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Resumen: Esta investigación se enfoca a analizar la fuerza como una función de tiempo en datos 

obtenidos en condiciones reales, considerando trabajo altamente repetitivo, donde las manos y 

dedos están expuestos a trabajo repetitivo y bajos esfuerzos. Se utilizo el diseño genera de 

medidas repetidas para analizar el comportamiento de la fuerza  para ambas manos y pulgares. 

La hora, el turno y el día de trabajo fueron considerados como factores. La fuerza fue medida de 

la sexta  a la octava hora en un intervalo de una hora, mientras que la semana empezó el lunes; 

el monitoreo fue de una semana. Los datos fueron obtenidos de plantas  maquiladoras de las 

ciudades de Hermosillo y Nogales Sonora. 

Palabras Calve: Fuerza en manos, fuerza en pulgares, trabajo repetitivo, efecto acumulado 
de la fuerza, maquila. 
 
Abstract: The focus of this research is analyze how force is going as a function of time in data 

obtained from real work conditions, considering highly repetitive work, where the hands and 

fingers are exposed to repetitive work and low efforts. The repetitive measurement general design 

was used to analyze force behavior for both hands and both thumbs. The hour on the shift and the 

day week are the factors. Force was measured from the sixth hour to the eight hour on one hour 

interval, while the week day starts on Monday; the monitor is for a week. Data were obtained on 

maquila plants in Hermosillo and Nogales Sonora. 

Keywords: Hands force, thumbs force, repetitive work, cumulative effect of force, maquila. 
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1. Introduction 
The work doing by the hands has been a very important factor on manufacturing industries, 

especially on development countries, but the human being and its physical characteristics at 

service of material transformation on industrial process it is not an endless power supply, while 

time passthrough the day, physical performance could be affected and modified.  

As a result of frequent exposure to work there is a risk of musculoskeletal injuries, Bernard et al 

(1997) refers that it´s “were recognized as having occupational etiologic factors as early as the 

beginning of the 18th century,however, it was not until the 1970s that occupational factors were 

examined using epidemiologic methods, and the work-relatedness of these conditions began 

appearing regularly in the international scientific literature. Since then the literature has increased 

dramatically; more than six thousand scientific articles addressing ergonomics in the workplace 

have been published. Yet, the relationship between MSDs and work-related factors remains the 

subject of considerable debate.” 

To understand the musculoskeletal disorders problem, is required to identify the risk factors 

associated to these kinds of injuries. There is a wide literature about it and its don´t surprise, the 

problem has been studied for years and many point of views and results of research converge on 

the causes or risk factors, Colombini (1998) recognize mainly four risk factors; repetitive 

movements (frequency), force applied to the task, awkward postures and lack of enough recovery 

time on each work cycle. Muggleton (1999) includes vibration as a risk factor for the hand-wrist. 

McAtamney y Corlet (1973) refers to the risk factors as external factors, including a consideration 

for static work load on muscles. Furthermore, highly repetitive work may directly damage tendons 

through repeated stretching and elongation, as well as increase the likelihood of fatigue and 

decrease the opportunity for tissues to recover Keyserlin et al (1993).   

This work is focused in finding the relationship between frequency and the force that people can 

exert as a function of time and some anthropometric characteristics, the approach is; on the latest 

hours of the shift work, force become to decrease significant, at least statistically and there is a 

relationship between force and anthropometrics.  

 

2. Method 
 

One objective was collect data in working conditions, so the “experiment” was planned as follows: 
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• Find a process with highly repetitive operations; it is more than 300 units per hour. 

• The job involves extensive use of the hands and the fingers. 

• The anthropometrics measurements are for the hands and some generals: 

o Length of the hand. 

o Width of the hand. 

o Height of the hand. 

o Width of the wrist 

o Height of the wrist 

o Height of the thumb 

o Width of the thumb 

o Height of the middle finger 

o Width of the middle finger 

• The force on handgrip and thumb grip is measure with a Jamar© hand dynamometer and 

finger dynamometer. Every day 3 measurements are made every half hour from the sixth 

hour for the handgrip and finger grip for each side of the hands. 

• All data is collected and analyzed on statistical software (SPSS©)   

• Multiple linear regression is the tool to analyze the relationship between force and 

anthropometrics. 

• The repetitive measurements general model is used to analyze the force within hours and 

within days. 

• The data are from maquilas on Hermosillo and Nogales, Sonora, Mex. 

 

3. Results 
Is relevant to mention, again, how important get data from working conditions is, there was about 

50 operators who they were asked for to participate with the measurements for anthropometrics 

and force exertions, we appreciate that very much as well the maquila support to achieve the 

purpose of the research. Once data were collected and organized on worksheets next step is 

proceed to statistical analysis. 

