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Anthropometric studies are needed today in order to identify the physical requirements that are
needed to design tools, equipment and workstations, and adapt these to the person who uses them
and not for the person to adapt to them. Being able to rely on correct measurements such as those of
the hand, acquire great relevance because of sensitive issues that could arise due to a poorly
designed equipment or tool under different parameters. The present study involved measurements of
94 men and 73 women between the ages of 18 and 28. The results obtained show that the average
dimensions of a male dominant hand is greater than that of the non-dominant hand; likewise, the
dimensions of female hands present a greater variation between one measurement and another. The
percentiles in each of the measurements were estimated and then registered in anthropometric charts
in order to have a reference at the moment of designing tools; they will be of great help in the
prevention of occupational hazards. This method was determined acceptable or valid through the R
& R study in one of the dimensions where 13.91% reproducibility and 0% reproducibility were
obtained. Supporting the immediate use of anthropometric charts, will allow follow-up to the study
as the impact of indicators relevant to the industry is determined and new variables are explored,
such as the height and body mass index, which will bring in more information of greater importance
for decision-making.

Copyright © Ernesto Ramirez Cardenas et al, 2017, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION

According to the International Association of Ergonomics
(IEA, 2014) Ergonomics is the scientific discipline that studies
the interaction between humans and other elements of a system,
and an occupation. It applies theory, principles, data and
methods to design, in order to optimize the well-being of
people, the global performance system. It is responsible for
supplying data regarding the body (Singleton, 1972, cited by
Avila, 2007) and it seeks to create a favorable work
environment through the design and proper distribution of
workstations (INSHT, 2017).

Ergonomics branches into Anthropometry, the discipline that
describes the quantitative differences in the human body
measurements. It studies dimensions using different anatomical
structures as a reference in order to adapt the environment to
people (Mondelo, 2001). The poor or non-adaptation of work
equipment to anthropometric measurements leads to the
presence of occupational hazards (McCormick, 1987) when
having to adopt fixed postures for long periods of time and, in

*Corresponding author: Ernesto Ramirez Cardenas
Industrial Engineering Department Sonora Technology Institute

addition, having to carry out undue exertion, consequently
affecting the worker’s health and performance (Narifio, Alonso
and Hernandez, 2016). It is therefore necessary to conduct
studies (Mungarro and Monge, 2001) and ergonomic
assessment methods aimed at their control (Rodriguez, 2010).

Studies such as the one conducted with 3,000 mining workers
in Peru have confirmed that there is an amplitude in their
thorax, and have set the foundations for the design of a backhoe
machine in which workers can reach the pedals and drive in
optimal conditions in a seated position (Campos and Iglesias,
1957, Frisancho, 1975, cited by Ramirez, 2006). In the field of
sports, differences have been found in the size of football
players depending on their position in the game field, which
lead to information that can be taken into account when
deciding the type of moves, or certain individual actions such
as those in the air (Zubeldia and Mazza 2002). The human
body measurements of an entire Latin American population
have been recorded through anthropometric charts, which stand
out by the percentiles determined for each dimension, which
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will be of great help in designs (Avila, Prado and Gonzalez,
2007). However, it does not consider the dimensions of either
the hand or the phalanges.

According to Binvignat, Almagia, Lizana and Olave (2012),
the hands are perhaps, followed by the senses of sight and
hearing, one of the most important parts of the human body,
due to the constant activity they are subjected to during the
working day; therefore, any damage or injury to them can
affect the quality of life of a person. The results of a study
conducted within a Chilean population, indicate that the
measurements are different from those of any other ethnic
group, suggested perhaps by the generation gap. Yunnis (2005)
establishes the measurements in a population in Jordan, and
offers a comparison between the dimensions of both hands
among men and women; the same as Avila, (2007) who
discloses percentiles in each dimension.

Nowadays, most of the designs and equipment utilized are
purchased without previous analysis; therefore, they are
imported from different countries which do not take into
account the proper dimensions for the Mexican population, due
to lack of information. The aforementioned, in addition to the
conviction of offering alternative solutions to achieve an
efficient relationship between the worker and his environment,
has led to an anthropometric study of the hands so as to
contribute to the design of work tools, improve performance,
and avoid the possibility of occupational hazards.

