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ABSTRACT 

 
The results of repetitive and prolonged trauma are reflected in most musculoskeletal 

injuries, which are pathologies that can be articular, due to the maintenance of forced 

postures or the excessive use of the affected joint. These injuries, regardless of the 

classification, affect the intervertebral ligaments or discs, tendons, bones and muscles. 

The present research was carried out on masapan craftsmen in Calderón parish, 

Ecuador, which is characterized by manufacturing decorative figures that have 
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survived over time. The efforts in the joints as a result of repetitive actions in the 

production process were analyzed. The results associated four risks: Lifting excessive 

weights very frequently; operate the masapan sheeter manually until the dough takes 

the necessary consistency to develop the crafts; maintain forced or fixed postures for 

hours; and perform the same movement pattern every few seconds for hours at a time. 

With the application of BIOMEC Software it was identified which are the areas of 

the body that are overloaded, which will allow taking corrective actions to avoid 

associated injuries. 
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INTRODUCTION 
 

       Human life extension is one of the characteristic features of our technological 

age. A positive appreciation of old age is part of the very roots of Western culture. 

However, in technologically advanced societies it begins to be burdened with 

negative elements: far from giving a positive value to old age, a new unethical myth 

has been shaped: the «young», «productive» man. Society tends to deprive the elderly 

of almost all obligations, relegating them when their work is no longer desired 

(Velázquez, 2020). Osteoporotic fractures increase with age and constitute one of the 

most relevant problems in the elderly due to the mortality and morbidity that they 

generate (Martíneza, 2017) (Abusleme, 2018). Evaluating whether an effort in a 

specific posture can cause overload in some structure of the locomotor system is a 

complex task (Diego-Mas J. A., 2015). The objective of this research is to determine 

the prevalence of musculoskeletal injuries by sociodemographic variables and to 

evaluate the ergonomic risk due to forced postures, identifying the areas of the body 

that suffer overload in an artisanal process, applying the BIOMEC software to the 

population under study of fourteen craftsmen belonging to Calderón parish in Quito, 

Ecuador, with an observed sample of ten workers who have an age range between 50 

to 80 years. 

 

MATERIALS AND METHODS 
 

      The calculation tool offered in Ergonauts (BIOMEC) performs biomechanical 

evaluations of static coplanar stresses based on the posture adopted, the load and the 

frequency and duration of the stresses. It allows to know the risk of overloading per 

joint, the maximum recommended load, and the stability of the posture [6] allows to 

perform physical calculations and the application of the biomechanics model based 

on a series of data about the task: Sex of the worker, Height, Weight, Angle of the 

body segments in the analyzed posture, Weight of the supported load or exerted force, 

If the load is supported with one or two hands, Time during which the efforts are 

made and Frequency of the efforts; providing as a result: the level of effort in each 

joint, the maximum recommended load, the percentage of protected population, in 

addition to the stability of the posture, the possibility of slipping and the possibility 

of overturning of the worker under the supported loads (S, 2020) 

 

      The BIOMEC calculation tool is offered in Ergonauts and also allows to perform 

the physical calculations and the application of the model from the input data, 

providing as results: the level of effort in each joint, the maximum recommended 
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load, the percentage of protected population, in addition to the posture stability, the 

possibility of sliding and the possibility of overturning of the worker under the 

supported loads. 

 

 

PRINCIPLE 

 

  

        Recent research has been incorporating ergonomic principles into design 

processes, as a strategy to anticipate solutions to problems and include users in 

decision making processes (S, 2020). For the case study, a large part of the working 

day of masapan craftsmen are in a sitting position, carrying out their daily work 

activities (P. Salazar, 2019). 

 

        The diagram of the process of making the dough and kneading is shown in Fig. 

1. In order to carry out this operation, the craftsman stands up for ten minutes, an 

activity that is repetitive in each production cycle, and in relation to the demand they 

have will be the number of times they perform it in the 8-hour workday (Diego-Mas 

J. A., 2021). Constantly mixing the ingredients without stopping is considered a 

forced posture, that is, they go from a natural position to a position of articular hyper 

rotation, then they remain standing to give the dough homogeneity in a period of 10 

minutes more (Guillén, 2015) (R. Vasconez, 2020) 

 
 

 
 

Figure1: Dough and kneading manufacturing process diagram 

 

 

DEVELOPMENT 

  

 

        Body distribution can be carried out in multiple ways depending on the object of 

study (Unidas, 1948) (Barzola, 2017). Figure 2 shows this human model; although 8 

segments are usually used that are assumed to be non-deformable (Head + neck, trunk, 

thighs, legs, feet, arms, forearms and hands). 

