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Abstract 
A descriptive, cross-sectional investigation is presented, whose purpose is the evaluation of disergonomic risks in small and medium 
enterprises (SMEs) in Bogotá, assessing the risk factors for musculoskeletal injuries and their levels of harmfulness in three companies 
corresponding to the metalworking, plastic and timber sectors, evaluating 76 workers in 48 positions; Nordic Questionnaire, Laboratory of 
Economics and Sociology of  Labor method  (LEST)  and  Rapid Entire Body Assessment method (REBA) were applied. It was found that 
risk factors to common musculoskeletal injuries and with higher prevalence among the companies evaluated are: flexion and lateralization 
of the neck and trunk, repetitive movements, flexion / extension of upper extremities and sudden changes in posture. A Pearson correlation 
study was conducted to verify the relationship between what was expressed by the 76 workers through the Nordic questionnaire and that 
obtained through the REBA method. 
 
Keywords: musculoskeletal injuries; biomechanical risk factors; ergonomics; SMEs the Nordic questionnaire; the LEST method; and the 
REBA method. 

 
 

Evaluación de riesgos diesgonómicos en pequeñas y medianas 
empresas (PYMES) en Bogotá  

 
Resumen 
Se presenta una investigación descriptiva, de corte transversal, cuyo propósito es la evaluación de riesgos disergonómicos en pequeñas y 
medianas empresas (Pymes) en Bogotá, valorando los factores de riesgo a lesiones músculo-esqueléticos y sus niveles de nocividad en tres 
empresas correspondientes a los sectores metalmecánico, plástico y maderero, evaluando a 76 trabajadores en 48 puestos,  aplicando el 
Cuestionario Nórdico, el método del Laboratiro de Economía y Sociología del Trabajo (LEST) y el método Rapid Entire Body Assessment 
(REBA). Se encontró que los factores de riesgo a lesiones músculo esqueléticas comunes y con mayor prevalencia entre las empresas 
evaluadas son: flexión y lateralización de cuello y tronco, movimientos repetitivos, flexión/extensión de extremidades superiores y cambios 
bruscos de postura. Se realizó un estudio de correlación de Pearson para verificar la relación entre lo expresado por los trabajadores a través 
del cuestionario Nórdico y lo obtenido a partir del método REBA. 
 
Palabras clave: lesiones músculo esqueléticas; factores de riesgo biomecánico; ergonomía; PYMES; cuestionario Nórdico; método 
LEST; método REBA. 

 
 
 

1.  Introduction 
 
The evaluation of jobs, aimed at determining 

dysergonomic risk factors translates into the need to design 
and maintain a safe job for the worker, taking on the work of 
the Industrial Engineer from an ethical and labor productivity 
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perspective. 
In Colombia, in the micro-establishment sector by the 

year 2010, 56.30% corresponds to the trade sector, 33.83% 
services and 9.8% to the industrial sector [1]. 

Organizations in charge of managing occupational risk  
(ARL) in Colombia, in 2016 paid 9,347 compensation for 
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work-related accidents and 4,828 for work-related illnesses, 
which represents a high rate of morbidity concernign work-
related injuries [2]. 

Skeletal muscle injuries are a serious problem for the 
labor sector and the government because they are one of the 
main causes of absenteeism, disability costs, loss of labor 
productivity and problems in society and the family after all 
it affects the health of the worker, which should be an ethical 
and moral responsibility of college professors, area 
managers, workers unions and the worker himself, they 
should be guarantors of ensuring working. However, in 
Colombia by 2010, they accounted for 85% of cases of 
occupational diseases [3]. 

Several investigations have been carried out on 
occupational diseases or skeletal muscle injuries [4-14] 
performing ergonomic evaluations in order to determine the 
prevalence of risk factors to musculoskeletal injuries, their 
etiology, incidences and consequences conditions for the 
prevalence of their health.  

This research assesses the disergonomic risks to which 
workers are exposed in three small and medium-sized 
enterprises located in Bogota. 

In Colombia, there is a legal framework to regulate 
industry concerning occupational health and pursues the 
objective of providing adequate working conditions for job 
performance, in order to ensure the health of persons linked 
to the work, among they can be cited in Resolution 2400 of 
1979, Law 9 of 1979, Resolution 2013 of 1986, Decree 1072 
of 2015, Resolution 1016 of 1989, Law 1562 of 2012, Decree 
1443 of 2014, Decree 1072 of 2015, Resolution 1111 of 
2017, Resolution 0312 of 2019. Colombian Technical Guide 
GTC 45, which corresponds to resolutions emanating from 
different government institutions such as the Ministry of 
Labour, Ministry of Health and Social Protection. These laws 
provide support for research aimed at this type of project, in 
order to comply not only with the ethical but normative codes 
governing work in Colombia. 

