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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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
Commission

International

Draft International Standards adopted by the technical committees are circulated to the member bodies
Publication &

Attention is drawn to the possibility that some of the elements of this International Standard may be the

patent rights

International

Annexes A a

ISO, also take part in the work., ISO collaborates closely with the International Elect

otechnical

(IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

ISO shall not be held responsible for identifying any or all such patentrights.

hd B of this International Standard are for information only.

for voting.

S an International Standard requires approval by at least 75 % of the member bodies casting a vote.

subject of

Standard 1SO 11226 was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee
SC 3, Anthrdpometry and biomechanics.
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Introduction

Pain, fatigue and disorders of the musculoskeletal system may result from sustained inadequate working postures
that may be caused by poor work situations. Musculoskeletal pain and fatigue may themselves influence posture
control which can increase the risk of errors and may result in reduced quality of work or production, and in hazard-
ous situations. Good ergonomic design is a basic requirement to avoid these adverse effects.

This Internjational Standard contains an approach to determine the acceptability of static working postufes. The con-
tent of thg standard is based on current ergonomic knowledge, and is subject to changes accerding| to future re-

search.

~

It is connefted with 1ISO 11228-1, ISO 11228-2 and ISO 11228-3 (see [1], [2] and [3] in the)Bibliograph

© 1SO 2000 — Al rights reserved \Y
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Ergonomics — Evaluation of static working postures

1 Scope

This International Standard establishes ergonomic recommendations for different work tasks. This standard provides
informatio'r to those involved in design, or redesign, of work, jobs and products who are familiar with-the basic con-
cepts of efgonomics in general, and working postures in particular.

It specifieg recommended limits for static working postures without any or only with minimal external fgrce exertion,
while taking into account body angles and time aspects.

It is desigrjed to provide guidance on the assessment of several task variables, allowing the health risks|for the work-
ing population to be evaluated.

It applies tp the adult working population. The recommendations will give reasonable protection for neafly all healthy
adults. The recommendations concerning health risks and protection are_mainly based on experimentgl studies re-
garding the musculoskeletal load, discomfort/pain, and endurance/fatigue\related to static working posfures.

2 Terms$ and definitions
For the pufposes of this International Standard, the following\terms and definitions apply.

2.1
extreme bpdy-joint position
towards thie end of the range of motion, where there is a substantial mechanical load on the passive stjuctures such
as ligameits

2.2
Frankfurt plane
standard Horizontal plane at the level-of the upper edge of the opening of the external auditory meatus|(external ear
opening) gnd the lower border of.the orbital margin (lower edge of the eye socket); the median plane ¢f the head is
held vertically

NOTE Thg Frankfurt plan€.is-associated with the normal line of sight (relaxed extraocular muscles).

2.3
full arm support
support of|the upper arm segment weight by the workplace (e.g. by the elbow/forearm on a table desk)

2.4
full head support
support of the head segment weight by the workplace (e.g. by a headrest)

25

full trunk support

support of the trunk segment weight directly by the workplace (e.g. by a high chair backrest in the case of trunk incli-
nation backwards) or indirectly (e.g. through arm support at the workplace in the case of trunk inclination forwards)

2.6

holding time
duration that a static working posture is maintained

© 1SO 2000 — All rights reserved 1
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2.7

maximum holding time

maximum duration that a static working posture can be maintained continuously from a rested state (maximum re-
maining endurance capacity)

2.8
neutral posture for the trunk, upper arms, and head
upright trunk, upper arms hanging freely, and head posture according to the Frankfurt plane

2.9
recovery time

time availabl¢ for recovering, i.e. the duration that a body segment is either fully supported or maintained.in a neutral
posture

2.10
reference popture
sitting or starjding posture with a non-rotated upright trunk and the arms hanging freely, while\looking straight forward
along the hotizontal

211
remaining endurance capacity
percentage df the maximum holding time that a static working posture can still*be maintained continuousl

2.12
static working posture
working posthre maintained longer than 4 s; this applies to slight:ornon-existant variations around a fixed|force level
delivered by muscles and other body structures

2.13
working postpre
position of bgdy segments and joints while executing‘a work task

3 Recominendations

3.1 Introdyction

Work tasks gnd operations should provide sufficient physical and mental VARIATION. This means a complete job,
with sufficient VARIATION..0f tasks (for instance, an adequate number of organizing tasks, an appropriate mix of
short, mediufn and long taskcycles, and a balanced distribution of easy and difficult tasks), sufficient autgnomy, op-
portunities fqr contact{ information and learning. Furthermore, the full range of workers possibly involvgd with the
tasks and opgrations-should be considered, in particular their body dimensions.

