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Prefacio 
 
Regresamos a Cd. Jurez, Chihuahua. La Sociedad de Ergonomistas de México A.C. 

(SEMAC), y su Congreso Internacional ha sido acogida, muy calurosamente, en Mexicali, 

Baja California, Tepic, Nayarit, Los Mochis, Sinalos, Hermosillo, Sonora y Tijuana Baja 

California y ahora en el año 2017 volvemos a la ciudad donde se vio nacer este Congreso 

Internacional. 

 

El año pasado, la Secretaria del Trabajo y Previsión Social publicó en el Diario Oficial de la 

Federación  la NOM-034-STPS-2016, Condicion es  de seguridad para el acceso y desarrollo 

de actividades de trabajadores con discapacidad en los centros de trabajo, la cual entro en 

vigor el 4 de septiembre de ese mismo año, Ademas la STPS tambien publicó el proyecto 

de Norma Oficial Mexicana NOM-035-STPS, Factores de Riesgo Psicosocial - Identificación, 

Prevención y Seguimiento,  cuyo objetivo es “Establecer los elementos para identificar y 

prevenir los factores de riesgo psicosocial y promover un entorno organizacional favorable 

en los centros de trabajo”, el cual entrara en vigor dos años después de que sea publidada 

en el DOF como NOM.  

 

Un gran paso que da la autoridad laboral con dos NOM que son necesarias para mejorar la 

salud ocupacional de nuestros compañeros, los trabajadores, que con su esfuerzo generan 

la riqueza de nuestro Paiz, Mexico. 

 

Afortunadamente, ya se está trabajando por parte de la STPS en la NOM-036-STPS, Factores 

de Riesgo Ergonomicos y esperemos que este mismo año sea publicado en el DOF el 

proyecto de norma y seria un gran logro el que entre en vigor en el año 2018. 

 

Como puede verse, este año tenemos grandes esperanzas en el ambito legal para los 

trabajores, empresarios, estudiante y academicos de los alcances y limitaciones de este 

nuevo instrumento legal. SEMAC ha estado y seguira trabajando al lado de la STPS para 

que esta nueva norma sea un instrumento eficaz y eficiente.  

 

Este año reunimos un gran número de trabajos, tanto de investigaciones como soluciones 

en los puestos de trabajo que tienden a mejoran la calidad de vida de los trabajadores. 

Hemos seleccionado los mejores trabajos de las diversas áreas de la Ergonomía. En este 

libro encontrares colaboraciones de Instituciones de Educación Superior y Empresas con 

trabajos que se destacan tanto por su originalidad como por su pertinencia.  

 

Los editores, árbitros y comité académico, a nombre de la Sociedad de 

Ergonomistas de México, A.C., agradecemos a los autores de los trabajos aquí 

presentados su esfuerzo, e interés por participar y compartir su trabajo y conocimientos 

en el XXIII Congreso Internacional de Ergonomía de SEMAC. También agradecemos a los 

participantes y asistentes, provenientes de muy diversos lugares y formaciones, así como 

a todo el equipo de organización de este congreso, su valiosa aportación que estamos 

seguros derivará en el avance de la ergonomía en las Instituciones de Educación Superior 

y en  la planta productiva nacional y mundial. 

 

Enrique de la Vega Bustillos 

Presidente SEMAC 2002 – 2004 

 

SOCIEDAD DE ERGONOMISTAS DE MÉXICO A.C. 

“Trabajo para optimizar el trabajo” 

Tijuana, Baja California,  Abril de 2016 
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ANTHROPOMETRIC RESEARCH FOR THE DESIGN OF 
FURNITURE FOR CHILDREN OF ELEMENTARY SCHOOL 

 
Mauricio López Acosta, Fernanda Lucía Sandoval Siqueiros, Susana García 

Vilches, Allan Chacara Montes, Aarón Fernando Quirós Morales  
 

 Industrial Engineering Deparment  
Instituto Tecnológico de Sonora,  
Ramón Corona y Aguascalientes 
Navojoa, Sonora. México 85860 

Corresponding author’s e-mail: mauricio.lopez@itson.edu.mx 
 

Resumen: Este documento tiene como objetivo determinar las características 
antropométricas de niños de primaria con edad de 5 a 12 años, nacidos en el estado 
de Sonora. Se creó una carta antropométrica para la obtención de datos, utilizando 
la técnica de medición directa y se llevó a cabo en el lugar de estudio, con una 
muestra de 119 personas, teniendo en cuenta 10 tipos de medidas antropométricas. 
Una base de datos fue desarrollada con la información de cada carta antropométrica 
para el procesamiento, con el fin de realizar el análisis estadístico se presenta una 
media y desviación estándar de cada dimensión medida, además del cálculo de 
percentiles para cada sexo. Las dimensiones obtenidas en el presente estudio 
permiten afirmar que las características antropométricas en los niños son diferentes 
para cada grado escolar, esto se puede deber a distintos factores como crecimiento, 
alimentación o hasta cuestiones de salud.  
 
Palabras clave:  Antropometría, Diseño, Mobiliario escolar 
 
Abstract: This document aims to determinate the anthropometric features of kids 
from elementary school with age from 5 to 12 years old, born in the State of Sonora. 
An anthropometric sheet was created to collect data, after that the study was held at 
the site of each subject of study, and the direct method was used to obtain the 
measurements, with a sample of 119 people, considering 10 types of anthropometric 
measures. A data base was developed with the information from each 
anthropometric sheet for processing; in order to perform the statistical analysis the 
study shows a mean and standard deviation of each measured dimension, in 
addition to the calculation of the percentiles for each sex. The dimensions obtained 
in the present study allow to affirm that the anthropometric features in children are 
different for each grade level, this may be due to various factors such as growth, 
feeding or health issues. 
 
Keywords:  Anthropometry, Design, School Furniture. 
 
Relevance to Ergonomics: In this research was obtained relevant data such as the 
anthropometric characteristics of children from elementary school. It is essential for 
product designers to use anthropometric data that is appropriate and up-to-date for 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 2 

 

product design and development for users using this type of furniture. However, 
these data are scarce in Mexico, and is the main motivation of this study. 
 

1. INTRODUCTION 
 

Ergonomics in work environments has gained high attention from researchers over 
recent decades. Although school environment represents the ‘‘work’’ environment 
for billions of children, it has not attracted the proper attention from ergonomists. One 
of the essential elements for the good education of children is the furniture that is 
used, and in order for it to fulfill its function, it must respond to the characteristics of 
the population that uses it: so it is necessary that their dimensions are adapted to 
the anthropometric dimensions of boys and girls, and for this purpose, designers 
must have the information that allows them to fully achieve this requirement.  (Madríz 
Quirós, Ramírez Coretti, & Serrano Montero, 2008). 

Anthropometric sizes of students are an important factor that should be 
considered in designing school furniture. Some studies have confirmed the lack of 
conformity between anthropometric sizes of students and dimensions of used 
furniture. Moreover, the number of students suffering from musculoskeletal disorders 
is increasing. Headache, ache in neck and shoulder muscles, decrease in 
concentration, lack of spirit, and tiredness of eyes are very common among students 
and these problems are increasing. (Habibi, Asaadi, & Hosseinic, 2009). Not to 
mention, uncomfortable postures could be painful due to the prolonged periods 
children spend at school and several researchers have reported posture-related 
syndromes in students. Moreover, it is possible that children may maintain those 
postural behaviors for the rest of their lives. (Gouvali & Boudolos, 2005) 

This document sets out the conclusions drawn from the first stage of the 
research which focused on the selection of an appropriate methodology for data 
collection, on its implementation and on the statistical processing of the resulting 
data.  
 

2. OBJECTIVES 
 

Determine the anthropometric characteristics of the population of children from 
elementary schools using the technique of direct measurement for the design of 
anthropometric measurements charts. Also, the results should serve as a support 
for more extensive researches that take as a basis the sample of elementary school 
children of this research. 

This research comprises children of both sexes, with place of birth in the state 
of Sonora, who are in elementary school from first to sixth grade. 
 

3. METHODOLOGY 
 

3.1 Subject of study 
 

The population subject to the research were people born in the state of Sonora with 
ages from 5 and 12 years. By selecting cases that met the specifications of the place 
of birth and age; getting a total of 119 samples, 63 males and 56 females. 
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3.2 Materials 
 

The instruments used are: 

 Anthropometer             

 Stadiometer 

 Weight Scale 

 Anthropometric Stool 

 Descriptive Charts 

 

3.3 Procedure 
 
The present study is observational, cross-sectional, and non-experimental, the 
selection of personnel will be on a voluntary basis, special spaces will be used for 
the measurement and are excluded from this study children who did not meet the 
conditions of place of birth. Were considered 10 measures used in the 
anthropometric study of Madriz, Ramirez & Serrano, (2008) see table 1. 

A manual data collection sheet was developed with the purpose of introducing 
the information in the Microsoft Excel software with: Registration number, age, sex, 
place of birth of the subject under study and family (parents), grade and each of the 
10 anthropometric measures were registered for the purpose of performing the 
analysis using descriptive statistics, presented a mean, standard deviation of each 
anthropometric measurement and percentiles calculations. 
The method for the development of the study was: 

1. Qualification in the project, preparation of the work team to standardize the 
technique and carry out the measurements. 

2. Fill in the columns of age, sex, place of birth, grade. 
3. Take measurements. 
4. Record of measurements made. 
5. Calculation of Percentiles. In this stage, the calculations are used to 

determine the anthropometric dimensions according to the following 
percentiles: P5, P10, P25, P50, P75, P90 and P95. To do this, before 
calculating the percentiles, the values of the mean and standard deviation of 
each anthropometric variable must be taken into consideration. 

6. Determination of anthropometric charts by grade-sex. At this stage all the 
studied variables were organized by percentile. 
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Table1. Anthropometric measures considered. 
 

Measures Diagram Importance Details 

POPLITEAL 
HEIGHT 

 

Provides the right height 
of the seat of the chair so 
your feet are resting 
comfortably on the floor. 

Height of the flexor muscles 
of the knee that can be felt 
in the popliteal fossa, on the 
back of the knee. Consider 
the 5th percentile. 

   KNEE 
HEIGHT 

 
 

It defines the degree of 
movement of the legs, 
determining factor to allow 
the variation of the posture. 
It can also have a great 
influence on the height at 
which the hands are 
expected to work. 

Refers to the vertical 
distance that is taken from 
the ground to the ball joint. 
Consider the 95th percentile. 

THIGH 
THICKNES

S 
 

It works in conjunction with 
the height of the knee, 
determining to what height 
the drawer of the desk should 
be designed. 

Height from the vertical 
distance that is taken from 
the surface of the seat to the 
maximum height of the leg. 
Consider the 95th percentile. 

SITTING 
HEIGHT 
TO THE 

BASE OF 
THE 

SCAPULA 

 

The backrest has the function 
of helping to distribute the 
weight of the body and avoid 
that everything is supported by 
the pelvis. 

Height from the plane of 
the seat until it reaches the 
bottom of the scapula. 
Consider the 95th 
percentile. 

 
SITTING 
ELBOW 
HEIGHT  

   

It allows you to know which is 
the proper height to find the top 
surface of the table in relation 
to the Chair. 

Height of the elbow (flexed 
at 90 degrees) from the 
surface of the seat. 
Consider the 50th 
percentile. 

 
ELBOW-

FINGERTIP 
LENGTH 

  

 

Distance between the 
elbow and the tip of the 
fingers. 
  

Allows the user to come as 
close as possible to the 
table, while continuing to 
effectively use the back of 
the seat. Consider the 5th 
percentile. 

 
BUTTOCK

-
POPLITEA
L LENGTH 

 
 

Defines the maximum depth 
of the seat plane, from its front 
part to the backrest. 

Horizontal distance that is 
taken from the outer surface 
of the buttock to the back 
side of the knee. Consider 
the 5th percentile. 

HIP 
BREADTH 

 

Useful for setting tolerances 
on interior widths of chairs. 

Maximum horizontal 
distance when the 
individual maintains 
their seated position. 
Consider the 95th 
percentile. SHOULDE

R 
BREADTH 
(bideltoid)  

It determines the chair 
backrest width, allows the 
freedom of movement and in 
turn helps to support the back 
comfortably. 

Maximum horizontal 
distance that 
separates deltoid 
muscles. Consider the 
95th percentile. 
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BUTTOCK-
KNEE 

LENGTH 
 

This is data that is managed 
to calculate the appropriate 
distance that must separate 
the back of the seat of any 
physical obstacle or any 
other item that is in front of 
the knees. 

It is the horizontal distance 
that is taken from the outer 
surface of the buttocks 
and up to the front face of 
the ball joint. Consider the 
95th percentile. Source:  Madríz, Ramírez & Serrano (2008). 

 
4. RESULTS 

 
From the analysis of the collected data, a final sample of 119 valid cases was 
obtained, which were used for the presentation of the results and for the statistical 
analysis. The following tables show the percentiles by age and sex, and summarize 
the results of the study for the different school ages. 

 
FIRST GRADE (GIRLS) 

        Percentiles 

No
. 

Body Dimension Mean Standard  
Deviation 

5° 25° 50° 75° 95° 

1 Popliteal Height 31.97 1.85 28.93 30.73 31.97 33.20 35.00 

2 Knee Height 38.63 2.69 34.21 36.83 38.63 40.44 43.06 

3 Thigh Thickness 7.93 1.13 6.08 7.18 7.93 8.69 9.79 

4 Sitting Height To The Base Of 
The Scapula 

25.71 2.62 21.39 23.95 25.71 27.47 30.03 

5 Sitting Elbow Height 16.02 3.00 11.09 14.01 16.02 18.03 20.95 

6 Elbow-Fingertip Length 32.71 1.14 30.84 31.95 32.71 33.47 34.58 

7 Buttock-Popliteal Length 32.71 2.05 29.34 31.34 32.71 34.09 36.09 

8 Hip Breadth 23.73 2.92 18.94 21.78 23.73 25.69 28.53 

9 Shoulder Breadth (Bideltoid) 29.39 2.68 24.98 27.59 29.39 31.18 33.80 

10 Buttock-Knee Length 40.64 2.05 37.27 39.27 40.64 42.02 44.02 

11 Height  123.76 5.53 114.6
6 

120.0
5 

123.7
6 

127.4
6 

132.8
5 

12 Weight 28.66 6.60 17.80 24.23 28.66 33.08 39.52 

13 Age 6.33 0.50 5.51 6.00 6.33 6.67 7.16 

SECOND GRADE (GIRLS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 31.96 1.68 29.20 30.83 31.96 33.08 34.71 

2 Knee Height 38.71 2.04 35.36 37.35 38.71 40.08 42.06 

3 Thigh Thickness 8.74 1.82 5.75 7.52 8.74 9.96 11.74 

4 Sitting Height To The Base Of The 
Scapula 

27.12 3.53 21.31 24.76 27.12 29.49 32.93 

5 Sitting Elbow Height 16.78 1.76 13.88 15.60 16.78 17.96 19.68 

6 Elbow-Fingertip Length 33.27 1.12 31.43 32.52 33.27 34.01 35.10 
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7 Buttock-Popliteal Length 33.90 2.16 30.34 32.45 33.90 35.35 37.46 

8 Hip Breadth 25.32 2.51 21.20 23.64 25.32 27.00 29.44 

9 Shoulder Breadth (Bideltoid) 30.63 2.28 26.89 29.11 30.63 32.16 34.38 

10 Buttock-Knee Length 41.77 2.65 37.41 39.99 41.77 43.54 46.12 

11 Height  124.4
8 

4.20 117.5
6 

121.6
6 

124.4
8 

127.3
0 

131.3
9 

12 Weight 31.17 9.23 15.99 24.99 31.17 37.35 46.34 

13 Age 7.22 0.44 6.50 6.93 7.22 7.52 7.95 

THIRD GRADE (GIRLS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 35.12 2.12 31.63 33.70 35.12 36.54 38.61 

2 Knee Height 41.22 2.91 36.43 39.27 41.22 43.17 46.01 

3 Thigh Thickness 8.98 2.10 5.53 7.57 8.98 10.39 12.43 

4 Sitting Height To The Base Of The 
Scapula 

28.53 2.39 24.60 26.93 28.53 30.13 32.46 

5 Sitting Elbow Height 17.50 2.53 13.34 15.81 17.50 19.19 21.66 

6 Elbow-Fingertip Length 35.38 2.72 30.90 33.55 35.38 37.21 39.86 

7 Buttock-Popliteal Length 36.17 2.11 32.69 34.75 36.17 37.59 39.65 

8 Hip Breadth 25.51 3.31 20.06 23.29 25.51 27.73 30.96 

9 Shoulder Breadth (Bideltoid) 32.40 3.34 26.91 30.16 32.40 34.64 37.89 

10 Buttock-Knee Length 44.90 2.74 40.39 43.07 44.90 46.73 49.41 

11 Height  133.2
4 

9.76 117.1
8 

126.7
0 

133.2
4 

139.7
8 

149.3
0 

12 Weight 34.35 12.11 14.44 26.24 34.35 42.46 54.26 

13 Age 8.50 0.53 7.63 8.15 8.50 8.85 9.37 
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FOURTH GRADE (GIRLS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 37.10 1.76 34.20 35.92 37.10 38.28 40.00 

