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Abstract. The present study was developed based on the analysis of workplaces in the engineering industry, particularly in 
automotive companies. The main objectives of the study were to evaluate the activities present in the workplace concerning 
manual handling, using assessment methodologies NIOSH Ergonomic Equation [1] and Manual Material Handling [2], present 
in ISO 11228 [3-4], and to consider the possibility of developing musculoskeletal injuries associated with these activities, an 
issue of great concern in all industrial sectors. Similarly, it was also shown the suitability of each method to the task concerned. 
The study was conducted in three steps. The first step was to collect images and information about the target tasks. As a second 
step proceeded to the analysis, determining the method to use and to evaluate activities. Finally, we found the results obtained 
and acted on accordingly. With the study observed situations considered urgent action, according to the methodologies used, 
and proceeded to develop solutions in order to solve the problems identified, eliminating  and / or minimizing embarrassing 
situations and harmful to employees. 
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1.  Introduction 

Currently, there is a growing modernization, as a 
necessity to exceed targets and goals in order to 
achieve the desired success. However, in a scenario 
where technology and innovation-are the words of 
the day, it becomes difficult to observe essential 
features, but with low visibility and considered to be 
secondary issues in most organizations, such as the 
development of pathologies and injuries associated 
with manual handling. It is public knowledge some 
numbers regarding this situation, but it is know that 
not all cases are notified and given that some lesions 
appear until years later, there is only approximate 
values, and it is not possible to present an accurate 
representation of reality. Before such a scenario 
companies faced with an unavoidable decision, the 
need of a paradigm shift in organizations. It is not 
possible a sustained growth only with the restricted 
view of the results of production, we must go further 
and an investment is required in the main and most 

important existing resource in an organization, 
people. Thus we should come up with solutions 
whose aim is to improve working conditions, welfare, 
safety and health, and thereby to contribute to the 
elimination / minimization of the potential risks of 
musculoskeletal disorders. 

Although some companies already have the 
consciousness that is necessary to act can sometimes 
arise barriers that hinder the decision, eg. [5]: 
difficulty to assess the tasks due to the existence of 
various methods, that even with advantages, presents 
also limitations and that sometimes are only used 
effectively by “capable” people (depending on the 
experience and sensitivity of the evaluator), difficulty 
in determining "what" and "how," including 
preventive measures or corrective and design of 
workplaces (which parameters to consider); costs 
associated with implementing the necessary changes, 
difficulty in making the return on investment with 
these measures, i.e., determine the cost / benefit (you 

Work 41 (2012) 592-596 
DOI: 10.3233/WOR-2012-0215-592 

IOS Press 

592

1051-9815/12/$27.50 © 2012 – IOS Press and the authors. All rights reserved



can not always translate to numbers, mainly in the 
short term). 

The study's main goal was to evaluate two 
different workplaces in two engineering companies. 
We identified three tasks at the first position 
(carriage parts, supply of machine components and 
disposal of parts after machining) and at the second 
position four tasks (placing the piece on the table, 
machining, piece rotation and removal of the part). 

For the analysis of the tasks, it was observed the 
adoption of awkward postures while handling loads, 
which further enhances the development of lesions. 

It is necessary to reinforce the value of such 
studies, because it can be seen daily and it is often 
neglected perhaps due to multi-simplicity of 
knowledge necessary for their achievement and the 
fact that the dangerous situation is not promptly 
detected and the lesions appear later. 

2. Material and methods 

Many tasks submit employees to manual handling 
of loads, but the definition of higher risk activities, 
the actual risk of each situation and also the metho-
dology used difficult the performance of large com-
panies. The question that arises is: [5] "Does the em-
ployee carries out its activity within acceptable limits 
or is there any possibility of developing musculoske-
letal disorders?” 

The famous quote by Archimedes at the question: 
"How much weight you can lift a man?" where he 
answers: "It depends, give me a good handle and a 
head support that will lift the world" reflects the dif-
ficulty in determining the ideal weight and on what 
terms it can be done. 

The study took place in two companies contem-
plating two workplaces whose tasks involve different 
requests, posture and strength. 

In order to evaluate and determine the risk asso-
ciated with manual handling of load was applied the 
following methodologies: 
� NIOSH equation [1] (National Institute of Oc-

cupational Safety and Health) procedure of the 
manual handling of loads.� It should be noted 
that this method does not include tasks that in-
volve movement of the workman; 

� Manual Material Handling [2]: method for as-
sessing manual handling tasks including assess-
ing which tasks allows the employee to travel 
(push, pull and carry). However, this method 
presents a higher degree of difficulty as it is 

necessary to consult a large number of tables, as 
well as the need for interpolation to the values 
that are not tabulated. 

 
The methodology NIOSH is based on Eq. (1) [6]: 

 
FMCMAMDMVMHMLCWLR �������  (1) 

 
Where RWL is the recommended weight limit, LC is 
the constant load, HM horizontal multiplier, VM ver-
tical multiplier, DM distance multiplier, AM asym-
metry multiplier, CM coupling multiplier and FM 
frequency multiplier. 

On the other hand, the Manual Material Handling 
is based on the look-up tables with optimal values 
depending on a set of pre-established parameters. 
From this analysis withdraw or interpolate values in 
order to obtain the recommended weight under 
certain conditions. 

The NIOSH method is described in ISO 11228-
1:2003 - Ergonomics - Manual handling - Part 1: 
Lifting and carrying. While the methodology Manual 
Material Handling is described in ISO 11228-2:2007 
- Ergonomics - Manual handling - Part 2: Pushing 
and pulling. 

In both methods, we did a comparison of the 
recommended weights with the value of load handled 
and obtained an R value, which reflects the level of 
risk associated with the activity. The criteria are set 
out in Table 1 [2]. 

