


1981: 
Recommendation of Germany‘s  
Ministery of Labour and Social Affairs: 
 
Tolerable  load  masses  for  lifting  and  carrying 

 occasionally  frequently 
age  < 2 per hour  > 2-3 per hour 

 females  males  females  males  
15-18 yrs.  15 kg  35 kg  10 kg  20 kg 
19-45 yrs.  15 kg  55 kg  10 kg  30 kg 
  > 45 yrs.  15 kg  45 kg  10 kg  25 kg 

Assessing  manual  materials  handling 
Min Lab Soc Aff  –  Recommendation 1981 

Load-mass percentage 
(females to males) 
27% ... 50% 
Load-mass percentage 
(young/old to adult) 
100% / 64-83% 



ANNEX I: 
1. Characteristics  of  the  load 
The manual handling of a load may present a risk 
particularly of back injury if it is: 
—  too heavy or too large, 
—  unwieldy or difficult to grasp, 
—  unstable or has contents likely to shift, 
—  ... to be held or manipulated at a distance from the 

 trunk, or with a bending or twisting of the trunk     etc. 

1990: Minimum health and safety requirements for the manual 
handling of loads where there is a risk particularly of back injury to 
workers                    (cont.) 

Assessing  manual  materials  handling 
European Directive 1990  –  90/269/EEC 



Lifting and carrying	

	


1996:  Conversion to national regulation 
Key-indicator methods  2001  –  Lifting and carrying 
Federal Institute for Occupational Safety and Health  

Lifting and carrying 
without harm	


SUMMARY  –  Lifting and carrying: 
 
Mass-related risk gender-specific 
(females to males)   
score doubled 
 
Total-score evaluation age-related: 
overstrain risk at lower score 

Assessing  manual  materials  handling 
90/269/EEC  –  Conversion: KIM Lift and Carry 



Lifting and carrying	

	


1996:  Conversion to national regulation 
Key-indicator method 2002  –  Pulling and pushing 
Federal Institute for Occupational Safety and Health  

Pulling and pushing 
without harm	


Assessing  manual  materials  handling 
90/269/EEC  –  Conversion: KIM Pull and Push 

SUMMARY  –  Pulling and pushing: 
 
Total score gender-specific 
(females to males):   
score 1.3 
 
Total-score evaluation age-related: 
overstrain risk at lower score 



Lifting and carrying	

	


44 - 
47%	


43 - 
45%	


44 -  
47%	


44 - 
52%	


force  
direction 

grasp 
height in mm 

force 
percentiles 

force values in N 
  females       males 

1350 
grasping  
at sides 

1100 
grasping  
underneath  

150 
grasping  
underneath  

400 
grasping  
at sides 

...	
 ...	
 ...	
 ...	
 ...	


nf = 1113 
33±10 yrs.	


nm = 1967 
34±10 yrs.	


Assessing  manual  materials  handling 
Maximum force exertion  –  Standard in Germany 

adapted from DIN 33411-5 



Lifting and carrying	

	


maximum isometric force in % 

age in years 
basis:  6.009 measurements – 
 adapted from Schmidtke (1993) 

age and gender relations	


Assessing  manual  materials  handling 
Maximum force exertion  –  Age and gender 

max-force percentage 
(females to males) 
≈ 50 ... 60% 

max-force percentage 
(60 yrs. to 25 yrs.) 
65% / 80% 



Lifting and carrying	
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Assessing  manual  materials  handling 
Metabolic capacity  –  Age and gender 

age and gender relations	


O2-uptake percentage 
(females to males) 
≈ 60 … 65% 

O2-uptake percentage 
(60 y. to 25 y.) 
72% / 64% 

adapted from  
Hollmann & Hettinger (1990) 



Lifting and carrying	

	


-1%	


-10%	


-25%	


-1%	


-10%	


-25+%	


-1%	


-24+%	


-29%	


Table A.1 !Tolerabilities and capabilities in relation to lifted object mass !
!– adult working population !

...  reduced for females related to males 

Assessing  manual  materials  handling 
 Object masses  –  European standard 1005-2 



Lifting and carrying	

	


(protected)!

Assessing  manual  materials  handling 
 Recommended mass limit  –  European standard 1005-2 

-22%*  

-10%*  

*reduced protection for  
 females related to males 

**reduced protection for adults  
  (f+m) due to higher ref mass 

-22%**  -10%**  



lumbar  
load  

lumbar  
load-
bearing 
capacity 

long-term  
exposures 

biomechanical  
modelling 

The Dortmunder 
(3-D dynamic) 

time courses (3-D) +  
cumulative doses 

The Dortmund Lumbar Load 
Study  –  DOLLY (1995-2000) 

dose-response relations 
The German Spine Studies (’01-‘14) 

(epidem substantiation) 
The Mainz-Dortmund Dose Model 

(1999:   OD evaluation) 

Approach‘s  components  

short-term 
exposures 

compressive- 
strength tests 
The Dortmund 

Recommendations 
(comp-force limits) 

The Dortmund Approach	

Components  –  Assessing lumbar load at physical work  



The  Dortmund  Recommendations 
… regarding manual handling 

Age Female Male 

20  years 4.4  kN 6.0  kN 
30  years 3.8  kN 5.0  kN 
40  years 3.2  kN 4.1  kN 
50  years 2.5  kN 3.2  kN 

 ≥ 60  years 1.8  kN 2.3  kN 

Compressive-force limits on lumbar segments 

... considered in ISO 11228-2 (push +pull) and ISO/TR 12296 (man pat hand) 
 Jäger et al. 2001 



90	


50	


10	


110	


110	


110	

cm	


Situative  lumbar  load  –  Evaluation 
L5-S1 compressive force  vs.  Recommended limits 

for females 

Dortmund  Recommendations (f) 
20y. 

≥60y 

20y. 

≥60y
. 

20y. 

≥60y
. 

20y. 

≥60y
.. 

≥60y
.. 

≥60y
.. 

 adapted from Jäger et al. 1991 

Dortmund  Recommendations (m) 



German early ”legislation”: age + gender considered 

European legislation: no concrete recommendation (national governments!)
 German conversion ”Key-indicator methods”: age + gender considered 

Individual capabilities (e.g. max force production, metabolic capacity): 
 strong dependencies on age + gender 

European standardization (e.g. lifting: NIOSH lifting Equation):  
 protection via age-and-gender related reference masses 

Mechanical load-bearing capacity of the lumbar spine (short-term exposures): 
  strong dependencies on age + gender (cf. The Dortmund Recomm.) 

Dose-response relations ”cumul life-time lumbar load vs. degen. diseases”: 
 strong dependencies on gender  (cf. The German Spine Study) 

Concluding  remarks 
Age and gender in assessing manual materials handling 



The influences 
of  AGE  +  GENDER   
on human   
abilities,  
capabilities,   
tolerabilities  

You  have  seen 

many, many numbers    
( you may forget ! ) 

you   
should  

n o t  
forget, 

please !! 



(my) 
main 

conclusion 
?   Consideration of age + gender reasonable   ? 

!!     YES     !!	


 To protect working persons   (on the one hand) 

and  

to avoid restricted productivity   (on the other hand) 
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Age and gender in assessing manual materials handling 
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