetometefs and accelerometers which qan
be fixed o the surface of the skin or clothing. For examples see References [10], [11] and [12]. Usually,
the exact position in space is not accessible, but a relative one, e.g:the angle of a transducer with respgct
to gravity, which gives access to the relevant angles. A combination of transducers can provide a full
measurenpent of posture.

8.6 Vispal methods

Visual mgthods determine the posture by predefined categories, e.g. as described in References [13],
[14] and [[L5]. They can be used for postures which do not require continual monitoring (e.g. a driyer
who alteiinates between several posturakpesitions such as driving, loading, reversing) by using
goniomet¢rs to measure segment angles'for example postures. Video recording can then be used|to
measure the time in each posture and to synchronize these with vibration events.

9 Measurement errors

Measurenpent errors can beconsidered for any selected measurement system. Systems are calibrated
and validated for systermatic and random errors as well as calibration drift for measurements in the
environment of intergst. Marker-based systems might have a high accuracy under laboratory conditigns
which cannot be replicated under field conditions. In many cases, a precision of #10° might be suffici¢nt

Even und¢rthe most ideal conditions, the description of the complex movement of the human spine|by

— The resolution of a single vertebra is not possible.

— The effect of muscles and connective tissues is not described. Therefore, the actual load on the spine
can be different for the same measured posture.

— The ball and stick model of the spine on the basis of the considerations in 5.2 cannot represent all
degrees of freedom (e.g. curvature of the cervical spine).

— Consequently, some of the assumptions made in Clause 7 might not be valid (e.g. the coplanarity of
the shoulders, C; and Tj).

18 © IS0 2022 - All rights reserved
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In particular for measurements of body angles, the external transducers are
— fixed at palpable landmarks (ISO 8727[3]);
— closely related to the body segment in focus (ISO 11226[41);

— not too close together to avoid measurement errors (1SO 11226[41).

ISO/TR 10687:2022(E)
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Annex A
(informative)

Examples for the application to different body segments

A.1 General

This annd

x shows the application of the descriptive posture quantities to different body ségmierts.

In Table A.1, the movements monitored for each body segment are summarized, together With the

definition

All quant
Clause 6
descriptia

Figure A.
definition

5 of their respective angles.

ties are defined by the angles of a vector within an appropriate coordinate system (see
Coordinate system]). In the examples, the seven vectors defined are needed for a minirmal
n of the quantities in Table A.1.

| provides a sketch of these vectors and the 12 points from Figufe' 1 that are used in their

NOTE

Correlated vectors are represented by arrows. Details are given in A.2 to A.5.

Figure A.1 — Overview of measured points on the body from Figure 1 which are represented by

20
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Table A.1 — Quantities of parts of the body that are described in 5.2

Body part Quantity
Designation Definition Prerequisites
Lurr_lbar Sagitta_l incli- 6 —arctanl—); Vis :ﬁLSLl (Extension vjg <0)
spine nation Is z
Vis [Formulae (1), (A.2)]
-~ y
Lumbar Lateral incli- - 1—
spine nation 6;)” =arctan - s = Lsly [Formulae (2), (A.2)]
IS
X
Lumbar Support by Vis,backrest 1—
spine backrest O backrest = =arctan——-—— Vis :NLSLl [Formulae\(A.2),|(A.3)]
Vis
Xls,curv =arccos(v15'1 'vls,Z) Vg1 =—Lel3 5 v =_gq
s, 7 Vs,
-umbar Lordosis lordosis: v >0 N N
spine C sl or projections on to sagittal plane
kyphosis: vjg; <0 [Fermulae (A.1), (A.4)]
1—
Pelvis Lateral tilt E—Gpelvis Vpetvis = ﬁtr t= (Lepelvis Ppkivis )
2 [Formula (A.5)]
Pelvis | Axial rotation %—% elvis Voelvis = (1Opelvis Fpelvis ) [Formila (A.5)]
[horacic | Sagittal incli- 0%  arctan Vih Vth Z%T3C7 (Extension vg|<0)
spine nation th z
Vi [Formulae (1), (A.6)]
. . . y
[horacic | Lateral incli- Vi 1
spine nation 6, =arctan—= - Vih =NT3C7 [Formulae (2), [A.6)]
th
. v 11—
Flslgirﬁglc Sgggg;sliy st = arctan th.;mn v =y T3C7 [Eormulae (A.3)](A.6)]
Vth
S , Vin = (L0 0tn ) Vsh =5l
Oracic | Axial rotation Xth :arccos(vs}1 -y) ¢
spine D (6, ,9th )Vsh = Vsh
[Formulae (A.6) to (A.9)]
5 =15 pase =1 efe
ji _N » Vbase _N J
. . . P = Rv..
Head Sagltta.l incli 9head — arctan Jhead head Ghead (0) head = Vbase ij
nation . .
Viead 6)%,4 (0)=6;% 4 for the upright gtanding
person looking straight ah¢ad
[Formulae (1), (A.10), (A.11), (A.12)]
. y -
Head Latera} incli- 07"  —arctan “Vhead Vhead = Vbase ® Yjj
nation head VE [Formulae (2), (A.10), (A.11)]
D (6, ,9th )Vsh = Vsh
Vhead = (1,6head »Phead )
Head Axial rotation Xhead =arccos(v;j -v;h)

po = L
jj =y )7

D(6head »fhead )v]']' =v
[Formulae (A.6) to (A.8), (A.10) to (A.14)]
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A.2 Lumbar spine

For the lumbar spine, the positions of L;, L; and Lg are monitored which gives rise to the following
vectors (Figure A.2):

1 -
Vis1 ZﬁLng ) Vis,2 ZNL3L1 (A1)

1 1—
Vis :N("lsa +vls,2)=ﬁL5L1 (A.2)

where N i$ the relevant normalization constant, the vector length.