With respect|té-working postures, the work should offer sufficient variation between and within sitting, stagnding and
walking. Awk , i g, e, '

It is stressed that measures meant to induce variations of posture should not lead to monotonous repetitive work (for
more information, refer to [4] in the Bibliography).

3.2 Evaluation procedure

The approach described below can be used to determine the acceptability of static working postures. The evaluation
procedure considers various body segments and joints independently in one or two steps. The first step considers
only the body angles (recommendations are mainly based upon risks for overloading passive body structures, such

as ligaments, cartilage and intervertebral disks). An evaluation may lead to the result “acceptable”, “go to step 2" or
“not recommended”.

2 © 1SO 2000 — All rights reserved
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An “acceptable” evaluation result means that a working posture is acceptable only if VARIATIONS of posture are also
present (see 3.1). In any eventuality, every effort should be made to obtain a working posture closer to the neutral
posture, if this is not already the case.

NOTE 1 The concept “reference posture” is used for determination of working postures (see 3.3).

An evaluation result “go to step 2” means that the duration of the working posture will also need to be considered
(recommendations are based upon endurance data).

Extreme positions of joints should be evaluated as “not recommended”.

NOTE 2 Qnly thosSe extreme Joint positions that are most commonly found i practice are mentioned.

3.3 Detgrmination of working postures

There are|various ways to determine working postures, e.g. observation, photographyfvideo, 3-dimehsional opto-
electronic pr ultrasound measuring systems, body-mounted measuring devices such as‘inclinometers and goniome-
ters. The gppropriate method depends, amongst other things, on the accuracy of determination requirefl by the eval-
uation. In most cases, direct observation (without measuring systems/devices) will do. However, for fnore precise
determination of working postures, measuring systems/devices may be necessary (for an overview ang detailed de-
scriptions,|see [5] in the Bibliography). Informative annex A describes the procedure for determining particular pos-
ture parameters appearing in 3.4 to 3.7, i.e. trunk inclination, head inclination, neck flexion/extension, upper arm
elevation, pnd extreme joint positions.

3.4 Trunk posture

341 Stepl

Trunk posture should be evaluated by considering.items 1, 2 and 3 in Table 1. Item 3 refers only to sitting.

3.4.2 Step2
The holdirjg time for trunk inclination-is-evaluated using Table 2.

It is recommended to provide adequate recovery time following the holding time for a certain trunk inclinption. Inform-
ative anngx B provides recammendations for evaluating holding time/recovery time regimes based dn endurance
data.

3.5 Heaf posture

3.5.1 Step1

Head posture should be evaluated by considering head inclination (item 2 in Table 3), as well as head posture with
respect to trunk posture (items 1 and 3 in Table 3).

3.5.2 Step2
The holding time for head inclination is evaluated using Table 4.

It is recommended to provide adequate recovery time following the holding time for a certain head inclination. Inform-
ative annex B provides recommendations for evaluating holding time/recovery time regimes based on endurance
data.

© 1SO 2000 — All rights reserved 3
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Table 1 — Trunk posture

Postural characteristic

Acceptable

Go to step 2

Not recommended

1) Symmetrical trunk posture &
No

Yes

2) Trunk inclination o °

> 60°
20° to 60° without full trunk support

20 o 66*withfutttromksupport
0°to 20°

< p° without full trunk support
< Pp° with full trunk support

3) For sitfing:
comvex lumbar spine posture ©

No
Ye

X

— when a sinall hip angle is adopted (see 3.7).

