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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-goverwmrmmmm the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.
The main task of technical committees is to prepare International Standards. Draft Interfational Standgards
adopted by the technical committees are circulated to the member bodies for voting. Publication ag an

Internationgl Standard requires approval by at least 75 % of the member bodies casting a-vote.

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

ISO 11228-B was prepared by Technical Committee ISO/TC 159,-‘Ergonomics, Subcommittee SC 3,
Anthropometry and biomechanics.

ISO 11228 tonsists of the following parts, under the general title Ergonomics — Manual handling:
— Part 1:|Lifting and carrying
— Part 2:\Pushing and pulling

— Part 3:|Handling of low loads at high frequency,

iv © 1SO 2007 — All rights reserved
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Introduction

Handling of low loads at high frequency (repetitive work) can cause pain and fatigue, which could lead to
musculoskeletal disorders, reduced productivity, and deteriorated posture and movement co-ordination. The
latter can increase the risk of errors and may result in reduced quality and hazardous situations. Good
ergonomic design and proper organization of work are basic requirements for the avoidance of the adverse

effepts mentioned:

RiskK

factors in repetitive work include the frequency of actions, exposure duration, postures,'and njovement of

body segments, forces associated with the work, work organization, job control, demands, on‘work|output (e.g.
quality, task precision) and level of training/skill. Additional factors can include enviropmental factors, such as

climjate, noise, vibration and illumination.

The

recommendations provided by this part of ISO 11228 are based on available scientific evidence

congerning the physiology and epidemiology of manual work. The knowledge is, however, limited, and the

suggested guidelines are subject to change according to future research,
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INTERNATIONAL STANDARD 1ISO 11228-3:2007(E)
Ergonomics — Manual handling —

Part 3:

Handling of low loads at high frequency

1 |Scope

Thig part of ISO 11228 establishes ergonomic recommendations for repetitive work tasks involving|the manual
hanglling of low loads at high frequency. It provides guidance on the identification and assessment of risk
factprs commonly associated with handling low loads at high frequency, thereby allowing evaluption of the
relajed health risks to the working population. The recommendations apply‘tothe adult working population and
are fintended to give reasonable protection for nearly all healthy adultsxThose recommendations| concerning
health risks and control measures are mainly based on experimental studies regarding musiculoskeletal
loading, discomfort/pain and endurance/fatigue related to methods of working. For the evaluatior) of working
posiures, refer to ISO 11226.

Thig part of ISO 11228 is intended to provide information for’all those involved in the design or|redesign of
work, jobs and products.

2 |Normative references

The| following referenced documents arevindispensable for the application of this document] For dated
references, only the edition cited applies. For undated references, the latest edition of the| referenced
docyment (including any amendments)-applies.

ISO|6385, Ergonomic principles in‘the design of work systems

ISO|11226, Ergonomics —£ Evaluation of static working postures

ISO|11228-1, Ergononiics — Manual handling — Part 1: Lifting and carrying

ISO|11228-2, Ergonomics — Manual handling — Part 2: Pushing and pulling

ISO| 14738 Safety of machinery — Anthropometric requirements for the design of workstations at machinery
ISO| 15534 (all parts), Ergonomic design for the safety of machinery

© 1SO 2007 — All rights reserved 1
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3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in 1ISO 6385, ISO 11228-1, 1ISO 11228-2,
ISO 11226 and the following terms, definitions, symbols and abbreviated terms apply.

NOTE In the definitions involving frequency, a unit of time is mentioned because more than one method is involved,
each using a different unit, e.g. seconds in HAL (see Annex D), minutes in the OCRA Index (see Annex C) and Strain
Index (see Annex D).

3.1 Terms and definitions

3141
repetitive task
task characterized by repeated work cycles

31.2
work cycle
sequence of (technical) actions that are repeated always the same way

313
cycle time
Ic

time, in seqonds, elapsing from the moment when one operator begins & work cycle to the moment thaf the
same work fycle is repeated

314
technical action
elementary |manual actions required to complete the operations within the cycle

EXAMPLE Holding, turning, pushing or cutting.

3.1.5
repetitiventrss
characteristic of a task when a person is continuously repeating the same work cycle, technical actions|and
movements]

3.1.6
frequency pf actions
number of technical actions peranit’of time

31.7
force
F

physical effprt of the'operator required to execute the task

3.1.8
postures ahd-meovements
positions and movements of body segment(s) or joint(s) required to execute the task

3.1.9
recovery time
period of rest following a period of activity which allows restoration of musculoskeletal function (in minutes)

3.1.10

additional risk factor

object and environmental factors for which there is evidence of causal or aggravating relationship with
work-related musculoskeletal disorders of the upper limb

EXAMPLE Vibration, local pressure, cold environment or cold surfaces.

2 © 1SO 2007 — All rights reserved
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3.1.11
move
transport of an object to a given destination using the upper limbs and without walking

3.1.12
reach
shift the hand towards a prefixed destination

3.1.13
carry
transport of an object to a given destination by walking

3.2| Symbols and abbreviated terms

Ay additional multiplier

ATA actual technical action

f frequency of actions per minute

F force (N)

Fg basic force limit

F force limit

g force multiplier

j generic repetitive tasks

ke constant of frequency of technical actions per minute
L actual load

MODA PTS modular analysis\predetermined time system

MSIDD musculoskeletal disorders

MTA motiontime analysis

MTM methods/time measurement

MV(E maximum voluntary contraction

NATA overall number of actual technical actions within a shift
Nep number of exposed individuals

Npa number of persons affected by one or more UL-WMSD
NRPA partial reference number of technical actions within a shift
Tyt number of repetitive task(s) performed during a shift

NRTA overall number of reference technical actions within a shift

© 1SO 2007 — All rights reserved 3
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nrc

OCRA

PA

PTS

RTA

number of technical actions in a cycle

occupational repetitive action
prevalence (%) of persons affected
posture multiplier

predetermined time system

rafar bt 1 tH
LA~ A+ Ll

ReM

RcM

SE

UL-WMSD

WF

4 Reco

41 Avoi

Hazardous
enlargemen
ergonomics

modified thijough the use of febotics or automated production systems.

NOTE A
communicati
to influence |

n + B
Croe wourmnioudl auluurt

repetitiveness multiplier
recovery multiplier

standard error

net duration of each repetitive task, in minutes
cycle time, in seconds

technical action

duration multiplier

upper limb work-related musculoskeletal disqrders

work factor

mmendations

ding repetitive handling-tasks

manual handling tasks-should be avoided wherever possible. This can be achieved through

vork

ts, job rotation andfer mechanization/automation within the framework of a participative

approach. In the-case of repetitive handling of low loads at high frequency, many tasks ca

“participative ergonomics approach” signifies the practical involvement of workers, supported by sui
DN, in plahning and managing a significant amount of their work activities, with sufficient knowledge and 4
oth processes and outcomes in order to achieve desirable goals.

 be

able
bility

4.2 Risk

-assessment
mnmreris

4.2.1 General

When repetitive handling is unavoidable, a four-step approach in accordance with 1SO Guide 51 and
ISO 14121, and involving both risk assessment and risk reduction, should be adopted. The four steps are
hazard identification, risk estimation, risk evaluation and risk reduction.

The procedure shown in Figure 1 should be adopted when carrying out a risk assessment of jobs involving the
manual handling of low loads at high frequency.

© 1SO 2007 — All rights reserved
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No obvious hazard

present?

Re-evaluation
procedure

Redesign
re-enregister

A

No

Risk to be estimated

Method 1
Simple risk
assessment

(4.2.3.1)

Acceptability

Acceptable risk

<

onitoring

of risk

Details of
risk are
needed

Method 2
Detailed risk
assessment

(4.2.3.2)

Acceptability

Acceptable risk

 J
A

hd review

oY)

of risk

Y
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4.2.2 Hazard identification

4221 General

The first step of the risk assessment is to identify whether hazards exist which may expose individuals to a
risk of injury. If such hazards are present, then a more detailed risk assessment can be necessary. When
determining if one or more of the following hazards is present, consideration should be given to the guidelines

for avoiding them.

4.22.2 Repetition

Frequent rgpetitive movements give rise to a risk of injury that can vary depending on the context of| the
movement pattern and the individual. As the movement cycle increases and/or the cycle time decreases) the
risk of injury increases. Repetitive movements should be avoided within a task or job.

4.2.2.3 HRosture and movement

Sitting restrjcts overall movement of the body, particularly those of the lower leg and back. This may legd to
increased gnd complex loading of the back and upper extremities. Standing for-prolonged periods of fime
often results in pain/discomfort in the legs and lower back and can lead to venous pooling in the legs.
Complex popstures involving combined movements (e.g. flexed and twisted)€an present greater risk [see
ISO 11226)} Whenever possible, workers should be given the option to varybetween sitting and standing.
Work tasks|and operations should provide variations to the working posture: both whole-body postures|and
movement pf specific limbs. In the work tasks, extreme ranges of joint*movement should be avoided; thefe is
also need t¢ avoid prolonged static postures.

4224 Horce

Forceful exgrtions can be harmful. Tasks should involye smooth force exertions, with the avoidance of sudden
or jerky moyements. Handling precision (accurate picking and placement), and the type and nature of the|grip
can introdu¢e additional muscular activation.

4.2.2.5 Duration and insufficient recovery

Insufficient time for the body to recover-between repetitive movements (i.e. lack of recovery time) incregses
the risk of ipjury. Duration can be broken down into different levels, i.e. work shift duration, job duration, fask
duration. The opportunity for regovery or rest may fall within each of these work periods.

4.2.2.6 Qbject characteristics

Inappropriajely desighed objects could have characteristics that can cause harm (e.g. contact forces, shape,
dimensions| coupling; object temperature). Inappropriately placed handholds may lead to awkward handfarm
postures. Non-cushioned handholds and objects constructed of a smooth material increase the difficulfy of
grasping th¢ ©bject and increase force requirements. The size and shape of the object being handled and the
coupling betweerritand theoperator s tamds wittdeterminethegrip typeand-the force that theoperator thust
exert.

4.2.2.7 Vibration and impact forces

Exposure to hand/arm vibration, shocks or impacts can lead to a desensitizing of the hand and increase the
force necessary for gripping an object or tool. Prolonged exposure to these types of risk factors has also been
linked to vascular and neurological disorders of the upper limbs.

© 1SO 2007 — All rights reserved
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Inappropriate lighting, hot and cold environments and high levels of noise can impose additional hazards. Wet
or contaminated surfaces are likely to inhibit the ability to exert forces and increase the risk of injury. The
designer of products shall consider environmental conditions only within the limits of the foreseeable use of
the product.

4229

Work organization

Work organization (e.g. task duration, job duration, recovery time, shift patterns) has an important part to play
in the_expasure to musculoskeletal risk factors. This should be structured to facilitate rest period

s and avoid

the
enls

4.2.

Psy
inp
the

use of similar muscle groups over the duration of the work shift. Job rotation, job diversifiGa
rgement are all methods of structuring the work to facilitate variation and recovery within the)w

P.10 Psychosocial factors (e.g. job complexity, job demands, job content)

chological response to work and workplace conditions has an important influence on general
brticular, musculoskeletal health. These factors include the design, organization and managem
5pecific impact of workplace risk factors, such as work content, and the gverall social environm

confext of work). Many of the effects of these psychosocial factors occur via stress-related proce

can

4.2.

Indi
influ
ben
skill

Imp
of W
mar
mus

have a direct effect on biochemical and physiological responses.