 

The first part is finding the relationship between anthropometrics and force for each side on the 

hands, before the linear regression analysis, principal components was run to discriminate and 
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group variables, the next tables show it:The first iteration includes all variables resulting on seven 

groups and .717 acceptable KMO value, results are: 

 
 

Table 1. Total variance explained 

 
. 
The first rotated component matrix shows how variables are grouped in the seven groups: 
                            
                          Table 2 Rotated Component Matrix 
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After several iterations, the target is find two groups; this final rotated matrix is next: 
 
 Table 3 Final Rotated Component Matrix 

 
 
As values are shown on the table 4.3 the groups are formed with the higher coefficients; a first 

group is for; gender, height, weight and hand force. The second group are formed with; hand 

length, hand width, thumb width, thumb length and wrist width. 

Once groups are formed the next is linear regression analysis, the purpose here is just to found 

some kind of statistical relationship between variables or personal and force, next table shows the 

better relationship: 

 
                                               Table 4 Linear Regression Model 
 
 
 
 
 
 
 
 
 
Predictor variables were; height, weight, thumb width, wrist width and hand length. Response 

variable is hand force. 

Linear regression shows a relationship between variables and force, that in general conditions, so 

next step is the analysis of force as a function of time. 
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Force behavior was tested using repetitive measurements general model for each hand. 

Additionally some extra test was run in order to probe variances and differences between hours 

and days. Results are in next tables. The first test is for right hand and the hour of the shift, table 5 

shows descriptive and table 6 shows Mauchy´s sphericity test.  

 
 

Table 5.Descriptive statistics for right hand and hour 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6.Mauchy´ssphericity test 
 
 
. 
 
 
 
 
 
Significance on Mauchy´s test is 0.00 that means differences between variances are not equals, 

so is necessary run the Bonferronistest for multiple comparisons, this test shows in what hour are 

a difference in average exerted force on right hand, table 7 shows it.  

 

Same proceed is for the left hand and next tables shows results for descriptive statistics, 

significance on Mauchy´s test is 0.00 that means differences between variances are not equals, 

so is necessary again run the Bonferronis test for multiple comparisons, this test shows in what 

hour are a difference in average exerted force on left hand. 

 

All statistical tests are for a 95% confidence level. 
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                                   Table 7.Bonferroni´s pair comparisons for right hand 

 
.  
            Table 8.Descriptive for left hand 

 
. 
                                       
                                              Table 9.Mauchy´s test for left hand. 
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                                  Table 10.Bonferroni´s pair comparison for left hand. 

 
 
Same proceed is for both hands but the analysis is now within week days.  Next tables shows 

results for descriptive statistics, significance on Mauchy´s test is 0.00 that means differences 

between variances are not equals, so is necessary again run the Bonferronis test for multiple 

comparisons, this test shows in what day are a difference in average exerted force the hand. 
 
 
                                        Table 11.Mauchy´s test for day and right hand 

 
. 
 
 
 
Right hand force descriptive are: 
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        Table 12.Descriptive statistics for right hand and day. 

 
                                            
                                          Table 13.Bonferroni´s comparison pair test 

 
. 
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                                             Table 14.Mauchy´s test for day and left hand 

 
 
 
             Table 15. Descriptive statistics for left hand and day 

 
                      
 
                          Table 15.Bonferroni´s comparison pair test for left hand and day. 
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4. Discussion  
In an implicit form the purpose of this research was to show how force depend on anthropometric 

characteristics and how force is related with fatigue with a clear decrease pattern on force 

behavior trough hours and days. 

The first part tested by principal components and linear regression is positive; a statistical 

relationship does exist between hand and finger anthropometrics and force, in detail table 3 shows 

that, all values on above .600 on second group are related with the explanation of variance. 

In the second part the expected was that the greater values for hand forces were on the early hour 

and Monday, but results are not in that direction, for right hand force within hours, table 7 shows a 

difference only between the first hour of the test and 2.5 hours later.  For left hand there is not 

statistical evidence that shows how force decrease in function of time. 

For hand force behavior related to day week, due to more than 90% of people are right-handed, 

the expected force behavior is that on Monday are the greater averages while on Friday should be 

the smaller averages. Table 12 shows that there is not any significative difference on right hand 

force average. For left hand force average, respect to Monday is valid a decreasing force behavior 

but statistically is valid only to Friday, on Tuesday the difference on average is only respect to 

Friday. The other days remain the same. 

As a final conclusion on this research the findings is that force has not a decreasing behavior due 

to hours or days, it makes necessary to increase the number of measurements and run a test for 

the thumb force. 

This fact, no decreasing force behavior should be not assumed as a fatigue free operations, while 

data were collected people says how at the end of the day they are with symptoms of pain and 

numbness on fingers, wrist, shoulder, neck and low back. Highly repetitive operations may have 

not an effect on force but that does not means that is an easy job. 

In maquilas, there is a lot of situations that should be improved, beyond manufacturing and quality 

is the human being, it is not only manpower, they are people and deserve a good place to  

workon. 
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