2 Knee Height 43.69 1.99 40.42 42.36 43.69 45.02 46.96 

3 Thigh Thickness 9.24 2.12 5.76 7.82 9.24 10.66 12.73 

4 Sitting Height To The Base Of The 
Scapula 

27.62 2.98 22.72 25.63 27.62 29.62 32.52 

5 Sitting Elbow Height 18.50 2.19 14.89 17.03 18.50 19.97 22.11 

6 Elbow-Fingertip Length 36.90 2.00 33.62 35.56 36.90 38.24 40.18 

7 Buttock-Popliteal Length 37.53 2.42 33.56 35.91 37.53 39.15 41.51 

8 Hip Breadth 25.48 3.98 18.94 22.81 25.48 28.14 32.02 

9 Shoulder Breadth (Bideltoid) 32.86 3.62 26.91 30.43 32.86 35.28 38.80 

10 Buttock-Knee Length 46.83 3.31 41.39 44.62 46.83 49.05 52.28 

11 Height  139.2
2 

6.39 128.7
1 

134.9
4 

139.2
2 

143.5
1 

149.7
4 

12 Weight 34.35 12.11 14.44 26.24 34.35 42.46 54.26 

13 Age 9.33 0.50 8.51 9.00 9.33 9.67 10.16 

FIFTH GRADE (GIRLS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 38.23 1.92 35.07 36.94 38.23 39.51 41.38 

2 Knee Height 45.25 2.91 40.45 43.29 45.25 47.20 50.04 

3 Thigh Thickness 9.51 1.64 6.81 8.41 9.51 10.61 12.21 

4 Sitting Height To The Base Of The 
Scapula 

30.65 3.27 25.27 28.45 30.65 32.84 36.02 

5 Sitting Elbow Height 18.13 2.21 14.49 16.64 18.13 19.61 21.77 

6 Elbow-Fingertip Length 38.26 3.94 31.79 35.63 38.26 40.90 44.74 

7 Buttock-Popliteal Length 39.03 3.58 33.13 36.63 39.03 41.43 44.92 

8 Hip Breadth 26.78 1.77 23.87 25.59 26.78 27.97 29.70 

9 Shoulder Breadth (Bideltoid) 33.44 2.01 30.12 32.09 33.44 34.79 36.75 

10 Buttock-Knee Length 49.09 4.03 42.46 46.39 49.09 51.79 55.72 

11 Height  143.2
5 

8.37 129.4
8 

137.6
4 

143.2
5 

148.8
5 

157.0
1 

12 Weight 39.49 10.02 23.01 32.78 39.49 46.20 55.97 

13 Age 10.36 0.50 9.53 10.03 10.36 10.70 11.19 
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SIXTH GRADE (GIRLS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 38.75 2.10 35.29 37.34 38.75 40.16 42.21 

2 Knee Height 46.56 2.84 41.89 44.66 46.56 48.47 51.24 

3 Thigh Thickness 9.94 1.51 7.45 8.93 9.94 10.95 12.42 

4 Sitting Height To The Base Of The 
Scapula 

31.24 3.58 25.34 28.84 31.24 33.64 37.13 

5 Sitting Elbow Height 20.05 3.25 14.71 17.87 20.05 22.23 25.39 

6 Elbow-Fingertip Length 40.30 3.14 35.14 38.20 40.30 42.40 45.46 

7 Buttock-Popliteal Length 40.53 2.58 36.29 38.80 40.53 42.25 44.76 

8 Hip Breadth 28.16 2.24 24.48 26.66 28.16 29.66 31.85 

9 Shoulder Breadth (Bideltoid) 34.93 2.83 30.27 33.03 34.93 36.82 39.58 

10 Buttock-Knee Length 50.90 3.20 45.64 48.76 50.90 53.04 56.16 

11 Height  150.2
3 

8.14 136.8
4 

144.7
7 

150.2
3 

155.6
8 

163.6
1 

12 Weight 42.09 9.20 26.95 35.92 42.09 48.25 57.23 

13 Age 11.38 0.74 10.15 10.88 11.38 11.87 12.60 

FIRST GRADE (BOYS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 32.30 2.79 27.7
2 

30.4
3 

32.30 34.17 36.88 

2 Knee Height 37.30 2.68 32.8
9 

35.5
0 

37.30 39.10 41.71 

3 Thigh Thickness 7.32 1.48 4.88 6.32 7.32 8.31 9.76 

4 Sitting Height To The Base Of The 
Scapula 

25.16 3.29 19.7
5 

22.9
6 

25.16 27.37 30.58 

5 Sitting Elbow Height 15.95 2.33 12.1
2 

14.3
9 

15.95 17.51 19.78 

6 Elbow-Fingertip Length 31.91 1.65 29.1
9 

30.8
0 

31.91 33.02 34.63 

7 Buttock-Popliteal Length 29.99 2.29 26.2
2 

28.4
6 

29.99 31.53 33.76 

8 Hip Breadth 22.75 2.90 17.9
8 

20.8
1 

22.75 24.70 27.53 

9 Shoulder Breadth (Bideltoid) 28.65 2.31 24.8
5 

27.1
0 

28.65 30.19 32.45 

10 Buttock-Knee Length 37.86 3.44 32.2
1 

35.5
6 

37.86 40.17 43.52 

11 Height  110.1
2 

36.40 50.2
4 

85.7
3 

110.1
2 

134.5
1 

170.0
0 

12 Weight 24.17 7.00 12.6
7 

19.4
9 

24.17 28.86 35.68 

13 Age 6.27 0.47 5.50 5.96 6.27 6.59 7.04 
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SECOND GRADE (BOYS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 32.63 3.49 26.89 30.29 32.63 34.96 38.36 

2 Knee Height 39.75 1.91 36.60 38.46 39.75 41.03 42.89 

3 Thigh Thickness 8.00 0.95 6.43 7.36 8.00 8.64 9.57 

4 Sitting Height To The Base Of The 
Scapula 

26.02 2.15 22.49 24.58 26.02 27.46 29.55 

5 Sitting Elbow Height 15.75 2.73 11.26 13.92 15.75 17.58 20.25 

6 Elbow-Fingertip Length 34.07 1.45 31.69 33.10 34.07 35.04 36.45 

7 Buttock-Popliteal Length 32.40 2.24 28.72 30.90 32.40 33.90 36.08 

8 Hip Breadth 23.22 2.02 19.90 21.87 23.22 24.57 26.54 

9 Shoulder Breadth (Bideltoid) 30.29 1.35 28.07 29.39 30.29 31.19 32.51 

10 Buttock-Knee Length 41.15 2.33 37.32 39.59 41.15 42.72 44.99 

11 Height  127.7
6 

4.35 120.6
1 

124.8
5 

127.7
6 

130.6
8 

134.9
2 

12 Weight 28.17 3.29 22.76 25.97 28.17 30.38 33.59 

13 Age 7.45 0.52 6.60 7.10 7.45 7.80 8.31 

THIRD GRADE (BOYS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 36.67 2.25 32.98 35.17 36.67 38.17 40.36 

2 Knee Height 42.67 2.38 38.76 41.08 42.67 44.26 46.58 

3 Thigh Thickness 8.91 1.26 6.84 8.07 8.91 9.75 10.98 

4 Sitting Height To The Base Of The 
Scapula 

27.30 2.96 22.42 25.31 27.30 29.29 32.18 

5 Sitting Elbow Height 17.07 2.88 12.34 15.14 17.07 19.00 21.80 

6 Elbow-Fingertip Length 36.41 1.73 33.56 35.25 36.41 37.57 39.26 

7 Buttock-Popliteal Length 34.89 3.07 29.84 32.83 34.89 36.95 39.94 

8 Hip Breadth 25.48 2.86 20.77 23.56 25.48 27.40 30.19 

9 Shoulder Breadth (Bideltoid) 32.50 2.99 27.58 30.49 32.50 34.51 37.42 

10 Buttock-Knee Length 42.94 4.09 36.22 40.20 42.94 45.68 49.66 

11 Height  136.4
7 

5.62 127.2
3 

132.7
1 

136.4
7 

140.2
3 

145.7
1 

12 Weight 36.45 10.35 19.42 29.51 36.45 43.39 53.48 

13 Age 8.60 0.70 7.45 8.13 8.60 9.07 9.75 
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FOURTH GRADE (BOYS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 37.55 1.04 35.84 36.86 37.55 38.25 39.27 

2 Knee Height 43.75 1.86 40.69 42.50 43.75 44.99 46.80 

3 Thigh Thickness 8.95 1.26 6.88 8.10 8.95 9.79 11.01 

4 Sitting Height To The Base Of The 
Scapula 

26.75 2.27 23.02 25.23 26.75 28.28 30.49 

5 Sitting Elbow Height 17.63 1.44 15.26 16.66 17.63 18.59 20.00 

6 Elbow-Fingertip Length 37.05 1.94 33.85 35.74 37.05 38.35 40.24 

7 Buttock-Popliteal Length 36.59 2.01 33.29 35.24 36.59 37.94 39.90 

8 Hip Breadth 25.31 3.05 20.29 23.27 25.31 27.35 30.32 

9 Shoulder Breadth (Bideltoid) 32.03 2.81 27.40 30.14 32.03 33.91 36.66 

10 Buttock-Knee Length 45.53 2.58 41.29 43.80 45.53 47.25 49.77 

11 Height  139.0
3 

5.68 129.6
9 

135.2
2 

139.0
3 

142.8
3 

148.3
7 

12 Weight 35.40 6.38 24.90 31.12 35.40 39.68 45.90 

13 Age 9.27 0.47 8.50 8.96 9.27 9.59 10.04 

FIFTH GRADE (BOYS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 36.33 1.17 34.40 35.54 36.33 37.11 38.25 

2 Knee Height 42.76 1.39 40.47 41.83 42.76 43.70 45.06 

3 Thigh Thickness 9.43 1.48 7.00 8.44 9.43 10.41 11.85 

4 Sitting Height To The Base Of The 
Scapula 

27.94 1.33 25.74 27.04 27.94 28.83 30.13 

5 Sitting Elbow Height 17.08 2.26 13.36 15.56 17.08 18.59 20.79 

6 Elbow-Fingertip Length 37.23 1.56 34.67 36.18 37.23 38.27 39.78 

7 Buttock-Popliteal Length 37.36 1.39 35.07 36.43 37.36 38.29 39.65 

8 Hip Breadth 26.18 2.92 21.36 24.22 26.18 28.13 30.99 

9 Shoulder Breadth (Bideltoid) 33.45 2.16 29.90 32.00 33.45 34.90 37.00 

10 Buttock-Knee Length 46.73 1.27 44.63 45.87 46.73 47.58 48.82 

11 Height  139.3
0 

3.53 133.4
9 

136.9
3 

139.3
0 

141.6
7 

145.1
1 

12 Weight 35.95 6.22 25.72 31.78 35.95 40.12 46.18 

13 Age 10.38 0.52 9.52 10.03 10.38 10.72 11.23 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 11 

 

 
 
 

5. DISCUSSION AND CONCLUSIONS 
 

The dimensions obtained in the present study allow to confirm the anthropometric 
characteristics on children are different for each grade; this can be due to diverse 
factors like growth, feeding or even health issues. Further studies are required to 
determine the differences between grades, however, with this information emphasis 
is placed on the need to consider the anthropometric variances in the design of 
spaces, equipment among others, since during the study it was observed that the 
same products are used for all school grades and children are being forced to adapt 
to them, which carries the possible risk of suffering a disorder while being educated 
or other possible effects on the education. 
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SIXTH GRADE (BOYS) 

        Percentiles 

No
. 

Body Dimension Mean Standar
d  

Deviatio
n 

5° 25° 50° 75° 95° 

1 Popliteal Height 39.04 2.24 35.36 37.54 39.04 40.54 42.72 

2 Knee Height 46.28 3.85 39.95 43.70 46.28 48.87 52.62 

3 Thigh Thickness 9.66 1.92 6.51 8.38 9.66 10.95 12.82 

4 Sitting Height To The Base Of The 
Scapula 

28.97 4.05 22.31 26.26 28.97 31.68 35.63 

5 Sitting Elbow Height 18.69 2.59 14.43 16.96 18.69 20.43 22.95 

6 Elbow-Fingertip Length 40.91 2.22 37.25 39.42 40.91 42.40 44.56 

7 Buttock-Popliteal Length 39.59 2.12 36.11 38.17 39.59 41.01 43.07 

8 Hip Breadth 27.37 3.14 22.20 25.26 27.37 29.48 32.54 

9 Shoulder Breadth (Bideltoid) 34.75 2.43 30.76 33.13 34.75 36.38 38.75 

10 Buttock-Knee Length 49.69 3.37 44.15 47.43 49.69 51.95 55.24 

11 Height  150.0
4 

8.67 135.7
7 

144.2
3 

150.0
4 

155.8
5 

164.3
1 

12 Weight 41.64 11.63 22.51 33.85 41.64 49.43 60.77 

13 Age 11.54 0.52 10.68 11.19 11.54 11.89 12.39 
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Madríz Quirós, C., Ramírez Coretti, A., & Serrano Montero, R. (2008). Estudio 
antropométrico para el diseño de mobiliario para niños de edad escolar en Costa 
Rica. Tecnología en Marcha, 21(4), 17-28. 
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Resumen: Una planchadora es una “persona que plancha o tiene por oficio 
planchar” según la definición del diccionario de La Real Academia de la Lengua 
Española. El siguiente documento presenta la realización de toma de las medidas 
antropométricas de las trabajadoras de negocios de planchado de la ciudad de Los 
Mochis. Se tomaron las medidas de 21 planchadoras, con la ayuda de un 
antropómetro Clarita. Se calcularon datos estadísticos con el fin de conocer los 
percentiles necesarios para el futuro rediseño de la estación de trabajo. 
 
PALABRAS CLAVE: Salud ocupacional, planchado, Antropometría, 
Percentiles 
 
Abstract: This paper presents anthropometric measures taken from ironing women 
workers in the city of Los Mochis, Sinaloa. The main contribution of this research is 
to obtain anthropometric data, which will serve for future redesigns of workstations 
for the mentioned workers, as well as hand tools used by them in order to eradicate 
possible CTS' or even fatigue, and that they in time can be used in the region or 
even in the state for beneficial purposes to the society. It seeks to enable and 
facilitate the redesign of workspace ironing workers. The anthropometric measures 
were taken in 21 ironing women who worked in the downtown area of Los Mochis 
city. 
 
KEYWORDS: Occupational Health, Anthropometry, percentile, ironing 
 
Relevance to Ergonomics: The data collected above may provide a basis for 
further work in the rest of the country on the economically active population. 
Anthropometry gives a great contribution in order to prevent risks related barbers 
using their own equipment, furniture and tools. Thus, enable them to prevent 
musculoskeletal injuries. 
 
 

1. INTRODUCTION 
 

The following document presents the realization of the anthropometric measures 
taken to the ironing workers in the city of Los Mochis, with the purpose of obtaining 
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a database that later will be useful to elaborate a redesign of the current workstation 
of these workers. 

The origin of the word anthropometry comes from the greek anthropos (Man) 
and metrikos (measure) and is dedicated to the quantitative study of the physical 
characteristics of men. 

Anthropometry is extremely important in the workplace and ergonomics. It allows 
the creation of a workspace suitable for the user's characteristics, optimizing their 
work performance and preventing injuries caused by poor design. 

 
2. OBJECTIVE 

 
The overall objective of the research focuses on having a current anthropometric 
data base of ironing working women in the city of Los Mochis. 
Specific objectives: 

 Take the antropomethic data of a significant sample of ironing working women 
in the downtown area of Los Mochis, Sinaloa. 

 Record in a software, through spreadsheets, the percentils calculated with the 
antropomethic data. 
 

3. METHODOLOGY 
 

The measures were taken of 21 women who work with an industrial iron and who 
are dedicated exclusively to the ironing of clothing. The anthropometric 
measurements were taken with the help of an anthropometer. 

 
3.1 Determination of sample 
 
Due to the lack of information about the workers in the ironing area, the total number 
of ironing workers in the city of Los Mochis is unknown, so it was decided to limit the 
investigation to the downtown area, counting with a number of ironers that 
adequately represent the population. 
 
3.2 Delimitation 
 
The study was made with traditional ironing workers from the downtown area of Los 
Mochis, Sinaloa, due to the lack of information about the total population of ironing 
workers, and, because in this section of the city there is the biggest congregation of 
ironing workers who were able to cooperate in this research, so delimitation was 
established as can be seen in Figure 1. 
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3.3 Measurement taking 
 
The anthropometric variables considered for the elaboration of the database were: 

1. Height to elbow by 90 °. To determine the ideal height that should have the ironing 

table without too much crouch and avoiding possible damages. 