METHOD

The study was carried out at an institution of higher education
located in Guaymas Sonora, focusing on enrolled female and
male students. To conduct the study, a representative selection
of 167 out of 508 students which comprises the total
population, was chosen. The characteristics and values of such
sample are shown in figure 1.
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Graph 1 Characterization of subject sampling

Out of the 167 subjects studied, there were 94 men and 73
women. With regards to the age of the participants we have the
following: 60 were aged between 18 and 19; 68 ranged from 20
to 21 years old; 26 were between 22 and 23 years old; and 13
were 24 years old or more. As for their place of birth, 153
were born in the State of Sonora, 5 in Sinaloa, 3 in the United
States and the rest were born in other places. Furthermore, the

right hand was dominant in 155, and the left hand was
dominant in 11, while one person claimed to be ambidextrous.
All subjects were in good health at the time of the
measurements, none of them lacking any extremities or hands,
and all were given information related to the measurement
technique.

The utilized materials were: the anthropometric charts which,
for purpose of design and sizing of hands and phalanges,
suggests ISO 7250-1 norm, and measuring tape, used for the
timely measurement of the extremities indicated in the previous
chart, which are those shown in table 1. The dimensions
measured for both right and left hands in men and women
were: hand length (1), palm length (2), palm width (3), hand
width (4), phalangeal length (5), proximal phalangeal width (6)
and the distal phalangeal width (7). As for the measurement of
phalanges: (5, 6 and 7), the 5 phalanges in each hand were

considered.
o
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Table 1 Dimensions considered in the anthropometric study

For the development or implementation, the previously
mentioned anthropometric measurements were taken, recording
the obtained information in a database specifically designed for
the occasion. After this, calculations were made to obtain the
variables of interest, among which were the average, standard
deviation, minimum value, maximum and the percentage
differentiation. The next step consisted in discussing the results
as percentiles were determined, and then validating the method
and equipment used by means of a repeatability and
reproducibility study.

RESULTS

Once the anthropometric measurements of each of the 167
individuals were taken, the information was sorted by gender or
sex (male, female), listing the dimensions in each row and in
each column; a reference was made to the average, standard
deviation, the minimum and maximum value of each of the
dimensions of both right and left hand in men and women.
Likewise, it was possible to appreciate the percentage in
relation to the difference of the average values of both hands in
each category. The columns on the right side show the
differentiation of the different dimensions among men and
women (see table 2). Dimensions such as those of the right-
hand palm in the sample of 94 Men, to mention one, had an
average of 10.53, standard deviation of 0.73, a minimum value
of 8.7, a maximum of 12.2; it was different by 1.14% with
regards to the left-hand palm and different in 13.30% and
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12.49% with respect to the same measurement in the right and
left hand in women respectively.

In contrast, the proximal width in F4, and the F2 and the F3
phalange length did not show a difference.

Table 2 Average, standard deviation, and difference percentage of the various right and left hand dimensions in men and women.