Xls,curv

a) Lordosis b) Kyphosis

NOTE Measured vertebrae (L, L and Lg) are répresented as filled circles that define two vectors (black
arrows foy vig; and v|g,). Their sum v is a derived quantity and therefore printed as a dashed arrow. The

sufficient driterion for a lordosis v ; >0 [see a)}and kyphosis v ; <0 [see b)] is illustrated (origin of coordinpte
system shifted to Lg).

Figure A.2 — Representation(of the lumbar spine (black circles) resting on the pelvis (empt)
circles)

~

The sagittal inclination and’lateral inclination of the lumbar spine are defined with the help of v}, gnd
Formulael(1) and (2)§ssee Figure 3 a) and Table A.1. The angle of the maximal sagittal extensipn,

Bisbackres] » IS EIVEH BY Vg pacirest When the lumbar spine is supported by the backrest:

X
\%
Xz \ Is,backrest
Bs backfesy =arctan — (A[3)

VTS
where Vigpackrest <0 (see Table A.1).

In order to describe the lordosis, however, the following angle is determined by:

le,curv = ar'Ccos(vls,l “Vis,2 ) (AA’)

between vy  ; and vy, , as well as the sign of vjg; (see Figure A.2). A finite value of y| ..., is a lordosis for

vis1 >0and a kyphosis for vig; <0. This definition assumes that v,; ; and vy, lie in the sagittal plane.

Otherwise, the projections on to the sagittal plane can be used.
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A.3 Pelvis

The Y-axis of the pelvis determines the Y-axis of the coordinate system (see Clause 6 [Coordinate
system]) and is the reference for the axial rotation angle of the thoracic spine (5.2 and A.4). Therefore,
one determines the Y-axis of the pelvis in all cases when it is not parallel with the side-to-side direction
of the vehicle, e.g. when the driver is leaning out of the window.

The normalized vector of the pelvis line in y-direction, between the left and right greater trochanters,
t], tr, is

1
—trtl=(1,6 A.5
N ( (A.5)

Vpelvis = pelvis '¢pelvis )
Thi lateral-tilt 6
thg
tilt
sy
Sir
ba
ing

elvis and axial rotation angle ¢, of the pelvis are derived from thepolar
 pelvis line, when z defines the polar axis. When these two angles deviate from /2 then th
ed to the side or rotated and the coordinate system is transformed (Table A Clause 6 [C
tem]).

angles of
e pelvisis
oordinate

echanical
nd lateral

ce the lower part of the lumbar spine is closely connected to the pelvis (Clause 5 [Bion]
kground]), the forward and lateral tilt of the pelvis can be monitoréd also by the sagittal g

linations of v, ; in Formula (A.1).

At Thoracic spine

Thie sagittal and lateral movements as well as the position of the backrest for the thoracic
defermined by means of Formulae (1), (2), and (A.3) in the same way as for the lumbar spine (]
Thie reference vector is now defined by the upper partof the thoracic spine, Figure A.3 a):

spine are
[able A.1).

1 -
vth :NT3C7 (A6)

In

pl;
wi
an

paddition, the axial rotation of the thoracic spine is determined by the rotation angle y,,, off
| defined by the shoulders and Tsy'around vy, It is assumed, that all four points (shoulders,
Lhin this plane. The shoulder line-is defined by the normalized vector between the right sh
d the left shoulder, sl:

Vsh :Nsrsl

S

Onle way to determine yx,, is to turn all vectors in pl,;, by means of the rotary matrix D(60

an

Applying D(6};,,¢.1,) to v,y leads to a transformed vector that lies parallel to z as described in 4

DOy, ,9en ) Vsh =Vsh

the plane
T;, C;) lie
oulder, sr,

(A7)

$n)- The

cles 0,;, and gy dre the polar angles of v, and illustrated in Figure A.3 b) with z being the polar axis.

1.3:

(A.8)

b a WAPAY - AY 4
U\Vth »%th JVth "¢ =1

The same transformation leads to a transformed vector of the shoulder line that is parallel to the xy-
plane and

Xith = arccos(vsh : y)

is the rotation angle of the thoracic spine [see Figure 3 b), Figure A.3 a), and Table A.1].
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Sr plth eth
|
|
171
/
/
|
\\
T3
X N
- /
/
Dy, Y
v
I —
pelvis ~~ X
tl
a) Correlated vectors b) Polarangles

NOTE The filled circles in a) are the measured vertebrae, C;, T3, the left and vight shoulder, s, sr, and the Jeft
and right greater trochanters, tl, tr. Black arrows indicate the correlated vecters vy, Vgp, and vps. The plane ply,
is defined by (sl, sr, T3); b) highlights the polar angles ¢, 6,;, of a given vg; (Z-axis is the polar axis).