.11 Individuals

idual skills, training, age, gender, health problems and.pregnancy are personal characterist
ence performance and should be considered in the risk assessment. Skill and experience
efit the individual when performing the task and reduce the risk of injury. Training can increase

brtant aspects of work design include the amount of control an individual has over his/her wo
ork demands, the variety of tasks he/she’is required to perform and the level of support
agers, supervisors and/or co-workers-Undesirable psychosocial aspects of a job contributing
culoskeletal disorders include the fellowing:

workers have little or no controhover their work and work methods or organization;

tasks require high levels‘of’attention and concentration;

workers are unable.to’make full use of their skills;

workers have little or no involvement in decision making;

workers\are expected to carry out repetitive, monotonous tasks exclusively;

werk.is machine- or system-paced;

ion and job
pbrk period.

health and,
ent of work,
ent (i.e. the
5ses, which

cs that can
bre likely to
the level of

Ik, the level
brovided by
to a risk of

work demands are perceived as excessive;
payment systems encourage working too quickly or without breaks;

work systems limit opportunities for social interaction;

high levels of effort are not balanced by sufficient reward (resources, remuneration, self-esteem, status,

etc.).
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4.2.3 Risk estimation

4231 Method 1 — Simple risk assessment

Risk estimation is performed by a simple risk assessment of jobs composed by a single repetitive task
(monotask jobs).

The procedure and checklist model presented in Annex B is preferred for the carrying out of the simple risk
assessment. There are four parts to this assessment procedure:

_ pre|imi ary information dncr\rihing the jnh task;

— hazard|identification and risk estimation procedure and checklist;
— overalllevaluation of the risk;

— remedifl action to be taken.

NOTE As a second choice, other simple methods and checklists given in Annex A ¢an be used, taking|into
consideration) the specific characteristics of the repetitive task under examination.

Risk estimgtion using Method 1 should allow the classification of the risk by the’ three-zone approach (grgen,
yellow and fed) and determine the consequent action to be taken. The three\risk zones are defined as follgws.

a) Green one (acceptable risk)

The risk of disease or injury is negligible or is at an acceptably low level for the entire working population.
No actipn is required.

b) Yellow]zone (conditionally acceptable risk)
There is a risk of disease or injury that cannotbe neglected for the entire working population or part pf it.
The risk shall be further estimated (using the-more detailed assessment of Method 2), analysed toggther
with cqgntributory risk factors and followed as soon as possible by redesign. Where redesign is| not
possible, other measures to control the risk shall be taken.

c¢) Red zgne (not acceptable)

There |s a considerable riskyof disease or injury that cannot be neglected for the operator population.

Immed|ate action to reddce the risk (e.g. redesign, work organization, worker instruction and training) is
necessary (see 4.3 and Annex E).

4.2.3.2 Nethod 2¢— Detailed risk assessment

4.2.3.2.1 |General criteria

If the risk estimated using Method 1 is considered to be YELLOW or RED, or if the job is composed of two or
more repetitive tasks (multitask job), the performing of a more detailed risk assessment is recommended. This
will also allow a better determination of the remedial measures to be taken.

For detailed risk assessment, OCRA (occupational repetitive action) is the preferred method (see 4.2.3.2.2). It
is recommended for the specific purposes of this part of ISO 11228 because, given the knowledge at the time
of publication, it considers all the relevant risk factors, is also applicable to “multitask jobs”, and provides
criteria — based on extensive epidemiological data — for forecasting the occurrence of UL-WMSD (upper
limb work-related musculoskeletal disorders) in exposed working populations.

8 © 1SO 2007 — All rights reserved
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Other detailed risk assessment methods are available which can be used for a detailed risk assessment,
depending on the kind of risk factors identified by Method 1, the nature of the job and the experience of the
analyst.

Annex D gives basic information about other detailed risk assessment methods useful for the purposes of this
part of ISO 11228, together with some remarks about their applicative limits at the time of publication.

Whichever method is used for detailed risk assessment, it should allow the classification of the risk by the
three-zone model and determine the consequences to be acted upon in accordance with Table 1.

Table4— Method-2— Final ¢ eriter

Zone Risk level Consequences
Green No risk Acceptable: no consequences
. Improve structural risk factors (posture, forge,technical aftions, etc.)
Yellow Very low risk A
or take other organizational measures
Red Risk Redesign tasks and workplaces according to priorities

4.2.8.2.2 OCRA method for detailed risk assessment

The
shifi

The

a)

b)

c)

Tab
Tab

OCRA index is the ratio between the number of actual technical actions, ATA, carried out du

OCRA risk assessment procedure consists of three‘basic steps:

Step 1

each upper limb).

Step 2

Calculate the overall nuniber of RTA.
Step 3

Calculate the OCRA index and perform a risk evaluation.

e 4 (O€RA index calculation and risk evaluation) give an overview of the procedure detailed in

© 1SO 2007 — All rights reserved

ring a work

and the number of reference technical actions, RTA, forxeach upper limb, specifically determined in the
scefario under examination [111, [38],

Calculate the frequency of technical actions/min and the overall number of ATA carried out in fthe shift (by

e 2 (ATArand RTA calculation in monotask jobs), Table 3 (ATA and RTA calculation in multitask jobs) and

Annex C.
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Table 2 — OCRA assessment procedure for monotask jobs — Steps 1 and 2

Step1 |[Calculate the overall number of actual technical actions, n,1,, carried out in a shift by each upper limb.
a) Count the number of technical actions, n, in a cycle.
b) Evaluate their frequency, f, per minute, considering the cycle time, 7., in seconds:
S =ntc 2
Ic
c) Evaluate the net duration, ¢, of the repetitive task in the shift, in minutes.
d) Calculate the overall number of ATA carried out in the shift:
v naTa =/t
Step 2 | Calculate the overall number of RTA within the shift:
npTa = ke X Fpg x Py x Ry X Ay X £ X Ry Xty
30 Constant of frequency, , of technical actions = 30/min
x
Fy Force multiplier
x
Py Posture multiplier
X
Ry | Repetitiveness multiplier
X
A4y, | Additional multiplier
X
t Duration of the repetitive task, in"minutes
'rpa | Partial reference number of technical actions in the shift
x
M Duration multiplier
x
Ry |Recevery multiplier
v A TOverattnumberof RTA
NOTE See 3.2. for the complete list of symbols and abbreviated terms used in this part of ISO 11228.

10
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Table 3 — OCRA assessment procedure for multitask jobs — Steps 1 and 2

Calculate the overall number of actual technical actions, n,1,, carried out in a shift by each upper limb,

Step1 considering each repetitive task, j, in the shift.
a) Count the number of technical actions in a cycle for each repetitive task (nTCj):
Task A Task B Task C Task n
nre nre tc "¢
b) Evaluate the frequency of action per minute for each repetitive task, f, considering the cycle time for
eachrepetitivetask 7 in-seconds:
Task A Task B Task C Task n
A A A i
c) Evaluate the net duration (7)) of each repetitive task in the shift, in minutes:
Task A Task B Task C Task n
t t t 3
d) Calculate the overall number of ATA carried out in each repetitive task and, by summing them, the
overall number of ATA in the shift:
nata =2 (/ixt;)
Task A Task B Task C Tagk n
v NATA = txf txf txf txf
Step 2 | Calculate the overall number of RTA within the shift:
NRTA = z[kf (Fgy Pty * Reny xAMj)xthx(RcM xty)
=
Task A Task B Task C Task n
> 30 30 30 30
x X x x
Fyy, M I Fy Ay
x x x x
Py B, B, = Ay
X x x x
ReMj ReM ReM ReM R EM
x x x x
Ay Ay Ay Ay, Ay,
x x x x x
t t t t t

© 1SO 2007 — All rights reserved
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Table 3 (continued)

NRpPAj RPA Task A RPA Task B RPA Task C RPA Task n

Total of partial reference numbers of

NRPA tot technical actions in shift
"RPA tot
X X

Duration multiplier

13
M
Im
X X
R Recovery multiplier
cM R
cM
v "RTA NRTA

NOTE Sde 3.2. for the complete list of symbols and abbreviated terms used in this part of ISO 4.1228.

Table 4 — OCRA index calculation and risk evaluation — Step 3

Step3 |Chlculate the OCRA index and carry out the risk evaluation:
NATA Number@f actual technical actions in the shift
OCRA Index =
"RTA Number of reference technical actions in the shift
Risk evaluation Zone OCRA Index value Risk level
v
Green <22 No risk
Yellow 2,3-3,5 Very low risk
Red > 3,5 Risk

4.3 Risk|reduction

A proper risk assessment is the basis for appropriate choices in risk reduction. Risk reduction can be achigved
by combinipg, invdifferent ways, improvements in different risk factors and should consider, among dther
things

— the avoidance and limitation of repetitive handling, especially for long daily durations without proper
recovery periods or at high frequencies,

— proper design of the task, workplaces and work organization, also using existing International Standards
and introducing adequate task variation,

— proper design of the objects, tools and materials handled,
— proper design of the work environment,
— individual workers’ capacities and level of skill for the specific task.

See Annex E for more detailed information about risk reduction options.

12 © IS0 2007 — All rights reserved
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Annex A
(informative)

Risk assessment — General framework and information on available

methods

General framework

Consensus Document listed under Reference [10], which was prepared and published b

main risk factors to be considered and presents observational procedures thatdcan be u
Cription, classification and evaluation.

|
psure indices.

general model of description and assessment of tasks, concerning all exposed workers
ation, is aimed at analysing four main risk factors: repetitiveness; force, awkward postures and
lack of proper recovery periods. Such factors should be ass€sséed as functions of time (mainly
respective durations). In addition to these factors, others, \grouped under the term “additional
Ild be considered; these are mechanical factors (e.gXVvibrations, localized mechanical co
ronmental factors (e.g. exposure to cold) and organizational factors (e.g. pace determined by
for most of them there is evidence of association with UL-WMSD.

h identified risk factor should be properly \described and classified. This allows, on the
tification of possible requirements and preliminary preventive interventions for each factor
r hand, eventually, the consideration. of “all the factors contributing to the overall “exposu

hnical Committee, Musculoskeletal Disorders, with the endorsement of ICOH, defines)in a ge

s conclusions, the document underlines the need for an integrated evaluation by means

eral and mutually integrated framewofk:. From this viewpoint “numerical” or “categorical” clasy

/ the IEAT)
neral model
sed in their

of concise

in a given
movements,
considering

n|Lisk factors”,

pressions),
machinery),

one hand,
and, on the
e’ within a
ifications of

resylts may be useful to make management of results easier, even if it is important to avoid the feeling of an
excgssive objectiveness of methods whose classification criteria can still be empirical.

In aldopting Reference [10], it"should be emphasized that the OCRA method (and the OCRA inflex) [11]. [38]
represents an endeavour~io~organize the data obtained from the descriptive analysis of the various
meghanical risk factors;sas’they are collected following indications contained in the Consensug Document
itself.

Thelmain advantages of the OCRA method are the following:

it provides’a detailed analysis of all the main mechanical and organizational risk factors for UL

it_uses a common language with respect to traditional methods of task analysis (predete

LWMSD;

mined time

bybtclllb). thlb IIIGII\UD CUITTParty tUbhlllb;dllb (pluduutiuu UIIinIGUID, alld:ybtb) Imourec fdlll;“
method and helps them to improve work procedures;

it considers all the repetitive tasks involved in a complex (or rotating) job and estimates
worker’s risk level,

r with the

the overall

in many epidemiological surveys it has shown itself to be well related with health effects (such as the
occurrence of UL-WMSD); therefore, it is a good predictor (within definite limits) of the risk at a given

OCRA level.

International ergonomics association

© 1SO 2007 — All rights reserved
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As for the OCRA method’s disadvantages, it should be underlined that it can be time consuming, especially
for complex tasks and multitask jobs, and does not consider all psychosocial factors related to the individual

sphere.

These considerations were the basis for the choice of the OCRA method in Annex C as the reference method

for detailed risk assessment.

However, other methods are proposed in the literature for a detailed risk assessment; in the following
paragraphs the main of those methods will be briefly presented, also taking into account their potential limits in

respect to the general model here considered.