2. Height at elbow at 45 °. Complementary with the previous variable, because when 

they perform their work is not in a static way and the height should be ideal when 

the arm is in both positions (with the elbow bent at 45 and 90 °). 

3. Height at the waist. It is considered that this can be very useful for the redesign 

because it could determine the height of the legs or other elements of the ironing 

table. 

4. Length of the arm from the vertical. To determine the separation between the table 

and the area in which the operator is positioned. 

5. Fist length. This anthropometric variable complements the previous one because, 

when the operator is working continuously, she lays the hand. 

6. Arm length. It complements the two variables above to determine the separation of 

the ironing table with the body of the worker. 

7. Length of the hand. 

8. Length of palm of hand 

9. Grip diameter. These last three variables (7,8 and 9) are basic if the redesign of the 

station includes a redesign of the hand tool, in this case of the industrial iron, to 

determine the dimensions of the handle. 

 
3.4 Information record 
 
The data obtained through measurements were recorded using Microsoft Excel 
software, it were determined stadistical data as stadistic median, standard deviation 
and percentiles. 

Figure 1. Study area delimitation 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 16 

 

 
3.5 Elaboration of Conclusions 
 
The conclusions were made with the results obtained previously and it was 
determined if the objectives were achieved and the hypothesis was verified. 
 

4. RESULTS 
 

Data analysis and presentation of results of various measures is observed here. 
Once the measures were defined it proceeded to complete the database with 
percentiles 95, 50, & 5. 
 
 

Table 1: Percentils 

 
 
 

5. CONCLUSIONS 
 

Anthropometry is a tool that allows a design appropriate to the proportions of 
workers. A work station that can not adapt to the measures of the operator can make 
difficult the performance of its activities, besides influencing the development of an 
injury. It contributes to the design of a workstation that allows optimum operation of 
the operator, minimizing the possibility of injury. 
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RESUMEN: En todos los países se necesitan paramédicos para brindar el servicio 
que es de gran importancia para toda sociedad es difícil de asimilar que no existen 
estudios sobre medidas antropométricas de los Técnicos en Urgencias Médicas que 
laboran en Cruz Roja Mexicana delegación Los Mochis, de ahí el interés de realizar 
dicha investigación. El objetivo que se tiene, es la realización de una base de datos 
antropométrica lo cual sirva como referencia para investigaciones futuras. Para la 
búsqueda de información del presente estudio se acudió a las instalaciones de Cruz 
Roja Los Mochis durante un periodo de una semana, creando un perfil 
antropométrico para cada uno de ellos.  
 
PALABRAS CLAVE: Paramédico, Ergonomía, percentil. 
 
ABSTRACT: In all countries, paramedics are needed to provide the service that is 
of great importance for any society, it is difficult to assimilate that there are no studies 
on anthropometric measures of the Technicians in Medical Emergencies who work 
in the Mexican Red Cross delegation Los Mochis, hence the Research. The aim is 
to carry out an anthropometric database which serves as a reference for future 
research. To search for information from the present study, the Cruz Roja Los 
Mochis facilities were visited for a period of one week creating an anthropometric 
profile for each of them. 
 

KEY WORDS: Paramedics, Ergonomics, percentile. 

 

1. INTRODUCTION 
 
The Royal Academy of the Spanish Language defines a paramedic as "one who has 
a relationship with medicine without belonging to it (Real Academia Española, s.f.)." 
In all countries, paramedics are needed to provide the service that is of great 
importance for any society, it is difficult to assimilate that there are no studies on 
anthropometric measures of the Technicians in Medical Emergencies who work in 
the Mexican Red Cross delegation Los Mochis, hence the interest To conduct such 
an investigation. 
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Anthropometry (Roebuck, 1993) is the science of measurement and the art of 
physical geometry of the set of applications, mass properties and endurance 
capabilities of the human body. It is considered as the science that studies the 
human body measures, to establish differences between individuals, groups, races, 
among others. 

Another aspect to take is that many people work in this type of institutions is 
therefore the importance of anthropometric measurements in this type of work for 
their design of work areas, and in turn the reduction of accidents at work, diseases 
and fatigues 

The main problem is that the work areas for Emergency Medical Technicians 
are not designed properly for the workers, the space they have in the ambulances is 
very small and they have a poor accommodation of materials and work tools. 

Regardless of the situation, it is often detrimental on several factors like 
productivity, the health of the patient who is at risk, and the well-being of the worker 
himself. 

The results of this study will benefit both the Emergency Medical Technicians 
(TUM) and the patients they attend, as well as increasing the productivity and quality 
of life of those mentioned above. 
 

2. OBJECTIVE 
 
The main objective of this investigation is the realization of an anthropometric 
database of technicians in medical emergencies of the Mexican Red Cross of the 
city of Los Mochis, Sinaloa. 

This is to have a reference for future research, which will be support for some 
redesign of the equipment and workstations of the technicians in medical 
emergencies 
 

3. METHODOLOGY 
 

For the search of information of the present study, we went to the facilities for a week 
to carry out the anthropometric evaluation of the workers, creating an anthropometric 
profile for each of them. The tool used to carry out the research was the 
anthropometer. 

To do this, a survey was carried out by the workers of the Mexican Red Cross 
of the Los Mochis delegation. The relevant measurements were applied, which refer 
to the vertical distance from the ground to the upper surface of the knee. It is 
necessary that the technician in medical emergencies be shown in a sedentary 
position, erect with knees and ankles at right angles. Another measure taken into 
account is the vertical distance from the horizontal to the vertex, placing the 
aforementioned in a straight position with footwear, with the upper limbs on both 
sides of the body, the palms and fingers of the straight and extended hands Down, 
facing forward, standing upright, with the weight evenly distributed on both feet 
(Milian, Mondaca Chévez, & Borjas Leiva, 2014). 
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Subsequent to the aforementioned, a database was generated, whose 
information was collected and analyzed using software. For the search of information 
of the present study, we went to the facilities for a week to carry out the 
anthropometric evaluation of the workers, creating an anthropometric profile for each 
of them. The tool used to carry out the research was the anthropometer. 

To do this, a survey was carried out by the workers of the Mexican Red Cross 
of the Los Mochis delegation. The relevant measurements were applied, which refer 
to the vertical distance from the ground to the upper surface of the knee. It is 
necessary that the technician in medical emergencies be shown in a seated position, 
erect with knees and ankles at right angles. Another measure taken into account is 
the vertical distance from the horizontal to the vertex, placing the aforementioned in 
a straight position with footwear, with the upper limbs on both sides of the body, the 
palms and fingers of the straight and extended hands Down, facing forward, standing 
upright, with the weight evenly distributed on both feet (Milian, Mondaca Chévez, & 
Borjas Leiva, 2014). 

Subsequent to the aforementioned, a database was generated, whose 
information was collected and analyzed using software. 

 
4. RESULTS 

 
The study was carried out at the facilities of the Mexican Red Cross of the city of Los 
Mochis where the TUMs perform their work.  Taking into account the results obtained 
according to the anthropometric analysis, the database was completed with 100, 95, 
75, 50 and 5 (cm) percentile 
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5. CONCLUSIONS 
 

With the body percentiles identified, new strategies can be developed to improve the 
spaces within the ambulances, which are the work stations, adapting the work area 
to according to the body of the workers, thus facilitating the activities to be performed 
and increase The physical well-being of these with which you can increase 
productivity within your work, without doing a total redesign of the workstation. The 
research must go beyond, beyond the city of Los Mochis, and add more accurate 
data with their respective measurement tools. 

This research consists of the obtaining of anthropometric data that serve for 
future redesigns of workstations for technicians in medical emergencies (TUMs), as 
well as hand tools used by them with the objective of eradicating possible DTA's or 
even fatigue and that these In turn can be used in the region or even in the state for 
purposes beneficial to society. 
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Resumen: El presente estudio muestra un caso sobre la comparación de la 
adquisición de datos antropométricos utilizando el Método Directo y utilizando 
Tecnología 2D, se seleccionaron cuatro variables antropométricas de la mano del 
estándar ISO 7250 de una muestra de 70 estudiantes (35 mujeres y 35 hombres) 
con edades entre 18 y 28 años; se elaboró una base de datos con la información de 
cada hoja de recogida de datos para su procesamiento, con la finalidad de realizar 
el análisis estadístico, presentado una media y desviación estándar de cada una de 
las dimensiones tomadas y se determinó la correlación de las variables para mano 
dominante y mano no dominante comparando la medición directa/tecnología 2D. 
Resultados: Se obtuvieron las características antropométricas de los estudiantes y  
se presenta un valor de correlación de Pearson de 0.986 en mano dominante y 
0.979 en mano no dominante en el caso de las mujeres, y de 0.961 en mano 
dominante  y 0.948 en mano no dominante el caso de los Hombres, lo que permite 
considerar el método 2D utilizando cámaras para estos estudios. 
 
Keywords: Antropometria, Tecnologia 2D, Diseño 
 

Abstract: This research shows a case about the comparison in the acquisition of 
anthropometric data using the Direct Method and 2D Technology, four 
anthropometric variables were selected based on the ISO 7250 standard of a sample 
of 70 students (35 women and 35 men) from a age range between 18 and 28 years; 
a data base was elaborated with the information obtained from every Data Collecting 
sheet for processing, with the purpose of performing a statistical analysis, presenting 
an average and a standard deviation of each of the taken dimensions and a 
correlation was determined for the dominant hand and the no dominant hand 
comparing the direct measurement against 2D technology. Results: Anthropometric 
characteristics from students were obtained and a Pearson correlation value of 
0.0961 for the dominant hand and 0.0979 in the no dominant hand was presented in 
women, and a 0.0961 in dominant hand and a 0.948 value in the no dominant hand 
was presented in men, which allows the consideration of the 2D method using 
cameras for this studies. 
 

Keywords:  anthropometry, 2D Technology, Design 
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Relevance to Ergonomics: In this research we obtained relevant data such as the 
anthropometric characteristics of hands, using direct measurement technique and 
using the 2D technique, statistical analyzes showed that the use of this technique 
can be reliably used and can be used to generate anthropometric hand charts of 
workers for the design of manual tool or for other purposes. 
 
 

1. INTRODUCTION 
 
Among the professionals dedicated to the area of occupational health in our country, 
there is a constant concern to assure that work activities do not harm the integrity of 
workers, and this concern aims at addressing the safety and health aspects at work. 
Part of this interest is the design of suitable jobs, which include the ergonomic 
aspects. 

The latter has to do with the adaptation of machinery or tools not manufactured 
in our country and that should take into account the characteristics of Mexican 
workers. However, in general there is lack of complete and accurate information on 
the anthropometric characteristics of Mexican workers (Trujillo, Quintana, Peñuelas 
and Anzaldo, 2005). Anthropometry is the science that deals with the measurements 
of the human body, mainly those that refer to its size, the size of its segments, forms, 
strength and capacity of work and is one of the fundamental bases of ergonomics 
(Ramírez, 2006 ). 

For the collection of anthropometric data, most conventional methods use the 
palpation technique to locate the characteristic points of the body. However, the 
manual measurement procedure tends to be tedious and may involve human errors 
(Neuez, 2002). Due to the human variations involved in the manual measurement 
process, optoelectronic technology offers an alternative for anthropometric 
measurement (Meunier and Yin, 2000). 

A study carried out in athletes by Gittoes, Bezodis & Wilson (2009) concludes 
that the image-based approach provides a successful alternative to direct 
measurement to obtain the required anthropometric measurements, they assure that 
it is potentially beneficial for obtaining anthropometric measurements of large 
samples of subjects or for the studies of elite athletes for whom the data collections 
consume them a time that may be undesirable. 

Another study conducted by Meunier & Yin (2000) concluded that imaging 
studies are capable of providing anthropometric measurements that are quite 
comparable to traditional measurement methods (performed by qualified meters), 
both in terms of accuracy and repeatability . On the other hand Lin & Wang (2011) 
mention that the automatic extraction of human body characteristics from 2D images 
provides a quick and easy method to collect anthropometric data for many 
applications. 

One of the main limitations encountered when carrying out anthropometric 
studies is the availability of the persons to perform their measurements, mainly for 
the time that has to be assigned to each subject to be measured. This is one of the 
main motivations for this study, which seeks the comparison of the anthropometric 
data obtained with 2D technologies and with the direct method, since applying the 
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2D technologies the times that are  asked to the subject for measurement are 
significantly decreased. 
 
 

2. OBJECTIVE 
 
To determine if the anthropometric measurements made with the method of 2D 
technologies give the same results as the direct method, in order to take advantage 
of the optical method that is non-invasive and that is faster than the direct. 

The study considers people of both sexes, born in the State of Sonora with ages 
between 18 and 28 years. This study presents only the anthropometric 
measurements of the hands. 

 
 

3. METHODOLOGY 
 
2.1 Sample 
 
The population subject to the study was people born in the State of Sonora with ages 
from 18 to 28 years. Selecting only the cases that fulfilled the specifications of the 
place of birth and age, obtaining a total of 35 male subjects and 35 female subjects. 
 
2.2 Materials 
 
They were required specialized instruments such as anthropometers (a small 
anthropometer to measure length, width and depth of the hand, this anthropometer 
has a range of 0 to 30 cm in 0.1 cm increments), a NIKON 1 Model J5 digital camera, 
tripod and the Digimizer software. 
 
2.3 Process 
 
The data collection process was carried out in the university's ergonomics 
laboratory, explaining to the participants the purpose of the activity and its 
importance. To measure the dimensions of the hands, participants were asked to 
adopt the defined posture for the measurement (subject seated), they were asked 
for information about age, sex, place of birth, occupation and dominant hand; The 
measurements were taken with the corresponding instruments and recorded on the 
data collection sheet. 
 
Anthropometric dimensions 
In this research, morphological, macroscopic, phenotypic and surface 
measurements are considered as anthropometric dimensions, which are performed 
to the people under a measurement protocol and according to techniques 
recognized in the international scientific literature. For this research, anthropometric 
measurements are considered according to ISO 7250 (2008), with the following 
study variables: 
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1. Hand Length 
2. Length of Palm 
3. Palm Width 
4. Hand Width 

 
Once the information was obtained, each measurement chart was entered into 

a database for statistical processing. For its analysis it is presented with measures 
mean and standard deviation and the percentiles 5, 40, 50, 80 and 95 are 
considered.  

The images were processed for data analysis using a software named Digimizer, 
this software allows the user to escalate dimensions  from an image through a scalar 
reference, by applying this method the values of the four variables under study in 
each image were obtained, until every subject (70) was processed , see Figure 1. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Hand Length 
 
 
Finally, statistical analyzes were carried out to determine the correlation 

between the variables under study. All the measured values are expressed in 
millimeters. 
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4. RESULTS 
 
The following are the anthropometric characteristics obtained in the study, making 
the comparison between the direct measurement and the use of the camera for 
dominant hand and non-dominant hand by gender and a second section with the 
correlation analysis between the variables:  

 Direct and with the Camera Measurement  for Dominant Hand  

 Direct  and with Camera Measurement for Non-Dominant Hand   
and for both Women and Men. 
4.1 Anthropometric Characteristics  

 
1. Hand Length 

Perpendicular distance of the line drawn between the styloid process and the tip of 
the middle finger, figure 2. 
 
 
 
 
 
 
 
 

Figure 2. Hand Length 
 

Dominant  
 Mean S. D. P5 P10 P25 P50 P75 P90 P95 

Direct W 17.25 0.92 15.74 16.07 16.63 17.25 17.87 18.43 18.76 

Camera W 17.99 0.98 16.38 16.74 17.33 17.99 18.64 19.24 19.60 

Direct M 18.26 1.37 16.00 16.50 17.34 18.26 19.18 20.02 20.52 

Camera M 20.83 1.06 19.09 19.48 20.12 20.83 21.54 22.19 22.58 

 
Non Dominant 

 Media Desv P5 P10 P25 P50 P75 P90 P95 

Direct W 17.20 0.96 15.61 15.96 16.55 17.20 17.85 18.44 18.79 

Camera W 17.74 0.88 16.30 16.62 17.15 17.74 18.33 18.86 19.18 

Direct M 18.69 1.33 16.50 16.98 17.79 18.69 19.58 20.39 20.87 

Camera M 20.76 1.05 19.04 19.42 20.06 20.76 21.47 22.11 22.49 

 
 
2) Length of Palm 
Distance of a line drawn between the styloid processes to the proximal of the middle 
finger in the palm of the hand, figure 3. 
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Figure 3. Length of Palm 

 
 
 

Dominant 
 Mean S. D. P5 P10 P25 P50 P75 P90 P95 

Direct W 10.03 0.96 8.45 8.80 9.39 10.03 10.68 11.26 11.61 

Camera W 10.07 0.63 9.04 9.27 9.65 10.07 10.50 10.88 11.11 

Direct M 11.10 0.40 10.44 10.59 10.83 11.10 11.37 11.61 11.76 

Camera M 12.45 0.70 11.29 11.55 11.98 12.45 12.92 13.35 13.61 

 
Non Dominant 

 Mean S. D. P5 P10 P25 P50 P75 P90 P95 

Direct W 9.93 1.03 8.24 8.62 9.24 9.93 10.62 11.25 11.62 

Camera W 9.83 0.62 8.81 9.04 9.41 9.83 10.24 10.62 10.84 

Direct M 11.11 0.35 10.54 10.67 10.88 11.11 11.35 11.56 11.69 

Camera M 12.39 0.69 11.25 11.51 11.93 12.39 12.86 13.28 13.53 

 
3) Palm Width 
Projected distance between the radial and cubital metacarpals at the level of the 
metacarpal heads of the second to fifth metacarpal, figure 4. 
 

