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Work-related musculoskeletal disorders and sick-leave are still 

frequent.

Musculoskeletal disorders constitute 40% of global 

compensation costs of occupational and work-related injuries 

and diseases. 

Work-related musculoskeletal disorders are the most frequent 

occupational diseases In the European Union.

Work postures, work movements, physical loads, repetitive 

tasks and psychosocial conditions are risk factors.

Introduction
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New provisions from the Swedish Work Environment 

Authority, states that all employees with hand intensive 

tasks should be offered medical controls.

• Rapid sustained wrist movements against the outer 

positions of the joint in combination with force

• However, this does not apply if an in-depth assessment 

shows that the work does not provide an increased risk 

of strain problems in the neck, shoulder, arm or hand.

Hand intensive work
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The basic intervention phases are:

• problem identification – risk assessment

• idea and solution development

• implementation

Interventions
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• Risks may be unidentified

• Non-risks may be seen as risks

• Risks of different work moments may be 

erroneously ranked

• Intervention evaluations may be wrong

What may happen if non-reliable methods 

are used for risk assessments?



Technical methods
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HAL, RULA, QEC, STRAIN INDEX, KIM, …

Observational methods
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Observation Method Example - Quick Exposure Check (QEC)
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Observation Method Example - Quick Exposure Check (QEC)
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Observation Method Example - Quick Exposure Check (QEC)
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HAL, RULA, QEC, STRAIN INDEX, KIM

Observational methods
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Observational methods

The RAMP tool
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Takala and co-workers, 2010, evaluated 30 

observational methods, and found a need for 

further reliability testings. 

Observation methods
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Observation Reliability Project

12 experienced ergonomists were given: 

10 video-recorded (2-5 minutes) work tasks
• supermarket work

• meat cutting and packing

• engine assembly

• cleaning

• post sorting

• hairdressing. 

Data of: 

the work task length, pause- and rests-schedules, weights of 

handled goods, and the employees’ ratings of discomfort, 

work demands and control, were given for each task. 

The assessments were repeated after about 2 months. 



June 2, 2020 18MIKAEL FORSMAN

The ergonomists were trained in, and used, 6 observation methods.

0. They also did an own experience – no method

1. Occupational Repetitive Actions checklist (OCRA)

2. Quick Exposure Checklist (QEC)

3. Strain Index (SI)

4. Assessment of Repetitive Tasks (ART)

5. Hand Arm Risk-assessment Method (HARM)

6. Repetitive work model by the Swedish Work Environment Authority

Observation Reliability Project



What is the risk for 

right shoulder dis-

order in this job?

Low?

Moderate?

High?
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Neck
Left 

shoulder
Left elbow Left wrist

Right 

shoulder

Right 

elbow
Right wrist Low back Total risk

Unpack groceries to shelves
High risk 2 2 2 3 2 2 4 0 3

Moderate risk 9 12 10 14 9 8 10 9 11

Low risk 10 7 9 4 10 11 7 12 7

Put nets around roasts
High risk 1 17 12 11 2 8 6 6 17

Moderate risk 16 4 8 8 11 8 11 14 4

Low risk 4 0 1 2 8 5 4 1 0

Throw small boxes in containers
High risk 1 2 2 4 7 7 7 0 5

Moderate risk 9 11 13 14 13 10 12 12 15

Low risk 11 8 6 3 1 4 2 9 1

Put packs of letters into boxes
High risk 1 0 2 2 3 6 6 0 6

Moderate risk 6 5 8 7 11 11 13 9 12

Low risk 14 16 11 12 7 4 2 12 3

Debone meat
High risk 8 5 7 6 6 14 17 2 15

Moderate risk 9 6 10 12 8 6 4 10 5

Low risk 4 10 4 3 7 1 0 9 1

Engine assembly
High risk 0 0 0 0 0 0 0 0 0

Moderate risk 1 3 9 7 4 9 7 1 3

Low risk 20 18 12 14 17 12 14 20 18

Hair cutting
High risk 4 6 1 0 11 6 11 2 7

Moderate risk 16 13 6 8 10 12 7 9 12

Low risk 1 2 14 13 0 3 3 10 2

Toilet cleaning
High risk 0 0 0 0 5 7 6 10 5

Moderate risk 5 4 6 7 12 11 10 11 15

Low risk 16 17 15 14 4 3 5 0 1

Supermarket cashier work
High risk 2 5 3 7 11 3 5 1 14

Moderate risk 16 12 10 10 8 10 12 13 7

Low risk 3 4 8 4 2 8 4 7 0

Cleaning stairs 
Red 2 1 4 7 3 6 3 1 4

Yellow 16 9 10 9 15 13 14 4 14

Green 3 11 7 5 3 2 4 16 3

20 Ratings



OCRA over-all risk level
Proportional agreement between ergonomists (39%)

Linearly weighted kappa = 0.41
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Rhén IM, Forsman M. 2020. Inter- and intra-rater reliability of the OCRA checklist 

method in video-recorded manual work tasks. Appl Ergon. 84:103025.