A.2 Review of other methods of risk assessment

Several other methods/procedures for the risk assessment of repetitive movements and efforts’of the u
limbs which|also provide synthetic exposure scores are already available in the literature.

A non-exhapstive list is given in Table A.1 (adapted from Reference [32]).

Most of them are simple (and often empiric) screening tools, not tailored for a detailed risk assessment:
could be used at an entry level (step 1) as an alternative to the recommended Method 1 presented in 4.2
and Annex B).

Other methpds, such as OWAS and, in part, RULA, are primarily devoted’td the study of working postures
give less cgnsideration to the other main risk factors involved in repetitive handling at high frequency.

A special mention should be given to the tool OREGE [21], a moyement identification and evaluation aid wh
purpose is fo quantify biomechanical stresses represented by-forces, constraining postures and mover
repetitiveness. Developed by France’s Institut National de-Recherche et de Sécurité (INRS), it has not 4
included in|Table A.1 because, as proposed by INRS,.\it-cannot stand alone and can be used only in
context of B more general and specified approach o UL-WMSD prevention. The application of the
requires a [specific ergonomic ability because it\is mainly based on observation of the operator, hig
perception ¢f constraints and on dialogue between-the expert and the operator, and final assessment is b3
largely on expert knowledge and experience. JOREGE uses other tools (i.e. visuoanalogic scales for|
estimation ¢f frequency and force, RULA for the estimation of postures) in a combined way. Notwithstan
this “mixed’ approach, which makes it uasuitable for the specific scope of application of this part of ISO 11

bper

hey
3.1

and

ose
hent
een
the
tool
/her
sed
the
ding
228,

OREGE represents an interesting and participatory method for the prevention of UL-WMSD at the field Igvel,

justifying itsfmention in this short review.

Of the metfhods included in-TFable A.1, only a few allow for a detailed risk assessment in some
corresponding to the genefal ‘model [101. In addition to the OCRA index, these are, substantially, the S
Index and [the HAL/ACGIH TLV (for monotask handwork), which methods are also briefly presente
Annex D along with data presented in Reference [9].

way
rain
H in
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Table A.1 — Non-exhaustive list of main methods for risk assessment of repetitive

movements/exertions at high frequency

Method

Main characteristics

Kind of
output

Body part
assessment

OWAS

Ref. [26]

Analysis of postures of different body segments;
it also considers their frequency during a work
shift.

Quantitative

Whole body

RULA

Ref. [34]
T T

Rapid coded analysis of static and dynamic

postures; it also considers force and action
frnqnnnr\y' the result is an £XPOosure score. that

Quantitative

per limbs

drives to the kind of preventive measures to be
taken.

REBA

Ref. [18]

Similar to RULA (checklist), it considers all body
segments while also taking into account manual
handling of loads.

Quantitative

Whole body

PLIBEL 2@

Ref. [27]

Checklist for the identification of different risk
factors for different body segments; it considers
awkward postures, movements, equipment ,ahd
other organizational aspects.

Quantitative

Whole body

Strain Index

Ref. [35]

Detailed method (monotask) that considers the
following risk factors: intensity .of{ exertion,
duration of exertion per cycle, efforts per minute,
hand/wrist posture, speed of work, and duration
of task per day.

Quantitative

Distal upper
limbs

QEC @

Ref. [31]

Quick method for estimating the exposure level;
it considers different\postures, force, load
handled, duration .of task with hypothesized
scores for their intefaction.

Quantitative

Whole body

OSHA
checklist?

Ref. [45]

Checklist proposed during the development of
the OSHA_standard (withdrawn); it considers
repetitivéness, awkward postures, force, some
additional factors and some organizational
aspects.

Quantitative

Upper limbs

HAL/TLV ACGIH

Ref. J4]

Detailed method (for monotask handwork lasting
almost 4 h per shift) mainly based on the
analysis of frequency of actions (in relation to
duty cycle) and of peak force; other main factors
are generically considered.

Quantitative

Upper limbs

Upper limb
expert tool @

Ref. [28]

Screening method evaluating the “work load”, it
considers repetition, force, awkward postures,
task duration and some additional factors.

Semi-
quantitative

Upper limbs

OCRArindex

Ref. [11], [38]

Detailed method that considers the following risk
factors: frequency of technical actions,
repetitiveness, awkward  postures, force,

Quantitative

Upper limbs

Faditional—factors, tack—of  Tecovery perods,
duration of repetitive task.

OCRA
checklist?

Ref. [11], [41]

Semi-detailed method that considers, in a
simplified way, the same risk factors as the
OCRA index. Exposure level is classified in the
three-zone system.

Applicable also to multitask repetitive jobs.

Quantitative

Upper limbs

@  Method/tool useful for the purposes of Method 1.

© 1SO 2007 — All rights reserved
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Annex B
(informative)

Method 1 — Simple risk assessment checklist

B.1 General

This annex
4.2.3.1). Th

Prelim

B.2.1 g
should
or impr

Hazaro

B.2.2p
risk fag
other a
reduce

The ch
therefo
are aw
periods

Overal] evaluation of the risk

B.2.3d
one of
are RE
green 2
moves

taken into consideration:See 4.2.3.1 for an explanation of the risk zones and consequential action.

Remec

See B.

provides checklists and the evaluation model for the simple risk assessment of Method™\1
b structure and content of the checklist is as follows.

nary information describing the job task

onsists of general information (job description, tasks to be evaluated, etc,):\nitial considera
also be given to the prevalence of work-related health complaints and/orwork changes (plar
pbvised) made to the work equipment or tools.

identification, risk estimation procedure and checklist

resents a procedure that adopts a five-step approach, takingyaccount of the four primary phy
tors (repetition, high force, awkward posture and movemeants, insufficient recovery), as well as
(dditional risk factors which may be present. When hazards are identified, steps should be take
or eliminate these hazards from the task/job (see Annex E).

aracteristics of the work cycle are the primary risk factors for a job. Step 1 of the assessme
Fe the base of the risk estimation. The other risk factors that are relevant for the risk assessn
kward or uncomfortable postures (step 2),~use of force by upper limbs (step 3), lack of reco
(step 4) and additional risk factors (step 5).

escribes the method for the overall risk assessment and the actions to be taken in consequend
he risk factors is found to-be in the red zone, then the overall risk is RED; if none of the risk le
D, but one or more is in_the’yellow zone then the overall risk is YELLOW,; if all risk levels are ir]
one then the overall-risk level is GREEN. For additional factors, the level of risk decreases as
towards the green‘\zene. In making an overall assessment, additional factors should alway

ial action-to’be taken

D 4 for-the remedial action that should be formulated and carried out.

see

tion
ned

Sical
any
n to

Nt is
hent
very

e. If
vels
the
one
5 be

B.2 Checklist

B.2.1 Preliminary information

Complete Table B.1.
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Job description:

Operations covered by this assessment (detailed
description):

Locations:

Diagrams (other information):

Perponnel involved:

Datg of assessment:

B.2l2 Hazard identification and risk evaluation

Thig part of the checklist is used for a specific risk evaluation if the work‘is-repetitive. The risk shpuld always
be further analysed if the work involves nearly identical movements that are frequently repgated for a
significant period of the normal workday. If the duration of the repetitive work is for less tharl 1 h/day or
5 h/veek, the risk caused by repetition is considered negligible. In that case, no further risk evaldation of the

repgtitiveness is needed.

Complete Table B.2.

© 1SO 2007 — All rights reserved
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B.2.3 Assessment of overall risk level

B.2.3.1

Red evaluation

If one of the risk levels examined in B.2.2 was found to be in the red zone, then the overall risk is RED. If the
job falls within this zone, then the work is judged to be harmful. The severity of risk is increased if one or more
of the additional risk factors also falls within the red zone. It is recommended that measures be taken to
eliminate or reduce the risk factors or that a more detailed risk assessment be performed using Method 2 (see

Annex C).

B.2.3.2

If none of t?[e risk levels examined in B.2.2 was found to be RED, but one or more were YELLOW\.then| the
d to be within the yellow zone. If one severe or two additional factors (step 5) are).présent| the
evel shifts from YELLOW to RED. In case of a yellow evaluation, a more detailedrisk"assessment

Lising Method 2 (see Annex C), or else remedial action should be taken to reduce the risk tq the

job is judgsg
overall risk
is needed,

green level.

Yellow evaluation

B.2.3.3 Green evaluation

If all risks afe GREEN then the overall risk level is acceptable. If the job falls within the green zone, the rigk of
developing |work-related musculoskeletal disorders is most likely considered to be acceptable. Howevegr, if
additional risk factors are present (step 5), it is recommended that an attempt be made to reduce or elimipate
these risks.
B.2.4 Remedial action to be taken
Complete Thble B.3.

Table B.3
Remedial steps that should be taken| Personwho should Date by which action Date and responsibiljty

1

r

order of priority)

take the action

should be taken

for follow-up initiatives

1

2
3
4
5

Date for rea

Signature:

Esessment?

Assessor’s fjame:

Take action and check that it has the desired effect by repeating Method 1.

24
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Annex C
(informative)

Method 2 — OCRA method for detailed risk assessment

C.1 General

Thig annex gives all the relevant information for applying the OCRA (occupational repetitive actior)) method in
accprdance with this part of ISO 11228.

C.2|to C.5 describe in detail, step by step, how the OCRA index is determined; C.6(provides th¢ means for
detgrmining technical actions for step 1; C.7, C.8 and C.9 explain, respectively, how tordetermine force levels,
analyse postures and movements and identify and evaluate the different factors 'and force multipliers applied
in sfep 2; C.10 gives information about the criteria adopted for OCRA Index_ classification (step 3| as well as

on forecast models of the expected percentage of persons affected (PA)-by-one or more UL-WMSD; while
C.11 provides applicative examples of the use of the OCRA method for assessing repetitive tasks.

C.2 OCRA Index
The] OCRA Index is the ratio between the number of actualtechnical actions (ATA) carried out during a work

shiff and the number of reference technical actions (RTA) for each upper limb, specifically deterrined in the
scehario under examination [11]. [38:

OCRA Index = ATA (C.1)
nRTA

where

nata  is the overall numberiof ATA in the shift;
ngta  Is the number of RTA in the shift.

Thelthree-step procedurefor determining the index is detailed in C.3 to C.5 (see also 4.2.3.2.2).

C.3 Step 1

Calgulate the frequency of technical actions (TA) per minute and the overall number of ATA carrigd out in the
shif{ By-each upper limb (see also Table 2).

a) Count the number of technical actions (n1¢) in a representative cycle of each repetitive task in the job.

See C.6 for details on how to determine the technical actions.

b) Evaluate their frequency, f, per minute, considering the cycle time, ¢, in seconds:
60
f=n1ocx— (C.2)
Ic

c) Evaluate the net duration, ¢, of the repetitive task in the shift, in minutes.
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d)

Calculate the overall number of ATA carried out in the shift:

NATA =S % 1

For a multitask analysis, follow the procedure shown in Figure C.1 (see also Table 3).

26

a) Count the number of technical actions in a cycle, n¢, for each repetitive task.

