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Abstract 

Objective  To assess the risk factors for upper extremity-work-related musculoskeletal disorders 
(UE-WMSD) on 13 production lines in an airbag factory using the threshold limit values-American 
conference of industrial hygienists- hand activity level (TLV-ACGIH-HAL) method and introduce the 
ergonomic improvement to reduce the repetitiveness and the peak force (Pf). 

Methods  Professional exposure level on 13 production lines in a automobile factory was measured 
using the TLV-ACGIH-HAL method and a further risk was assessed according to the ergonomic 
improvement. 

Results  The first assessment of 9 production lines showed that the professional exposure level was 
above the TLV or HAL limit. The second assessment showed that the professional exposure level was 
below the AL limit on all production lines except 1, in which the professional exposure level was 
between TLV and HAL. 

Conclusion  The assessment of UE-WMSD-related risk can identify the riskiest emplacements and 
evaluate the reduction of risk in professional exposure through interventions of structural- 
organizational type. 

Key words: Repetitive activity; Work-related musculoskeletal disorders; Assessment of work-related 
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INTRODUCTION

he development of upper extremity work- 
related musculoskeletal disorders 
(UE-WMSD) is a major health problem in 

industrialized countries, which is linked to many 
working activities characterized by repetitiveness of 
movements and request for intense peaks force (Pf) 
and constitute[1]. 

UE-WMSD can appear as alterations in joints, 

nerves, tendons, muscles, tending to associate with 
each other[1]. 

Multiple working activities are related to risk 
and pathologies originated or worsened by a 
working biomechanical overload of the upper 
extremity, including prearranged and/or high rate 
line production in the auto, engineering and 
electromechanical industries, manual polishing or 
use of lapping machine in woodwork or bodywork, 
upholstery works and coverings in the industrial and 
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handicraft fields, etc.   
As far as the automotive industry is in particular 

concerned, there is clear evidence that the presence 
of  ergonomic  stressor  is  correlated  with  the  final 
assembly  phases[2].  Epidemiological  studies  showed 
that musculoskeletal  disorders  are  associated  with 
the  type  of  activities  in  the  above  mentioned 
factories[2‐4]. 

In  addition,  there  are  a  series  of  occupational 
factors  (such  as  repetitive,  forceful,  or  prolonged 
exertions  of  the  hands,  frequent  or  heavy  lifting, 
pushing,  pulling,  or  carrying  of  heavy  objects)  and 
prolonged  awkward  postures  that  must  be  taken 
into  consideration  in  the  genesis  of  pathologies 
affecting  the  upper  extremity  and  that  have  been 
identified  through  several patterns of  study  though 
not quite validated[5]. 

Nowadays，different methods are used to assess 
the  risk  factors  for  UE‐WMSD,  such  occupational 
health  and  safety  administration  (OSHA)  checklist, 
Moore  and  Garg’s  strain  index  (SI),  occupational 
repetitive action (OCRA) index threshold limit values‐ 
American  conference  of  industrial  hygienists 
(TLV‐ACGIH) and hand activity level (HAL)[6‐10]. 

This  study  was  to  assess  the  risk  factors  for 
UE‐WMSD  on  13  production  lines  in  an  airbag 
factory  using  the  TLV‐ACGIH‐HAL  method  and 
introduce the ergonomic improvement to reduce the 
repetitiveness and the peak force (Pf). 

The  TLV‐ACGIH,  related  to  the  hand‐wrist‐ 
forearm zone,  is a quantitative method  that can be 
applied  to  manual  activities  involving  the 
performance  of  repetitive  and  similar  actions  or 
movements for at least 4 h a day[11]. Combined mean 
hand activity level (HAL) and normalized Pf assessed 
on  scales  0‐10,  can  compare  the  assessments with 
the  TLV  (the  level beyond which  the prevalence of 
musculoskeletal disorders becomes manifested). 