— when thef[lumbar spine is not supported by a backrest, and

a8 With a symmetrical trunk posture, there is neither axial rotation nor lateral flexion,of¢he upper part of the trunk (thgrax) with
respect to the|lower part of the trunk (pelvis) (see Figure 1).

b posture du ing task execution (dark body segment, solid line) with respect to-the reference posture (white body segment, bro-
ken line) when viewed from the side of the trunk (for o see Figure 2, where ferward inclination is given a positive signﬁ
describes the|procedure for determining trunk inclination.

¢ Convex curvature of the lumbar part of the spine (see Figure 3). This posture is more likely to occur

. Annex A

n

Key
1 Axial rotation
2 Lateral flexion

Figure 1 — Trunk posture (axial rotation/lateral flexion of thorax vs. pelvis)

© 1SO 2000 - All rights reserved
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Figure 2 — Trunk inclination

Key
1 Copnvex lumbar spine posture

Figure 3 — Convex lumbar spine posture

© 1SO 2000 — All rights reserved 5
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Table 2 — Holding time for trunk inclination

Holding time Acceptable Not recommended
> maximum acceptable holding time 2 X
< maximum acceptable holding time 2 X
@ Taken from Figure 4.

1

A

3

3 2 5
2
L
1
0 | | | .
0 10 20 30 40 50 60 6

Key
1 Maximum acceptable holding time (minutes)
2 Not recommended
3 See B.4.1,step 1
4 Accgptable
5 See B.4.1, step 1
6 Trunk inclination o (degrees vs. reference posture)

Figure 4 — Maximum acceptable holding time vs. trunk inclination

6 © 1SO 2000 - All rights reserved
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Table 3 — Head posture

Postural characteristic Acceptable Go to step 2 Not recommended

1) Symmetrical neck posture &
No X
Yes X

2) Head inclination 3 P
> 85° X

25° to 85° without full trunk support: ©
gotoitem 3

25° to 85° with full trunk support X
0°T0 25 X
0° without full head support
0° with full head support X

3) Nedk flexion/extension 3 — o P
25°

D° to 25° X
OO

a Wwith a symmetrical neck posture, there is neither axial rotation nor lateral flexion of the.h€ad with respect to the|upper part of
the trunk (thorax) (see Figure 5).

b posture during task execution (dark body segment, solid line) with respect to theftreference posture (white body [segment, bro-
ken line) when viewed from the side of the head (for 3 see Figure 6, where forward)inclination is given a positive sjgn; for o see
3.4 on trunk posture). Positive values for 3 — « are called neck flexion. Negative Values for 3 — « are called neck extension.

Annex A dg¢scribes the procedure for determining head inclination and neck flexion/extension.

¢ At abouf the same head and trunk inclination, the holding time for the _trurk is critical, because the maximum acfeptable hold-
ing time for{the trunk is lower than the maximum acceptable holding timefar the head. In the case of full trunk support, the holding
time for he@d inclination is critical, and should be evaluated (see 3.5.2).

Key
1 Axial rotation 2
2 Lateral flexion

Kigure 5 — Neck posture (axial rotation/lateral flexion of head vs. thorax)

NOTE The straight lines are not lines of sight, but lines through the points used for measurement.

Figure 6 — Head inclination

© 1SO 2000 — All rights reserved 7
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Key

o0k WN PR

Table 4 — Holding time for head inclination

Holding time

Acceptable

Not recommended

> maximum acceptable holding time 2

X

< maximum acceptable holding time 2 X

& Taken from Figure 7.

~J

o

(Wal

~

w

N

0 10 20 25530 40 50 60 70

Maximum acceptable holding'time (minutes)

Not recommended
See B.5.1, step 1
Accgptable

See B.5.1, step-d

Head inclination™( (degrees vs. reference posture)

Figure 7 — Maximum acceptable holding time vs. head inclination

80 85 6

3.6 Upper extremity posture

3.6.1 Shoulder and upper arm posture

3.6.1.1 Step1

Shoulder and upper arm posture should be evaluated by considering items 1, 2 and 3 in Table 5 for both sides of the

body.