) Evaluate the frequency of action, f, per minute for each of the repetitive tasks
considering the cycle time, ¢, in seconds for each of the tasks.

l '

: '

d) Calculate the overall numbertof ATA carried out in each of the repetitive tasks,
then, by summing them, the overall number of ATA in the shift.

nATAZZ(ijtj)

Figure CcA
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C.4 Step 2

C.4.1 General formula

Use the following formula to calculate the overall number of RTA within a shift (the OCRA method considers a
number of risk factors and corresponding multipliers):

n
ARTA = Z[kf (FMj x Byj % Rgpmj % AMj) X tj} X (RcM X tM) (C.5)
j=1
where
n is the number of repetitive tasks performed during a shift;
|/ is the generic repetitive task;
kg is the constant of frequency of technical actions per minute (= 30);

F\  frequent or high force exertions (force multiplier) in each repetitive/task, j;
Py awkward or uncomfortable postures or movements (posture multiplier) in each repetitive task, j;
Rey  high repetition of the same movements (repetitiveness multiplier) in each repetitive task| j;
Ay presence of additional factors (additional multiplier) in each repetitive task, j;

t is the net duration, in minutes, of each repétitive task, j;

Ry s the multiplier for the risk factor lagk of recovery period (recovery multiplier);

M is the multiplier according to.thé overall duration of all repetitive tasks during a shift (duration
multiplier).

The|determination of these multigliers is given in C.4.2 to C.4.7.

C.4/2 Determining RTA

In practice, use the following procedure to determine the overall number of reference technical agtions, ngta,
withjin a shift.

a) |For eachrepetitive task, start from &; (30 actions/min).

b) |For each task, weight the frequency constant, 4;, using the respective multipliers and congsidering the
presence and degree of the risk factors force, F,, posture, Py, repetitiveness, R, and additipnal, 4.

c) Multiply the weighted frequency thus obtained, for each task, by the number of minutes of the real
duration, z, of each repetitive task.

d) Sum up the values obtained for the different tasks.

e) Multiply the resulting value by the multiplier factor for recovery periods, Rq.

f)  Apply the last multiplier factor that considers the total time spent in repetitive tasks during the whole shift,
M-

g) The value thus obtained represents the total number of RTA in the shift for the examined job (made up of
one or more repetitive tasks), ngta.
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C.4.3 Determining force multiplier, 7,
Step 2 is considered here in more detail.

Determine the force multiplier, Fy,, which will be equal to 1 if the following “optimal” conditions
(see EN 1005-3) are met:

— the isometric force does not exceed 50 % of the values proposed for 15t force percentile for professional
use in the healthy adult European population;

— actions da not imply fast mavements:

— the frequency of force exertions is no more than 1 in 5 min and the action time is no more than 3-s;

— the durption of the repetitive task is no more than 1 h.

If these conditions are not met, use Table C.1 to determine an F), that applies to the average’level of forcg as
a function df time. The force level is given as a percentage of maximum voluntary contraction, MVC, or as a
percentage|of the basic force limit, Fg, as determined in EN 1005-3, Step A. If the percentage of MVC of the
Fg is difficflt to assess, a value derived from the application of the CR-10 Bofgiscale 6] [/l can be ysed
(second prdcedure). The corresponding F); can be derived from Table C.1. Use«F); = 0,01 when the technical
actions requiire “peaks” above 50 % of MVC or a score of 5 (or more) on the-Borg scale for more than 10 Y6 of
the cycle time.

Table C.1 — Multiplier relative to different,uses of force

Force level
% of MVC, gqr Fg 5 10 20 30 40 > 50
0,5 1 2 3 4 =5

CR-10 Borg score very, ve somewhat strong/v@gr
v, very very weak weak moderate givery
weak strong strong

Force mult|plier, F, 1 0,85 0,65 0,35 0,2 0,01

These values can be interpolated if intermediate'results are obtained.

See C.7 for

further explanation 6mhow to determine force levels.

28
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C.4.4 Determining posture (and movements) multiplier, Py,

The multiplier Py, is equal to 1 when one of the postures or movements, given in Table C.2 is present for less
than 1/3 of the cycle time; otherwise use Table C.2 to obtain the specific Py,. Choose the lowest P,
(corresponding to the worst condition) between the posture and movements analysed.

Also consider shoulder postures and movements by checking that the arms are not held or moved:

at about shoulder level (flexion or abduction at about 80° or more) for more than 10 % of cycle time
and/or for more than 2 actions/min [42l;

— [ Tmitd—abductiom—{betweem 45" —amd 80" for more—tham—1/3—of Tyctetime—amdfor fory more than
10 actions/min.
If one of those two conditions occurs, a risk of shoulder disorder exists and should be accurately [considered.
See| C.8 for further explanation on how to analyse postures and movements of the upper limbs.
Table C.2 — Multiplier factor for awkward postures
Portion of cycle time
Awkward posture and/or movement [10] Less than 1/3 1/3 2/3 3/3
from 1 % from25 % from 51 % more than
to 24 % to 50 % to 80 % 80 %
Elbpw |supination (= 60°)
Wrist | extension (> 45°) or flexion (= 45°) 0,7 0,6 0,5
Harld hook grip or palmar grip (wide span) ’
Elbpw [pronation (> 60°) or flexion/extension (> 60°)
WriFt radio/ulnar deviation (> 20°) 1 0,7 0,6
Harld pinch
C.4|5 Determining repetitiveness multiplier, R,
When the task requires the pefformance of the same technical actions for at least 50 % of the cycle time, or
when the cycle time is shorterthan 15 s, Ry, = 0,7. Otherwise, Ry, = 1.
C.4{6 Determiningadditional multiplier, 4,
The| main additional factors include the use of vibrating tools, gestures implying countershogk (such as
hammering),4equirement for absolute accuracy, localized compression of anatomical structures, pxposure to
cold surfaces~and environments, the use of gloves interfering with handling ability and high pacg completely
detgrmined by the machinery.
If additiona-factors-are-absentformestof-the-task-duration4y—=1—Otherwise
— if one or more additional factors are present at the same time for 1/3 (from 25 % to 50 %) of the cycle
time, 4, = 0,95;
— if one or more additional factors are present at the same time for 2/3 (from 51 % to 80 %) of the cycle

C.9

time, 4, = 0,90;

if one or more additional factors are present at the same time for 3/3 (more than 80 %) of the cycle time,

Ay = 0,80.

further explains how to identify and evaluate the different additional factors.

© 1SO 2007 — All rights reserved
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C.4.7 Determining partial reference number, ngpp

C.4.7.1 Monotask analysis

Multiply the adjusted &, thus obtained for 7, to obtain, for each task, j, a partial reference number of technical
actions, ngpa:

nrpa; = ki (FMj x By X Rgmj * Ay ) Xt (C.6)

Figure C.2 shows the procedure for calculating nRpA; in an monotask analysis.

constant of frequency, k;, (technical actions per minute = 30)

force multiplier

posture multiplier

repetitiveness multiplier

additional multiplier

t net duration,in

total-number of RPA for task, j

Figure C.2

C.4.7.2 ultitask-analysis

For a multithsk"analysis, when more than one repetitive task is present, repeat the procedure given in C.4{3 to
C.4.7 for each.repetitive task, j, in the shift, then sum all nRpp; @S shown in Figure C.3.
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X X X X

t t t t
task A task B task C task n
NRPA Ngpa UITYN NRpa
task A task B task C task n

Total number of RPA in shift

NRpA, tot

Figure C.3

C.4{8 Determining recovery period multiplier, Ry,

Determine therecovery multiplier, R, and adjust the total of partial numbers of reference technjcal actions,

nRPA o IPrelation to the presence and distribution of recovery periods.

U

bne or more

The following can be considered as recovery periods:

— breaks (official or non-official), including the lunch break;

— visual control tasks;

— periods within the cycle that leave muscle groups totally at rest consecutively for at least 10 s, almost
every few minutes.
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For repetitive tasks, the reference condition is represented by the presence, for each hour of repetitive task, of
work breaks of at least ten consecutive minutes, or, for working periods lasting less than 1 h, in a ratio of 5:1
between work time and recovery time [1] [8], [48],

In relation to these reference criteria it is possible to consider how many hours of a work shift do not have an
adequate recovery period. It requires the observation, one by one, of the single hours that make up a work
shift: for each hour, check whether there are repetitive tasks and adequate recovery periods. For the hour
preceding the lunch break (if it is present), and for the hour before the end of the shift, the recovery period is

represented

by these two events.

On the basis of the presence or absence of adequate recovery periods within every hour of repetitive work,

count the n|
with Table (

umber of hours with “no recovery”. This done, adjust ngpa 1ot @and determine R, in accordg
.3.

Table C.3 — Elements for determining R,

nce

Without adgd

pquate recovery, h 0 1 2 3 4

Recovery multiplier, R,

1 0,90 0,80 0,70 0,60 0,45 0,25 0,10

C.4.9 Det

Determine
repetitive ta

Within a wad
overall risk
contexts, hg
overtime, p
these chan

overall duration of manual repetitive tasks.

ermining duration multiplier, ¢,

he duration multiplier, #;, and adjust ngpa ot in relation to<the daily duration, in minutes, g
Sks.

rking shift, knowing the overall duration of manual.répetitive tasks is important for determining
for upper limbs. When repetitive manual tasks last for a relevant part of the shift, 7, =1. In s
wever, there may be differences with respect to’this more “typical” scenario (e.g. regularly wor
brt-time work, repetitive manual tasks for only'a part of a shift); the duration multiplier consi
jes with respect to usual exposure conditions. Table C.4 gives the values of ¢, in relation tg

Table C.4 — Elements for determining ¢,

f all

the
bme
king
Hers
the

Total time qf repetitive tasks during shift, h <120 120-239 240-480 > 480
Duration mltiplier, #, 2 1,5 1 0,5
Interpolated multipliers 2
<121 121-180 181-240 241-300 301-360 361420 421-480 > 480
2 1,7 1,5 1,3 1,2 1,1 1 0,5
2  The valugs may.be.interpolated if more precise multipliers are needed.

Once R, and 1, have been identified, the overall number of reference technical actions, ngr,, within a shift,

can be calcu

NRTA = "RPA tot X Rem X m

32

lated using Equation (C.7):

(C.7)
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C.5 Step 3

Obtain the OCRA Index risk by comparing, for each upper limb, the number of ATA carried out during a work
shift (obtained in step 1) and the number of RTA (determined in step 2) using Equation (C.1). Then use

Table C.5 to evaluate the risk and determine the consequences to be acted upon.

Table C.5 — Final assessment criteria

Zone OCRA Ingex Risk level Consequences
value
No risk
Grgen <22 UL-WMSD (PA) forecast not significantly | Acceptable: no consequencés
different from that expected in the reference
population
Very low risk
. Improve structural risk factors (posture, force,
Yellow 2,3-3,5 UL-WMSD  (PA) forecast higher than|technical actions, étc.) or take othe
previous but lower than twice that eXpeCted organizationa| measures
in the reference population
Risk
Réd Redesign tasks and workplaces acg¢ording to
P >3,5 UL-WMSD (PA) forecast more than twice | prigrities
that expected in the reference population

The higher the value, the higher the risk.

The
ass
rigid
that
repr
and
sup

OCRA Index “critical values” reported in Table.C.5 should be used to assist in better fram
bssment and to guide any consequent preventative actions more effectively, rather than bein
numbers splitting results between “risk” or “no risk”. For instance, although it is theoretically
an OCRA Index value of 3,4 represents an uncertain risk, and that an OCRA Index V
esents a definite risk, it is equally fairto say that the difference between these two values i
that the user should pay due attention to trends in OCRA results (also using the forecasti
blied).

C.10 for the criteria to be adopted for OCRA Index classification as well as information
els of the expected PA by one or more UL-WMSD.

See
modq

C.q Identifyingtechnical actions

C.6l1 General

Tec

ing the risk
) treated as
fair to state
alue of 3,6
5 negligible,
ng methods

on forecast

ntified by a

hnical\actions, TA, imply musculoskeletal activity of the upper limbs. They should not be id€
le“joint movement, but rather with a complex movement involving one or more joints and seg

sing
com
elementary movements of a given operatio

ents in the

g - y identify the
n to determine the time required to accomplish it. Th

e two most

common methods, covered in References [3], [4], [5], [14], [15], [19], [20], [22], [23], [24], [25], [30], [33], [36],

[44], [46], [47], [49] and [50], are

chronometer analysis, and

(work factor), the methods/time measurement systems MTM 1, MTM 2, MTM 3, MTM V, MT
MTM UAS, and MODA PTS (modular analysis predetermined time systems).