Method Risk level for Inter-rater Intra-rater Validity

QEC Back 0.49 0.60 0.44
Shoulder 0.44 0.58 0.44
Wrist 0.67 0.76 0.79
Neck 0.87 0.88 0.91
Total (with 4 levels) 0.55 0.68 0.47
Total  (with 3 levels) 0.41 0.61 0.36

HARM Total 0.65 0.70 0.62

SI Left Hand 0.39 0.49 0.41
Right Hand 0.48 0.51 0.41
The Highest Risk Hand 0.47 0.55 0.40

ART Left Side 0.58 0.65 0.60

Right Side 0.65 0.68 0.49

OCRA Total 0.37 0.50 0.43

SWEA Tot Risk Posture and Movements 0.21 0.30 0.38
Sitting / Standing 1.00 1.00
Neck 0.22 0.32
Back 0.16 0.44
Arm/Shoulder 0.21 0.13
Leg 0.05 0.36

Own assessment Neck 0.27 0.35
Right Shoulder 0.18 0.30
Left Shoulder 0.32 0.38
Left Arm/elbow 0.12 0.23
Right Arm/elbow 0.15 0.40
Right Hand/wrist 0.16 0.20
Left Hand/wrist 0.18 0.28
Lower Back 0.26 0.62
Total Risk 0.31 0.41

Results
Reliability

Linearly 

Weighted

Kappa

Landis & Koch (1977):

< 0.20 – poor

0.21 – 0.40 – fair

0.41 – 0.60 – moderate

0.61 – 0.80 – substantial

0.81 – 1.00 – almost perfect
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HARM Reliability 

Postures          

Neck-shoulder

Time in demanding postures:

green yellow  red      

0–10   10–50  >50% 
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Inter-rater Reliability
Repetition, Movements and Postures

Landis & Koch (1977):

< 0.20 – poor

0.21 – 0.40 – fair

0.41 – 0.60 – moderate

0.61 – 0.80 – substantial

0.81 – 1.00 – almost perfect

Method κ low high

QEC 0.17 - 0.44 Hand/wrist posture Hand/wrist repetition

HARM 0.14 - 0.3 Hand/arm posture Force duration/repetition

SI 0.04 - 0.40 Hand posture Force repetition

ART 0.17 - 0.45 Hand/wrist posture Hand/arm repetition

OCRA 0.03 - 0.53 Elbow posture Repetition

SWEA 0.05-0.22 Leg posture/movements Neck posture/movements

Own assessment 0.12 - 0.27 Left elbow Neck

w

Method κ low high
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SI 0.04 - 0.40 Hand posture Force repetition
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HARM Reliability Postures          

Arm-wrist

Time in demanding postures:

green yellow  red      

0–10   10–50  >50% 

Inter-rater

κw = 0.14

Intra-rater

κw = 0.25 

Landis & Koch (1977):

< 0.20 – poor

0.21 – 0.40 – fair

0.41 – 0.60 – moderate

0.61 – 0.80 – substantial

0.81 – 1.00 – almost 

perfect



Technical methods
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Methods



Validation

Camilla Dahlqvist

Lund
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Manual…



There is also a simple Excel application
Ida-Märta Rhén, Mikael Forsman 
20150928 

Manual för Inklinometer och Analysprogram i Excel 

1. Sätt fast inklinometern (blå eller svart) på den kroppsdel som 

skall analyseras (USB-ingången uppåt, se exempel till höger).  

2. Neutral position: för arm lodrät neråt, luta kroppen så att 

armen hänger fritt helst med en vikt i handen, 

för rygg och huvud, neutralt stående. 

3. Starta tidur (till exempel på en smartphone) och inklinometer 

samtidigt. Den blåa inklinometern startas genom att kort 

trycka på den svarta knappen med en penna, efter 2 

sekunder börjar inklinometern blinka. Den svarta startas 

genom att man håller en magnet nära kontakten i 1 sekund, 

den blinkar till och sen är den igång, och fortsätter blinka. 

4. Håll kvar neutral position ca 10 s (som programmet använder för att kännas av nollvinkeln) 

5. Utför arbete 1 (och arbete 2). Anteckna tider från tiduret start och stopp per arbetsuppgift. 

När mätningen är klar, stäng av inklinometern genom att trycka in den svarta knappen (på den blåa 

inklinometern) eller håll igen en magnet nära kontakten (på den svarta inklinometern) under några 

sekunder, så att den slutar blinka. 

Kontrollera i Kontrollpanelens Nationella inställningar att decimaltecknet är inställt till   .   ändra 

annars till   .  (Det behöver vara så för att programmet skall läsa in data till kolumner) 

Koppla sen in inklinometern till datorn via USB-porten och öppna excelfilen ArmVinkelAnalys. 

6. Öppna excelfilen och fyll i start och stopp-tiderna för de två arbetena i de förmarkerade 

kolumnerna A och B. 

7. Klicka på ”Analysera vinklar”. 

8. Sök upp och öppna åter den inkopplade inklinometern. Öppna mappen GCDC där det skapats 

en ny mätfil DATA-nr (se datum).  

9. Under excelfliken ”res” ligger resultatet från mätningarna.  

Ladda inklinometern via usb-ingången på en dator. Full laddning tar ca 1 timma.  

Figur 5. Inklinometern 
som används i Excel-
applikationen, fasttejpad 
på armen. 
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Hand intensive work
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Experiment in 

uMove lab

12 subjects

Jenny Wingqvist

Josephine Lantz

Thesis Work

Hand intensive work
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uMove - lab

Hairblowing



Flexion-extension.   Blue = Optical Red = IMUs Deviation



Felipe Chinarro

Thesis work
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Conclusion

• Use systematic methods.

• There are several observational methods for repetitive 

work

• With practical inexpensive inclinometers and applications 

in for IPhones you can obtain e.g. arm inclination – of 

research quality.

• We need more research on criteria for acceptable ranges 

(of different parameters).

• It is difficult to attract work health practitioners to start 

measure as a compliment to observations, the methods 

need to be uncomplicated, time efficient, and show useful 

results. 

Thank you!