© 1SO 2000 - All rights reserved
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3.6.1.2 Step2
The holding time for upper arm elevation is evaluated using Table 6.
It is recommended to provide adequate recovery time following the holding time for a certain upper arm elevation. In-

formative annex B provides recommendations for evaluating holding time/recovery time regimes based on endur-
ance data.

3.6.2 Forearm and hand posture

Forearm and hand posture should be evaluated by considering items 1, 2 and 3 in Table 7 for both sides of the body.

3.7 Lower extremity posture

Lower extremity posture should be evaluated by considering items 1, 2, 3 and 4 in Table 8 fon both sidef of the body.
Item 3 refdrs only to standing (except when using a buttock rest). Item 4 refers only to sjtting. Special ¢gonsideration
should be [given to

— an evan distribution of the body weight over both feet when standing or using abuttock rest,
— a proper body support by means of a stable seat, footrest, or buttock rest, whichever applies, and

— a favoyirable position of the knee and ankle when operating a pedal in-asitting posture.

For the hipg angle in Figure 12, refer to 3.1.
Table 5 — Shoulder and upper’arm posture
Postural characteristic Acceptable Go to step 2 Not recommengled

1) Awkward upper arm posture &

No X

Yes X
2) Ugper arm elevation -y b

> 60° X

20° to 60° without full arm support X

0° to 60° with full arm stpport X

20° to 20° X
3) Rdised shoulder €

No X

Yes X
& Either Jpper arm retroflexion (i.e. elbow behind the trunk when viewed from the side of the trunk), upper arm afiduction (i.e.
elbow not yisible when viewed from behind the trunk), or extreme upper arm external rotation (“external” refers tolan outward
rotation around-the longaxisof the upper arm with respect to the trunk)For all three terms, see Figure 8. For “extreme”, refer
to clause A.4.
b Pposture during task execution (dark body segment, solid line) with respect to the reference posture (white body segment,
broken line) (for v see Figure 9). Annex A describes the procedure for determining upper arm elevation.
¢ The evaluation procedure refers to the awkward posture indicated by the vertical arrow in Figure 8, but not to the natural rais-
ing of the shoulder top as a consequence of upper arm elevation.

© 1SO 2000 — All rights reserved 9
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Key

A WN P

10

Raisgd shoulder

Uppse
Uppse
Uppse

r arm retroflexion
r arm external rotation
r arm adduction

Figure 8 — Shoulder and upper arm posture

Figure 9 — Upper arm elevation
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Holding time Acceptable Not recommended

> maximum acceptable holding time

a

< maximum acceptable holding time & X

8 Taken from Figure 10.

Key

1 M

2 Npt recommended
3 Sg¢e 3.6.1.1, step 1
4 Ag¢ceptable

5 Sg¢e 3.6.1.1, step 1
6 U

14

L

3

3 2 5
2
L
1
0 | | | I -

0 10 20 30 40 50 60

pximum acceptable holding time (minutes)

bper arm elevation 7y (degrees vs. reference posture)

Figure 10 — Maximum acceptable holding time vs. upper arm elevation

© 1SO 2000 — Al rights reserved
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Key

o ~NO O WN P

12

Table 7 — Forearm and hand posture

Postural characteristic

Acceptable

Not recommended

1)

Extreme elbow flexion/extension 2 °

No

Yes

2)

Extreme forearm pronation/supination &
No

Yes

b

3)

P b "
CAUTTITE WTIST PUSTUTT

No

Yes

2 S¢
b Fg
¢ Ra

be Figure 11.
r “extreme”, refer to clause A.4.

dial/ulnar abduction and/or flexion/extension (see Figure 11).