© 1SO 2007 — All rights reserved
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The technical actions are similar (even if not identical) to the elements considered in the task analysis
methods listed above. Thus, they are more easily recognized by technicians since their identification and the
task analysis methods both aim towards the description of the technical movements carried out by the
operator to complete a work cycle. Table C.6 gives the criteria for counting actions as technical actions.

Table C.6 — Criteria for counting technical actions

Technical action Criteria
Move Only when
— the object moved weighs more than 2 kg (with the hand in grip) or 1 kg (with the hand in
pinch), and
— the upper limb has a wide movement covering a distance of > 1 m.
Reach Only when the object is positioned beyond reach of working area limits 4,, B, and C5,’shown helre.
» B, .-
A A
N S
h [
Y
fomuomomonmel Wk
4, maximum working area height: 730 mm
B, maximum working area width:x+170 mm
C, maximum working area depth: 415 mm
NOTE Adapted fromNSO 14738.
Grasp Grasping of anlobject with hand or fingers in order to carry out an activity or task.
Synonyms:.take, hold, grip, grip again, take again, etc.
Grasp with qne The action of passing an object from hand to hand is considered two separate technical actions
hand — \one TA for the right hand (grasp with one hand);
Grasp againwith =" the other TA for the left (grasp with other hand).
other hand
Position Positioning an object or tool at a pre-established point.
Synonyms: position, lean, put, arrange, put down; equally, re-position, put back, etc.
Putting in Only when use of force required.
Pulling out Synonyms: to insert, to extract.
Push/Pull Considered TA because of need to apply force (even if only little) in order to obtain a specific result.
Synonyms: to tear, to press.
Release, Considered TA except where, once object is no longer necessary, it is simply “released” by
Let go opening the hand or the fingers.
34 © 1SO 2007 — Al rights reserved
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Technical action

Criteria

Start-up

Start-up of a tool requires the use of a push-button or lever by parts of the hand, or by one or more

fingers.

If start-up done repeatedly, count one technical action for every start-up.

Synonyms: press button, lift/lower lever.

Specific actions
during a phase

Other actions that specifically describe the processing of a part/object:

to bend or fold;

to bend or curve, deflect;

to squeeze, rotate, turn;

to settle, to shape;

to lower, hit, beat;

to brush (count each brush passage on part to be painted);
to grate (count each passage on part to be grated);

to smooth or polish (count each passage on part to pélish);
to clean (count each passage on part to clean);

to hammer (count each single hit on part);

to throw;

etc.

Identify and count each action once for €very repetition.

EXAMPLE

“four brush strokes” equals four technical actions.

“Turn twice” equals two’technical actions, “lower three times” equals three technigal actions,

Carry

Carrying an object shall be considered as a TA only when

the object weightsxmore than 2 kg with the hand in grip or 1 kg with the hand in pingh, and

the walking.distance is > 1m

duration.

Walk and visual inspection are not considered technical actions, as they do not imply any activity of the uppef limbs.
Coynt identical actions each and-every time they are repeated.

When defining the frequeney, /' (number of technical actions per minute), count the single technical agtion, not its

© 1SO 2007 — All rights reserved
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C.6.2 Examples of counting and identifying

C.6.2.1

Example 1 — Pick and place

The operation described here is the picking up of a workpiece (a cylinder) from a container and its placing in a
hole on the workbench close to the body — a so-called pick (first technical action) and place (second technical
action) operation. In this example, only the right upper limb is being worked and the two technical actions
present in the cycle are only for that limb (see Table C.7) [71.

After identifying the technical actions, count their number in the cycle and, timing the cycle length in seconds,

calculate using-Equation ((‘ R)’ for the right and left upper limbs separately with their frnqunm‘y expressed as
the number|of technical actions per minute:
60
f=ni¢ x— (C.8)
Ic
Table C.7 — Counting technical actions — Pick and place
Technicalaction
Left upper limb Right upper limb
— Pick up cylinder
— Place cylinder in hole
Total numbgr of technical actions, 1 0 2
Cycle time, |/, s 6 6
Frequency,|f, TA/min — 20
When it beqomes necessary for the operator to.re-grasp and reposition the workpiece, this counts as two hew

technical aqtions (see Table C.8).

Table C.8 — Counting technical actions — Pick and place, re-grasp and reposition

Left upper limb

Technical action

Right upper limb

Pick up cylinder

Place cylinder in hole

— Re-grasp

— Reposition
Total number of technical actions, 1 0 4
Cycle time, 1, s 6 6
Frequency, /, TA/min — 40

36
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C.6.2.2 Example 2 —Pick and place with transfer from left hand to right and visual inspection

The operation described here is a pick and place operation with transfer of the workpiece from one hand to
the other and a visual inspection. The operator grips the cylinder with the left hand, passes it to the right hand,
rotates it for a visual inspection and, still with the right hand, positions it in the required place. When counting
technical actions, visual inspection is not normally considered, because it does not require any mechanical
action of the upper limbs. However, when the operator actually physically rotates the cylinder for the purposes
of visual inspection — a mechanical action — this is counted as a technical action (rotation) (see Table C.9).

Table C.9 — Counting technical actions — Pick and place with transfer from hand to hand

and-visual-inspection
ction

Technical action

Left upper limb

Right uppgr limb

Take cylinder

Gfasp cylinder

Rotate cylinder

Position cylinder

Total number of technical actions, n 1 3
Cygle time, 1., s 6 6
Freguency, f, TA/min 10 30

C.6

In th
1Tm

2.3 Example 3 — Pick, carry and place load

plade it. (see Table C.10).

is example, the operator carries a load weighing 4 kg from a container, which is at a distance pf more that
from the workbench, to the workbench-itself. The technical actions are grip the part, carry the load and

NOTE Carry is counted as a techhical action of the upper limb(s) only under the conditions specified in Tjable C.6.

Table C.10 — Counting technical actions — Carry and place load

Technical action

Left upper limb

Right uppgr limb

Grasp load

Carry load with ope arm

Position load on lpench

Totalmumber of technical actions, i 0 3
Cycle time, 7., s 6 6
Frequency, f/, TA/min 0 30
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C.6.2.4 Example 4 — Cyclical use of tool with repeated and identical actions

In this example, using a drill, the operator makes a hole at three different points. After gripping the drill with the
right hand (technical action 1), he places it over the point where the hole is to be drilled, pushes the button to
start the drill, pushes the drill to obtain the hole, then extracts the drill.

These four actions are each repeated three times (total of 12 technical actions) before the drill is put down.
The total number of technical actions is therefore 14, all of them performed using the right upper limb.

NOTE If the tool is suspended and returned to its original position passively, the release action is not counted.

See Table €.11.

Table C.11 — Counting technical actions — Cyclical use of tool with repeated and identical|actions

Technical action

Left upper limb Right upper limb

— Grasp drill

— Place on 15t hole

=

— Operate by pressing buttg

— Push to make 15t hole

— Remove drill

L Place on 2" hole

— Operate by pressing buttg

=

— Push to make 2Md hole

— Remove drill

— Place on 3™ hole

— Operate by pressing buttg

=

— Push to make 3 hole

— Remove drill

— Replace drill
Total numbgr of technical.actions, n; 0 14
Cycle time, |/, s 14 14
Frequency,|f, TA/min 0 60

Operate  degscribes the action of using the hand or finger(s) to operate the drill

Push indicates the need to apply force, even if minimal
Remove indicates the need to perform the operation using force, even if minimal

Place describes the need to place the tool in a predetermined spot
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C.6.2.5 Example 5 — Technical actions not carried out in every cycle

There are cases where some of the technical actions are not carried out in every cycle, but only once every
few cycles. These actions are counted within each of the cycles as fractions of technical actions. In this
example, re-grasp and reposition are done every two cycles: each is counted as 0,5 of a technical action per
cycle.

See Table C.12.

Table C.12 — Counting technical actions — Technical actions not carried out in every cycle

Technical action

Left upper limb Right.uppgr limb

Take cylinder —

— Take cylinder

— Place cylinder in hole

— Re-grasp @

— Reposition 2
Total number of technical actions, n¢ 0 3
Cygle time, 1, s 6 6
Frefuency, /, TA/min — 30

2 |Counts as half an action.

C.7 Determination of force levels

C.7l11 General

Forge represents the biomechanical involvement necessary to carry out a given action or sequencg of actions.
For¢e can be intended as-an.external, applied force, or an internal tension developed in the mugcle, tendon
and|joint tissues. The need-to develop force during work-related actions can be related to moving or keeping
still the tools and objects, or to keeping a part of the body in a given position. The use of force fan also be
relajed to static orl dyhamic actions, both of which are contractions. When the first occurs, it js generally
desgribed as a static load, which some authors describe as a distinct risk element [17],

The| need to-use force repetitively is scientifically considered as a risk factor for tendon and muscle disorders.
Fuq‘rermore, a multiplicative interaction has been shown between force and (action) frequency, egpecially for

disdrders- affecting tendons or nerves.

Force quantification in actual work situations is difficult. Some scientists use a semi-quantitative estimation of
external force via the weight of the objects being handled. In other cases, it has been suggested that
mechanical or electronic dynamometers be used. Surface electromyography techniques can be used to
quantify internal forces exerted by muscles. All of these methods present implementation difficulties. Effects of
physical loads will be estimated by force multipliers, F),. Force multipliers can be determined in two different
ways depending on whether or not workers are known individually. Accordingly, two different procedures may
be applied: a biomechanical approach based on user group strength distributions, and a psychophysical
approach using the CR-10 Borg scale (6] [7],
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C.7.2 Procedure 1 — Biomechanical approach based on user group strength distributions

The following procedure enables the determination of force multipliers, F),, for optional but well-defined
working populations in anonymous situations, where the operators are not known individually.

a) Analyse a given work cycle to detect major workloads.
b) Obtain a set of 100 % MVC reference distribution functions for each workload, i, detected.

c) Adjust all 100 % MVC; reference distributions to the demographic profile (age and gender) of the
envisaged user population.

d) Deternfine percentile force limits, 7, (e.g. 15t percentile) for each major activity, i, allowing a‘majprity
(e.g. 8% %) to work at F| ; levels.

e) Normalize actual loads, L;, using F| ;. This yields % MVC; values that are not exceededby the majprity
selected (e.g. 85 %).

f)  Calculgte an average % MVC value integrating all of the major workloads of a cycle using Equation (¢.9):

Error! Objects cannot be created from editing field codes. (.9
where

tc is the cycle time;

At is the duration of exposure to workload i;

% MVC, is the % MVC value under workload i

See Figure [C.4 which illustrates steps a) to f).

g) Find the appropriate F), for each work cycle) as shown in Figure C.5.
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Y 4 A7
100 100
100 % MVC
% MVC;
15
0 = >
0 L, F X
Key
X strength or load, N
Y % MVC
z strength distribution function, %
F; force limit of activity, i/, N
L, actual load under activity, i, N
% MVC, relative load given by activity, i, N
NOTE lllustrates C.7.2, a) to f).
Figure.C.4
Fu A
1
Fu <
0 =
0 10 30 l 50 % MVC
% MVC
Key|
Fy forceTrottiptier

% MVC  percentage of maximum voluntary contraction

NOTE lllustrates C.7.2, g).