MATERIALS AND METHODS 

Description of Working Operations 

The  present  study  was  carried  out  on  13 
production  lines  in  a  semiautomatic  assembly with 
automotive  components.  Each  line  is  a  group  of 
machines,  equipments  and  work  stations,  along 
which  the  assembling  of  complete  airbag modules 
takes place. A manufacturing cycle is intended as the 
working  process  necessary  for  the  production  of  a 
complete airbag module which  lasts  in a medium of 
1.5 min ( from a minimum of 1 min to a maximum of 

2 min).   
The working places, the type of components and 

the materials  used  on  the  13  production  lines  are 
not  identical. Such a diversity was defined based on 
the production of different  types of airbag, and  the 
different risk factors for UE‐WMSD on each of the 13 
production lines. According to the type of production 
and  the  realization modality of  the complete airbag 
modules, the production lines were divided into two 
groups,  the  first group was composed of 3 workers 
(production  lines 1, 2, 9) while  the second one was 
composed of 4 workers (production lines 3, 4, 5, 6, 7, 
8,  10,  11,  12,  13).  Specific  tasks  were  carried  out 
along each station: 

Production lines 1, 2, 9: 
Station 1: Bench assembling, 
Station 2: Bending, 
Station 3: Packaging. 
Production lines 3, 4, 5, 6, 7, 8, 10, 11, 12, 13: 
Station 1: Bench assembling, 
Station 2: Bending, 
Station 3: Pressing, 
Station 4: Packaging. 
The  stations mentioned  above were  described 

as follows:   
Bench assembling: The subunits were positioned 

by  the  operator  on  a  bench  for  the  assembling 
operation  of  gas  generator  and  cushion.  The 
operator  assembled  the  two  components,  first 
inserting and then screwing a metal ring. This station 
also  consists of preparing  the  subunits,  screwing or 
unscrewing them. 

Folding: A cushion made of synthetic cloth was 
put  on  the  bending machine, where  a  pre‐printed 
plastic sheath  is placed to contain the cushion after 
bending.  After  this,  the  operator  started  the 
manufacturing cycle, which is thoroughly automated 
and consists of bending the cushion and  inserting  it 
into  the  sheath.  At  the  end  of  operation,  the 
operator  took  the  subunits  from  the machine  and 
pulled  the  borders  of  the  cushion  out  of  the 
buttonholes  of  the  sheath  through  a  manual 
operation. 

Pressing: The gas generator, called “inflator”,  is 
included inside a metal tube named “manifold”. The 
task of  the operator was  to pre‐insert  and put  the 
components (manifold and gas generator) inside the 
pneumatic  press  and  start  the  cycle.  Finally,  the 
operator  were  extracted,  the  subunits  from  the 
pneumatic  press  and  were  put  into  a  proper 
container. 

Packaging: The final product was packaged  into 
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carton boxes or metal containers and transported by 
the operators to the areas arranged for dispatching. 

The working activity was carried out on 3 shifts 
(8‐hour  for  each)  for  a  total  of  40  h  per week  per 
operator,  while  shift  was  rotated  (turnover)  on  a 
weekly  basis  (morning,  noon,  night).  For  the 
production  lines 1, 5, 6, 7, 8, 9, 12, each shift  lasted 
480  min  with  a  60‐min  break,  including  a  30‐min 
meal  break,  a  20‐min  rest  break  and  a  10‐min 
clean‐up of machines at  the end of shift. Operators 
on production lines 2, 3, 4, and 10, more complex in 
terms of production, have a 80‐min break,  including 
a 30‐min  lunch break, a‐40 min break, and a 10‐min 
clear‐up of machines. 

Analysis of Risk Factors   

The  risk  factors  for  UE‐WMSD  were  assessed 
using the following data. 

Collection  of  general  information:  The  number 
of  operators,  organizational  and  operating 
modalities  (age, sex, height, weight,  temperature  in 
workplaces,  contact  stresses,  vibrations,  posture, 
work  shifts,  work  breaks).  The  group  of  exposed 
workers  was  composed  of  39  workers  including  8 
females  and  31  males  (age=31.5±4.17  years, 
seniority=4.5±1.98,  BMI=25.1±1.99).  The  shifts 
lasted  480 min  (as  previously  described). Workers 
were not exposed to vibrations and contact stresses. 
The  activity  analyzed  in  our  study  aimed  at  the 
production  of  automotive  components.  The  study 
was  carried  out  in  December when  the workplace 
temperature was 20 °C. 

Identification and analysis of working  tasks and 
assessment  of  characteristics  of  equipments  and 
materials  employed,  repetitive  actions, presence of 
recovery  and  rest  periods,  force  applied  by  the 
workers and effort required by the upper extremity.   