 
2.  Methodology 

 
This research was developed through a cross-sectional 

study, of a descriptive type, framed in a project of the 
Management of Technological Innovation and Productivity 
(GINTECPRO) research group of the Universidad El 
Bosque, in three small and medium size enterprises (SMEs) 
located in Bogotá, belonging to the sectors: metalworking 
[15], plastic [16], timber [17], to determine the disergonomic 
risk factors to which the workers of the companies evaluated 
are exposed. For this purpose, a non-probabilistic sample was 
selected, at the discretion of the researcher, according to the 
selection criteria: company classified as small or medium, 
belonging to the city of Bogotá with repetitive processes, 
high manual content with viab biomechanical demands, and 
that will provide access to researches. 

The evaluation was carried on in 48 jobs, in which 76 
persons work according to the description shown in Table 1. 

The company of the metalworking sector, located in 
Bogotá, is responsible for the rectification of engines that  

Table 1.  
Distribution of jobs and number of workers per company. 

Company Jobs Workers 
Metalworking sector 15 32 
Plastic 23 33 
Timber 10 11 
Total 48 76 

Source: Author based on Castañeda, Ruge $ Zambrano (2019); Manrique & 
Otero (2019) and Aponte, Otalora & Perez (2019). 

 
 

work with diesel, gasoline, and gas; is considered a medium-
sized enterprise. Its processes are carried out with machinery 
of manual, automatic and semi-automatic type. In it work 32 
workers distributed in 15 jobs, referred to as follows: cylinder 
burnishing, torque, butt brushing, crank grinding, lathe 
machining, valve tester, valve slashing, welding, pressing for 
shirts, rectification of bench circles, rectification of large 
blocks, rectification of small blocks, radial drilling, 
rectification of cylinder heads, washing pumps. 

The plastics company, located in Bogotá, produces high-
density polyethylene packaging. This company evaluated 24 
jobs, including 31 workers, who work in the production area. 
The jobs considered were: sealant, mill, 2- and 5-liter blowers 
(4 jobs), injection of 125 T (2 jobs), 125 T injection (2 jobs), 
Injectors 255 T (2 jobs), injection 305 T (2 workstations), 
offset printer (4 positions), screen printing (4 positions), pad 
printing, flaming machine. 

The company of the timber sector is dedicated to the 
manufacture, distribution, and sale of wood furniture for the 
hom, is located in the town of Tunjuelito in the city of 
Bogotá. The production area of the company is distributed in 
10 jobs in which 13 workers work: joinery (cutting, brushing 
and assembly) with 6 workers; upholstery (cooking, 
cushioning and stapling) this area has 3 workers; sanding and 
painting with 4 workers distributed in the positions called 
restoring, sanding, painting and finishing. 

In the first stage, the Nordic questionnaire was applied 
[18], in each of the companies. This method is a standardized 
questionnaire for the detection and analysis of skeletal 
muscle symptoms, the authors of the instrument divided it 
into two parts, the first of these has a series of questions 
related to the identification of the areas of the body where the 
worker has felt discomfort; while the second inquires about 
the time in which the  worker has felt the discomfort, if the 
worker has been evaluated by a health care professional and 
if he  has had these symptoms in recent periods. The 
questionnaire was applied to the 76 workers and the data 
were tabulated for processing and further analysis. 

The Laboratory of Economics and Sociology of Labor 
method (L.E.S.T) method was also administered, evaluating 
the five variables set by the method in each of the companies: 
the physical environment, physical load, mental load, 
psychosocial aspects and working time. 

And finally, the Rapid Entire Body Assessment (REBA) 
[20] method was applied to determine biomechanical risk 
levels due to inadequate or forced postures demanded by 
jobs. 

The real-time filming technique [21] was used for 
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analysis in the REBA method. 
For the administration of the methods described above, 

all the workers involved were informed of the objectives of 
the study, the scope and methodology to be followed were 
explained, and the voluntary nature of participation in the 
investigation. In this regard, workers who voluntarily 
participated in signed informed consent. 