 
Figure 4. Palm Width 

 
Dominant 

 Mean S. D. P5 P10 P25 P50 P75 P90 P95 

Directa W 7.46 0.33 6.91 7.03 7.24 7.46 7.68 7.89 8.01 

Camera W 8.18 0.47 7.41 7.58 7.87 8.18 8.50 8.79 8.96 

Direct M 8.64 0.36 8.05 8.18 8.40 8.64 8.88 9.10 9.23 

Camera M 9.40 1.65 6.68 7.29 8.29 9.40 10.50 11.51 12.11 

Non Dominant 
 Mean S. D. P5 P10 P25 P50 P75 P90 P95 
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Direct W 7.33 0.35 6.75 6.88 7.10 7.33 7.56 7.78 7.91 

Camera W 7.98 0.49 7.17 7.35 7.65 7.98 8.31 8.61 8.78 

Direct M 8.6 0.5 7.8 8.0 8.3 8.6 9.0 9.3 9.4 

Camera M 9.4 1.5 6.9 7.4 8.3 9.4 10.4 11.3 11.8 

 
 
 
 
 
4) Hand width 
Distance between the heads of the second and fifth metacarpal from its most 
lateral area, figure 5. 

 
 

Figure 5. Hand width 
 

Dominant 
 Mean S. D. P5 P10 P25 P50 P75 P90 P95 

Direct W 8.60 0.46 7.84 8.01 8.29 8.60 8.91 9.20 9.37 

Camera W 9.50 0.45 8.76 8.92 9.20 9.50 9.80 10.08 10.24 

Direct M 10.06 0.63 9.02 9.25 9.64 10.06 10.49 10.87 11.10 

Camera M 11.06 0.46 10.31 10.47 10.75 11.06 11.36 11.64 11.81 

 
Non Dominant 

 Mean S. D. P5 P10 P25 P50 P75 P90 P95 

Direct W 8.58 0.52 7.73 7.92 8.23 8.58 8.93 9.25 9.44 

Camera W 9.48 0.48 8.70 8.87 9.16 9.48 9.80 10.09 10.26 

Direct M 9.72 0.70 8.56 8.82 9.25 9.72 10.19 10.62 10.88 

Camera M 10.63 1.76 7.74 8.38 9.46 10.63 11.81 12.88 13.52 

 
 
4.2 Correlation Analysis 
 
The values obtained were considered to be very good, a Pearson correlation value 
was obtained from 9,986 in dominant hand and 0.979 in non-dominant hand in the 
case of females (see Figure 6) and of 0.961 in dominant hand and 0.948 in non-
dominant hand Dominant the case of Men (see Figure 7). 
 
 
 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 29 

 

 

 
Figure 6. Correlation Analysis Women (W) 

 
 

 
Figure 7. Correlation Analysis Men (M) 

 
 

5. DISCUSSION AND CONCLUSIONS 
 
The values obtained in the present study allow us to affirm that the anthropometric 
characteristics obtained with the use of 2D technology (cameras) are as valid as 
those obtained with the Direct Measurement technique only that give measurements 
slightly superior to those of the direct method (you can see that the slope of the line 
is less than 1).  Another very important element to consider in the study is that it was 
observed that using 2D technology consumes less time and there is no contact with 
the user. 
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Resumen: El objetivo principal de este proyecto es que el alumno trabaje en un 
espacio educativo de bienestar, tomando como prioridad que se reduzcan los 
riesgos óseo-musculares que una mesa banco normal pudiese causarle al 
alumnado general. A su vez se consideran las oportunidades de provecho como 
consecuencia de la aplicación de este nuevo diseño, como de mejorar el servicio de 
educación, proporcionando una herramienta para desarrollar los diversos trabajos, 
deberes y tareas y demás actividades de clase, pero teóricamente de manera más 
confortable. Este proyecto de rediseño es resultado de varios análisis ergonómicos, 
más concisamente fue llevado a cabo mediante un análisis antropométrico, de todos 
los alumnos de la carrera de ingeniería industrial, del Instituto Tecnológico Superior 
de Ciudad Constitución (ITSCC). Dicho análisis sentó las bases fundamentales para 
encontrar las medidas aproximadas o el intervalo de medidas adecuadas para la 
elaboración de un nuevo diseño ergonómico de mesa banco y que este cumpliera 
con todos los requisitos que la antropometría y ergonomía general pudiese 
plantearle. El proyecto de un re-diseño de mesa banco ergonómico, es una 
herramienta pensada para cumplir con posturas ergonómicas en el área de clases, 
para la comodidad y el bienestar del alumno. Todo lo mencionado anteriormente 
aporta como resultado, de manera teórica, grandes beneficios no solamente para la 
salud física (muscular, óseo-motriz) de los alumnos y una disminución en su estado 
psicológico de carga de estrés, además es de apoyo al sector estudiantil a tener un 
mejor rendimiento en las clases y la Institución será reflejada con los resultados en 
la aplicación de estos diseños, gozando de una mejora en su servicio educativo. 
Este proyecto fue pensado a raíz de la inconformidad que los alumnos presentan 
con respecto al mobiliario escolar en las aulas de la institución. 
 
Palabras clave: Ergonomía, Mobiliario escolar, Antropometría 

 
Abstract: The main objective of this project is that the student work in an educational 
space of well-being, taking as a priority reducing the musculoskeletal hazards than 
a table normal Bank would cause to the general student body. At the same time 
opportunities are considered for benefits as a result of the application of this new 
design, as to improve the education service, providing a tool for developing different 
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jobs, duties and tasks and other activities of class, but theoretically more 
comfortably. 

This project's redesign is the result of several ergonomic analyses; more 
concisely was carried out using an anthropometric analysis of the students of 
industrial engineering, of the Instituto Tecnológico Superior de Ciudad Constitucion 
(ITSCC). This analysis laid the fundamental basis to find the dimensions or the range 
of appropriate measures to make a new ergonomic school desk design and comply 
all the requirements that Anthropometry and ergonomics general could ask. A school 
desk ergonomic redesign project is a tool developed to meet ergonomic postures in 
the area of classes, for the comfort and well-being of the student. All above 
mentioned brings as result, in a theoretical way, great benefits not only to physical 
health (muscle, osseus-motricity) students and a decrease in their psychological 
state of stress load, is also supporting the student sector to have a better 
performance in classes and the institution will be reflected with the results in the 
application of these designs enjoying an improvement in its education service. This 
project was intended as a result of the dissatisfaction that students have with respect 
to the school furniture in the classrooms of the institution. 
  
Key words: Ergonomics, school desk, Anthropometry 

 
Contribution to ergonomics: Becomes the application of anthropometric 
measurements in school areas, covering the necessary measures for the 
development of a school desk, whereas the percentiles of the population, 
complemented by the application of statistical tools and results interpretation, all 
immersed in an ergonomic context, this reached the goal of creating a comfortable 
work location safe and healthy. 
  
  

1. INTRODUCTION 
 

In the enough amounts of educational classrooms of the Mexican region is evident 
and necessary use of material and, more specifically, furnishing of stationary 
instructional use, such a test is the Bank. There are variations between layouts of 
this building is expected, through scientific basis that study the human proportions 
and the appropriate conditions so that an environment is considered healthy and 
safe (Quiros, 2006), find a design that reaches to cover gaps and needs covering 
these failures to occupational ergonomics (Lucas, 2015). This project was developed 
through anthropometric analysis, composed of all students of industrial engineering 
of the ITSCC. This analysis laid the foundations to find the range of appropriate 
dimensions for the elaboration of a new design for table Bank and that it met all the 
requirements that the ergonomics could ask (Adriazola and Rivas, 2010) (Gutierrez, 
1992).  
  

1.1 OBJECTIVE 

The main objective of this project is that the student works in a space of comfort that 
will reduce the risks that a regular school desk would cause the student. At the same 
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time improve the service of education, providing a tool for developing different works 
but more comfortably (Gianikellis, 1998). In addition to the above, other side to 
highlight goals is to define the physical characteristics and most common traits of a 
student population sample, how they behave and what are their main needs at the 
time of using school furniture and the difficulty of adapting to this (Velasquez, 2014). 
  

1.2 METHODOLOGY 

 

Firstly the total ITSCC industrial engineering students were measured (Chaurand, 

2001). These measures were: 

 Sitting height (shoulder) 

 Elbow sitting height 

 Knee-Gluteus distance 

 Elbow-wrist distance 

 Low body part sitting height 

 Knee sitting height 

 Shoulders width 

 Hips wide 

 Body depth 

 Abdominal depth 
  

1.2.2 INSTRUMENTS 

The instruments used were: 

         Tape anthropometric 

         Segmometer 
 

2 EQUATIONS 

 
Once With documented data, the next step was making calculations: 

         Standard deviation 

         Media 

         5% and 95% percentiles 

 
Such data is vital to base the new design measures. 
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3. FIGURES AND TABLES 
The results are discussed below: 

 
Table 1. It shows Anthropometric tables results. 
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In table of results anthropometric is used statistical data on the distribution of 
measures body of the population to optimize the measures of the redesign school 
desk. As a result is showed a change  evident in the distribution of the measures 

giving a negative relationship between anthropometry and furniture used, 
compared to the good reception the redesign has these results and must choose to 

considerer the new dimensions with traditional (Cordoba, 2002). 
 
 
 
 

 

 
 
 

4. RESULTS 
 

 
As a result is showed a change  evident in the distribution of the measures giving a 
negative relationship between anthropometry and furniture used, compared to the 
good reception the redesign has these results and must choose to considerer the 
new dimensions with traditional (Cordoba, 2002). 

The table and the graph presented above show us the results of the 
calculations made in order to obtain the appropriate actions that the Bank required 
to meet all the main requirements of ergonomics and Anthropometry. 

The analysis can be concluded the measures that the new design of the table 
Bank should have to be implemented in the students of industrial engineering at the 
Instituto Tecnológico Superior de Ciudad Constitución. 
 
 
 
 

Measurements Mean 
Standard 
deviation 

5 Percentile 95 Percentile 

Sitting height (Shoulders) 101.52 4.03 95.39 107.50 

Elbow sitting height 66.79 3.44 61.71 71.79 

Knee-Gluteus distance 57.71 3.56 52.15 63.50 

Elbow-wrist distance 28.58 2.11 25.28 32.00 

Low body part sitting height 43.45 2.41 38.60 46.29 

Sitting knee height 53.04 2.90 48.76 58.00 

Shoulders width 42.60 3.91 36.47 48.66 

Hips wide 37.37 3.10 32.35 42.18 

Body depth 25.77 23.68 18.20 28.99 

Abdominal depth 23.39 4.22 17.42 30.85 

Table 2. It shows statistical calculation results. Mean, Standard deviation and 5 and 

95 percentile. 
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Figure 2. Graph showing the dimensions of the new design 

Figure 1. Graphed results for statistical analyses according 
measurements 
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Figure 1. Graphed results for statistical analyses according measurements 
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RESUMEN 
 
En el proceso que a continuación se analiza se hace referencia a la importancia y la 
necesidad de los datos antropométricos para el diseño y rediseño de puestos que se 
emprenderán en la  empresa Industrial Vallera de Mexicali S.A. de C.V. Division 
Masimo, como nos aporta el autor “Rosalio Ávila Chaurand” (Dimensiones 
antropométricas de población latinoamericana segunda edición 2007) donde nos 
plasma la importancia y necesidad de los datos obtenidos en la cedula antropométrica. 

En el presente trabajo se detallan los resultados obtenidos en la aplicación 
de las mediciones en alcances de pie, alcances sentado, anchos de cuerpo, 
dimensiones de cabeza, manos y pies.  

La antropometría es la rama de la ergonomía que estudia las dimensiones y 
características físicas del cuerpo humano esto con la finalidad de diseñar estaciones 
de trabajo de acuerdo a la estructura de la población medida.    
 
Palabras clave: Antropometría, Percentiles de mediciones Antropométricas, 
Ergonomía 
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ABSTRACT: In the process that is analyzed below, reference is made to the 
importance and necessity of anthropometric data for the design and redesign of 
posts to be undertaken at the company Industrial Vallera de Mexicali S.A. de C.V. 
Division Masimo, as the author "Rosalio Ávila Chaurand" (Anthropometric 
Dimensions of the Latin American population second edition 2007) gives us the 
importance and necessity of the data obtained in the anthropometric cedula. 
 In this paper we report the results obtained in the application of the 
measurements in foot ranges, seated ranges, body widths, dimensions of head, 
hands and feet are detailed. 
 Anthropometry is the branch of ergonomics that studies the dimensions and 
physical characteristics of the human body with the purpose of designing 
workstations according to the structure of the population measured. 
 
Key words: Anthropometry, Percentile of anthropometric measurements, 
Ergonomics 
 
Contribution to Ergonomics 

 In the ergonomic contribution we find that the anthropometric chart is an 
improvement that will help the health of the workers, as studies of this type will give 
companies tools to design or redesign stations ergonomically to stand or sit. 
 
Objective  
To know the Anthropometric variability of the workers of the company Industrial 
Vallera de Mexicali S.A. Of C.V. Masimo Division as well as similarities or differences 
with other populations of companies in Mexicali Baja California. 
 
Delimitation:  
The delimitation of the anthropometric work was determined from the universe of 
employees of the Company, Industrial Vallera de Mexicali S.A. Of C.V. Masimo 
Division. Which is 2,338 Employees of which were measured a total of 250 
Employees which were divided into two groups the first was 190 women of the 5 
modules and 2 shifts, For the second group were taken the measurements of 90 
men of the 5 Modules of the company of the 2 shifts. 
 
Methodology  
 
For this activity, the Clarita I Model Anthropometric Kit was used, which was used to 
determine the size of the employees. Procedure: The method used consisted of 
taking the anthropometric dimensions of the staff of Industrial Vallera de Mexicali 
S.A. de C.V. Masimo Division. Which were the Following. 
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No. Dimension Socket No. Socket Dimension 

1 Height 18 Foot Length 

2 Height to Eye 19 Foot Width 

3 Shoulder Height 20 Heel Width 

4 Height at Bended Elbow 21 Seated Height 

5 Height at Knuckle 22 Height at shoulder blade 

6 Height at the Knee 23 Height at the Sitting Elbow 

7 Reach Front Arm 24 Heel Height Sitting 

8 Reach to Side Arm 25 Seated Knee Height 

9 Depth of Thorax 26 Popliteal Height 

10 Maximum Body Depth 27 Nipple-Popliteal Length 

11 Reach Vertical Arm 28 Hip Width Sitting 

12 Maximum width Bideltoidea 29 Arm Length 

13 Thorax Width 30 Forearm Lengt 

14 Elbow-Elbow Width 31 Head Perimeter 

15 Width of Hand 32 Width of Head 

16 Hand Length 33 Head Depth 

17 Length of the palm of the hand 34 Length of the face. 

 
 

For the collection of these samples, four measuring stations were placed, the 
first station placed was used for weight-taking and filling of the Anthropometric 
Cedula (Ávila, 2016). In the second Posta The dimensions Height and Height of the 
feet were made which consist of: height to the eyes, shoulders, elbow, etc .; Arm 
reaches and depth of body. In the third post were taken the measurements for sitting 
postures which consisted of: maximum height, height to the shoulder blade, height 
to the thigh, among others; As well as the lengths of the arms and the widths of the 
body, finally the fourth post was placed, where the dimensions of the head, hand 
and feet were determined. All this in order to have the information that will help 
determine the anthropometric variability of the workers of the company. 
 