 
 

Table 1 - Criteria used to analyze the level of risk 
Level Score Interpretation of Results 

1 R < 1 

The weight handled do not present 
risk of musculoskeletal injury to 
workers if not repeated for long 
periods 

2 R = 1 

The weight manipulated can be 
physiologically harmful. Some 
workers may suffer from 
musculoskeletal disorders if exposed 
to this situation for a long period 

3 R > 1 
The situation presents a high risk. 
Correction measures should be 
implemented quickly 
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3. Results and discussion 

In this study we observed two distinct workplaces 
designated W.T.1 and W.T.2 and evaluated all tasks 
present in the workplaces. However, this study will 
only present situations identified as urgent, after the 
application of methodologies and measures. 

To evaluate the tasks we used NIOSH method for 
tasks without moving the collaborator and for other 
situations we used the methodology Manual Material 
Handling. 

 
W.T.1  
Task evaluated: Placement / removal of parts on 

the machine, using accessories such as blades and / 
or buckets (weight handled between 15 to 30 kg) (Fig. 
1) [7]. 

 
Description of situations to consider: 
� Location of retention basins increases the dis-

tance from the operator to the machine. This po-
sitioning of basins is due to the presence of the 
collector bucket on the front. This concept re-
quires the adoption of incorrect movements in-
cluding flexion, rotation and tilt of the trunk, as-
sociated with load; 

� Upper cylindrical structure stands apart from the 
operator and provides a narrow opening for 
placement of parts, which preclude the use of 
the existing mechanical structure;   

� Design of the collecting structure for pieces 
which has a slope in order to these pieces fall 
into the bucket that is in front of the machine. 
This conception requires the adoption of de-
manding postures, including flexion and trunk 
rotation. 

 

  
Fig. 1 - Supply of parts in the machine 

 
Risk Assessment: R > 1 - The situation presents a 

risk. Remedial measures should be implemented 
quickly. 

Actions to improve: 
 
� Changing the location of the retention basin to 
the bottom of the machine (Fig. 2). Putting wheels 
in the retention basin to allow easy and convenient 
travel of the bucket collectors; 
� Changing the structure of collecting parts so that 
they fall vertically. (Fig. 2); 
� Increase the opening of the upper cylindrical 
structure, which allows the manipulation by 
mechanical means (Fig. 3). 

 
 

 
Fig. 2 – Collecting vertical structure and retention basin 

with bearing (not visible in the picture) 
 
 

 
Fig. 3 – Opening of the upper structure 

 
 
W.T.1 (continued) 
Task evaluated: Transport of buckets (weighing 

between 25 to 30 kg) (Fig. 4): 
  
Description of situations to consider: 
� 6 meters distance traveled between the 

warehouse and the machine with two buckets of 
considerable weight; 

� Adoption of awkward postures during load 
handling. 
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Fig. 4 - Transport buckets 

 
 

Risk Assessment: R > 1 - The situation presents a 
risk. Correction measures should be implemented 
quickly. 

Actions to improve: 
 
� Introduction of a conveyer; 
� Implementation of cranes or rolling bridges; 
� Training on the adoption of correct posture 

when handling loads. 
 
W.T.2  
Task assessed: daily handling of components for 

automobile engines with approximately 50 kg (Fig. 
5) [8]. 
Description of situations to consider: 

� Transport of the component from the ground to 
the desk encourages the development of lesions by 
the combined weight manipulated the posture 
adopted and the vertical distance traveled; 
� Chipping of the six sides of the piece forces 

you to tilt and rotate the piece, which leads to 
adoption of demanding postures, such as upper 
limb extension with load and severe flexion of the 
neck; 
� Use of a drill to work the smaller holes and a 

flashlight to final inspection. 
 

 
Fig. 5 –Component manipulated 

 

Risk Assessment: R > 1 - The situation presents a 
risk. Correction measures should be implemented 
quickly. 

Actions to improve: 
� Introduction of a rotary table (with the same ro-

tation axis) which also allows an inclination of 
60 degrees in order to eliminate the manual han-
dling of the block during the grinding and the 
use of drill and minimize awkward postures 
(neck and wrists), witnessed during this tasks 
(Fig. 6 and 7); 

� Introduction of the crane in order to eliminate 
the manual handling of loads during transporta-
tion of the piece from the ground to the table 
and the 180° rotation of the piece to work in the 
bottom of it; 

� The repositioning of the tools (drill and flash-
light), to the top front in order to achieve better 
organization of the workplace, satisfaction of ei-
ther hand and minimizing the effect of the 
weight of the tools. 

 

 
Fig. 6 –Example of rotary table with air bag filling 

 
 

 
Fig. 7 –Possibility to tilt the table 

4. Conclusion 

From the application of ergonomic assessment 
methodologies it was possible to identify the embar-
rassing situations and assess the risks inherent to the 
tasks. Thus, from the knowledge of the critical situa-
tions, we acted in accordance with corrective meas-
ures, which showed substantial benefits to the com-
panies concerned. 
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Some measures are of low investment, eg. training 
on the adoption of correct postures and movements 
during manual handling and use of mechanical aids. 
However, others have a higher cost, but with obvious 
advantages, including the redesign of workplaces 
(machinery and equipment). 

It was found after implementation of these solu-
tions, a visible improvement in the postures adopted 
and the elimination of embarrassing situations, such 
as bending, trunk rotation and manipulation of exces-
sive weight. 

It is considered that the suggested measures con-
tribute positively to the elimination / minimization of 
musculoskeletal injuries associated with the activities 
studied. 

We can add that the actions implemented are re-
flected in the economic health of the company (due 
to reduction of direct and indirect costs) and forward 
them to the successful adoption of best practices 
minimizing costs. 
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