


Economia o Ergonomia 
del movimento ?
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ISO 6385 - Adapted from Caragnano, 2006

Design Industrialization Production

Increase

Time

COSTS

Formulation of goals

Implementation

Design concept

Realization

Evaluation

FEASIBILITY

Prevention

Ergonomics

Correction

Ergonomics
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Engineering controls

To eliminate or reduce the risk factors from the job

Administrative controls

To reduce the exposure time and share the 
exposure among a larger group of workers

Appropriate engineering and administrative controls
will vary from industry to industry and company 
to company

Source: ACGIH
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Cumulative
Trauma Disorders



FORCE

RIPETITIVENESS

ACKWARD POSTURE

INADEQUATE REST

FORCE

REPETITIVENESS

AWKWARD POSTURE

INADEQUATE REST

X X X

+ Addictive model?

X Multiplicative 

model?



General principles
EN ISO 6385

EN ISO 14738
EN 614

Postures
EN 1005-4
ISO 11226

Forces EN 1005-3

Manual handling (load more than 3 kg)

EN 1005-2

ISO 11228-1

ISO 11228-2

Low loads (less than 3 kg)
at high frequency

EN 1005-5

ISO 11228-3

Principal reference rules
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Acceptable posture

The posture should be kept within 50% of the articular 
range

Drury 1987

NEUTRAL

FLEXIONEXTENSION

50% 50%
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POSTURES TO AVOID

- Activities that mean you «overreach» 
with your shoulder

- Taking carried out from behind the trunk
- Complete pronosupination of the forearm
- Use of the palm or the wrist as a hammer

Putz Anderson 1988

EN 1005-4

Avoid activities near or 

above shoulder’s height
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POSTURES TO AVOID

- Activities that mean you «overreach» 
with your shoulder

- Taking carried out from behind the trunk
- Complete pronosupination of the forearm
- Use of the palm or the wrist as a hammer

Putz Anderson 1988
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POSTURES TO AVOID

- Activities that mean you «overreach» 
with your shoulder

- Taking carried out from behind the trunk
- Complete pronosupination of the forearm
- Use of the palm or the wrist as a hammer

Putz Anderson 1988
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Hettinger, 1960

Two ways to hold the sowing-basket 
spreading the seeds
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Kroemer & Grandjean, 1997

Dynamic and static work
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Dynamic and static work

Kroemer & Grandjean, 1997



Il problema della misura della forza:

valutazione soggettiva – scala di 
Borg

valutazione oggettiva – EMG di 
superficie



• Pulp (thumb-index) pinch (put a screw in a hole)

• Lateral pinch (key grip) (hold a key to open a lock)

• Palmar pinch (chuck grip) (use a pencil)

• Multifinger grip (hold a test-tube)

• Power grip (use a hammer)

• Oblique grip (transversal grip) (use a manual screwdriver)

Power Grip
Lateral (key) PpinchChuck pinchThumb-index pulp pinch
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• Palm (up or down) grip (take a can)

• Hook grip (take a bucket handle)
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SIE Congress 2002

Help the taking and 
reduce the 
frequency and time 
spent in pinch
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RECOVERY TIME

Any repetitive movements for more than 60 minutes

should be avoided

The rate holding time / recovery time should be 5 / 1

Victorian Occupational Health and Safety Commission 1992

25



Allow workers to pause or stretch their muscles

as necessary at least once every hour

American Conference of Industrial Hygienists (ACGIH)
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REPETITIVENESS

Frequency
of actions

Stereotype
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FREQUENCY OF ACTION

- Low: until 900 actions per hour (15 act/min)

- Medium: until 900-1800 act/h (15-30 act/min)

- High: more than 1800 act/h (30 act/min)

Draft ANSI Z-365 (1995)
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STEREOTYPE

The repetitiveness (STEREOTYPE) is high when:
- cycle time lasts less than 30 secs
- the same action is done for more than 50% of the 

cycle time

Silverstein 1986
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Manual

lifting
Manual material handling (MMH)
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ISO 11228-1 – Ergonomics – Manual handling

Part 1: Lifting and carrying

ISO 11228-2 – Ergonomics – Manual handling

Part 2: Pushing and pulling

EN 1005-2 – Safety of machinery – Human 

physical performance

Part 2: Manual handling of machinery and 

component parts of machinery
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ISO 11228-1
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ISO 11228-1
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M F

Normal adult population 25 20
> 45 y population 20 15

Workers with special needs 15 10
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f x a = p x b

f = (p x b) / a

F  b

a b

p

f

FULCRUM
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ISO 11228-1
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T. Hilgen, 2001

POWER
ZONE

Mid-thigh height

Chest height

ISO 11228-1 – A.3.1 Task
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HSE, 2000

POWER
ZONE
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Eastman Kodak Company, 1983
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ISO 11228-1
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Recognition of 
possible solutions



SITTING
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STANDING/SITTING

Adjustable stool
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FOOTBOARD SPECIAL TOOL

SPECIAL TOOL TILTING
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BEFORE

AFTER

SIE Congress 2002

Why should the 
worker stand?
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Administrative controls

- Implementing work standards that permit workers to pause 

or stretch as necessary

- Re-allocating work assignements (e.g. using worker

rotation or work enlargement) so that a worker dose not

spend an entire work shift performing high-demand tasks
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Allow workers to pause or stretch their muscles

as necessary at least once every hour

Source: American Conference of Industrial Hygienists (ACGIH)
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COMBINATION OF DIFFERENT JOBS

- JOB ROTATION

- JOB ENLARGEMENT

- JOB ENRICHMENT
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JOB ROTATION
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JOB ENLARGEMENT

Montaggio Montaggio
Manual 

assembly 
Manual 

assembly 
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JOB ENRICHMENT

Montaggio
Controllo 

visivo

Manual 
assembly 

Visual
control 
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Robots

53

http://images.google.it/imgres?imgurl=http://www.ferret.com.au/articles/images/b8/240045b8.jpg&imgrefurl=http://www.ferret.com.au/articles/9f/0c01b19f.asp&h=300&w=239&sz=23&hl=it&start=3&tbnid=qafEMO-KkkgTVM:&tbnh=116&tbnw=92&prev=/images%3Fq%3Dcomau%2Brobot%26svnum%3D10%26hl%3Dit%26lr%3D%26sa%3DN
http://images.google.it/imgres?imgurl=http://www.comaupico.com/robots/robimages/ro_01.jpg&imgrefurl=http://www.comaupico.com/robots/index.html&h=185&w=150&sz=55&hl=it&start=4&tbnid=OZxN8KXFFfbHXM:&tbnh=102&tbnw=83&prev=/images%3Fq%3Dcomau%2Brobot%26svnum%3D10%26hl%3Dit%26lr%3D%26sa%3DN
http://images.google.it/imgres?imgurl=http://www.prisma.unina.it/images/labfoto/coops.jpg&imgrefurl=http://www.prisma.unina.it/lab.htm&h=395&w=640&sz=55&hl=it&start=2&tbnid=1AuF_DWF7u2JnM:&tbnh=85&tbnw=137&prev=/images%3Fq%3Dcomau%2Brobot%26svnum%3D10%26hl%3Dit%26lr%3D%26sa%3DN