Results.  
This anthropometric study gave us the tables with the measurements of the 
personnel of industrial Vallera de Mexicali Division Masimo which are identified in 
the Attached Table. 
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Dimensiones 
  Percentiles 

D.E Min 5 25 50 75 95 Max 

1 Estatura 90 1408 1463 1542 1595 1656 1761 1985 

2 Altura al ojo 84 1290 1353 1437 1491 1540 1641 1763 

3 Altura al Hombro 77 1158 1201 1272 1321 1369 1463 1563 

4 Altura al codo flexionado 58 840 902 957 994 1032 1106 1137 

5 Altura al nudillo 47 609 631 670 696 723 783 830 

6 altura a la rodilla 40 373 394 428 450 481 527 590 

7 Alcance brazo frontal 51 504 530 574 600 634 702 777 

8 Alcance brazo lateral 54 579 651 689 720 758 817 898 

9 Profundidad de Tórax 41 160 202 236 264 294 336 395 

10 Profundidad Max. del Cuerpo 44 176 205 237 271 301 348 402 

11 Alcance brazo vertical 121 1633 1711 1819 1890 1977 2131 2275 

12 Anchura máxima bideltoidea 43 360 385 416 444 472 526 600 

13 Anchura del tórax 49 223 241 276 300 331 384 542 

14 Anchura de codo-codo 59 290 388 427 460 509 573 673 

15 Anchura de la mano 9 69 78 86 92 100 109 130 

16 Longitud de la mano 14 108 152 163 170 180 195 210 

17 
Longitud de la palma de la 
mano 8 68 82 90 95 100 110 117 

18 Longitud del pie 18 162 217 229 241 254 272 290 

19 Anchura del Pie 7 74 83 89 94 97 105 119 

20 Anchura de talón 7 50 54 60 65 69 76 93 

21 Altura sentado 45 540 781 817 845 874 913 956 

22 Altura al omoplato 49 249 328 390 430 455 483 531 

23 Altura al codo sentado 30 166 211 237 252 269 302 434 

24 Altura al muslo sentado 56 86 118 135 148 164 200 546 

25 altura a la rodilla sentado 45 383 424 465 485 511 557 857 

26 Altura Poplítea 32 262 345 372 388 406 448 519 

27 Longitud nalga-poplítea 34 343 393 424 451 474 507 543 

28 Anchura de cadera sentado 46 320 342 377 406 432 485 744 

29 Longitud de Brazo 26 253 297 317 334 352 379 443 

30 Longitud de antebrazo 32 333 397 424 443 466 505 526 

31 Perímetro de la cabeza 25 460 509 528 547 562 591 646 

32 Anchura de la cabeza 16 98 111 144 151 156 164 170 

33 Profundidad de la cabeza 13 141 155 174 183 190 201 206 

34 Longitud de la cara 10 150 169 176 182 191 200 215 

 
Conclusions 
Providing comfortable workstations to operators is the responsibility of companies, 
that is why this information can be used in conjunction with other measurements of 
different companies in the locality to determine the anthropometric dimensions of the 
personnel working in the various maquiladoras in the city Of Mexicali. 
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 With the determination of the percentiles tables ergonomic improvements can be 
applied in the plants of the company Industrial Vallera de Mexicali S.A de C.V. 
Masimo Division as well as in the new acquisition plant of San Luis Rio Colorado, 
Sonora. As well as the redesign of the current stations that require improvements. 
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Resumen: este artículo presenta un estudio integral que realiza el análisis de tareas 
cuando adultos mayores utilizan un dispensador de medicamentos. Se aplicaron los 
métodos Análisis Jerárquico de Tareas (HTA por sus siglas en inglés), NASA-TLX 
para evaluar la carga de trabajo y SHERPA para analizar el error humano. Con el 
HTA se dividió la tarea principal del uso del dispensador en cinco subtareas 
considerando el uso del dispensador que se utiliza los siete días de la semana. El 
método NASA-TLX permitió conocer el nivel de carga mental que fue de 47% el cual 
es considerado como de nivel medio que se presentan cuando las actividades 
mentales y físicas son desarrolladas en combinación. El método SHERPA permitió 
conocer que el error humano ocurre en los siguientes casos: revisión, selección, 
comunicación y acción, donde el error más común fue en la subtarea de apertura 
de compartimientos donde se guarda el medicamento. Se recomienda rediseñar los 
elementos de apertura del dispensador y mejorar las instrucciones para evitar 
consumir el medicamento equivocado.  
 
Palabras clave: Diseño para adulto mayor, Análisis Jerárquico de Tareas, 
dispensador de medicamentos, NASA-TLX, SHERPA. 
 
Abstract: This article presents an integral study related with the tasks performed 
when a pillbox is used by elderly people. Different methods to develop task analysis 
(Hierarchical Task Analysis, HTA), to assess workload (NASA-TLX), and to assess 
human error (SHERPA) were applied. In the hierarchical analysis of tasks, tasks 
were divided into five subtasks considering the use of a 7-day medication organizer. 
The NASA-TLX method allowed knowing the level of mental load during the use of 
the medicine dispenser resulting in an average of 47% of mental load which is 
considered as medium. The levels of mental load considered as "means" occur when 
mental and physical activities are performed in combination. The SHERPA method 
allowed us to know that human error occurred in the following cases: revision, 
selection errors, communication, and action, where opening compartments errors 
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were the most frequent. Therefore, it is recommended to redesign the opening 
elements of the pillbox and improve the instructions to prevent consuming the wrong 
medication. 
 
Keywords Design for elderly people, Hierarchical Task Analysis, Medicine 
dispenser, NASA-TLX, SHERPA. 
 
Relevance to Ergonomics Identify the problem and meet the needs of nurses 
responsible for providing medicines to the elderly and develop solutions that make 
this task easier and safer. 
 

1. INTRODUCTION 
1.1 Problem statement 
 
The medicine organizer/dispenser (commonly known as a pillbox) for the elderly 
people used in this study has compartments in which the medicines are organized 
by day, time, and weekly. The main problem with this device is the complexity to 
coordinate the intake of medicine, being the most common risk to intake the wrong 
medication. This can result from an allergic reaction to severe intoxication, and the 
extreme case, the death.  

Adverse drug events are classified as preventable when they are caused by a 
medication error, and in non-preventable, when they occur despite the appropriate 
administration of the drug, known as adverse drug reactions, (López, M. O., Jané, 
C. C., Alonso, M. T., & Encinas, M. P.  2003).  Further, in the U.S. alone medical 
errors are estimated to cause more than one million injuries and up to 98,000 patient 
deaths each year (Kohn et al, 1999). This is the reason because we develop this 
study considering the importance of ingest in drugs erroneously. 
 
1.2 Objectives 
 
1.2.1 General 
 
Develop an integral study related with the tasks performed when a pillbox is used by 
elderly people. 
 
 
1.2.2 Specific 
• To perform a hierarchic task analysis of the use of the pillbox. 
• To perform an analysis of mental load with the NASA-TLX method on the use 
pillbox by the staff of an elderly nursing home. 
• To perform the analysis of human error using the SHERPA method on the 
use of pillbox 
 
 
1.3 Theoretical frame 
Next, the methods used to perform the research will be displayed 
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1.3.1 Hierarchical Task Analisis (HTA) 
 
The HTA is based on the theory of human performance, which is at the same time 
based on a behavior focused on a task that has sub-tasks linked by plan Stanton 
2006 therefore, each one of the tasks that the user performs were analyzed, and 
with this be able to breakdown the activities and give an index of importance and 
follow up to perform activities properly. The steps to follow according to Stanton, 
Hedge, Brookhuis, Salas, & Hendrick (2004) are: Define the task to be analyzed, 
recollection of data, general objective, determine sub-objectives of the task, 
decompose the sub-objectives, analysis of plans, generate, and if possible, test the 
hypothesis relative to the execution of tasks. The use of an HAT gives the user a 
great comprehension of the analysis task. 
 
1.3.2 Workload and the NASA-TLX method 

 
It is the portion of processing resources that a person needs to perform a task (Cañas 
et al., 2001). Wickens (1992) distinguishes different dimensions of mental load 
according to the type of processing resources required by the task, mental load 
measurement analyzes the levels of workload imposed by an activity or system with 
the aim of identifying and eliminating the demands Performance-related workloads 
(Wilson, Russell, & Davis, 2006). 

According to Stanton et al. (2005), the NASA-TLX method is a subjective 
assessment tool for mental load during a task, using a multidimensional index to 
derive the total load index based on an average of six sub-scales: mental demand, 
demand Physical, temporal demand, performance, effort and level of frustration, with 
these participants evaluate each subscale with a value from 0 (low) to 20 (high), then 
a comparison is made with possible combinations (15 possible) with The participants 
analyze which of them has the greatest effect on the mental load, subjectively 
analyzing the mental load, this method has been used in different areas of 
aeronautics, some of its advantages are that it provides a simple and fast technique 
to estimate the subscales are generic, so the technique can be applied in any domain 
and the method has been evaluated to be And has been the subject of numerous 
validation studies. 

In Figure 1, people value the task or subtask that they have just completed in 
each of the dimensions, marking a point in the scale presented to them. 
 

Mental Demand 

          
                    

Low                                                        High                                                                                                

Physical Demand 

          
                    

Low                                                        High                                                                                                
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Figure 1. The format of the NASA-TLX Questionnaire. 

 
 
1.3.3 Human error 
 
According to Sanders and McCormick (1993), human error is defined as an 
inappropriate or undesirable decision or behavior that reduces. Or has the potential 
to reduce, the effectiveness, security, or execution of the system. Cañas & Waerns 
(2001) divide the human error as error by omission, this is when the user forgets to 
perform any activity, error by assignation, this applies when the activity is done 
incorrectly and this last one is divided into two parts: error of sequence and error of 
time, which influence the performance of the task. 

While the prospect of uncovering an infallible method for predicting human error 
given an interface and task still seems distant, the present state of theory and 
research on human error in the fields of human-computer interaction (HCI) and 
cognitive science seems sufficient to provide an improvement over currently 
techniques. This will prove invaluable if successfully applied in the medical arena 
where human lives are consistently at stake (Chung, P. H., Zhang, J., Johnson, T. 
R., & Patel, V. L., 2003).  

 
1.3.4 SHERPA method 

 
This method is a technique that qualitatively and quantitatively evaluates the human 
reliability and makes concrete recommendations to reduce the probability of human 
error, especially in procedures, staff training, and equipment design. Developed by 
Embrey in 1986, which describes it as a Systematic Method of Reduction and 
Prediction of Human Errors (SHERPA), which aims to provide guidelines for the 
reduction and quantification of human errors in a wide range of human systems -
machines. The approach uses the current cognitive models of human performance 
as its basis (Embrey, 1986). 

Temporal Demand 

          
                    

Low                                                        High                                                                                                

Performance 

          
                    

Low                                                        High                                                                                                

Effort 

          
                    

Low                                                        High                                                                                                

Frustration 

          
                    

Low                                                        High                                                                                                
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1.3.5 Controls 
 
The controls are about devices for response or interaction with the information. They 
allow entering information into a machine or process. Some criteria to select a type 
of control: according to the kind of task the kind of variable to be controlled, operation 
form (fingers, hands, arms or feet). Types of controls: Pulsations, keyboards, 
switches, rotating, sliding lines, levers (Medina, 2006). 
 
1.4 Study limitations 
 
The study was only carried out to 10 people, Therefore it is considered that the 
sample is very small, applied only to patients and not to attendees it was applied in 
a single care home location, very specific tasks were evaluated, only one type of 
device was evaluated, 5 men and 5 women were evaluated. 

 
 

 
2. Methodology 

2.1 Pillbox description 
 

The medication dispenser or pillbox is a device that allows the organization and 
logical distribution of medications for their daily intake, at appropriate times and 
established by a physician. In this study, a pillbox with 7 removable compartments 
was used and analyzed. Ideal for treatment administration. Figure 2 shows the 
device analyzed.  
 

 
 

Figure 2. Organizador semanal de medicamento.  
https://ritatalks.files.wordpress.com/2014/07/pill-case-as-ring-holder.jpg  

 
 

2.2 Study design 
 
A transversal and descriptive study was developed to determine the mental load 
level and human error when the pillbox is used. The study was carried out in a care 
home for elderly people. A total of 10 elderly participated in the study. All of them 
without senile difficulty.  
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2.3 Procedure 
 

Once the pillbox was chosen, we asked for permission to develop the study in the 
assistance house. 10 elderly people without senile problems were chosen with the 
help of the staff of the assistance house.  

The hierarchical Task Analysis was developed recording the tasks performed by 
the users when a medicine/pill is ingest. NASA-TLX method was applied to analyze 
the workload and the SHERPA method was applied to known and to reduce the 
probability of human error 
 

3. Results 
 
The previously established methods were developed and these are the results 
 
3.1 Hierarchical Task Analysis (HTA) 
 
The HTA of the use of the 7-day pillbox is presented in Figure 2, which shows the 
different tasks and sub-tasks that the users perform when using this type of 
products. 
 
4.2 NASA-TLX 
 
The NASA-TLX method shows that the pillbox produces an average of 47% of 
mental load when the pillbox is used. Table 1 shows the result of workload for each 
participant and the overall average for the 10 participants. 
 

Table 1.  Summary of the NASA-TLX results 
 

Participant Weighted average 

1 37 

2 47 

3 57 

4 52 

5 46 

6 41 

7 36 

8 60 

9 48 

10 51 

Average 47 
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                                                            Plan 0, 1, 2, 3, 4, 5     

 

                

 

 

 

 

 

 

0. Use of medication organizers 

1. Paste 

clinical sheet 

back of 

dispenser 

2. Cleaning the 

organizer 

3. Organization of 

medicines 

4. Taking 

medications 
5. Store the 

organizer 

5.1. Save the 

organizer 

5.2. Keep the 

organizer in safe area 

5.3. Keep the 

organizer in a cool 

place 

1.1. Make notes 

on clinical 

sheet 

1.2. Make 

annotations of data 

and dates 

2.1 Wash the 

organizer 

2.3. Sterilize the 

organizer 

2.4. Give drying 

time 

3.1. Identify icons 

morning and 

evening  

3.2. Identify icons 

of days of the 

week 

3.3 Read clinical 

sheet as a guide 

for distribution 

3.4. Split the tablets 

that require an specific 

dose 

3.5. Deposit pills in the 

organizer according to the 

schedule  

4.1. Check schedules 

to ensure safety 

4.2. Open cap 

corresponding to 

the time and day  

4.3. Take 

medications 

4.4. Organization of 

medicines 

4.5. Help with a sip of 

water to make the 

intake simple 

Plan 1 1,2                Plan 2 1, 2,3                Plan 3 1,2, 4,5                      

 

Plan 4 1,2,3,4,5                        Plan 5 1,2,3 

 
 

Figure. 3 Hierarchical task analysis of the use of the 7-day pillbox 
 

4.3 SHERPA method 
 
With the SHERPA method, we found that in the HTA 4 common errors are observed: 
1) revision errors, 2) selection errors, 3) communication errors, and 4) action errors. 
All of them are considered very important because of their high probability of being 
repeated constantly. Also, for the critical consequence if the user ingest a wrong 
medication. Table 2 shows a summary of the human error analysis.  
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Task 
step 

Error 
made 

Description Consequence Recovery P C Remedial measures 

1.1 C1 
Not having updated 

the clinical sheet 

Bad 
information 

and no 
treatment 

No M H 
Coordinate better the 

activation of clinical sheet 

3 S1 
Having the 
medication 

disorganized 

Failure to take 
medication 

No H H Follow the clinical sheet 

4.2 I 3 
Not having enough 

graphics in the 
organizer for use 

Error opening 
compartment
s that are not 

suitable 

No H H 
Redesign of the product 

with systems to open 
only when necessary 

4.4 A8 

The patient omits 
the information 

given by the 
caregiver, physician, 

or clinic sheet 

Taking the 
wrong 

medication 
NO H H 

Keep in constant 
observation all the 

elements of the task and 
redesign elements of 

alarm 
 

Table 2. Summary of human error analysis 

 
 
5. Conclusions and recommendations 

 
The application of the three methods used allowed us to identify the weak points of 
the product. For example, it was found that the opening mechanism is deficient. As 
a result, this part generates more mental load and physical work than other tasks. 
Also, we know the main critical issues when the user interact with the pillbox and 
performs the tasks. Therefore, the application of the NASA-TLX and SHERPA was 
successful because now we know that the product generates more mental load and 
physical load when the user opens the compartments of the dispenser. 

It is recommended to emphasize the redesign of the opening elements of the 
dispenser. If the opening elements are easier, the workload will be less than the 
actual design. Also, it is necessary to improve the instructions to avoid intake wrong 
medications by nursing home users. 
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Resumen: Los tableros son instrumentos que nos muestran el estado de un 
sistema, la aplicación de éstos es muy amplia, están presentes en nuestro día a día 
y son muy útiles. Podemos encontrar diferentes tipos y una gran diversidad, cada 
uno diseñado específicamente con las características necesarias según la situación. 
Además como es sabido, debemos procurar que éstos sean incluyentes, es decir, 
que puedan ser captados por la mayor parte de la población posible, sin importar 
sus discapacidades o limitaciones. En esta propuesta decidimos hacer un rediseño 
del semáforo habitual de manera que sea más fácilmente interpretado por más 
personas, tomando en cuenta también los distintos criterios para la elección del 
mismo. Con este rediseño se procura, mejorar la velocidad de respuesta que tiene 
la población a los cambios de este, así como hacerlo más fácil, Y en consecuencia, 
quizás hasta mejorar el flujo del tráfico. 

 

PALABRAS CLAVE: problemas visuales, tablero visual, vialidad 

 

APORTACIÓN A LA ERGONOMÍA: Adecuación de los semáforos para facilitarles 
el manejo a las personas daltónicas agilizando su respuesta a los cambios de éstos. 