Analysis of  the working processes by  the direct 
observation  of  technicians  and  video  recording  of 
working operations. The video was registed for each 
station of the 13 production  lines during and at the 
end  of  manufacturing  cycles,  which  are  the 
representative of the production process. 

Examination  of  video  recordings with  count  of 
the following: 

A:  Working  tasks  and  relative  manufacturing 
cycle; 

B: Identification of each single task; 
C: Quantification  of  frequency  and  duration  of 

each cycle; 
D:  Calculation  of  the  single  movements  and 

assessment  of  the  mean  frequency  of  hand     

movement; 
E:  Count  of  the  number  of  units  processed 

during each cycle; 
F:  Registration  of  the  official  and  non‐official 

breaks. 
For the methodological organization of collected 

data,  specific  socio‐communicative  competences 
relative to the development of tools, suitable for the 
collection  of  information  and  the  analysis  of  data 
were used.   

The  exposure  to  the  risk was  assessed  on  the 
basis  of  the  above  data  and  all  tasks/positions  at 
work were  considered  in  accordance with  the data 
collected during the site visits and video recordings.   

The process was balanced on the work activities 
of  each  operator  and  optimized  the working  time. 
The  frequency  and  the  duration  of  each  cycle,  the 
count  of  each  movements  and  the  average 
frequency of  the hand movements were  focused  in 
this study, on the count of the number of processing 
units for each cycle and the recording of official and 
unofficial breaks. 

The assessments were specifically performed by 
measuring  the professional exposure  level with  the 
ACGIH TLV method (HAL method)[6,11]. 

The  first  improving  intervention,  advised  even 
before the assessment of the risk in order to reduce 
repetitiveness,  is  related  to  operators  turnover 
among  different  stations  so  that  each  operator  of 
the  line  is employed  for an equal period of  time on 
every  station.  The  occupational  exposure  level was 
measured  according  to  the  rotation  of  operators 
from one to another station every 2 h. 

The TLV‐ ACGIH (HAL method) method was used 
to  measure  the  HAL  by  assessing  the  mean 
frequency of hand movements  and  the duration of 
“duty cycle” (percentage of working cycle where the 
force  is  over  5%  of  the  maximum)  by  a  trained 
technician,  namely  by  assessing  the  distribution  of 
work and rest/recovery periods (Table 1)[6]. 

The method selected for this study was the HAL 
method, which  is most suitable  for the study of the 
working activities on the 13 production lines since it 
takes  into  account  the Pf  and  the  repetitiveness of 
movements. 

The  peak  “normalized”  manual  force  was 
calculatd  according  to  the  ratio  between  the 
strength required to carry out the job and the ability 
to exercise a  force by general population employed 
in  the  same  job  on  a  scale  ranging  from  0  to  10, 
which  corresponds  respectively  to 0%  and 100% of 
the reference force applicable by normal population.  
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Figure 1. Lines of evaluation of HAL and Pf, 
taking into account workers turnover among 
each station. 

In order to reduce the manual repetitiveness, 
we suggested the introduction of a series of 
measurements on all lines presenting high levels of 
repetitiveness: use of automatic screwers, 
application of optical readers operated by workers 
and fixed to a support of automatic systems.  

In addition, the reduction of the upper-middle Pf, 
observed at some stations, was advised through the 
automation and/or auxiliation of many critical 
phases of each working cycle, by means of 
mechanical help with the auxiliation suggested for 
the station of bending on production lines 1, 2, 3, 4, 
6, 7, 8, 9, 10, 11, and 13 consisting the introduction 
of small presses. 

An occupational exposure level was presented 
only on production line 10 in TLV and AL.  

The results of the risk assessment, carried out 
on the basis of ergonomic improvement for the 
reduction of repetitiveness and Pf, and through the 
introduction of the above mentioned technical 
interventions, are shown in Table 3, with the mean 
values for HAL and Pf of occupational exposure level 
on each production line and station composed of 
TLV and AL indicated. The results of the reduced Pf 
and repetitiveness are shown in Figure 2. 

No contrasting assessments are available 
between the two technicians with regard to 
the PF for both assessments. 