 
3.  Results and discussions of results 

 
3.1.  Nordic questionnaire results 

 
After applying the Nordic questionnaire in the 

metalworking company, it was found that, of the 32 workers, 
39.58%, claim to have been incapacitated for muscle-skeletal 
discomfort, while 23.44% of them claim to have missed work 
for suffering from the same discomfort, without the need for 
a medical consultation. 

In the plastics sector company, the population evaluated 
consists of 31 workers, who work in the production area, of 
which 72% of the disabilities that were generated in recent 
months have been linked to disergonomic and Psychosocial 
problems.  

In the company in the timber sector, the questionnaire was 
applied to the 13 workers who work in the production area, 
these workers were incapacitated in a range of 31% to 38% 
per area, according to data from the last year, due to back pain 
at 46% and pain in the arms with 27%. 

The results of the application of the Nordic questionnaire 
are tabulated in Table 2. 

As evidenced in the above results, according to the Nordic 
Questionnaire applied to the workers of the three companies 
assessed, the body regions most affected, as the workers 
themselves refer are, the lumbar back region, hands/wrists 
and shoulders. 

In the metalworking sector, workers refer to inadequate 
movements, bad working practices regarding posture, 
prolonged standings and the lack of tools to facilitate the 
performance of heavy lifting, as the factors causing 
discomfort. Workers carry out their work with back 
lateralized and tilted forward, executing lifts greater than 22 
kg., concerning to psychosocial risk, workers said that the 
main factors within the working environment are stress and 
excessive workloads 

Workers in the plastics Company refer their discomfort 
mainly to repetitive movements, inadequate posture, prolonged 

 
Table 2. 
Percentage of incidence per body area referred by workers according to the 
questionnaire. 

Body region in which 
the workers refer 

discomfort 

Company Sector 
Metalworking  

(%) 
Plastic  

(%) 
Timber  

(%) 
Wrist/ hand 63 61 31 
Lumbar back 78 61 100 
Neck 72 55 23 
Shoulder 69 45 23 
Elbow 47 32 23 

Source: Author based on Castañeda, Ruge & Zambrano (2019); Manrique & 
Otero (2019) and Aponte, Otalora & Perez (2019) 

standings and stress, factors to which they are exposed due to 
their workplace. 

In the case of the timber sector, they attribute the 
inconvenience to prolonged standing, load handling, poor 
postures required by work and repetitive movements, as well 
as stress. 

The previous findings show that bad postures, prolonged 
standing, and stress, according to the perception of the 
workers, are the transversal causes in the three companies 
associated with the inconvenience referred by the workers. 

 
3.2.  Laboratory of Economic and Sociology Labor method 
       (LEST) results 

 
When applying the LEST method, the physical 

environment was evaluated in the first instance for the three 
companies: concerning the thermal environment, the 
company that presents the greatest risk in this aspect for 
workers is that of the Plastic sector, in which 44% of the jobs 
are under conditions of significant harmfulness, due to the 
operation of machines that generate heat such as those in the 
injection and blowing areas. 

Concerning the noise factor, the company that presents 
the most exposure with harmfulness to workers is the 
company of the metalworking sector, with 86.7% of jobs with 
harmfulness, the company in the plastic sector has 46% of 
jobs with harmfulness and 33% with strong discomfort for 
workers. 

For lighting, the three companies have percentages of 
jobs with deficiencies in this variable, being that of the plastic 
sector the one that presents the greatest deficiency with 46% 
of jobs with harmful levels, followed by the company of the 
timber sector that presents 52% of jobs in strong discomfort 
condition. 

About the static load, most of the jobs of the three 
companies present average discomfort for the worker; 
concerning mental load factors, the critical issue for the 
company in the plastic sector is the demand for time, in this 
case, all jobs have a level of average fatigue discomfort; for 
the company of the sector, the critical factors regarding 
mental load are attention and complexity and speed. While 
the metalworking company presents a satisfactory condition 
for this aspect. 
 
3.3.   Rapid Entire Body Assessment methods (REBA)  
         results 

 
In the metalworking sector company, the REBA method 

was applied in the 15 jobs, and it was found that 13.33% of 
them present a high level of risk, with a score of 8, these jobs 
are those called torque and radial drilling, while 86.67% of 
the positions represent a medium level of risk, of which 
84.6% showed a score between 6 and 7, values that also 
require attention, see Fig. 1. These findings reflect that the 
performance of activities in the metal-mechanical sector 
company requires significant commitments due to 
lateralization and flexion of the neck and back between 20⁰ 
and up to 60⁰ respectively, as well as extensions in upper 
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limbs for workers. There are also sudden and repetitive 
movements that cause repetitive posture changes. 