 
Abstract: Boards are instruments that show us the state of a system, the application 
of these is very broad, they are present in our daily life and are very useful. We can 
find different types and a great diversity os these, each one designed specifically 
with the necessary characteristics according to the situation. 
In addition, as we know, we must ensure that they are inclusive, that is, that they can 
be captured by the majority of the population, regardless of their disabilities or 
limitations. In this proposal it was decided to redesign the usual traffic light for it to 
be more easily interpreted by more people, taking into account also the different 
criteria for the choice of the same. With this redesign is sought to improve the speed 
of response that the population has to the changes of the traffic lights, as well as 
make it easier, and consequently, improve the flow of traffic. 
 
KEYWORDS: visual problems, visual board, road 
 
CONTRIBUTION TO ERGONOMICS: Adequacy of traffic lights to facilitate the 
conduction for color blind people by streamlining their response to changes in these. 
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1. INTRODUCTION 

When we drive, most of the information we perceive gets by our eyes, which is not 
a problem for people who enjoy good visual health, but what if they do not? 

If someone has a visual limitation, there are more risks. A clear example is 
color blindness, a disease that interferes with the perception of colors. There are 
different types of this condition and although the absolute blindness of colors is very 
rare, what does occur relatively frequently is a difficulty to appreciate shades such 
as green and red or even confuse them with each other, colors on traffic lights. 

It is because of this that we decided to redesign this board. Although when 
the color-blind driver is at a traffic light there is no greater problem to know the 
location of each light, seeing that one light shines more than another, knowing if the 
signal is giving way or not, this can be done more Easy for them without affecting 
the perception of other people. 

The proposal to do so is to represent each signal emitted by these traffic lights 
not only by colors as it is currently applied but also by shapes, making precisely not 
necessary the color distinction for a color blind person. 
In this way we aim to reduce the dangers of driving and change the fact that in a 
certain way the safety depends largely on the colors of the signals at the traffic lights, 
as well as to make faster the response to the changes of these and improve, at the 
same time, the flow of traffic. 
 

2. OBJECTIVES 

2.1 GENERAL OBJECTIVES 

Make the reaction to traffic light changes be faster. 

Improve traffic flow. 

 

2.2 PARTICULAR OBJECTIVES 
Making traffic lights more easily perceived by people with the condition of color 
blindness, through the application of different shapes. 
 

3. DELIMITATION 
 

The study will be made to a group of color blind people taken as a sample in the city 
of Los Mochis. 
 

4. METHODOLOGY 

Proposal of improvement on the traffic light symbology of vehicular traffic. 
Redesign: 
Move forward - Arrow facing north 
Caution - equilateral triangle (universal) 
Stop - Hexagon (reference to stop signals) 
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5. RESULTS 

 
It is expected to increase the speed of reaction to the visual signals in a vehicle traffic 
light in people with color blindness through the use of different shapes for their faster 
perception. Create a more inclusive and conscious society towards people with 
some visual disability. Increase of the reaction time of the habitual users of traffic 
lights. To improve the level of the flow of vehicles in the streets. 

 
 
 

6. DISCUSSION/CONCLUSIONS 

 

Conventional traffic lights make the reaction time of people with some type of visual 

disability very difficult because the symbology they handle does not allow a fast and 

precise distinction of the signal that is being given to the user. Therefore it is 

necessary to implement the scientific method to develop a better design of these, 

and take into account the needs of people with some type of visual disability. 
 
 

7. RECOMMENDATIONS 

 
Implement this design at traffic lights in the city, primarily in those areas where 
there is usually so much traffic and consequently more danger. 
 
 
 
 
 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 55 

 

8. REFERENCES 

Camós J. (2008) http://www.circulaseguro.com/el-daltonismo-combinado-con-la-
conduccion/ 

Clínica Baviera (2014) http://www.clinicabaviera.com/blog/salud-visual/tipos-de-
daltonismo/ 

El Blog de la Salud (2014) http://www.elblogdelasalud.es/como-ven-los-daltonicos-
los-colores/ 

El Universal (2008) http://archivo.eluniversal.com.mx/articulos/46010.html 
http://www.vanguardia.com.mx/daltonismounaenfermedadmasculina-1345289.html 
http://html.rincondelvago.com/daltonismo.html 
Menéndez D. (2014) https://www.google.com.mx/webhp?sourceid=chrome-

instant&ion=1&espv=2&ie=UTF-8# 
Miriam (2010) http://daltonismogrupo19.blogspot.mx/ 
Munaiz C. (2012) Semper D. (2013) http://www.aeromental.com/2013/05/14/como-

ven-el-mundo-los-daltonicos/  
Tellez A. (2012) https://sites.google.com/site/ergonomiaangelinatellez/unidad-ii-

tableros-y-controles 
 
 

 
 
 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 56 

 

ERGONOMIC ANALYSIS OF THE WORK IN EMPLOYEES OF A 
CONVENTIONAL CAR WASH COMPANY 

 

Karla Hernandez, Daniel MartÍnez, Aide Maldonado-Macías  
 

Department of Industrial Engineering and Manufacturing 
University Autonomous of Ciudad Juarez 

450 Del Charro Avenue 
Juarez, Chihuahua. 32310 

Corresponding author’s e-mail: amaldona@uacj.mx;  
 

Resumen: El siguiente proyecto es el resultado de un caso de estudio realizado por 
alumnos de la Universidad Autónoma de Ciudad Juárez a una empresa de lavado 
de autos, ubicada en un centro comercial de la ciudad. El proyecto resalta la 
importancia de la ergonomía en los lugares de trabajo y el cómo puede colaborar 
en el rendimiento de los trabajadores. La investigación se documentó a través de 
encuestas al dueño y los empleados acerca de sus actividades, horarios, turnos de 
trabajo, equipo con el que cuentan, promedio de autos lavados diariamente, así 
como las molestias o posibles accidentes sufridos en su experiencia laboral. 
Posteriormente, se llevaron a cabo videograbaciones en la estación de trabajo 
utilizando distintos ángulos para analizar las diversas posturas y movimientos. El 
análisis del trabajo fue realizado utilizando el software GOMPLAYER ® para generar 
fotogramas de las posturas de trabajo más frecuentes y riesgosas, mismas que 
fueron útiles para proceder a determinar el riesgo de la tarea. El método RULA 
(Rapid Upper Limb Assessment) fue aplicado, se aplicó antropometría para 
proponer nuevas dimensiones de trabajo en el rediseño de área de trabajo, la 
reubicación del equipo y el diseño de herramientas que promuevan posturas de 
trabajo más ergonómicas y seguras.  

 
Palabras clave: Anthropometria, Factores de riesgo, posturas, Lesiones 

musculoesqueleticas, RULA.  

 
 

Abstract: The following project is the result of a case study carried out by students 
of the University Autonomous of Ciudad Juarez to a car wash company. This project 
promotes the importance of ergonomics in the workplace and how it can help 
worker’s performance. This research was documented through surveys to the owner 
and some employees about their activities, schedules, working hours, equipment 
with which they count, average cars washed daily, as well as the musculoskeletal 
complaints and accidents during work. Subsequently, video recordings were made 
at the workstation using different angles to analyze the postures and movements. 
Work analysis was made using the GOMPLAYER ®, video frames were useful to 
determine the most frequent and awkward postures. After carrying out this activity, 
the RULA method was applied, anthropometry principles were applied to determine 
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new workplace dimensions such as working heights, equipment location that help 
promote more ergonomic and safe work postures. 

 
Keywords: Anthropometry, risk factors, postures, musculoskeletal disorders, 

RULA.  

 
Contribution to Ergonomics: This article is important because it helps to realize 
that ergonomics not only applies in large companies, but also in small companies. 
Although it can be a seemingly simple work, it has aspects that can be studied to 
improve the working postures of the employees, as well as their performance. 

                  
                                                                

1. INTRODUCTION 
 
 

1.1 Problem statement 

This car washing operation was carried out by around 10-20 workers in a car wash 
company.  The work content involves outdoor heavy physical activity and awkward 
postures. The workers can wash about 10 to 12 cars daily. A large variety of car 
models are washed with little rest time between each car. 

The problems or risk factors that were considered for this operation were 
awkward postures mainly of upper limbs because workers must wash or dry the cars 
on a standing work posture.  Another factor to consider was the repetitiveness, 
because this operation is carried out every day, including weekends. Rapid 
movements were observed as well. Finally, we find the effects outdoors temperature, 
since this city register very hot temperatures during summer over 45 Celsius degrees 
and very cold temperatures in winter usually -10 Celsius degrees. All these factors 
combined can cause discomfort or musculoskeletal disorders among workers.   

 
1.2 Objectives 

The objectives of the research are to analyze the work, to apply anthropometry and 
Ergonomics principles and propose changes in the method and operation of this 
workplace. 
 
1.3 Justification 

The benefits of this project are increase knowledge about ergonomic risks in this 
workplace. Usually, the company registers lost days of work because of discomfort 
and injuries of employees and this project helps promote changes in the workstation, 
method or operation. In addition, it is common that employees gave up their work 
because of the risk involved and hard work conditions. Ergonomics analysis and 
interventions can help diminish these problems in the company. 

 
1.4 Delimitations 

This project focuses only on those workers who manually wash cars and perform 
this tasks as a profession. Usually the worker uses only water and wax. The plan is 
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to continue with the same material, but implementing new equipment which is within 
the possibilities of the company no automations possibilities were considered. The 
project also focuses on the methods of a Carwash Company workers located in 
Juarez City. 

 
 
2. LITERATURE REVIEW 
 
 

In this section, it the main theoretical concepts are present: 

 

2.1 Ergonomics 

According to the International Ergonomics Association, is "the scientific discipline 
related to the understanding of interactions among humans and other elements of a 
system, as well as the profession that applies theory, principles, data and methods 
to design in order to optimize human well-being and overall system performance" 
(Engineering Colombian School, 2011) 

Ergonomics aims to improve workspaces and environments to minimize risk 
of injury or harm. So as technologies change, so too does the need to ensure that 
the tools we access for work, rest and play are designed for our body’s requirements. 
Also, this discipline aims to create safe, comfortable and productive workspaces by 
bringing human abilities and limitations into the design of a workspace, including the 
individual’s body size, strength, skill, speed, sensory abilities (vision, hearing), and 
even attitudes (Dohrmann Consulting, 2014) 
 

2.2 Anthropometry 

 
More than seven decades ago anthropometry was the only technique available for 
quantifying body size and proportions. As early as 1921, equations for predicting 
body fat were developed from measurements of body length, width, circumference, 
and skinfold thickness. Anthropometry is a simple reliable method for quantifying 
body size and proportions by measuring body length, width, circumference, and 
skinfold thickness (Wang, Thornton, Kolesnik, & Pierson, 1993) 

According to the Industrial Engineering school of the Colombian University 
(2011), Anthropometry comes from Greek: Anthropos (human) and Metric 
(measurement). Is the discipline which describes quantitative measures of the 
human body differences and studying the dimensions considered to reference the 
anatomical structures i.e. that helps us to describe the physical characteristics of a 
person or group of persons, and serves as a tool to ergonomics in order to adapt the 
environment to people.  
 
2.3 RULA Method 

The RULA method was developed in 1993 by McAtamney and Corlett, of the 
University of Nottingham (Institute for Occupational Ergonomics), with the objective 
of evaluating the exposure of workers to risk factors that cause a high load postural 
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and which can cause disorders in the upper limbs of the body. For the evaluation of 
risk are considered the method adopted position, the duration and frequency of this 
and the forces exerted when it is held. 

The development of RULA occurred in three phases. The first was the 
development of the method for recording the working posture, the second was the 
development of the scoring system, and the third was the development of the scale 
of action levels which provide a guide to the level of risk and need for action to 
conduct more detailed assessments (Mcatamney & Corlett, n.d.). 

 
2.4 Musculoskeletal disorders (MSDs) 

An estimated 553,000 workers in 2014 and 201515 suffered from musculoskeletal 
disorders caused or made worse by their current or past work. Musculoskeletal 
disorders (MSDs) are conditions that affect the nerves, tendons, muscles and 
supporting structures, such as the discs in your back. They result from one or more 
of these tissues having to work harder than they're designed to (IOSH, 2017).  

Also, workers in many different industries and occupations can be exposed to 
risk factors at work, such as lifting heavy items, bending, reaching overhead, pushing 
and pulling heavy loads, working in awkward body postures and performing the 
same or similar tasks repetitively. Exposure to these known risk factors for MSDs 
increases a worker's risk of injury. 

Work-related MSDs can be prevented. Ergonomics --- fitting a job to a person 
--- helps lessen muscle fatigue, increases productivity and reduces the number and 
severity of work-related MSDs. (OSHA, 2017).  

 
 
3. METHODOLOGY 
 

The methodology involves two stages that are explained in the following paragraphs. 
 
3.1 Application of Anthropometry  

 
3.1.1 Analysis of video 

Firstly, after video recording the process of washing a car and have selected the one 
where movements and postures can be observed more clearly; we made the 
analysis of 11 minutes of video using “Gomplayer version 2.3.14.5270” program. 200 
frames were generated and classified according to the worker’s movements and 
postures. At the end, 9 elements of the task were obtained these are: load, rest, 
rinse, squeeze, low car wash, top car wash, low car drying, cloth drying and top car 
drying.   

With these 9 elements, a video analysis table was created to represent the 
posture, the representative photo frame, number of frames found in the same 
posture by element of the work with their correspondent frequency and accumulative 
frequency. Postures that occupied more than 10% of frequency of the video recorded 
time were considered for further postural and anthropometric analysis. 
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3.1.2 Definition of relevant body dimensions for design, anthropometric 
principles and appropriate percentiles. 

Based on the data from the previous video analysis table, the most frequent working 
postures registered were low and top car washing, low and top car drying.  

The next step was to determine those relevant anthropometric dimension for 
the redesign of the method or operation. Those elements of the work were defined 
by a representative photo frame where the posture was clear and easy to study. 
Once this was done among 4 elements of task, it was continued with the creation of 
a new analysis table showing the photo frame, activity, posture, relevant 
anthropometric dimension, anthropometric principle, proper percentiles and 
tolerances and finally the desired dimension was obtained for the redesign of the 
workplace. 

 
 

3.2. Application of Ergonomics 
 

3.2.1 Risk Factors for Musculoskeletal Disorders 
The most important risk factors of these task are: repetitive and/or heavy lifting, 
bending and twisting, repeating an action too frequently, uncomfortable working 
position, vibration and climate (unfortunately this factor we can`t control it), as well 
as, musculoskeletal disorders, that this conditions provoke after realizing them for a 
long period. 

 
3.2.2 Application of RULA method 

The postures chosen for further analysis were: when the worker is performing the 
tasks of lower and upper washing of a car, and upper or lower drying in a car. We 
chose 5 postures of each section of the elements of the task). And RULA method 
was applied for each one of them, this little section was obtained by means of 
analyzing in detail each part of the photo of the posture and adding the data to the 
RULA Software, which gave us the scores and their level of risk with their actions to 
be taken. It should be mentioned that most of the photos showed scores greater than 
5 which means moderate risk and review it.  

 

3.2.3 Identification of musculoskeletal disorders 

According to the postures and movements and the frequency of them, those 
musculoskeletal disorders that potentially can affect the employees were identified. 
These were: wrist tendonitis, De Quervain's tenosynovitis, Carpal Tunnel Syndrome 
and thoracic outlet syndrome.  
 
3.2.4 Redesign of the workplace 
Finally, thanks to all the collected information and after analyzing them, it was started 
a redesign process of the workplace but due to the project focuses in a outdoor car 
washing operation, the project proposed some designed tools or equipment to be 
used by employees.  
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4. RESULTS 
 

4.1 Application of Anthropometry  
 

4.1.1 Table of Video Analysis 

Based in the analysis of the initial classification about elements of the task it was 
found that a total of 4 postures had a frequency greater than 10%. These work 
elements were: low car wash with 21%, top car wash with 26%, low car drying 17%, 
and top car drying with 13%. Table 1 shows the results of this step. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
4.1.2 Table of relevant anthropometric dimensions, anthropometric principles 
and percentiles 
A new analysis is shown in Table 2 for applying anthropometry wad designed. 
Each element of the task was analyzed. Relevant anthropometric dimensions were 
knee height and elbow height. In addition, in the next column the most affected 
body’s part by the realization of the movements which were back and arm and 
finally was obtained each principal anthropometric principle and the calculation of 
the desired dimensions which ranged from 56.5 cm to 117.5 cm with the added 
tolerances. 

Table 1. Analysis Table. 
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4.1 Application of Ergonomics 
 
4.1.3 Application of RULA program 
In this part, it was obtained that the 4 postures that were analyzed got a final score 
of 6 for the case of low car wash (column 1), a 5 for the activity of top wash 
(column 2), a 6 in low car drying (column 3) and 6 for the activities of top car drying 
(columns 5 & 6). For all this scores the conclusion that the program gave us is that 
they are moderate risk and be need investigated and change them soon (see 
Figure 3).  
 