Difference
Hand (%) among
dimensions Men n=94 Women n= 73 the width in
women and
men’s hands
Righthand Min Max Left hand Min Max Diﬁ(":;:jnce Righthand Min Max Left Hand Min Max Diﬁ;‘;fjnce ];ﬁfg ;"ﬁf‘;
1 18.89+0.88 16.7 22.2 19.03=0.94 16.7 20 -0.74 17.27+0.84 153 20 17.31+0.87 152 20 -0.23 8.58 9.04
2 10.78+0.68 8.9 12.5 10.84=0.63 8.8 12 -0.56 9.87+0.56 8.8 11.5 9.91x0.58 8.4 115 -0.41 8.44 8.58
3 8.91=0.7 6.3 10.9 8.85=0.65 6.5 095 0.67 7.65=0.51 6.8 9.5 7.6=0.47 6.8 88 0.65 14.14 14.12
4 10.53=0.73 8.7 122 104107 386 11 1.14 9.13=0.56 8 11 9.11=0.54 81 10.7 0.22 13.3 12.49
5.1 6.48£0.7 47 7.8  6.5=0.64 5 7.3 -0.31 572+0.53 45 7.3 581=0.57 45 7.2 -1.57 11.73 10.62
52 7.23=048 6.3 84 7.32=051 62 7.7 -1.24 6.66=042 55 7.7 6.66£042 5.7 8 0 7.88 9.02
5.3 8.08+0.55 7 9.7  8.13=0.54 7 8.5 -0.62 7.42£0.38 6.7 85 7.42+£038 6.6 85 0 8.17 8.73
5.4 7.41=0.57 6.1 8.9 747054 62 7.7 -0.81 6.78=0.39 6 7.7 6.76x0.42 6 8.1 0.29 8.5 9.5
5.5 6.06£0.5 51 7.2 6.05=047 5 6.9 0.17 549041 43 69 544037 46 64 0.91 9.41 10.08
6.1 2.15+023 1.5 2.8 2142024 15 24 0.47 1.92+0.17 1.6 2.4 191=0.18 13 23 0.52 10.7 10.75
6.2 1.99+0.21 1.2 2.5 1.97=0.17 1.6 2 1.01 1.73=0.16 1.3 2 1.74=0.16 1.3 2 -0.58 13.07 11.68
6.3 2.02+£0.23 1.2 2.6 198021 1.3 2.2 1.98 1.73=0.2 1.1 22 1.72+0.2 1.1 22 0.58 14.36 13.13
6.4 1.87+0.21 1.3 23 1.81=0.22 1.2 2 321 1.58+0.18 1.2 2 1.58=0.17 1.1 2 0 15.51 12.71
6.5 1.7£0.2 1.1 2.1 1.63=0.21 1 1.8 4.12 1.42+0.17 1 1.8 142017 1 1.8 141 16.47 14.11
7.1 221036 1.1 29 217=03 13 27 1.81 1.97=0.24 14 2.7 191=022 12 23 3.05 10.86 11.98
7.2 1.79=0.19 13 2.1 1.8=0.18 1.3 1.9 -0.56 1.59=0.15 13 1.9 1.57=0.15 13 22 1.26 11.17 12.78
7.3 1.82+0.2 1.3 22 1.79=0.19 1.2 1.9 1.65 1.57=0.15 12 1.9 1.53=0.15 1 1.8 2.55 13.74 14.53
7.4 1.670.18 12 2 1.63=0.18 1 1.7 24 1.43=0.13 1.1 L7 14=011 11 1.7 2.1 14.37 14.11
7.5 1.54x0.18 12 2 1.45=0.17 1 1.6 5.84 1.3=0.13 1 1.6 1.26=0.13 1 1.7 3.08 15.58 13.1

When comparing the right and left hands in men it was possible
to see a 5.84% difference in the distal width of the F5 phalange
and 4.12% in the proximal width of the same. In contrast, the
aforementioned phalanx length had the lowest percentage of
variation with 0.17%. In the case of women, the distal width of
the phalanges was the measurement with the most significant
difference with 3.05%, 2.55% and 3.08% for the F1, F3 and F5
phalanges, respectively.

The greatest difference between right hands of men and women
took place in the proximal and distal width dimensions of the
phalanges, averaging 14% and 13% respectively, in addition to
the 14.14% in the palm width, and the 13.3% in the hand width.
As for the left hand, the greatest difference was in the
phalanges distal width with 13.3%, and in the palm and hand
width, with 14.12% and 12.49% respectively. All
measurements between men and women showed a difference of
at least 7.88%.

Table 3 Percentiles of the different right-hand and left-hand dimensions (cms.) in participating men and women.