Figure C.5
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C.7.3 Procedure 2 — Psychophysical approach using CR-10 Borg scale

Applied forces may be estimated individually by a specific scale proposed by Borg (category scale for the
rating of perceived exertion, CR-10 scale, see References [6] and [7]). This scale can be used to describe
muscular effort perceived in any body region. The results of the implementation of the CR-10 scale, when
assessed with an adequate number of workers, have an accuracy roughly comparable to that of surface
electromyography. The relationship between CR-10 scale results and exerted force (in maximum % MVC) is:

10*CR - 10

= force, in percent [16],

Quantification of the effort perceived by the whole upper limb should theoretically take place for every single
action that makes up a cycle. For practical reasons, the actions that require minimal muscle involvement could

be identifieq
actions, or
Once this ¢
calculated (

Based on p

The sty
cycle w

a)

b) Ask thg
upper |

effort

c) Once

betwegn 0 and 10 on a scale form. Ascribe the relevant duration to each of the strength exertions -

secon

as having a 0,5 value in Borg's scale. Then the description procedure could only consider;th
groups of actions, that require more force than the minimal amount, always using Borg/s, sq
rocedure has been carried out, the average weighted score for the whole of the cycle.mus
5ee Table C.13).

ractical experience, the following is recommended.

dy on force should come after that on technical action frequency: one must'already know how
orks and, especially, the order and intensity of the successive force requirements inside the cy

worker (user) whether there are technical actions inside the cycle that'require muscle effort o
mbs. It is important to put the question in this way, because the‘worker often confuses mu
ith the general tiredness that he/she feels at the end of a shift.

e actions, which imply the use of force, have been exemplified, ask the worker for a ra

and then as a percentage of the cycle time. SinceZexposure assessment procedures are

d)

f)

intenddd to be preventive, it is important to ask the worker to explain the reason for strength exerti
This is|information of immediate practical interest because the presence of force when carrying ou
action fould be due to a technical defect in the product or tools used, or to a breakdown or a w
choice pf mechanical aids. Such problems are usually easily solvable.

Once the actions requiring force have been.pinpointed and ranked according to Borg’s scale, by ascri
to the
given the same score.

It is im
herself| as, if this were done bylan external observer, there would be major errors. In fact — and th
especially true of actions made by the smaller joints or for specific joint positions (pushing a button
lever with the fingers, pinching, etc.) — the use of force is rarely perceivable by an external obse
even ifhe or she is highlytrained.

Once
scale),
Table

Il information’is obtained from the worker, record any action requiring “peaks” (above 5 on Bd
and calculate the average weighted score for all actions in the cycle as in the exampl

ose
ale.
t be

the
cle.

the
scle

ting
— in
also
bns.
t an
ong

bing

a duration within the cycle, then—all*other technical actions in the remaining cycle time caf be

bortant that the worker do€s'the scoring of the perceived physical effort in a given action hifn or

is is
or a
ver,

rg’s
b of

Table pe-rceived effort (procedure 2) considering all technical actions in a 35 s work cycle

Subdivision in time (A) (B1) (B2) A xB1 A x B2
within 35 s cycle Percentage subdivision of Percentage of |Borgscale| % MVC | perceived

s level of exertion in time MVC or F score orF| effort

20 57 5 0,5 2,85 0,285

8 23 20 2 4,60 0,460

7 20 40 4 8,00 0,800

Final score 15,45 1,545

42

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=81048353a7daf23e47ccb65931100a2b

ISO 11228-3:2007(E)

C.8 Analysis of posture, types of movements and their repetitiveness

Upper limb postures and movements during repetitive tasks are of fundamental importance in contributing
towards the risk of various musculoskeletal disorders. Much agreement can be found in the technical literature
as to the potential damage from awkward postures and movements of each joint, from postures maintained for
a long time (even if not extreme), and from specific, repetitive movements of the various segments. The
analysis of postures and movements will concentrate on each single segment of the upper limbs (hand, wrist,
elbow, shoulder) and is aimed at checking the presence and time pattern in the cycle (frequency, duration) of
static postures and dynamic movements involving each of the segments/joints considered. The description
may be more or less analytical but shall at least address

a) |technical actions requiring postures or movements of a single segment beyond a critical levgl of angular
excursion (the angular excursion critical level can be determined according to criteria.‘avaijlable in the
literature),

b) [technical actions involving static postures and/or movements which, even in accgptable angular excursion,
are maintained or repeated in the same way (repetitiveness), and

c) |the duration, expressed as a fraction of cycle/task time, of each of the conditions of a) and b).

The| combination of these descriptive factors (posture/time) will provide the classification of effprt for each
segent considered.

In grder to identify the so-called angular excursion critical {évels (awkward postures and njovements),
reference should be made to ISO 11226 and, if necessary, to.data and proposals available in the literature
(see References [2], [8], [10], [12], [17], [29], [34], [35] and [45]) which are quite convergent, thouglp differing in
the |evel of analytical detail (inclusion/exclusion of some kinds of movement, critical excursion values of main
moyements, etc.).

An accurate description of posture and movements’can also be considered a predictive element] for specific
pathologies of the upper limbs, which can be-foreseen for exposed operators in the presence ¢f other risk
elements (frequency, force, duration, etc.).
The| description/assessment of the postures and movements shall be done over a representatiye cycle for
each of the repetitive tasks examined. This shall be via the description of the duration of the posfures and/or
movements of the four main anatemical segments (both right and left):
— |posture and movements of the arm with respect to the shoulder (flexion, extension, abduction);
— |movements of the elbow (flexions-extensions, pronosupinations of the forearm);

— |postures andimovements of the wrist (flexions-extensions, radio-ulnar deviations);

— | posturesiand movements of the hand (mainly the types of grip).

In grder to simplify the analysis of postures and movements, for the action to be defined as |[heavy, it is

necessSary toidantifithot v on s iyt ioint cacaant teavala Avar ol oAl araatarthan 40 0 t 50(y f
CSSaAry U TaCTItTy  triaC wWitCTT i rovinTy, e Jun - STy ave S Uve T arrarngrc—greatcrarar—ro— 70 (0] o O

joint range (or an awkward position for gripping with the hand).

Heavy joint involvement is quantified with different scores extrapolated from the data on the subjective
perception of joint involvement [10].

When studying the postures and movements of the shoulder, of mention is a study 42l that shows an
increased risk of shoulder disorders when the arm is moved or maintained at about shoulder level (extreme
elevation) for more than 10 % of the cycle time.

As far as the types of handgrip are concerned, some of them (pinch, palmar grip, hook grip, narrow span) are

considered to be less favourable than the power grip, and are therefore classified as implying medium/high
involvement.
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The following figures illustrate the main joint movements of the upper limbs (see Figure C.6 and Figure C.7)
and, for the hand, the different types of grip (see Figure C.8)

NOTE Table C.2 summarizes the degrees beyond 40 % to 50 % of joint excursion range.
Posture evaluation involves the following five operating steps.
a) Describe the postures and/or movements, separately for the right and left joints.

b) Establish whether there is joint involvement in a “risk” area (awkward postures and/or movements), and
its timing within the cycle:

— 1/10  from 10 % to 24 % of the cycle time;
— 1/3 from 25 % to 50 % of the cycle time;
—  2/3 from 51 % to 80 % of the cycle time;
— 3/3 more than 80 % of the cycle time.

c) Find the corresponding posture multiplier, Py, (see Table C.2).

d) Establish the presence of repetitiveness in certain movements whiCh ‘can be pinpointed by observing
technical actions or groups of technical actions that are all equal 0 each other for at least 50 % of the
cycle time, or by the presence of static positions maintained for.at least 50 % of the cycle time, or by a
very short duration of the cycle (less than 15 s but obviously characterized by the presence of actions of
the uppger limbs).

e) Consider the corresponding repetitiveness multiplier, Rgy.

+20°
00
a) Lateral elevation — b) Frontal elevation — Flexion c) Extension
Ab{duction/adduction 100 % joint range is 180°; 100 % joint range is 40°;
100 %6 joinfrange is 90°; awkward posture > 80° awkward posture > 20°

awkward\posture > 45°

Shoulder postures and movements

Figure C.6
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a) Elbow — Pronosupination b) Elbow — Flexion, extension
100 % joint range 1s 90°; TOU % Joint range 1s + 150,
awkward posture > 60° awkward posture > 60°

c) Wrist — Palmar flexion d) Wrist — Dorsal extension
100 % joint range is 90°; 100 % joint range is 90°;
awkward posture > 45° awkward posture > 45°

T +20°

e) Wrist — Ulnar deviation f) Wrist — Radial deviation
100 % joint range is + 40°; 100 % joint range is + 30°;
awkward posture > 20° awkward posture > 15°

Elbow and wrist postures and movements

Figure C.7
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Power grip

Five examples of pinch grips

Figure C.8

Palmar grip
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C.9 Definition and quantification of additional risk factors

Besides the main risk factors, there are others factors of an occupational nature that should also be taken into
consideration when exposure is assessed [10. [17]. They are defined here as additional risk factors — not
because they are of secondary importance, but because each of them can, from time to time, be either
present or absent in the contexts examined.

The following list of these factors, which is only concerned with factors of a physical or mechanical nature, is

not necessarily exhaustive:

the use of vibrating tools (even if only for part of the actions);

Oth
dets
and
exp

Con
fast

The
moy

For
the
of a

requirement for absolute accuracy (tolerance 1 mm to 2 mm in positioning a piece or object);

localized compressions on anatomical structures of the hand or of the forearm with tools,
working areas;

exposure to cold or refrigeration;

the use of gloves which interfere with the handling ability required by thétask;
objects handled having a slippery surface;

sudden movements, “tearing” or “ripping” movements, or fast movements required;

the required technical actions implying a countershock (hammering, hitting with a pick over ha
using the hand as a tool, etc.).

pr factors, which are listed under the general térm of psycho-social, have also been called
rmining the onset of UL-WMSD. Among these are some which are concerned with the indivig
cannot, therefore, be included in general methods considering a collective and occupatig
bsure of a target group.

versely, there are factors — definable as organizational (work pace determined by machine,
moving objects) — which should be taken into consideration, at least from the descriptive poin

description of additional factors can take place in parallel with that of technical actions or of p
ements.

each of the physical/mechanical risk factors, it is necessary to specify the length of time (as
Cycle/task time, /3, 2/3, 3/3) during which the factor is present, or to describe the frequency of
ctions wheresthe factor is present (especially for sudden movements and movements with cour]

Ap
of |
cycl

rt
EO 11228, such vibrations are only considered to be either present or not present (for a frg

ial exception is represented by the factor vibrations, as transmitted to the hand/arm system

objects, or

rd surfaces,

nto play for
ual sphere,
nal type of

working on
of view.

pstures and
a portion of
occurrence

tershocks).

In this part
ction of the

and task time).

NOTE

national legislation.

For a detailed exposure assessment, the user is referred to ISO 2631-1, 1ISO 5349-1 and 1SO 5349-2, or to

The presence of organizational additional risk factors in the examined task needs to be mentioned: once it has
been established that they are present (one or more), they influence the whole task (3/3 of cycle time).

The assessment of additional risk factors begins with a definition of optimum conditions, as represented by the
absence, or very limited presence, of additional risk factors: in this scenario, the additional multiplier, 4, is
equal to 1; any discrepancy with respect to this optimal condition represents a contribution of additional risk
factors to the overall exposure level, which grows with that growing portion of the cycle time during which
additional risk factors (one or more) are present, as specified in C.4.6.
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C.10 Association of the OCRA index with UL-WMSD — Classification of results and
forecast models

On the basis of the studies given in References [39], [40], the association between the OCRA index
(independent variable) and the prevalence of persons affected, PA, by one or more UL-WMSD (dependent
variable) can be summarized by the following simple regression linear equation:

Y (PA) =2,39 + 0,14 (SE) x OCRA (C.10)
where
Y(PA):npax@ (9.11)
I’lep

npa is fhe number of persons affected by one or more UL-WMSDs;

ngp is fhe number of exposed individuals;

SE is the standard error (= 0,14).