,  
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Table of body dimensions, anthropometric principles 
and percentiles 

Figure 3. General Results of RULA 
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4.1.3 New equipment and tools for the workplace 
This project shows that workers are exposed to a working conditions with risk to 
suffer musculoskeletal disorders due to many factors, mainly in washing and drying 
bottom/top of the vehicles, it is for this reason that a new workplace was designed, 
but due to these operations would be used in a free area where certain factors as 
weather can’t be controlled, we focus only on the equipment for workers. 

In first instance, consist in a cart which it works with battery and has a pressure 
hose, allowing that spend less water than a bucket, so the operator would not 
sudden movements or stressful positions. It provides a reach better and easier in 
the top and bottom sides of the vehicle. The cart size must have a considerable 
height, so the operator can place the cleaning equipment you need and haven’t to 
make the effort to do so. We rely on height of the elbow. As women don’t operate 
in this work, we decided to use a 95% percentile for men, being the size of 1.163 
meters. In terms of extend of the hose, it must be long enough to spray well both 
small and large vehicles, should have a range of at least 3 meters, taking into 
account that the average height of a large vehicle is 2.20 meter approximately (see 
Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5. CONCLUSIONS AND RECOMENDATIONS 

 
It is concluded that knowledge of Ergonomics helps companies and workers to be 
aware of ergonomics risks of working conditions. 

This project was a good experience for us, because we applied ergonomic 
and anthropometric methods to analyze the work and working postures. Initially, the 
project was difficult to make it because the workers didn’t want to be recorded, but 
finally the permits were given and we were able to analyze the work. If this is 
implemented in more companies, could help workers become more efficient, 
ergonomic and with less risk of injury. 

In terms of the recommendations, outdoor work must be better done until the 
Sun is at its peak it would be ideal (in time of heat) and vice versa in cold weather. 

Figure 4. New Workstation 

Hose length: 3m 
Tube length: Adjustable 
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In addition to those workers already were in the project they were satisfied with the 
redesign the use of the new hose, water gun, and a cart. 
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Resumen: En el área occidental se va al baño de una forma que puede decirse 
incorrecta o anti-natural, esto porque al momento de sentarse en una posición de 
noventa grados a evacuar la materia fecal, el recto queda doblado en cierta forma, 
lo cual hace que la persona ejerza una mayor fuerza para lograr evacuar, lo que 
ocasiona que se dejen residuos en el intestino. 

Es por eso que en el presente estudio, se centra en proponer una herramienta 
especial para que las personas de diferentes alturas puedan defecar en una correcta 
posición aproximándose a treinta y cinco grados, lo que trae consigo el poder 
evacuar toda la materia fecal así como evitar diferentes enfermedades como cáncer 
de colon. Hemorroides, estreñimiento, entre otros.  
 
Abstract: The western area goes to the bathroom in a wrong or unnatural way. This 
because when a person sit in a ninety degrees position to evacuate, the rectum is 
bent in a way that makes the person need for a greater force for evacuation, which 
causes waste left in the intestine. 
That's why this study focuses on proposing a special tool for people of different 
heights to defecate in a correct position approaching thirty-five degrees, which brings 
the benefit of evacuating all fecal matter and avoid various diseases such as colon 
cancer, hemorrhoids, constipation, among others. 
 

1. INTRODUCTION. 
 
Hand tools are devices that assist the work, and characterized by amplifying or 
reducing some of the functions owned by the hand, increasing the functionality 
thereof; either by increasing the strength, accuracy, surface, generating more 
torsional power, impact and increased resistance to temperature and so on. 

In this study a hand tool is developed, which it’s main goal is helping the 
human to defecate properly; making an emphasis in the American continent because 
Asians already have the culture of defecating to 35 °. 
 
1.1 JUSTIFICATION. 
The purpose of this study is of vital importance for humans, since bowel movement 
is a daily necessity that must done. The result of various studies is that it’s not being 
done in the right way, and causes serious health problems inadvertently. That’s why 
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it is convenient to carry out and make the people know about this investigation. 
Because with the use of this prototype when defecating, a variety of health benefits 
are obtained, preventing a simple stomachache, to a serious illness such as colon 
cancer. 

This study would be a great importance for society, because it is a tool that 
all people of all ages could use. The results would be reflected with satisfaction since 
the begging and over time. So people can reduce stomach problems, some diseases 
and obesity, which is a serious problem for our country Mexico, which is the first in 
childhood obesity in the world. 
 
1.2. GENERAL PURPOSE. 
Develop a prototype to help the human to defecate in a correct, comfortable and 
natural position being. 
 
1.2.1. SPECIFIC OBJECTIVES. 

 Avoid diseases by wrong postures while defecating such as colon cancer, 
constipation, hemorrhoids, appendicitis, etc. 

 Reduce obesity in America. 

 Design the prototype of an inclusive way, so people of all ages would be able 
to use it. 

 Facilitate the evacuation of stool. 

 
1.3. DELIMITATION. 
This study is aimed to all people in general, regardless of age and sex. 
 
1.4. THEORETICAL FRAME. 
Squatting is the best excretion position. 
Take a look at the nature and verify that all animals squat to defecate. Even our 
closest ancestors, primates, squat with their knees against their chest to "do their 
needs." What perhaps you overlook, is that in other cultures has been using this 
method and defecating on this natural posture, especially in Asia, Africa and 
the Middle East. 

Only in the industrialized West, where modern toilet was invented, people are 
used to "sit" to defecate as it does to eat. It is no wonder that the entire Western 
suffer from chronic constipation, hemorrhoids and other problems due to the fact 
bowel movement in a sitting position. While modern toilets can save your legs the 
force needed to squat, for your intestines is equivalent to an instrument of 
torture, and the problems it can cause compensate the comfort that provides. 

When sitting on the toilet, the lower end of the descending colon is doubled, 
which requires considerable muscular effort to move the bowels. The intensity 
of this effort can pop or obstruct the tiny capillaries that feed the anal sphincter, 
resulting in subsequent bleeding. When crouching, the colon is naturally aligned 
with the rectum and anus that opens completely and effortlessly. This way the 
evacuation occurs naturally, unstressed. Daniel Reid (2014). 
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Are you going properly to the bathroom? Meet the sitting posture. All 
human beings, without exception, have some things in common, one of which is that 
regardless of our nationality, sex or tastes are all go to the bathroom. 

The Stanford University revealed in a study that the best position to go to the 
bathroom is squatting. This position relaxes muscles and creates the perfect angle 
to facilitate the evacuation. 

According to Dr. Henry L. Bockus in his Gastroenterology book explains: 
"Squatting position is ideal to defecate, with bent muscle on the abdomen. Thus 
decreases the ability of the abdominal cavity and increases intra-abdominal 
pressure, which favors the expulsion ". 

In this regard, the French doctor Frederic Saldmann, in his book The best 
medicine is you explains: "Think of a garden hose filled with water half bent: it’s hard 
for the water to run. It is exactly what happens when sitting. When the person 
crouches down, the angle opens, the crease disappears and the water can be 
drained easily.  
 
1.5 METHODOLOGY. 
1.5.1 Work Design. 
Current research about tools to defecate properly are 
based on ergonomic design, which facilitates the 
work that is done with them, and reduces potential 
disease risks when using it. 
The few existing tools, use a fixed and stable design, 
on which they handle the same height, which favors 
only part of the population as are people with an 
average anthropometry. Below is a tool that served 
as a reference for the development of what we call 
“Art Studio”. 
The ergonomic tool to defecate Squatty Potty is an 
example of an alternative of a fixed design. 
 
1.5.2 Prototype Formulation or tool. 
The tool design was made considering the people anthropometry, which was 
obtained through several applied and documented measurements in a 
anthropometric schedule, that was adapted to this project. The tool was designed 
with a hydraulic piston to adapt itself to different heights, in order to be used by 

people of different age, height, and abilities, this means, it was designed 
thinking on the need of every person. 

Prototype or tool 
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2. RESULTS. 
 

With the design of this prototype and tool has achieved progress and innovation in 
the way the stool is evacuated, benefiting users, reducing illness and difficulties 
when going to the bathroom. Next, the statistic results are shown having taken the 
results from the measurements and images of the pilot prototype. 

 
 Source: Own Elaboration (2016). 

 

 

ARITHMETIC 

AVERAGE 
45,11666667 40 41,09166667 36,04166667 27,75833333 10,06666667 

MAXIMUM 55 40 51 55 33 12 

MINIMUM 40 40 34 28 23 8 

STANDARD 

DEVIATION 
3,021445292 0 2,93055716 3,486819922 2,203876773 1,010310987 

PERCENTILE 

P5=41 P5=40 P5=36 P5=30 P5=24 P5=8 

P50=45 P50=40 P50=41 P50=35 P50=28 P50=10 

P95=50 P95=40 P95=46 P95=42 P95=31 P95=12 
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3. CONCLUSIONS. 
 

The hand tools represent a small investment considering the great benefits that can 
be obtained in ergonomically speaking in a fast and effective way, that´s why we 
choose to do this project, given that is known, to defecate is a very important human 
need, in order for the body to evacuate all that is not needed and it can work properly, 
that is the reason that we chose to follow through with this project.  
Just one year ago, we only had an idea and basic theories, now; we have a prototype 
designed accordingly to the measurements that the anthropometric results showed 
us.    
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Resumen: Los alumnos de ingeniería mecánica de la facultad de ingeniería, desde 
diciembre de 2015, diseñan, construyen y utilizan hornos para fundición de latas de 
aluminio. 

Los hornos tenían exposición a humos de fundición de aluminio y posturas 
con riesgos al preparar, operar y cargar el crisol lleno de aluminio fundido. A los 
operadores se les aplicaron entrevistas, medidas antropométricas, evaluación de 
postura y manipulación de cargas con métodos ergonómicos. A las estaciones de 
trabajo se realizaron mediciones de condiciones ambientales de trabajo conforme a 
normas mexicanas. 

Se rediseñaron accesorios y equipos del horno, basados en principios de 
ergonomía, lo cual permitió posturas de operación y manipulación confortables, 
disminuir condiciones de operación inseguras y exposiciones a gases de fundición 
de aluminio. Como resultados se logró aumentar la producción debido a que se 
diseñaron estaciones de trabajo bajo el principio ergonómico. 
 
Palabras clave: Diseño de accesorios para hornos, fundición de latas de aluminio, 
humos de fundición de aluminio. 
 
Abstract: Mechanical engineering students of Engineering Faculty, since December 
2015, design, build and use furnaces for melting aluminum cans. 

The ovens had exposure to aluminum melting fumes and risky postures when 
preparing, operating and loading the crucible filled with molten aluminum. 

Operators were interviewed, anthropometric measures, posture evaluation 
and load manipulation using ergonomic methods. Measurements of environmental 
working conditions were carried out to the work stations in accordance with Mexican 
regulations 
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Accessories and equipment of the oven were redesigned, based on 
ergonomic principles, which allowed for comfortable operation and handling 
postures, reduce unsafe operating conditions and exposures to aluminum melting 
gases. As a result, it was possible to increase production due to the design of 
workstations under the ergonomic principle 
 
Key words: Design accessories for furnaces, smelting of aluminum cans, aluminum 
smelter fumes 
 
Contribution to ergonomics: Efficiency can be increased in the production of cast 
aluminum, to design an operation on ergonomic conditions. 
 
 

1. INTRODUCTION 
Mechanical engineering students of Engineering Faculty, since December 2015, 
design, build and use furnaces for melting aluminum cans. 

The ovens had exposure to aluminum melting fumes and risky postures when 
preparing, operating and loading the crucible filled with molten aluminum. 
Interviews, anthropometric measurements, measurement of working environmental 
conditions were evaluated stance and handling of loads. 

To reduce and eliminate conditions of operation, were designed and 
redesigned accessories and equipment of the oven, based on principles of 
ergonomics which allowed positions for comfortable operation and handling that 
allowed increased production of cast aluminum. 
 

2. OBJECTIVE 
Design auxiliary equipment to operate furnaces and manipulate cast aluminum cans, 
through ergonomic approaches, to reduce risk positions, improve working conditions 
and facilitate the production 
 

3.  METHODOLOGY 
Assessment of environmental conditions of operation in compliance with Mexican 
regulations NOM-10 (STPS,2014) y NOM 85 (SEMARNAT, 2011), with RULA, 
Suzanne Rodgers and OKRA methods were evaluated positions of furnace 
operation, was evaluated the handling of loads of melted material, anthropometric 
measurements were performed to operators, applied process reengineering and 
design of workstation 
 
Anthropometry and dimensions of equipment  
Table 1, shows the anthropometric measurements of furnace operators (Avila, 
2007), to design the respective dimensions in the oven design. (Becker.J), (Lista de 
comprobación ergonómica, 2001).   
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Table 1 Anthropometry of furnace operators 

 
 
Ergonomic analysis methods  
RULA method.  Table 2 shows the results of the first oven designed by students, 
with a final score 7 RULA and a level of risk 2, which required an analysis and 
immediate change in its design, to open and close the oven and take the Crucible  

 
Table 2. RULA method for analysis of open and close oven 

 
 
Suzanne Rodgers method. Table 3 shows the result of the first furnace designed 
by students, with assessments ranging from 9 high, to moderate only in neck with 6, 
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open and close the oven. However taking the Crucible, shows low assessment with 
a score of 3 and 4. 
 
OCRA method. Table 4, shows the result of the first furnace designed by students, 
with an index of risk and valuation of 14, for both hands when opening and closing 
the oven, which is not acceptable level light, risk assessment scale marks from 11.1 
to 14.  
Table 4, also shows the result when taking the Crucible, with indexes of risk and 
assessment of 23 for right hand and left hand 19, are not acceptable in high level 
and medium respectively 
Table 3. SUE Rodgers method to open and close oven, and take crucible with 
aluminium  
 
                               Table 2                                                Table 4 
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Table 4. OCRA method for analysis of open - close the oven and take Crucible 

 
 

4. RESULTS 
 

1. The figure 1, shows dimensions of oven designed, as Anthropometry of operators 
and handling of gases (Lista de comprobación ergonómica, 2001), (Ávila, 2007). 

 
 

 
Figura1 Dimensiones Horno 
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2. Tables 5, 6, 7 and 8 show the results before and after design in each of the 
methods of evaluation, which range from 50% to 80% in final rates  

3. The tables show improvements in positions of operation and cargo handling in 
neck, back, shoulder and arms, with design of Figure 1 oven, as shown in the 
attached pictures to tables 6, 7 and 8 

4. Decreased exposure to aluminum smelter gases, replace pump as shown in the 
photographs of the tables 6, 7 and 8 

5. Decreased unsafe conditions, to open and close oven, as well as to the crucible 
with molten aluminum  

6. Increase the production of cast aluminum, to reduce time to open and close oven, 
take crucible in a more comfortable position, in both actions previously caused 
poisoning in operator, inhaling fumes from the molten metal directly 

 
 

Table 5. RULA method for analysis of result of improvement in open and close 
oven 
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Table 6. SUE Rodgers for analysis of the result of improvement in open and close 
oven 

 
 
Table 7. SUE Rodgers for analysis of the result of improvement in taking crucible  
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Table 8. OCRA method for analysis of result of improvement in open and close 
oven 

 
 

5. CONCLUSION 
Once evaluated physical ergonomic factors in cast aluminum kilns, missing 
accessories were to improve the conditions of operation 
1. Base oven has been designed to achieve the principles of neutral positions of 

work at elbow level, allowing for better comfort 
2. Actuator has been designed with foot-operated mechanism, to open oven while 

you are handling the Crucible, which remove having to load the initial design 
cover 

3. Design table of discharge at the level of the process of extraction, arms and back 
just below elbow 

4. Design system of extraction of gases of casting of aluminum, which allowed 
approach is to take and load Crucible, with arms loaded more near body 

5. Intermediate base between melting pot and coal oven, has been designed to 
eliminate coal in each wash preparation  

6. Could increases the production stations working with ergonomic principles in 
designing 
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Resumen: En 2010 el porcentaje de la población nacional con discapacidad motriz 
ocupó el 58.3%, seguida de la discapacidad visual con 27.2%. Se calcula que la 
incidencia anual de paraplejia provocada por lesiones medulares en México es de 
18.1 por millón de habitantes y ocurre con más frecuencia en hombres en edad 
productiva (16 a 35años de edad). Esta situación nacional se agrava ya que los 
servicios de atención hospitalaria y cuidados del paciente son insuficientes, además 
de presentar efectos colaterales en los profesionales de la salud como 
enfermedades y accidentes ocupacionales en el manejo y traslado de pacientes. 
Las lesiones musculo-esqueléticas que presentan los fisioterapeutas no sólo se 
debe a que un gran número de profesionales no practica asiduamente los cuidados 
ergonómicos que conoce, sino que hay otros factores como los diseños 
inadecuados de los lugares de trabajo, la falta de ayudas mecánicas y equipos, y 
una deficiente gestión de los factores organizativos del trabajo (distribución de 
descansos, horarios, rotación de tareas…) que influyen en su aparición. Así mismo, 
el incremento en el número de pacientes a tratar por los servicios de fisioterapia ha 
originado un aumento en el ritmo de trabajo que ha multiplicado los movimientos 
repetitivos, actividades físicas intensas y sobreesfuerzos realizados por el personal. 