Hand

. . Percentile 5 Percentile 50 Percentile 95
dimensions
Men ‘Women Men Women Men Women
Right  Left Right  Left Right  Left Right Left Right  Left Right Left hand
hand hand hand hand hand hand hand hand hand hand hand
1 17.47 17.5 16.06 1592 19 19 173  17.3 20.2 20.5 18.58 18.54
2 9.9 9.9 9 9 10.7 10.8 9.9 10 12 11.94 10.78 10.88
3 7.93 7.93 6.96 6.9 9 8.9 7.6 7.6 9.8 9.94 8.5 8.34
4 9.43 9.3 8.2 8.2 10.5 10.3 9.1 9.1 11.84 11.74 10 9.98
5.1 53 5.5 5 5 6.5 6.5 5.7 5.7 7.6 7.54 6.5 6.84
5.2 6.5 6.57 6 6.1 7.2 7.3 6.7 6.7 8 8.1 7.3 7.3
53 7.3 7.3 6.92 6.86 8 8 7.4 7.4 9 9 8.14 8
54 6.5 6.6 6.2 6.16 7.4 7.5 6.8 6.8 8.34 8.24 7.4 7.32
5.5 5.27 53 49 4.86 6 6 5.5 54 6.9 6.7 6.1
6.1 1.8 1.77 1.7 1.6 2.1 2.1 1.9 1.9 2.5 2.5 2.2 2.14
6.2 1.57 1.7 1.46 1.5 2 2 1.7 1.8 22 2.3 2
6.3 1.6 1.6 1.4 1.4 2 2 1.7 1.7 2.3 2.3 2 2
6.4 1.5 1.4 1.3 1.3 1.9 1.9 1.6 1.6 2.2 2.1 1.8 1.8
6.5 1.4 1.27 1.16 1.1 1.7 1.65 14 1.4 2 1.9 1.7 1.64
7.1 1.57 1.6 1.5 1.5 2.2 2.2 2 2 2.7 2.6 2.24 2.2
7.2 1.47 1.47 1.36 1.4 1.8 1.8 1.6 1.6 2.04 2.04 1.8 1.8
7.3 1.5 1.47 1.3 1.26 1.8 1.8 1.6 1.5 2.1 2.1 1.8 1.7
7.4 1.4 1.3 1.26 1.2 1.7 1.6 1.4 1.4 1.9 1.9 1.6 1.6
7.5 1.3 1.2 1.1 1.06 1.5 1.5 1.3 1.2 1.8 1.7 1.5 1.44
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In order to have tooling design parameters, the corresponding
5, 50 and 95 percentiles were estimated for each right-hand and
left-hand dimension, taking into account men and women
(table 3), and then globally, regardless of participants’ sex

being between 10 and 30%. According to the author, in terms
of repeatability, identified as the variation of the averages of
the operators, this appears at zero indicating that the response
among analysts was almost null, which makes the study more

(table 4).

trustworthy.

Table 4 Average, standard deviation and percentile values of the different right-hand and left-hand dimensions regardless of
participants’ sex.

Hand dimensions

Percentile 5

Percentile 50

Percentile 95

Righthand  Left hand leﬁﬁ/f)e)nce Righthand Lefthand  Right hand Left hand Righthand Left hand
1 18.18+1.18  18.24+1.4 033 16.3 16.30 18.20 1830  20.00 2020
2 10.39+0.77  10.42+0.78 2029 92 9.13 10.30 10.40 11.77 11.77
3 843+1.19  8.32+0.85 1.30 7 7.00 830 830 9.80 9.67
4 9.85+1.06  9.79+0.99 0.61 8.2 836 9.80 9.80 11.60 11.27
5.1 6.15£0.75  6.22+0.71 -1.14 5 5.13 6.00 6.20 7.40 7.50
52 6.99+0.55  7.04+0.58 0.72 6.2 6.20 7.00 7.00 8.00 8.00
53 779£0.58  7.8+0.61 -0.13 7 7.00 7.70 7.70 8.84 8.90
54 713206 7.15+0.62 2028 6.2 6.20 7.00 7.10 8.17 8.17
55 579+0.61  5.78+0.53 0.17 5.03 5.00 5.80 5.80 6.80 6.60
6.1 2064025  2.03£0.25 1.46 1.7 1.60 2.00 2.00 2.47 2.50
6.2 1.88£0.23  1.870.21 0.53 1.5 1.50 1.90 1.90 2.20 2.20
6.3 194027  1.86+0.25 2.11 1.5 1.43 1.90 1.90 2.30 2.20
6.4 1744024 1712023 1.72 133 1.40 1.70 1.70 2.10 2.00
6.5 1594026 1.53£0.23 377 1.2 1.20 1.60 1.50 2.00 1.90
7.1 2112033 2.06£0.29 237 1.5 1.53 2.10 2.00 2.60 2.50
72 1714022 1.69+02 1.17 1.4 1.40 1.70 1.70 2.00 2.00
73 1714024  1.68£0.22 1.75 1.4 1.40 1.70 1.70 2.1 2.00
74 1.56£02  1.5320.19 1.92 13 1.30 1.60 1.50 1.90 1.80
7.5 1444022 137+0.18 4.86 1.13 1.10 1.40 1.40 1.80 1.70
DISCUSSION Table 5 Gage R&R Hand length measurement