As shown in Fig.1, no job is at a low-risk level in the 
biomechanical evaluation carried out through the REBA 
Method, there are no jobs either above a score of 11, that is, 
with a very high-risk level. 

For the plastic sector company, 33.34% of the jobs 
present high-risk of skeletal muscle injuries with ranges 
between 8 and 10 points, these jobs are those referred to as 
sealer, blower injectors and offset printing; 52.38% a 
medium risk level also with a preponderance towards high 
values of the interval between 6 and 7, and 14.28% of jobs 
with a low level, see Fig. 2. These results are mainly due to 
unstable postures, neck and back flexion up to 20⁰ and 60⁰ 
respectively, repetitive use of hands and wrists, with flexion 
and lateralization of the same, and flexion of the arms at 60⁰. 
There are also rapid and abrupt changes in posture. 

In the company of the plastic sector, there are no jobs with 
scoring levels greater than 11 or very high risk for skeletal 
muscle injuries, as shown in Fig. 2. 

However, in the company of the wood and furniture 
manufacturing sector, the findings regarding the 
biomechanical valuation were the following: 43% of the jobs 

 

 
Figure 1. REBA risk level by job in the metalworking company. 
Source: Castañeda, Ruge & Zambrano (2019). 

 
 

 
Figure 2. REBA risk level by job in the plastic sector company. 
Source: Manrique & Otero (2019). 
are at a high level of risk; while the remaining 57% have a 
medium level of risk, with a higher proportion of them with 

values of 7 points, which represents a considerable level of 
risk, Fig. 3. These results occur due to flexions of the neck 
and back in ranges of up to 20⁰ and 60⁰ respectively, rotation 
and lateralization of the back, repetitive movements in hands 
with the rotation of wrists, and extension of arms and 
forearms are also presented. 

In the timber sector company, there are also no jobs with 
values higher than 11 points REBA risk level, nor jobs with 
low risk values for skeletal muscle injuries. 

Right away in Table 3, there is a comparative table 
between the three companies, concerning biomechanical 
evaluation through the REBA method. 

As shown in the Table 3, the timber sector company has 
the highest percentage of jobs with high-risk levels, given its 
high content of manual jobs and the repetitive movements 
that make the activities of this sector, a great potential of risk 
of musculoskeletal injuries in workers.  The company in the 
plastic sector also has a significant number of jobs with a high 
level of REBA risk, also due to repetitive movements and 
flexions of the neck and back due to the poor design of the 
jobs that force the adoption of inappropriate postures of 
the workers of the organization, and finally, the company of 
the metalworking sector, which has the lowest rate, however 
 

 
Figure 3. REBA risk level by job in the timber sector company 
Source: Aponte, Otarola & Pérez (2019) 
 
 
Table 3. 
Comparative table of biomechanical risk levels, according to the REBA 
method. 

Variable Metalworking Plastic Timber 
Jobs with  
High REBA  
Level risk (%) 

13,33 33,34 43,00 

Jobs with  
Médium 
REBA  
Level risk (%) 

86,67 52,38 57,00 

Jobs with 
Low REBA  
Level risk (%) 

0,00 14,24 0.00 

Source: Author, adapted from Castañeda, Ruge & Zambrano (2019); 
Manrique & Otero (2019) and Aponte, Otalora & Perez (2019) 
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above 50 percent of jobs have an average REBA risk levels. 
By the shown jobs must be intervened with both engineering 
and administrative solutions to reduce biomechanical risk 
levels. 

Table 4 shows the different biomechanical risk factors 
present in the small and medium-size enterprises (SMEs) 
evaluated, which establishes the characterization of these 
factors in them. 

As can be seen in the Table 4, the common biomechanical 
risk factors in the three companies assessed are flexion and 
lateralization of the neck and back, repetitive movements and 
flexion/extension of the upper limbs and sudden changes in 
posture. 

A comparison was established between the data obtained 
from the Nordic questionnaire and those obtained by the 
REBA method, finding that, in the case of the metalworking 
company, workers perceive greater discomfort in the 
back/lumbar area, neck and shoulders, however, the results 
of REBA method generates critical conditions for the neck, 
the back/lumbar area which corresponds to the workers 
perception , but also yields the hands/wrists as a critical area 
instead of the shoulders, as shown in Table 5. 