This regregsion equation is calculated without the constant, e.g. if OCRA is 0, then no UL-WMSD| are
supposed to be present.

In this context, the UL-WMSD considered are all entrapment syndromes, tendonitis, peritendinitis of the upper
limbs (shoulder included), confirmed by clinical examination and speeific instrumental tests.

If Equation [C.10) is used as a forecast model, the OCRA index becomes a tool for forecasting the collegtive
risk, for a given exposed population, of contracting UL-WMSD (in terms of PA), as shown in Table C.14.

Tlable C.14 — Forecast of PA (central tendency) for a group of exposed individuals,
given specificc OCRA index values

OCRA value Central :/endency
(o]
1 2,39
2 4,78
4 9,56
8 19,12

Furthermor¢, otherravailable data on the trends of PA in a reference working population which is ngver
exposed to|oecupational risks of the upper limbs are relevant for the purposes of this part of ISO 11248 in
defining thelQERA index critical values

EXAMPLE In a sample reference group of 749 subjects (310 males and 439 females) 8], general and specific age
and gender PA rates were computed. Considering the partial values of PA in different age and gender subgroups of this
sample, it was possible to compute a standardized (for age and gender) rate, PA, with reference to the age and gender
composition of a total national (ltalian) workforce. Using statistical inferential procedures, the 90 % confidence limits and
5t and 95 percentiles of the standardized PA distribution were computed, as reported in Table C.15.

Using the PA variable in the reference unexposed population, OCRA index reference limits were established starting from
the 95 percentile as the “driver value” for the so-called green limit and from twice the 50t percentile as the driver value
for the so-called red limit.

Those driver values of PA expected in the reference working population (not exposed) were compared with the regression
equation [Equation (C.10)] at the level corresponding to the 5% percentile (obtained using the SE): in such a way, by
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adopting a prudential criterion of assessment of not acceptable (yellow) or at risk (red) results, it was possible to find the
OCRA values corresponding, respectively, to the green and red limits and to the discriminating green, yellow and red
areas as schematically shown in Figure C.9.

Table C.15 — PA values distribution as estimated in a working population never exposed to

occupational risks for upper limbs

Health effect

5th percentile

50th percentile
central value

95th percentile

PA 2,6 3,7 4,8
Y A

Y = 2,62 x OCRA?
Y = 2,39 x OCRA®
Y =2,16 x OCRA®

7,4=2x50°¢

4,8|]= 95° ¢

370=500¢ b e &G

2,6|=5°¢ - 2

Key|

X PCRA

Y PA %

1  pptimal¢(GREEN) < 1,5

2 pcceptable (GREEN) < 2,2

3  bordedine (YELLOW,)

4  risk: low (RED) < 4,5; medium (RED) < 9; high (RED) > 9

a  Equation (C.10) 95t percentile.

b Equation (C.10) 50t percentile.

¢ Equation (C.10) 5t percentile.

d  Driver value in the reference population.

NOTE Schematic representation of the OCRA procedure adopted to define OCRA green and red limits based on PA

in the reference population and using Equation (C.10).
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In practice:

— the green limit means that, at that level, in the exposed working population, are forecast, in almost in
95 % of cases, PA values higher than the 95t percentile (PA =4,8 %) expected in the reference
(unexposed) population;

— the red limit means that, at that level, in the exposed working population, are forecast, in almost 95 % of
cases, PA values higher than twice the 50th percentile (PA = 3,7 x 2 = 7,4 %) expected in the reference
(unexposed) population.

Following this _approach, and using the data that have been presented, it becomes possible to identify the
different ris?t zones (green, yellow and red) with “critical” OCRA index values and to indicate the consequient
preventive gctions as given in Table C.5.

C.11 Application examples of OCRA analysis and consequent risk reduction

C.11.1 Reg¢apitulation

Before presenting the examples, it could be useful to resume the time units proposed in the OCRA analysi

)

— shift ddration, in minutes;

— cycle time, ¢, in seconds;

— technical action duration, in seconds;
— technical action frequency, /' (number of actions per migute).

NOTE The software midaOCRAmultitask can be used toycalculate the OCRA index (see Reference [57]).

C.11.2 Example 1 a
This example describes the analysis of a . task’(in an assembly line) which consists of completing a piece in 5 s.
With the right hand, the worker takes and places the first component: this component arrives at his left gide.

With the left hand, the worker takés)and places the second component: this component is on a plane in {front
of him. The|pace is completely.determined by the machinery. See Figure C.10.

First phas¢g: analyse organized work

This involvgs the examination of the working shift, the selection of the task or tasks (repetitive or not)| the
presence of scheduled pauses, waiting times or dead times.

It is necesspryfirst of all to pinpoint the presence of repetitive tasks characterized by the presence of cycles
with technical actions of the upper Imbs. One or more repetilive fasks can be carried out during a working
shift: they must be singly assessed and described, with their duration in number of minutes within the whole
shift. In the same way, all the non-repetitive tasks must also be described in terms of their duration in minutes
within the working shift. Examples of such tasks are materials supply, preparation, cleaning or transport.

There are tasks that do not imply any action of the upper limbs, such as, for instance, visual control operations.
Such tasks can be considered as a recovery period for the upper limbs, and their duration must be quantified
attentively, in minutes, together with their distribution within the shift.

The physiological pause and/or rest period must be signed as a recovery period when expressed as pauses
and/or interruptions lasting at least five consecutive minutes.
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e A 5
ntaining the

| . RS
Right: wait while mai Right: position the first piece

piece in pinch

ight: take first piece on left side

Rig

Left: position the . second piece
Left: take the second piece

Figure C.10

The] distribution of physiological pauses and/or rest periods within the. shift requires the study|of the total
durgdtion of their distribution within the shift itself. If the pauses and/orlinterruptions of activity are distributed
subjectively, it is important to report accurately on the average<worker's behaviour in resppct of their
application within the shift.

See| Table C.16.

Table C.16 — Analysis of organized work

Workplace Description Durgtlon
min

Official (from 8:00 to 17:00)

Shift duration 480
Real

Offifial breaks Official (15 min at 10:00 and 15 min at 16:00) 30

Othkrs breaks Real
Official (60 min not included in the shift)

Lunich break
Real
Official

Wofk time considered as recovery 0
Real
Official (clean = 15 min)

Non-repetitive tasks 15
Real

Net duration of repetitive task 435
Official

Number of units per shift 5220
Real

Net duration of cycle time 50s

Observed duration of cycle time or duration of observed period 50s

Percentage difference 0%

© 1SO 2007 — Al rights reserved 51


https://standardsiso.com/api/?name=81048353a7daf23e47ccb65931100a2b

ISO 11228-3:2007(E)

Second phase: calculate frequency of the technical actions

The worker takes the piece in pinch, waiting until the machinery sited in front of him is ready, then positions
the two pieces, one with the right hand and the other with the left. Positioning needs an elbow
flexion/extension and the fingers in pinch.

The technical actions necessary to complete a cycle and their duration, in seconds, and frequency are
described in Table C.17.

Calculate the action frequency, for each upper limb, using Equation (C.2) and with ny the number of technical

actions in a cycle for each arm.

The action 1
for the left.

requencies resulting are 24 technical actions per minute for the right upper limb and 24 permi

Table C.17 — Identification of technical actions in cycle for each upper limb

hute

Right lipper limb NL_lmber of techni_cal Left upper limb Ntfmber of technif:a
actions (and duration) actions (and duratior)
Take first component 1@35s) Take second component 1(1,6s)
Position it 1(25s) Position it 1(2,45s)
Total technigal actions 2 Total technical actions 2
Cycle time 5s Cycle time 5s
Frequency 24/min Frequency 24/min

Third phasp: evaluate force

The technigal actions requiring force (right upper limb) are shown in Table C.18. For each technical actior] the
following pgrameters are indicated:

— the durption, x;
— the proportion of its duration in the'eycle, j = x/cycle time;

— the forge level required, using either the Borg scale score, y, or the percentage of Fg or of MVC (Z).

By multiplying y by j and summing the results, the average force level is obtained. The result using the Borg
scale is 0,7|for the right.upper limb and 0,76 for the left upper limb. The data proposed by Table C.1 determine
the force multiplier, &y, corresponding to the average force level estimated: F), is equal to 0,94 and {,92
(interpolated valuesfor right and left respectively).

The softwafed5/! calculates the average force level and the corresponding Fy, by inserting for each techfical
actions (orhmmmﬂmmmﬁmmmm—mmmmgi Fg

or percentage MVC or CR-10 Borg score).

Fourth phase: evaluate awkward postures and/or movements

The following awkward postures and/or movements are to be described for the different joints of both the
upper limbs, as reported in Table C.19.

When the duration of each technical action and the distribution of the technical actions in the cycle are similar,
it is possible to estimate the duration, in percentage of cycle time, of an awkward posture and/or movement,
dividing the number of technical actions found in that specific awkward posture and/or movements by the total
number of technical actions.
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When duration and distribution of each technical action in the cycle are different, it is more precise to estimate
the duration, in percentage of cycle time, dividing the duration, in seconds, of the technical actions found in a
specific awkward posture and/or movement by the total duration of the cycle time in seconds.

The software calculates the percentage duration of the awkward postures or movements by entering the
number and durations, in seconds, of each action and their duration in awkward postures and/or movements
(as proposed in Table C.19).

Using Table C.2, for the right upper limb:

for elbow in flexion/extension (> 60°) for 40 % of the cycle time, Py, = 1;

The

Usir

The

Fift

For
moy
The
whe

for hand in pinch for 96 % of the cycle time, Py, = 0,6.

Py, that represents the final posture evaluation is the lower score: 0,6.

g Table C.2, for the left upper limb:

for elbow in flexion/extension (> 60°) for 40 % of the cycle time, Py, = ¥
for hand in pinch for 72 % of the cycle time, Py, = 0,7.

Py, that represents the final posture evaluation is the lower $eore: 0,7.

n phase: evaluate repetitiveness

repetitiveness, the cycle time is very short and.the task requires the performance of the sa
ements for more than 50 % of the cycle time.(Ihe repetitiveness multiplier, Rgy,, will be 0,7
software enters R, in the OCRA index computation. This is done by writing “yes” when it is (g
n repetitiveness does not occur.

Table C.18 +~ Analysis of force of right upper limb

me working
see C.4.5).
resent; “no”

Technical actions Force
Upper limb technical action (dynamic)
Task A . Duration Proportion of
Duration Total per Borg scale X force duration .
scores . . yxJ
cycle in cycle time
s Y s j
Takie 3 1 0,5 3,0 0,6 0,3
Podition 2 1 2 1,0 0,2 0,4
Forgce score 0,7(
Force mull-ilr_\linr, pIVI 0-9
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Sixth phase: evaluate recovery periods

Referring to Table C.16, in a scenario with a lunch break and two breaks of 15 min each — one before and
the other after the lunch break (in the last hour of the shift) — the distribution of recovery periods will be as
shown in Figure C.11.