Fore
Elbo
Elbo

hrm supination: palm of the hand up
flexion
extension

Fore

rm‘pronation: palm of the hand down

Wrist ulnar abduction: little finger moved towards the forearm (ulnar bone)

Wrist flexion: palm of the hand moved towards the forearm
Wrist extension: back of the hand moved towards the forearm

Wrist radial abduction: thumb moved towards the forearm (radial bone)

Figure 11 — Forearm and hand posture

© 1SO 2000 - All rights reserved
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Table 8 — Lower extremity posture

Postural characteristic Acceptable Nat recommended

1) Extreme knee flexion 2
No X
Yes X

2) Extreme ankle plantar flexion/dorsiflexion 2
No X
Yes X

3) For-standingtexceptwhenmusingabuttockrest):
flexed knee P

No X
Yes X

4) For sitting: knee angle ©
> 135° x d
90° to 135° X
< 90° X
8 | See Figure 12. For “extreme”, refer to clause A.4.

Any joint position other than 180° (the upper leg in line with the lowier iég).

o

€ 1180° = the upper leg in line with the lower leg.

(=X

Acceptable with a backward inclined trunk.

Key

Hip‘angle

Knee Tlexion

Ankle dorsiflexion
Ankle plantar flexion

A WDN P

Figure 12 — Lower extremity posture

© 1SO 2000 — All rights reserved 13
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Al

Annex A
(informative)

Determination of working postures

Introduction

Clauses A.2 and A.3 contain the procedure for measuring trunk inclination, head inclination and neck flexion/exten-

sion (A_Z), and upper arm elevation (A ’2) This Ir\rnr‘::r‘lurr:- is hased an the use of Inhntngmphy/\/irlpn (7_d'

measuremer|
cedure for de

For the meas
ment involve

— the point
— the point
— the point
It is most im(

task executig
of points may

A.2 Trunk

t) and/or 3-dimensional opto-electronic or ultrasound measuring systems. Clause A.4 contai
termining extreme joint positions.

urement procedures described in clauses A.2 and A.3, two points should be marked.on each
. For this, the following requirements apply:

5 should be related to the body segment;
5 should be detectable by the measuring system;

5 should not be too close together (in order to reduce measurement'error).

n. Particular points are recommended below on the basis of past experiences. However, an
be picked, provided the above mentioned requirements‘are met.

inclination, head inclination and neck flexion/extension

mensional
ns the pro-

body seg-

ortant that the same points are used for measuring both thereference posture, and the posfure during
y other set

Two body segments are distinguished, i.e. the trunk andcgad. Each segment is defined as a straight line tirough two

points on the
segment).

The procedu
T1), and at t
close to the |

The following
measuring th
head) in the
and the line t
In the third s
spectively) ig
during task e

segment when viewed from the side of the’segment (i.e. perpendicular to the plane of symm

fe starts by marking two points.on the trunk, e.g. at the upper edge of the greater trochante
he spinous process of the 7thcervical vertebra (denoted T2), along with two points on the
bbe of the ear (denoted H1)-and close to the lateral corner of the eye (denoted H2).

three steps are executed for the trunk segment, as well as for the head segment. The first st
e angle between the vertical and the line through the body segment (T1-T2 for the trunk, H

hrough the same segment (T1-T2 for the trunk, H1-H2 for the head) in the posture during task

calculated’ as the difference between the angle in the reference posture and the angle in t
Kecution.

NOTE The defift

etry of the

I (denoted
head, e.g.

p involves
H2 for the

1]

eference posture)(see Figure A.1). The second step involves measuring the angle between the vertical
execution.
ep, the inclination of the body segment (denoted « for the trunk and [ for the head in 3.4 apnd 3.5, re-
e posture

irst the eye

height is measured, then a mark is placed on a wall at the eye helght measured at a distance from the subJect and the subject is
asked to look at the mark.

Finally, neck flexion/extension (i.e. the position of the head with respect to the trunk) is calculated as the difference
between head inclination and trunk inclination (denoted 3 — « in 3.5).

As an example, Figure A.1 shows the reference posture (white body, broken lines), as well as a posture during task
execution (dark body, solid lines). Both also contain vertical lines for measurement purposes.

The angle between the vertical and the broken line T1-T2 in the reference posture is 4°, whereas the angle between
the vertical and the solid line T1-T2 in the posture during task execution is 33°. Therefore, trunk inclination (denoted
«in 3.4) is equal to 29° (i.e. 33° — 4°).

14 © 1SO 2000 — All rights reserved
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