DISCUSSION 

The etiopathogenetic model, UE-WMSD, is not 
widely known and universally acknowledged, 
because of the strong conditioning caused by elevated 
multi-factoriality and lack of scientific data[13]. This is 

Table 3. Mean Values of Occupational Exposure 
Level for the 13 Production Lines Evaluated after 

Reduction of Repetitiveness and Pf 

Evalution 
Production Lines

HAL Pf 
 

1 6.60 1.90 Above AL 

2 5.30 1.50 Beneath AL 

3 4.30 2.60 Beneath AL 

4 6.00 2.00 Beneath AL 

5 5.50 2.60 Above AL 

6 5.90 1.30 Beneath AL 

7 6.10 1.30 Above AL 

8 6.40 1.60 Beneath AL 

9 6.60 2.20 Between TLV and AL

10 5.10 2.00 Beneath AL 

11 5.40 1.30 Beneath AL 

12 6.00 2.00 Beneath AL 

13 5.80 2.00 Beneath AL 

Mean 5.70 1.86  

SD 0.64 0.44  

 

Figure 2. Evaluation of HAL and Pf after 
ergonomic improvement. 

why there are numerous methods to assess 
UE-WMSD, each one previewing the appraisal of a 
different number of risk factors[5,14]. The method 
used in this study takes into account both 
repetitiveness and Pf[6]. In this study, all production 
lines were analyzed focusing on the different 
working methods. Our ultimate aim was to reduce 
the risk related to the UE-WMSD, without reducing 
the productivity, through an ergonomic organization 
of the manual systems, to pursue through 
standardization of work, balanced rotating among 
different stations of the same production line and a 



Biomed Environ Sci, 2013; 26(1): 70‐75  75 

thorough  search  of  the  best  ergonomic  conditions 
for each station.   

Using the HAL method  in this study,  it was able 
to  assess  the  risk  related  to  the UE‐WMSD  in  real 
working  conditions  to  which  the  workers  in  an 
automotive  industry having duties  characterized by 
repetitiveness and Pf are exposed. 

It  was  not  necessary  to  use  the  surface 
electromyography,  because  no  contrasting 
assessments  between  the  two  technicians  were 
available. 

The analysis of video  registrations  showed  that 
the production  lines with the highest recorded risks 
were 1, 4, 6, 7, 9, which,  in fact, demand  long‐term 
repetitive movements and upper‐middle Pf above all 
the pressing process.   

Turnover  alone,  without  reducing  Pf  and 
repetitiveness, is not enough to reduce occupational 
exposure  level below  the TLV. Turnover of workers 
among different stations redistributes work but may 
increase  individual  risk.  It  is  important  to  introduce 
improvements  that  reduce  both  repetitiveness  and 
Pf,  since  the  presence  of  high  Pf  and  repeated 
movements increases considerably the final risk level. 
In  order  to  reduce  the  risks  related  to  repetitive 
activities,  being  typical  of  automotive  industry, 
measures  should  be  taken  for  ergonomic  control 
allowing  a  better  organization  of  work  but  not 
decreasing the productivity[14‐16]. 

It was able to identify the stations where the risk 
related to UE‐WMSD was higher on the 13 analysed 
production  lines. The  assessment  and  identification 
of risks can introduce improvement interventions so 
as to reduce occupational exposure levels and verify 
the efficacy of the proposed interventions.   

As  to  the  solutions  suggested  to  decrease  Pf, 
their  application  turned  out  to  be  more  complex 
against movement repetitiveness than the proposed 
solutions. Such a complexity was  linked  to  the  type 
of  materials  used,  shape  and  dimensions  of  the 
subunits employed. Since such subunits are supplied 
by external companies,  it  is necessary to modify the 
product by not alter its functionality and security.   

Adjustable  worktops  and  mechanical  arms, 
which  allow  to  operate  on  the  posture  (standing 
position),  were  not  introduced  in  this  study  for 
financial reasons. 

In  conclusion，the  assessment  of  risk  factors 
related  to  UE‐WMSD  can  identify  the  related  risks 
and  the  riskier  stations,  thus  creating  the  scientific 
basis  for  interventions  of  structural‐organizational 
type  like  modifications  of  work  stations,  and 

introducing  the  mechanized  instrumentation  to 
reduce the occupational exposure level. 
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