Concerning the company of the plastic sector, it can be 
observed that there is a concordance in two of the body areas 
where workers report feeling discomfort and the data 
generated by the REBA method, these are wrists and hands 
and lumbar back region, however, there is a discrepancy in 
the third critical zone since workers perceive the neck and the 
REBA methodology refers to the elbow as the third factor 
with greater biomechanical commitment. See Table 5. 
 
Table 4. 
Characterization of risk factors in the companies evaluated. 

Sector Metalworking Plastic Timber 
Risk Factor    

Neck flexion X X X 
Back flexion X X X 
Neck    lateralization X X X 
Back lateralization   X 
Repetitive movements  X X X 
Flexion/extension of 
upper limbs outside the 
appropriate ranges 

X X X 

Source: Author, based on Castañeda, Ruge & Zambrano (2019); Manrique 
& Otero (2019) and Aponte, Otalora & Perez (2019). 
 
 
Table 5  
Comparison between the results of the Nordic questionnaire and REBA 
method. 

Sector  Metalworking Plastic Timber 

Method Nordic  
 (%) 

REBA 
  (%) 

Nordic  
   (%) 

REBA 
   (%) 

Nordic  
(%) 

REBA 
  (%) 

Body 
Zone       

Wrist/ 
hand 63 100 61 83  31 56 

Back 78  73 61 92 100 85 
Neck 72  93 55 50  23 67 
Shoulder 69  27 45 67  23 48 
Elbow 47  27 32 79  23 39 

Source: Author based on Castañeda, Ruge & Zambrano (2019); Manrique & 
Otero (2019) and Aponte, Otalora & Perez (2019). 

A concordance evaluation between the Nordic 
Questionnaire was carried out, with the participation of 76 
workers and the results determined by the REBA Method 
applied to the jobs, in order to establish whether there is 
agreement between both methods, establishing as a null 
hypothesis H0= methods do not show concordance and as a 
hypothesis of the researcher H1 = the methods have 
concordance, for which the null hypothesis is rejected in case 
of a p-value <0.05. 

For this, the Statistical Package for the Social Sciences 
(SPSS), version 25 was used, applying the Cohen´s Kappa 
statistic. Table 6 shows the results obtained for the shoulder. 

In this sense, it can be seen in Table 6 that there are 41 
cases in which both methods agree with the “Yes”, that is, in 
41 cases the workers expressed through the Nordic 
Questionnaire to have presented shoulder discomfort, as well 
as in 41 workers evaluated with the REBA Method found a 
risk of skeletal muscle injury of joint involvement, there are 
also 29 cases of concordance in which both methods agree 
that they have not presented shoulder ailments (Nordic 
Questionnaire) and do not present a risk for shoulder skeletal 
muscle injury (REBA method). 

On the other hand, there are 6 cases of disagreement 
between the two methods, in which, 6 cases showed shoulder 
ailments, while with the evaluation of the REBA Method no 
risk was observed for the joint. 

Concerning the value of the Cohen Kappa statistic, a 
value of 0.839 was obtained, which represents a very good 
agreement between both methods, with a significance level 
of 0.00, which is less than 0.05. 

In the same way, the concordance evaluation was carried 
out, through the Statistical Package for the Social Sciences 
(SPSS), using the Cohen Kappa statistic, between the Nordic 
Questionnaire and the REBA Method, for each of the body 
zone evaluated: elbow, neck, back, and hand. The values 
obtained are shown below in Tables from 7 to 10. 

The above tables show concordance between both 
methods with 77.7% for the elbow, 84.2% for the neck, 
93.4% for the back and 69.7% for the hand. 

However, the results of Cohen's Kappa statistic and the p-
value for the shoulder, elbow, neck, back and hand are shown 
in Table 11. 

The Cohen Kappa statistic values show agreement 
between both methods evaluated, for the elbow and the hand, 
there is a moderate concordance whose Kappa value is 0.545 
and 0.402 respectively, the hand being the one with the  
 
Table 6. 
Crosstable of concordance between the Nordic Questionnaire and the REBA 
Method, evaluating the shoulder. 

  REBA  
   Yes No Total 

 
Nordic  

Yes Count  41 6 47 
 % of total 53,9% 7,9% 61,8% 
No Count 0 29 29 

  % of total 0,0% 38,2% 38,2% 
Total  Count  41 35 76 
  % of total 53,9% 46,1% 100% 

Source: Author from the SPSS program, version 2 licensed for Universidad 
El Bosque. 
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Table 7. 
Results of the evaluation of concordance between the Nordic Questionnaire 
and the REBA Method for the elbow. 