 

Beginning

Prepare 
the gas 
cylinder 

and 
industria
l kitchen

Place an 
aluminum 
container 

on the fire, 
add 1.5 
liters of 

water, 75 ml 
of oil and 

stir the 
mixture

Add to 
the 

mixture 
10 

pounds 
of flour

Mix the entire 
contents of the 

container 
constantly with a 

wooden paddle for 
10 minutes, until 
they empirically 

determine that the 
table is 

homogeneous.

Flip the hot mixture 
over onto a marbled 

surface.

Knead for about 10 
minutes, continuing with 

the standing position
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Figure 2: Segments of the human model.   
 

 

 

 

      The application of the BioMec model for the evaluation of efforts in the different 

joints previously collects a series of data on the kneading operation such as: 95% of 

the craftsmen are women (Larrea, 2018). Therefore, the study was framed in females, 

with average heights of 1.65 meters, body weight of 75 kg, plus analysis of angles of 

the body segments in the acquired posture and the weight of the sustained load of 4 

kg (Á.Estévez, 2018).  It is considered the time of 10 minutes that the effort is made 

with simultaneous and repetitive movements with an operation frequency of once 

each productive cycle (S. Chancusi, 2018) 

 

RESULTS 

 

        Having determined the human model and the way to obtain the inertial 

parameters, it is possible to calculate the moments generated by the load and the self-

weight of the different body segments (Cuenca, 2017) (Vives, 2016). The current 

angle analysis is performed in the kneading operation. As shown in Fig. 3, the 161o 

knee angle is significant, at bottom dead center the angle of the knee to the tibia should 

be close to 145 degrees and at top dead center it should be greater than 70 degrees. 

Fig. 4 shows the resulting posture that should be adopted taking into consideration 

that the sample taken are craftswomen of the elderly and they already have certain 

postural deformations, so it is not recommended to force the knees. 
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Figure 3: Angular and biomechanical analysis for kneading forced position. 

   
 

 
 

 

Figure 4: Resulting posture for kneading operation, (centimeter units). 

 

 

Postural angles 

 αa =  91o 

αk =161o 

αh =135o 

αt =  65o 

αs =  56o 

αe =153o 

αf =  26o 

 

 

Loads = 4 Kg 

The load is held with both hands 
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Figure 5: Protected population percentage (%) = 90%. 

 

 
 

 

Figure 6: Overloaded areas of the body 

 

 

Fig. 5 and 6 show the results obtained with the application of the BIOMEC software. 

The results obtained in shoulder, lumbar and hip show that people evaluated exceed 

the admissible loads, while elbow, knee and ankle efforts are kept within 

recommended limits (BUN-CA, 2011)   

 

Table 1: Maximum recommended loads, overloads and risk per joint. 
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         To maintain and manipulate 4kg load, posture must be corrected since the 

limiting factor for this case is the ankle, which is the joint that can least bear in these 

conditions as shown in Table 1. Given the duration and frequency of the efforts of the 

elderly craftswomen, who spend 10 minutes with a standing posture in the baking of 

the dough and then develop the kneading operation for 10 minutes more, and 

considering that, the dough is molded hot, with rotations in the two workplaces, we 

can protect 90% of the population (Orlando, 2014) (Gama, 2018) 

 

         The experiment is based on using the BIOMEC software from these data, the 

tension and the moments generated in each joint were calculated compared with the 

maximum permissible posture obtained from the model previously exposed, modified 

according to effort duration and frequency, and 90% percentage of the population to 

be protected. From the difference between the acting moment and the permissible 

moment in each joint, the program determined the existing risk (Mora, 2017) (Celín, 

2018) 

 

CONCLUSIONS 
 

       BIOMEC Software allowed us to validate musculoskeletal injuries caused to 

masapan craftsmen.  In the physical calculations it is assumed that no part of the body 

is supported, that is, the operator is supported only by feet on the ground, being a 

limitation for the results, because in a period of six seconds during the ten minutes 

that the operation lasts the craftsman leans on the marbled table to turn the dough, 

however it is considered that this condition will not significantly change the results 

obtained. 

 

        The results obtained from the ergonomic evaluation indicate that the tasks 

performed by the craftsmen in masapan figures elaboration present a risk to the 

musculoskeletal system. A correction of the standing posture is needed in the 

kneading operation and to reduce repetitive movements in each cycle. 
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Joint Maximum 
load (kg) 

Overload (kg) Risk % Protected 
population 

Elbow 19,84 -15,84 No 100 

Shoulder 2,81 1,19 Yes 99,9 

Lumbar 2,4 1,6 Yes 97 

Hips 2,92 1,08 Yes 96,5 

Knee 43,52 -39,52 No 99,8 

Ankle 0 4 Yes 99,9 
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