Tables 3 and 4 show information of great relevance for
decision-making regarding the design of hand tools, gloves,
mechanisms and/or utensils. It can be appreciated that the
length of phalange 3 (middle finger) had the highest values in
each percentile explored. There are few hand anthropometric
studies, as seen. However, if the information obtained from the
phalanges length dimension is compared to the results of
Binvignat, in (2012) very similar values can be observed.
Nevertheless, the same author has pointed out that they are
slightly different from those set forth by Aydinlioglu, Akpinar
and Tosun (1998) and Case and Ross (2007) perhaps due to
factors such as ethnicity and generation. With regards to hand
length, palm length, palm width and hand width, the values
seem to be very similar to those proposed by Yumis (2005)
given that the maximum difference is 3%, although they are
different among each other due to age, sex and height.

According to Hernandez and Reyes (2007), the reliability of the
measurements should be validated through a study called R&R;
this is why the variation between the method and the results of
thirty measurements of the hand length dimensions of the
dominant hand to the same number of sampling subjects was
conducted by two analysts. When entering the data to the
minitab software, the metrics of Repeatability, Reproducibility,
% R&R and the precision Index were obtained, which are
shown in the following table:

Morales, (2007) recommended that 5 or more categories are
needed in order to be able to render acceptable the adequate
measurement system, which in this study was favorable as the
value resulted in 10. The reproducibility, registered in the red
box, which indicates the variation with respect to the
equipment used, resulted in 13.91% making it acceptable for

Gage R&R

I

$Contribution
Source Varcomp (of VarcComp)
Total Gage R&R 0.02350 1.54
Repeatability 0.00000 0.00
Reproducibility 0.02350 1.54
Operators 0.00338 0.28
Operators¥Parts 0.02012 1.66
Part-To-Part 1.15057 98.06

Total Variation 1.21407 100.00

Study Var %Study Var
Source StdDev (SD) (6 x SD) (%8V)
Total Gage RaR 0.15330 0.91978 13.981
Repeatability 0.00000 0.00000 0.00
Reproducibility 0.15330 0.919878 13.81
Operators 0.05813 0.34875 5.28
Operators¥Parts 0.14185 0.85108 12.87
Part-To-Part 1.0%113 6.54681 $59.03

Total Variation 1.10185 6.61110 100.00

Number of Distinct Categories = 10

While exploring the dimensions, it was noted that the average
dimensions of the male dominant hand was greater than those
of the non-dominant hand, with 13 values greater in a total of
19, and with respect to women, the dominant hand dimensions
were also higher with 15 of 19 values. Likewise, the difference
in hand dimensions between men and women was remarkable,
and the dominant hand had small variations with greater
dimensions to that of the non-dominant one.

With regards to percentiles, 95 was the most interesting, since
it is the one that covered the largest amount of data and in
which the desired decisions could be made; there was an
average of 38 measurements of the hand dimensions and it
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reflected a total of 160 people that were below the said
percentile and on average 6 were excluded from it.

The anthropometric charts obtained, highly contribute to the
design and construction of material or tools such as gloves,
tweezers, scissors, screwdrivers, and everything related to this
body extremity. This will reduce the costs associated to
illnesses due to the presence of Cumulative Traumatic
Disorders (CTD). The continuity of the project is
recommended by analyzing new variables such as the body
mass index and the height of the participant, trying to find a
correlation that facilitates decision-making.

Publicacion financiada con recursos PFCE 2016. Los recursos
del PFCE son de caracter publico y queda prohibido su uso con
fines partidistas o de promocion personal
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