  REBA  
   Yes No Total 

 
Nordic  

Yes Count  24 6 30 
 % of total 31,6% 7,9% 39,5% 
No Count 11 35 46 

  % of total 14,5% 46,1% 60,5% 
Total  Count  35 41 76 
  % of total 46,1% 53,9% 100% 

Source: Author from the SPSS program, version 25, licensed for Universidad 
El Bosque. 
 
 
Tabla 8. 
Results the evaluation of concordance between the Nordic Questionnaire and 
the REBA Method for neck. 

  REBA  
   Yes No Total 

 
Nordic  

Yes Count  41 6 47 
 % of total 53,9% 7,9% 61,8% 
No Count 6 23 29 

  % of total 7,9% 30,3% 38,2% 
Total  Count  47 35 76 
  % of total 61,8% 38,2%  100% 

Source: Author, from the SPSS program, version 25, licensed for 
Universidad El Bosque. 
 
 
Table 9.  
Results of the evaluation of concordance between the Nordic Questionnaire 
and the REBA Method for the back.  

  REBA  
   Yes No Total 

 
Nordic  

Yes Count  50 1 51 
 % of total 65,8% 1,3% 67,1% 
No Count 4 21 25 

  % of total 5,3% 27,6% 32,9% 
Total  Count  54 22 76 
  % of total 53,9% 46,1% 100% 

Source: Author, from the SPSS program, version 25, licensed for 
Universidad El Bosque. 
 
 
Table 10.  
Results of the evaluation of concordance between the Nordic Questionnaire 
and the REBA method for hand 

  REBA  
   Yes No Total 

 
Nordic  

Yes Count  28 16 44 
 % of total 36,8% 21,1% 57,9% 
No Count 7 25 32 

  % of total 9,2% 32,9% 42,1% 
Total  Count  35 41 76 
  % of total 46,1% 53,9% 100% 

Source: Author, from the SPSS program, version 25, licensed for 
Universidad El Bosque. 
 
 
Table 11. 
Results of the Kappa statistic and the p-value for the Nordic Questionnaire 
and the REBA Method 

 Kappa Value p-value 
Shoulder 0,839 0,000 
Elbow 0,545 0,000 
Neck 0,665 0,000 
Back 0,846 0,000 
Hand 0,402 0,000 

Source: Author, from the SPSS program, version 25, licensed for 
Universidad El Bosque. 

lowest value of the statistic; for the neck, they show a good 
concordance with the statistic value of 0.665 and for the back 
a very good concordance, with a Kappa value of 0.846. 

All variables have a p value of 0.000 less than 0.05 which 
shows a statistically significant result. 

 
4.  Conclusions 

 
After evaluating the biomechanical risk through the 

methodologies used, it can be seen that the lack of adequate 
furniture and poor designs of jobs, as well as the lack of 
adequate tools or devices indicated, contribute to jobs 
creating significant commitments to suffer from 
musculoskeletal injuries for the workers. 

When applying the Nordic questionnaire, the most 
affected areas of the body, as reported by the workers, are 
the back/lumbar area, hands/wrists and shoulders, 
attributing bad postures, prolonged standing and stress as 
common causes of these discomforts. for the three 
companies evaluated. 

Regarding the physical environment, it was found that 
temperature is a critical factor for the company in the plastic 
sector, while noise is a factor that is harmful to both the 
company in the metalworking and plastic sector; in relation 
to lighting, the three companies present percentages of jobs 
with harmfulness and inconvenience, is that of the plastic 
sector the most critical in this regard. 

Concerning to the physical load, the variable that is 
affected in the three companies is the static load, 
representing average discomfort; in relation to the mental 
load factors reflected, the demand for time, attention and 
complexity and speed are cited. 

About the results of the REBA method, in the three 
companies, there are important postural commitments with 
medium and high risk levels in 95% of the jobs, which must 
be corrected immediately, being the common 
biomechanical risk factors in the companies evaluated the 
flexion and lateralization of the neck and back, repetitive 
movements and flexion / extension of the upper extremities 
and sudden changes in posture 

Concordance was found between the Nordic 
Questionnaire and the REBA Method when applying both 
methods to the 76 workers who work in the 3 companies of 
the metalworking, plastic and timber sectors, with Cohen 
Kappa statistic values between 0.402 and 0.846, with which 
It can be concluded that the inconveniences that workers 
perceive through the Nordic Questionnaire were objectively 
validated with the application of the REBA Method and it 
is demonstrated that both methods are concordant, a 
showing a statistically significant result. 