El estudio de la presente investigación comprendió el diseño ergonómico de 
un mecanismo ortopédico para el aseo de pacientes con capacidad de carga hasta 
170 kg, facilitando el aseo del paciente al hacerlo girar 180 grados sobre su asiento, 
ajuste de altura entre 50 y 95 cm y cabecera ajustable. El estudio primeramente, 
contempló la traducción de las necesidades de los pacientes a especificaciones de 
diseño mediante la metodología Blitz QFD, en una segunda etapa, se realizó el 
estudio antropométrico con 80 pacientes de la tercera edad y/o con discapacidad 
motriz, el diseño consideró el percentil 90 de la población medida. En la tercera 
etapa se simuló la operación de la silla ortopédica con el software SolidWorks. 
Posteriormente se evaluó la manipulación manual de cargas mediante el método 
GINSHT con la finalidad de evitar trastornos músculo-esqueléticos que afectan a la 
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espalda. El estudio de BIOMECÁNICA se empleó en la evaluación de posturas y 
esfuerzos puntuales de corta duración, así como esfuerzos estáticos y esfuerzos 
que se repiten con una frecuencia inferior a una vez cada 5 minutos. Finalmente con 
el método OWAS se valora la carga física derivada de las posturas adoptadas por 
el terapeuta o enfermero durante la actividad de baño. 
 
Palabras clave: Mecanismo ortopédico, NISHT, OWAST y QFD. 
 
Abstract: In 2010, the percentage of the national population with motor disabilities 
occupied 58.3%, followed by visual impairment with 27.2%. The annual incidence of 
paraplegia caused by spinal cord injury in Mexico is estimated at 18.1 per million 
inhabitants and occurs more frequently in men of productive age (16 to 35 years of 
age). This national situation is aggravated since the services of hospital care and 
patient care are insufficient, in addition to presenting side effects on health 
professionals such as occupational accidents and diseases in the handling and 
transfer of patients. The musculoskeletal injuries presented by physiotherapists are 
not only due to the fact that a large number of professionals do not regularly practice 
the ergonomic care they know, but that there are other factors such as inadequate 
workplace designs, lack of mechanical aids and Teams, and a poor management of 
the organizational factors of work (distribution of breaks, schedules, rotation of tasks 
...) that influence their appearance. Likewise, the increase in the number of patients 
to be treated by physiotherapy services has led to an increase in the work rate that 
has multiplied repetitive movements, intense physical activities and over-exertion 
performed by the staff. 

The study of the present investigation included the ergonomic design of an 
orthopedic mechanism for the hygiene of patients with load capacity up to 170 kg, 
facilitating the patient's toilet by turning it 180 degrees on its seat, height adjustment 
between 50 and 95 cm and Adjustable headboard. The study first contemplated the 
translation of the patients' needs to design specifications using the Blitz QFD 
methodology; in a second stage, the anthropometric study was performed with 80 
elderly patients and / or with motor disability, the design considered The 90th 
percentile of the population measured. In the third stage the operation of the 
orthopedic chair with the software SolidWorks was simulated. Subsequently, the 
manual manipulation of loads was evaluated using the GINSHT method in order to 
avoid musculoskeletal disorders that affect the back. The study of BIOMECHANIC 
was used in the evaluation of postures and punctual efforts of short duration, as well 
as static efforts and efforts that are repeated with a frequency less than once every 
5 minutes. Finally, the OWAS method evaluates the physical load derived from the 
postures adopted by the therapist or nurse during the bathing activity. 
 
Keywords: Orthopedic Mechanism, NISHT, OWAST and QFD 
 
Contribution to Ergonomics: The analysis of the design shows the application of 
ergonomic analysis methods to validate the prototype in the area of physical therapy 
and improve working conditions. 
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1. INTRODUCTION 
 
In 2016 the research project "Orthopedic Mechanism for Patient Care" is developed, with 
the aim of improving the management and bathing activity of patients with motor disabilities. 
Since currently the mechanisms and implements commonly used in such activities lack 
considerations such as facilitating the patient's toilet by turning it 180 degrees on its seat, 
adjustment of height and inclination, adjustable headrest, support in feet, safety belt, in 
addition to retract And mating on wall. So it is decided to design and manufacture with 
ergonomic criteria the equipment mentioned. 

Alternately, we work on the development of a technology-based company, in the 
manufacturing sector oriented to the design and manufacture of equipment for orthopedic 
use such as shower chairs and transfer cranes, contributing to the reduction of occupational 
diseases by the management of patients ; As well as greater autonomy for the patient. The 
project develops technological solutions focused on meeting the needs of patients with 
motor disabilities such as: Diplejía, Paraplejia, Cuadriplejia or tetraplejia, Hemiplejia and 
Monoplejía. 

The project intends to market an orthopedic device for the cleaning of patients with 
load capacity up to 170 kg, capable of facilitating the patient's hygiene through its ergonomic 
design with international quality characteristics, as well as benefits of at least 20% in 
reducing costs Operation and maintenance by incorporating first generation composites. 

Currently, 3 people are expected at the pilot level and in the medium term, they 
expect to generate sources of paid employment in the region for vulnerable groups in our 
society, such as single mothers, mothers, elderly people and others. 

Among the alternatives to solve the problem is the ergonomic design of the work 
station applied to equipment, furniture and tools (chairs, stretchers, stools, material carts, 
scissors ...), as well as spaces (compartments, Areas of passage, gymnasium ...) and to the 
environmental environment (lighting, ventilation, noise and temperature), favoring the 
comfort in the work positions and avoiding the overheads during the execution of the tasks. 

Patient transfer and handling teams consider it comfortable to achieve, with the aim 
of avoiding unnecessary forced postures: stretching the arms too much, lifting them over the 
shoulders, twisting the trunk, and so on. It is advisable that the height of the equipment 
oscillate between 50 and 95 centimeters so that it can adapt to the work plan of the 
physiotherapist, according to its height, and avoid generating postures of flexion of neck, 
trunk and arms. Have supports to support the arms, legs or feet of patients. These elements 
are very useful for physiotherapists because they allow them to act on the foot for example, 
without the need for the worker to support it. 

Therefore, the proposed mechanism helps to meet the needs of patients with motor 
disabilities such as: Diplegia, paraplegia, quadriplegia or tetraplegia, hemiplegia and 
monoplegia by means of an orthopedic shower chair, helping disabled patients and / or the 
elderly to perform Shower activity properly. The orthopedic mechanism for patient hygiene 
has a load capacity up to 170 kg, capable of facilitating the patient's toilet by turning it 180 
degrees on its seat, height adjustment and inclination, adjustable headrest, support in feet, 
seatbelt, in addition To retract and engage on the wall. 

It has an ergonomic product, with international quality features, plus benefits of at 
least 20% in reducing operating and maintenance costs by incorporating first generation 
composites. 
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2. GENERAL OBJECTIVE 
 
Design and manufacture an orthopedic device for patient care that allows adequate 
performance of the shower and improves the quality of life of patients with motor disabilities. 
 
 

3. SPECIFIC OBJECTIVES 
 
1. Design an orthopedic device for patient hygiene using the Blitz QFD methodology with a 
maximum load capacity of 170 kg, facilitating the patient's toilet by turning it 180 degrees on 
its seat, height adjustment between 50 and 95 cm and adjustable headrest. 
 
2. To develop the anthropometric study with 80 elderly patients and / or with motor 
disabilities in order to characterize the study population and to establish design criteria with 
the 90th percentile of the population measured. 
 
3. Simulate design with SolidWorks software. 
 
4. Evaluate the manual manipulation of loads using the GINSHT, BIOMECHANIC and 
OWAS methods. 
 

4. METHODOLOGY 
 
In the first stage, through the Blitz QFD methodology, the client's voice (therapists, patients 
and relatives) was translated to design the components of the orthopedic mechanism for the 
patient's grooming. The sample size was 120 patients with mobility and displacement 
problems, the survey included 15 questions and 2 replicates to know the needs of the client. 

In the second stage, the anthropometric study was performed with 80 elderly patients 
and / or with motor disability, with the intention of characterizing the study population. With 
this information the orthopedic chair was designed considering the 90th percentile of the 
population measured, hygienic techniques in the management of the patient, applicable 
normativity; As well as security systems for proper operation. 

In the third stage, the operation of the crane was simulated using the SolidWorks 
software and the stress analysis was performed on the structure using finite elements 
(ANSYS). 

The manual manipulation of loads is then evaluated using the GINSHT method in 
order to avoid musculoskeletal disorders that affect the back. The study of BIOMECHANIC 
was used in the evaluation of postures and punctual efforts of short duration, as well as 
static efforts and efforts that are repeated with a frequency less than once every 5 minutes. 
Finally, the OWAS method evaluates the physical load derived from the postures adopted 
by the therapist or nurse during the bathing activity. 

 
 

5 RESULTS AND DISCUSSIONS. 
 
 
5.1 Obtain the voice of the client. 
 
First, a Customer Segmentation Table (TSC) was developed to identify clients of the 
orthopedic chair under different scenarios. 
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5.2 Structure customer needs. 
 
At this stage, the actual needs of clients were extracted from the verbalizations by a second 
review by a group of therapists from the Irapuato DIF. 
 
5.3 Analyze and prioritize Customer Needs. 
 
The dependency ratios between needs were determined as shown in Table 1 
 

Table 1. Needs dependency relationships 

 
 
 
5.4 Anthropometric study 
 
Once the clients or users of the chair were identified, the anthropometric study was 
performed in patients with lower limbs disability. The study population was characterized by 
age, gender and disease. The design considered the 90th percentile of the population 
measured, applicable regulations and safety criteria in their systems for proper operation. A 
group of 120 patients with mobility and displacement problems was interviewed in the 
Irapuato DIF, the survey consisted of 15 open questions to know the needs of the client. The 
questions were asked twice (2 replicates) to ensure that the patient was clear about what 
he was wondering, later the verbalizations were recorded electronically. 
 
The characteristics of the study population are presented below: 
 
1. 120 patients of the DIF-Irapuato 
2. Age between 31 and 74 years 
3. Size 1644 to 1746 mm 
4. Weight 66.8 to 120 kg 
5. 90% men and 10% women 
6. 80% diabetics 
7. Middle-low socio-economic level 
Body mass index from 24.4 to 31.7 
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Conditions: Amputation of limbs, loss of mobility, quadriplegia, Paraplegia, Marrow fracture, 
Pelvic  
fracture and spinal cord injury T9 and T10. 
 
 
5.5 Measurement conditions 
 
Measurements were made at the Irapuato DIF for people with disabilities, with adequate 
safety, lighting and cleaning conditions. The patients were measured in 2 positions: In the 
recumbent position, the patients were placed in a flat horizontal bed, without shoes with the 
head facing the front in the Frankfort plane, relaxed shoulders and both at the same height, 
extended arms On the sides of the body, hands resting on the bed; The heels united and 
the tips of the feet separated 45 degrees between both. In the sedentary posture, the 
patients were placed in their wheelchair, with the trunk erect preserving the normal curvature 
of the spine, head oriented to the Frankfort plane; Relaxed shoulders and horizontal line; 
Arms flaccid on both sides of the body and hands resting on the first third of the thighs; The 
thighs forming a right angle with the trunk and with the popliteal zone separated, a few 
centimeters from the edge of the seat; Legs forming a 90 degree angle with thighs; Adjusting 
the height of the chair; Feet completely resting on the saddle supports trying to keep the 
trunk-thigh-leg and foot alignment. Measurements were performed between 2 people, the 
therapist assisted in placing the patient in the appropriate positions to take the 
measurements. 
 
5.6 Design of the prototype 
 
Finally the dimensions of the chair in different profiles are shown, as well as the 
anthropometric measurements obtained. 
 
It can be observed that in the images of the anthropometric study advance they show three 
measurements which are supposed to be the corresponding measurements at the 
percentiles 5, 50 and 95 respectively, of which the 50th percentile will be taken as reference 
for comparison with the measurements Of the chair, this in order to take into account the 
average of the measurements of the anthropometric study. 
 
 
5.6 Design of the prototype 
 
Finally the dimensions of the chair in different profiles are shown, as well as the 
anthropometric measurements obtained. 

It can be observed that in the images of the anthropometric study advance they show 
three measurements which are supposed to be the corresponding measurements at the 
percentiles 5, 50 and 95 respectively, of which the 50th percentile will be taken as reference 
for comparison with the measurements Of the chair, this in order to take into account the 
average of the measurements of the anthropometric study. 
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Fig.2. Views of the orthopedic chair vs anthropometric measures 
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Fig.3. Views of the orthopedic chair vs anthropometric measurements. 
 
Next, a comparative table of the dimensions of the orthopedic shower chair with respect to 
the measurements of the anthropometric study is shown, taking into account certain 
dimensions that are prioritized to guarantee the ergonomics of the model of the orthopedic 
shower chair (the dimensions are in meters). 
 

Table 2.Anthropometric Measurement 

 Medida Silla Estudio Diferencia 

Altura del asiento a los pies 0.450 0.418 0.032 

Altura del asiento trasero a los pies 0.420 0.404 0.016 

Altura Espalda baja 0.270 0.153 0.117 

Altura del antebrazo 0.340 0.246 0.094 

Altura de la cabeza a los pies 1.280 1.249 0.031 

Altura del respaldo 0.570 0.585 -0.015 

Altura del asiento a la cabecera 0.850 0.855 -0.005 

Longitud de la cabeza 0.150 0.226 -0.076 

Longitud de antebrazo 0.400 0.446 -0.046 

Longitud de asiento 0.500 0.506 -0.006 

Amplitud de asiento 0.480 0.396 0.084 

Amplitud de brazos 0.500 0.409 0.091 

Ancho de la cabeza 0.220 0.143 0.077 

Ancho del respaldo 0.460 0.312 0.148 



Ergonomía Ocupacional.  Investigaciones y Aplicaciones. Vol 10 2017 

 

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.                                                                                                                            Página 87 

 

 As can be seen the difference between the dimensions taken is relatively small in 
most of the measures that were taken into account, although it could be said that 
from 0.10 to 0.15 meters the difference is already remarkable, this can be justified in 
That the dimensions of the chair in some measures have clearance, that is, the 
dimension of the chair is greater than the size of the body, this is due to variations 
that may exist in the dimensions of the patient's body, since each patient is Unique 
in terms of body dimensions, that is why it is worked that the dimensions of the chair 
are attached to the standard dimensions that were obtained from the anthropometric 
study, ensuring that the proposed model of the chair is ergonomically acceptable for 
patients from the Mexican territory with a Age range from 17 to 54 years old and up. 

The orthopedic shower chair as a technological development patented, 

maintains superior quality with respect to commercial products, since it contemplates 

load capacity up to 170 kg, able to facilitate the patient's cleanliness since the 

therapist can make it rotate safely 180 degrees on its Seat, height and tilt adjustment 

providing comfort for the patient, rests safety arms, seat belt, adjustable headrest, 

feet support. The back has holes to prevent water accumulation, in addition to 

retraction and mating on the wall. It has an ergonomic product, with international 

quality features, plus benefits of at least 20% in reducing operating and maintenance 

costs by incorporating first generation composites. 

 

OWAS (Ovako Working Analysis System) 

To apply the method of OWAS are marked a series of steps to follow, below is shown 

a table where these steps will be answered. 

 
Application of the Method 

Steps Orthopedic Chair 

1. Determine whether the task is 
divided into phases 

Simple Evaluation 

2. Set the total observation time 4 minutes 

3. Determine frequency of 
observation. 

Every 15 seconds 

4. Record postures. 6 different positions 

5. Coding Positions 4-digit code based on tables 

6. Calculate risk category of each 
posture 

Based on the estimated code, in tables  

7. Calculate the percentage of 
relative frequency of each 
position 

How many times each position is 
repeated  

8. Calculate risk category based 
on relative frequency 

With help of established tables 
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Postures evaluated. 
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Ergonautas Results 

 

GINSHT 

 

 

Improvement in the method of management of finished product, reduction of work 
risk as a consequence of the improvement of the posture in the activity. 
Among the results of the work, we have the specifications and tolerances of each of 
the components of the orthopedic shower chair, as a result of the translation of the 
client's voice when using Blitz QFD methodology. 

The anthropometric study helped characterize the elderly and disabled 
population that presents mobility and displacement difficulties in the city of Irapuato, 
Mexico. 

By simulating the operation and assembly of each component of the 
orthopedic chair with solidWorks, ergonomic design errors were identified prior to 
manufacturing, helping to reduce time and cost. 

The evaluation of ergonomic risks when using the shower chair, allowed to 
validate the feasibility of the prototype for commercialization. 

The project favors the formation of research and technological development 
boards; As well as strengthens the research projects developed by UPIIG-IPN. 
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