Figure A.3 — Representation of the thoracicspine and of the pelvis

A.5 Cernvical spine

The load and posture of the cervical spine is mainly determined by the position of the head which is
described| by a plane of the base of the skull pl;..q or any other parallel plane. This work refers to the
left and right tragus, jl, jr, and to the cornef of the left eye (eye) to define

1 — 1-
i —N]r]l, Vpase :Nﬂ eye (A.10)

which in furn give rise to

Vhead [~ Vbase ® Vij = (&Bread »Phead ) (A11)

where 6y {4 and @3} are the polar angles of v ., when z is the polar axis, Figure A.4 a).

The vectqr vy X is the reference vector for the head and defines the lateral flexions by means| of
Formula (2);-see Table A.1 for the definition of the sign. For the sagittal flexion (positive sign) qnd

extension (negative sign), the reference angle 0,4 (0)[i.e. the value of Formula (2] for an upright
standing person looking straight ahead] is subtracted from Formula (1):

X
Vhead

el)l(gad =arctan ;i - eﬁ(gad (O) (A.lZ)
Vhead

The axial rotation of the head is determined in a similar way to the axial rotation of the thoracic spine.

Here, the angle between vj and the shoulder line v, is calculated. In order to eliminate the effects of

flexion and extension, vj; and v, are transformed into v;; and vg, which are orthogonal to z. For v,
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this is defined in Formula (A.8). For vj;, the same rotary matrix D(6},c,q,®head) is used that transforms
V}eaq to lie parallel to z:

’

D(6head Phead )vjj =Vj

(A.13)
D(6hcad »Phead ) Vhead "2 =1
The vector v]f]- is parallel to the xy-plane and the rotation angle of the head is
Xhead =arccos (v]-]- Ve ) (A.14)

.

¢}

the angle of the head with the transformed shoulder line, Figure A.4 b).

o
|
|
|
Z Q
RN
Y Vg,
.\?
Ve
///
sl Xhead
a) Position of the head b) Angle of the head

NOTE The filled circles in a) are the corner of the left eye, eye, the left and right tragus, jl, jr, and fhe left and
right shoulder, sl, sr. Black arrpws’indicate the correlated vectors vy, vy ... from which v, is derived (dashed
arfow). The plane pl,.,q is defined by (jl, jr, eye); b) shows v .4 paraﬂel to the Z-axis and the rotation gangle xc.q4-
The vector triple in the middle’between a) and b) depicts the external coordinate system for both figufes.

Figure A.4 — Representation of the head and the shoulder line
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B.1 Generat

This anng
as an outd
restsont
for static
[5], one ad

The main
angles of
These rar
cases, the
holding ti
additiona

In additign to the avoidance of awkward body angles, the uinderlying standards point out tl

constrain
exposure

effects ar¢ also discussed in the assessment of comfortl®2], The inclusion of dynamic effects is theref
a possibility to improve this quasi-static assessmerit in the future. The measurement of dynar
posture, gngular deviations in various environments were reported by Amari et all18],

B.2 Angle definitions

B.2.1 H

There ard small differences between 1SO 112264l and this Technical Report in the definition of 1

Annex B
(informative)

Assessment of health effects

x proposes a possibility to assess musculoskeletal health effects such as low back proble
ome of a combined exposure of posture and whole-body vibrationl1€l. The proposed/meth
he concepts outlined in ISO 1122641 and EN 1005-4[21, where acceptance criterféare defin
postures. Since the upright standing or sitting posture is the reference in References [4] 4
lopts the angle definitions to be suitable for the seated posture.

criterion in the underlying standards[4l[3] to assess posture is the\avoidance of extre
the body segments. Therefore, they define ranges of angle values;-which are “acceptab
ges of angle values are called “neutral” (green) or “awkward”.(red) in this annex. In so
standards define additional criteria, whether certain angle valuies are acceptable or not (¢
Imes, support of body segments). These ranges are called “moderate” in this annex, but {
criteria have not been used.

bd postures without variation and movements gwith high frequencies can increase f{
due to posture. These effects have not been considered here, although for instance dynar

pad and neck postures

ms
od
ed
nd

me

”

me

.g.,
he

hat
he

re
nic

he

plane whilch describes the poesture of the head. Since these differences are small, it is proposed to yse

the same

given in Thble B.1.

The evaluation of the"holding time for postures where the sagittal head inclination lies between 2
and 85° if neglected here. Instead, this angle range is defined as “moderate”. While 1SO 112264l o
recommends a‘symmetrical head posture with respect to the lateral head inclination and neck torsi

one can fi

26

categories proppsed in References [4] and [5] to assess the posture of the head which :

hd-values for these angles in EN 1005-4[3] which define the awkward region.

ire

50
hly
bn,
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