It is important to continue researching in other 
companies in the sectors evaluated in order to increase the 
data and be able to provide more information on the 
evaluation of risk factors for musculoskeletal injuries in 
SMEs in Bogotá, as well as expanding the sectors 
evaluated. 
 
 



Medina-Chacón / Revista DYNA, 87(213), pp. 98-104, April - June, 2020. 

104 

References 
 
[1] DANE. Atlas Estadístico de Colombia, [on line]. 2010. [date of 

reference: June 21th of 2018]. Available at: 
http://sige.dane.gov.co/atlasestadistico/ 

[2] García, C., En el 2017, cada día se accidentaron 1800 personas en su 
trabajo. [on line]. Press article. [date of reference: July 14th of 2018] 
Available at: https://www.eltiempo.com/economia/sectores/ 
panorama-de-los- accidentes-de-trabajo-en-colombia-en-2017-
189464. 

[3] Estrada, A., Aplicación del cuestionario nórdico para el análisis de 
síntomas músculo-esqueléticos en trabajadores del cuerpo técnico de 
policía judicial: Investigación (CTI). [on line]. 2015. [date of 
reference: August 3rd of 2018]. Available at: 
http://repository.urosario.edu.co/bitstream/handle/10336/10683/5184
5600-2015.pdf?sequence=1. 

[4] Aghilinejad, M., Tavakolifard, N., Mortazavi, S.A., Kabir-
Mokamelkhah, E., Sotudehmanesh, A. and Mortazavi, S.A., The 
effect of physical and psychosocial occupational factors on the 
chronicity of low back pain in the workers of Iranian metal industry: 
a cohort Sudy. Rev. Med. J. Islam Repub. Iran. [on line]. 29, 242 
pages, 2015. [date of reference: October 7th of 2018]. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/26793633 

[5] Rosario R. y Amézquita, T., Prevalencia de trastornos músculo 
esqueléticos en el personal de esterilización en tres hospitales 
públicos. Revista Medicina y Seguridad en el Trabajo, [on line]. 
60(234), pp. 24-43, 2014. [date of reference: September, 14th of 2018]. 
DOI: 10.4321/S0465-546X2014000100004 

[6] Ágila, E., Colunga, C., González, E. y Delgado, D., Síntomas 
músculo-esqueléticos en trabajadores operativos del área de 
mantenimiento de una empresa petrolera ecuatoriana, Rev. Ciencia & 
Trabajo, [on line]. 16(51), pp. 198-205, 2014. [date of reference, 
September 25th of 2018]. Available at: 
https://scielo.conicyt.cl/pdf/cyt/v16n51/art12.pdf.  

[7] García, C. y Márquez, E., Evaluación ergonómica en una empresa del 
sector alimenticio venezolano. Rev. Ingeniería Industrial. [on line]. 
9(1), pp. 95-108, 2010. [date of reference: October 7th 2018].  
Available at: https://dialnet.unirioja.es/descarga/articulo/ 
3660202.pdf 

[8] Pardo, N. y Sierra, O., Prevalencia de síntomas osteomusculares y 
factores asociados en los embaladores de leche en una pasteurizadora 
en Nemocom Cundinamarca. Rev. Colomb. Enfermería. [on line]. 
5(5), pp. 71-80, 2010. [date of reference: October 22th of 2018]. 
Available at: 
https://repository.urosario.edu.co/bitstream/handle/10336/1644/5277
6827.pdf?sequence=1 

[9] Garg, A. and Kapellusch, J., Applications of biomechanics for 
prevention of work-related musculoskeletal disorders. Ergonomics, 
[on line]. 52(1), pp. 36-59, 2009. [date of reference: November 2nd of 
2018]. Available at: DOI: 10.1080/00140130802480794 

[10] Wigley, R., de Groot, J. and Walls, C., Controbution of vibration to 
musculoskeletal disorders in New Zeland. International Medicine 
Journal, [on line]. 37(12), pp. 822-825, 2007. [date of reference: 
November 4th  2018]. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/18028083 

[11] Medina, E. e Illada, R., Heurística para el balance de líneas de 
ensamble con consideraciones ergonómicas. Revista Ingeniería 
Industrial, Universidad de Bio-Bio. Chile [on line]. 14(1), pp. 23-35, 
2015. [date of reference: November 13th 2018]. Available at: 
http://revistas.ubiobio.cl/index.php/RI/article/view/1913 

[12] Vargas, P., Sanchéz, F. y Medina, E., Evaluación ergonómica en el 
área de armado de una empresa cauchera venezolana. Ingeniería 