8:00 |

Break: 15 min Break: 15 min

As feported in C.4.8, the reference condition is represented by the presence, for each, hour of ref

of

between work time and recovery time (1] [8]. [48],

Inr
an 4
shiff
For
recq

On fhe basis of the presence or absence of adequate recovery periods within every hour of rep
the humber of hours with “no recovery” is in this case 5 (one\of the two breaks is in the last hour 9

whi

Con
with

Seventh phase: evaluate duration multiplier

The
for 1

Acc
Eig
Equ

In th

Figure C.11

work break of at least ten consecutive minutes or, for working periods of lessdhan 1 h, in a

lation to these reference criteria, it is possible to consider how many haurs in the work shift
dequate recovery period. It requires the observation, one by one, of the~single hours that mak
: for each hour, a check must be made for the presence of repetitiveitasks and adequate reco

very period is represented by these two events.

h recovery is in any case present).

out an adequate recovery period).

net duration of the repetitive task,‘t,/considering in addition the presence of a non-repetitive ta
5 min) is 435 min.

prding to Table C.4: ¢, = (.

hth phase: Calculate’OCRA index

ation (C.3) is,used to calculate the overall number of ATA carried out within the shift.
e present.example, t = 435 and f= 24, thus:

naga equals 10 440 for both upper limbs.

etitive task,
ratio of 5:1

o not have
e up a work
ery periods.

the hour preceding the lunch break (if it is present), and for the“-hour before the end of the shift, the

ptitive work,
f the shift in

sidering the data presented in Table C.3, recovery period multiplier is R, = 0,45 (corresponpding to 5 h

5k (cleaning

The

As,

following formula is used for calculating the overall number of RTA in a shift:
nRTA = (kg X Fyg x Py x Apyg X Ry % 1) X (R % )
in the present example, ¢ = 435 min and ¢, is equal to 1, thus

for the right upper limb:

nrTa = (30 x 0,94 x 0,60 x 0,85 x 0,70 x 435) x (0,45 x 1) =1 971
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for the left upper limb:
nrta = (30 % 0,92 x 0,70 x 0,85 x 0,70 x 435) x (0,45 x 1) =2 255

The OCRA index is obtained by comparing, for each upper limb, the number of ATA carried out in the shift
with the overall number of RTA within the shift, using Equation (C.1). In the example, the risk evaluation leads
to an OCRA index in the red zone (see Table C.20):

OCRA index (left) = 10 440/2 255 = 4,6 OCRA index (right) = 10 440/1971 = 5,3
Table C:20— Examplie Ta— Resuit of OCRA Index evaiuation
Repetitive work net time for each task 435
Units per shift 5220
Hours withopt recovery 5
Recovery mliltiplier, R, 0,45
Constant of frequency, 30 30
Right Left

Force multiglier, Fy, 0,94 0,92
Posture mulfiplier, Py, 0,60 0,70
Additional multiplier, 4y, 0,85 0,85
Repetitivengss multiplier, Ry, 0,70 0,70
Cycle time, 4., s 5,0 5,0
Frequency, f; TA/min 24 24
Technical agtions in cycle, ny¢ 2,0 2,0
Total ATA 10 440 10 440
Total RTA 1971 2255
Duration muftiplier, #, 1,0 1,0
OCRA index 5,3 4,6
C.11.3 Example 1 b’ ="Risk reduction by optimizing break distribution
We can usq different solutions to reduce the risk evaluated in Example 1 a.
Reducing the aumber of cycles and thereby increasing the cycle time means proposing to significantly reduce

production: the least desirable means of risk reduction. One alternative is to rearrange the distribution of
breaks, considering the possibility of optimizing the recovery periods. In example 1 a, there is a lunch break
and two breaks each of 15 min each — one before, and the other after, the lunch break (last hour of the shift).
The number of hours with “no recovery* is in this case 5 h (one of the two breaks is in the last hour of the shift
in which a recovery is already considered, as represented by the end of the shift). It is possible to obtain a
significant risk reduction by simply dividing the 30 min of breaks into three breaks of 10 min each and correctly
distributing them in the shift. See Figure C.12.
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Redistribution of breaks for optimizing recovery periods.

Before: two breaks of 15 min each (one in last hour of shift)

Lunch 17:00

8:00

Break: 15 min Break: 15 min

After: three breaks of 10 min each (none in hour before lunch break or last hour of shift)

Break: Break:
10 min 10 min

Break: 10 min

Figure C.12

Considering the new recovery distribution the reference multiplier is recovery period multipligr Ry, =0,7
(corresponding to 3 h without an adequate recovery period):

Follpwing this redesign of the break distribution, with theé'same break duration, ngta is now higher.
Befpre redesign of break distribution

For the right:

ngta = (30 x 0,94 x 0,60 x 0,85 x 0,70 x 435) x (0,45 x 1) =1 971

For the left:

nrta = (30 x 0,92 x 0,70 x 0,85 x 0,70 x 435) x (0,45 x 1) =2 255

After redesign of bréak distribution

For the right:

nRrTA=(30 x 0,94 % 0,60 x 0,85 x 0,70 x 435) x (0,70 x 1) = 3 066

For the left:

nrta = (30 % 0,92 x 0,70 x 0,85 x 0,70 x 435) x (0,70 x 1) = 3 508
The OCRA Index consequently shifts into the yellow zone.
OCRA Index (left) = 10 440/3 508 = 3 OCRA Index (right) = 10 440/3 066 = 3,4

This example shows that, in some situations, only optimization of recovery distribution can obtain a risk
reduction without cost.
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C.11.4 Example 1 ¢ — Risk reduction by improving postures

In order to improve the results obtained in Example 1 b, an improvement in the workplace layout is
conceivable. As shown in Figure C.10, a conveyor belt leaves the first pieces at the left side of the worker. In
re-designing this workplace, it could be useful to stop the belt closer to the worker (simple and cheap solution)

and to train

the worker in a better way of assembling the two pieces.

The worker has first to take the first piece from his left side with the left hand instead with the right and
consequently the second piece with the right hand. Taking and positioning both with this strategy, the worker
can avoid to maintaining the pieces in his hand, consequently reducing the percentage of time spent in pinch

posture).

The posture

— for elbg
— for han
The Py, that

The posture

— for elbd
— for han

The Py, that

multiplier for the right upper limb will now be:

w in flexion/extension (> 60°) for 40 % of the cycle time, Py, = 1;
d in pinch for < 50 % of the cycle time, Py, = 1.
represents the final posture evaluation is the lower score: 1.

multiplier for the left upper limb will now be:

w in flexion/extension (> 60°) for 40 % of the cycle time, Py~
d in pinch for < 50 % of the cycle time, Py, = 1.

represents the final posture evaluation is the lower score: 1.

With the redlesign of the break distribution (see Examplée~1b), together with the posture improvement made in

this exampl

B, nRTA IS NOW even higher.

Before redesign of break distribution

For the righ}:

nRTA =

For the left:

nRTA =

(30 x 0,94 x 0,60 x 0,85 %-0,70 x 435) x (0,45 x 1) = 1 971

(30 x 0,92 x 070 x 0,85 x 0,70 x 435) x (0,45 x 1) = 2 255

After rededign of break distribution

For the righ}:

nRTA =

For the left:

NRTA =

58

(30 x 0,94 x 0,60 x 0,85 x 0,70 x 435) x (0,70 x 1) = 3 066

(30 x 0,92 x 0,70 x 0,85 x 0,70 x 435) x (0,70 x 1) = 3 508
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After redesign of break distribution and workplace

For the right:

ngra = (30 x 1x 1x 0,85 x 0,70 x 435) x (0,70 x 1) = 5 435

For the left:

ngra = (30 x 0,92 x 1 x 0,85 x 0,70 x 435) x (0,70 x 1) =5 109

The OCRA index is now in the green zone:

OCRA index (left) = 10 440/5 109 = 2

C.111.5 Example 2 a — Task analysis

OCRA index (right ) = 10 440/5 435.51.¢

ISO 11228-3:2007(E)

Thig example describes the analysis of a task (in an assembly line) consisting of checking, at th¢ end of the

assembly line, an electrical engine part by visual control, only by rotating the piece. The final op

storp the pieces in a box. During a work cycle four pieces are checked.

To ¢omplete a cycle of four pieces, the worker uses 21 technical actions.for the right hand and 12
with| a cycle time of 20,5 s for the four pieces. The technical actions, necessary to complete a cy
right hand are given in Table C.21.

The| action frequencies will be 61,36 actions per minute for the right and 35 actions per minute

uppegr limb.

Table C.21 — Example 2 a — Technical actions and frequency calculation

bration is to

for the left,
cle with the

for the left

Technical actions in cycle

Right upper limb

Number.of
technical actions

Left upper limb

Numbper of
technicgl actions

Pull four pieces together

1

Gralsp piece (15Y)

1

Grasp piece (15

(

Turf it for visual inspection (15t)

1

Turn it for visual control (15t)

(

Turf it again (15%)

Turn it again (15Y)

Gralsp piece (2d)

Grasp piece (2d)

Turf it for visual inspection (2n9)

Turn it for visual inspection (2n9)

Turf it again (209)

Turn it again (2"9)

Grasp piecé(3™)

Grasp piece (3™)

Turf jt-for visual control (3'9)

Turn it for visual inspection (3™)

Turn it again (3'%)

Turn it again (3'%)

Grasp piece (4t)

Grasp piece (4t)

Turn it for visual inspection (4t)

Turn it for visual inspection (4th)

Turn it again (4th)

Turn it again (4t)

Take (18

Position (15t)

Take (2M9)

Position (27d)
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Table C.21 (continued)

Technical actions in cycle

Right upper limb

Number of
technical actions

Number of

technical actions Left upper limb

Take (3')

1

Position (3™

) 1

Take (4t 1 — _
Position (4t 4
Right Left

Total technjcal actions 21 12
Cycle time,|s 20,5 20,5
Frequency,|actions/min 61,36 35
Using the values of Table C.22, the posture multiplier is:
— for elbgw in flexion/extension (> 60°) for 76 % of the cycle time, Py,'< 0,7;
— for hanf in pinch and palmar grip for 97 % of the cycle time, Py, = 0,5.
The Py, thaf represents the final posture evaluation is the lower score: 0,5.

Table ¢.22 — Example 2 a — Proportional duration in awkward postures or movements of joint

For repetitiv
the cycle tin

The technig
multiplier, F|
the percent

Awkward postures/movements Proportional duration

76 %
97 %

Elbow flexion/extension

Hand palmar grip and pinch

eness, the task requires the performance of the same working movements for more than 50
ne. The repetitiveness multiplier, Ry, will be 0,7 (see C.4.5).

al actions-requiring force are shown in Table C.23. The data proposed therein determine the f
v, corresponding to the average force level, estimated at 0,95 using the Borg scale and 9,49 u
nge of # or of MVC.

o of

brce
5ing

The correspen

60

ic 0 88 (intarnalatad valua)
IS—oreoterporateaahde-
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Table C.23 — Example 2 a — Evaluation of average force level

Technical Technical (A) (B) (C)
action actions . AxB AxC
: Proportional Borg scale

(right) per cycle duration sgore % Fg
Pull 1 0,03 2 20 0,06 0,64
Grasp 4 0,22 0,5 5 0,11 1,08
Turn 4 0,22 0,5 5 0,11 1,08
Turln 4 0.22 0.5 5 0.11 1,08
TaKe 4 0,16 0,5 5 0,08 0.8
Plage 4 0,16 3 30 0748 4,81
Totpl 21 0,95 9,49
Referring to a standard shift duration of 480 min, with a meal break and two breaks of 10 min each, one

befgre and the other after the lunch break (the lunch is outside the shift duration of 480 min), the

of r¢petitive task, 7, is 460 min.

Considering Tables C.3 and C.4, the reference multipliers will be:

— |recovery period multiplier, Ry, = 0,60 (corresponding to 4-h without an adequate recovery per

— |duration multiplier, ¢, = 1 (corresponding to a net repetitive task duration of 460 min).

The|following formula is used for calculating the overall number of RTA in a shift:

NRTA = (kg X Py X Rgp x Ay X Fiyg % 1) X (Regar' % ty)

In the present example, considering the right upper limb:

The]OCRA Index is then calculated using Equation (C.1). See C.2.

nrTa = (30 x 0,5 x 0,7 x«13% 0,88 x 460) x (0,6 x 1) =2 550

In the example, the risk’ evaluation of the right upper limb leads to an OCRA Index in th

(seg Table C.24):

OCRA Index™= 28 224/2 550 = 11,1

het duration

e red zone
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