Industrial Actualidad y Nuevas Tendencias. [on line]. 2(5), pp. 7-22, 
2010. [date of reference: September 12th  2018]. Available at: 
https://www.redalyc.org/pdf/2150/215016943002.pdf 

[13] Rodriguez, E., Medina, E. and Manero, R., Evaluación del Nivel de 
riesgo a lesiones músculo-esqueléticas en el sector automotriz 
venezolano. Universidad, Ciencia y Tecnología, [on line]. 12(48), pp. 
147-156, 2008. [date of reference: Octuber 10th, 2018]. Available at: 
http://ve.scielo.org/scielo.php?pid=S1316-
48212008000300005&script=sci_arttext 

[14] Medina, E. and Di Doménico, C., Evaluación ergonómica de los 
puestos de trabajo administrativos en una empresa manufacturera de 
grasas y lubricante Ingeniería y Sociedad UC. [on line]. 2(1), pp. 27-
31, 2007. [date of reference: November 15th 2018]. Available at: 
http://servicio.bc.uc.edu.ve/ingenieria/revista/ 
IngenieriaySociedad/a2n1/art4.pdf 

[15] Castañeda ,J., Ruge, E. and Zambrano, C., Propuesta de mejora para 
la reducción de los niveles de riesgo disergonómico y psicosocial en 
los puestos de trabajo del área de producción en una empresa 
rectificadora de motores en la ciudad de Bogotá. Tesis de grado, 
Universidad El Bosque, Bogotá, Colombia, [online]. 2019. Available 
at: http://hdl.handle.net/20.500.12495/1628 

[16] Manrique, S. and Otero, C., Propuesta de mejoramiento para reducir 
el nivel de riesgo disergonómico y psicosocial en los puestos de 
trabajo de área de producción de una empresa de plásticos. Tesis de 
grado, Universidad El Bosque, Bogotá, Colombia, [online]. 2019. 
Available at: http://hdl.handle.net/20.500.12495/1629 

[17] Aponte, K., Otalora, A. and Pérez, D., Propuesta de mejora para la 
reducción de los niveles de riesgo disergonómico y psicosocial en los 
puestos de trabajo del área de producción en la empresa Spacios, 
Muebles y Decoración S.A.S. Tesis de grado, Universidad El Bosque 
,Bogotá, Colombia, [online]. 2019. 2019. Available at: 
http://hdl.handle.net/20.500.12495/1625. 

[18] Kuorinka, I., Jonsson, B., Kilbom, A., Vinterberg, H., Biering- 
Sørensen, F., Andersson, G. and Jørgensen, K., Standardised Nordic 
questionnaires for the analysis of musculoskeletal symptoms. Applied 
Ergonomics, [online]. 18(3), pp. 233-237, 1987. DOI: 10.1016/0003-
6870(87)90010-X 

[19] Gueland, F., Para un análisis del trabajo obrero en la empresa. Inda-
Inet. Laboratorio de Economía y Sociología del Trabajo. Lima, Perú, 
1982. 

[20] Hignett, S. and Mcatamney, L., Rapid Entire Body Assessment 
(REBA). Applied Ergonomics, 31, pp. 201-205, 2000. DOI: 
10.1016/S0003-6870(99)00039  

[21] Kadefords, R. and Forsman, M., Ergonomic evaluation of complex 
work: a participative approach employing video computer interaction, 
exemplified in a study of order picking. International Journal of 
Industrial Ergonomics, 25, pp. 435-445, 2000. DOI: 10.1016/S0169-
8141(99)00042-6 

 
 
E.R. Medina Chacón, is a BSc. Eng. in Industrial Engineer, in 1995, from 
the Universidad de Carabobo Valencia, Venezuela, Sp. in Finance 
Management, in 2005, from the Universidad Tecnológica del Centro, and 
Dr. of Engineering from the Universidad de Carabobo in 2015. From 1998 
to 2018, she worked at the University of Carabobo, Venezuela, as a full-time 
professor at the Faculty of Engineering, School of Industrial Engineering, 
Department of Method Engineering. Since January 2018, she has worked at 
Universidad El Bosque, Bogotá-Colombia, as a research professor at the 
Faculty of Engineering, Industrial Engineering program, being a member of 
the GINTECPRO research group. Her research interest focuses on the area 
of ergonomics and design, management and operations engineering. 
ORCID: 0000-0002-9198-5022 

 


	1.  Introduction


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


