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Abstract

The aim of this case report was to evaluate the risks of musculoskeletal injuries from 
manual extraction of manioc roots in a Brazilian family farming production. It was 
used a lumbar extension isometric dynamometry, electromyography and infrared 
thermography of the surface at the back of the worker and the whole collection of 
data was made in loco. The results showed an increased temperature on the surface 
of the left lower back (+0.6 ºc), the values of isometric strength upon lumbar extension 
(143 ± 2.66 Kgf) and electromyography alteration in the muscles. The questionnaires 
indicate that the individual complains of discomfort along all of the back of his torso. 
The activity of manioc manual extraction can generate an overload on the lumbar and 
shoulder girdle muscles. It can affect the individual productive state.

Key-words: Family agriculture; Manioc; Ergonomics; Biomechanics; Musculoskeletal 
Disorders.
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 1. Introduction
 
 Manioc (Manihot esculenta Crantz) is a tropical and widely grown crop and it 
makes the basic energy nourishment for over 800 million people in the world (FAO, 
2013). In the harvest of 2015, Brazil produced around 22.7 million tons, which was 8% of 
the production in the world, in a total area of 1.494.498.00 acres of plantation yielding 
15.227 tons/acre ( CONAB, 2016; IBGE, 2016).
            With around 27 thousand acres of crops and yearly production of 500 thousand 
tons, the state of Santa Catarina remains as the 12th major national producer of manioc, 
but is the 5th state in productivity achieving 18.5 tons per acre (EPAGRI, 2015).
            Despite the high production of this crop, few studies have been accomplished for an 
improvement of production systems and, consequently, of activities that require a major 
physical effort by the laborers and which often lead to incapacity for work (Fernandes 
et al., 2013; Fernandes, et al., 2014; Cunha, Merino and Merino, 2015). It is important 
to highlight that, although such activity can be made in a mechanic or automated 
manner, it is mainly made manually. In general, the musculoskeletal disorders are the 
most common and most expensive pathologies in agriculture (Fathallah, Miller and 
Miles, 2008; Kirkhorn, Earle-Richardson, and Banks, 2010; Fathallah, 2010; Merino et al. 
2019), and can lead to absenteeism. 
           As the extraction of manioc roots is a manual activity that requires the use of the 
upper and lower body and also the torso for the extraction of the root by the laborers, 
there is the need for measuring its impact in relation to health when laboring. It can be 
noticed that few studies present information about the physical consequences of this 
activities in the short and in the long term. The activity of manually extracting manioc 
roots, in this way, needs a broader understanding concerning its effect on the worker, 
by means of analysis of qualitative and quantitative data. 
            The conditions of work for the man in the countryside which can lead to the 
laborer´s getting ill and going off his work for injuries of musculoskeletal nature, indicate 
a gap of knowledge that requires an understanding of the physical consequences of 
this rural work. 
 This research had for purpose to evaluate the risks of musculoskeletal disorders 
from the activities of manioc roots extraction, with appropriate technological 
evaluation instruments, namely: isokinetic dynamometry of lumbar extension (IDLE), 
electromyography (EMG) and, complementing the data, thermography prior to the 
activity.

 2. Materials and Methods

 This research is applied in nature, with a quantitative and qualitative approach, 
descriptive, and of exploratory nature. The collection of data was carried out with 
the use of anthropometric information, characteristics of the activities carried out 
by the researched individual were surveyed, Nordic questionnaire for the analysis of 
musculoskeletal symptoms, infrared skin thermography, IDLE and EMG of the multifidus 
muscles (right and left) and upper trapezium (right and left). All of the information was 
captured in loco.
 The sample was composed of a Family agriculture laborer, male gender, who 
carries out the stage of manual extraction of manioc roots in the property. The choice 
criteria happened because of the activities carried out in the property of the laborer 
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under study. The sample is justified because, within the context of the study, families 
where a couple looks after the property is a common practice where the man is 
responsible for the outdoors activities that require physical strength, and the woman 
is responsible for the indoors chores that are less demanding physically.
 The research was approved by the Ethics on Research Committee of the Federal 
University of Santa Catarina under ruling nr 05372012.9.0000.0121. The participant 
signed the Voluntary Informed Consent (TCLE).

 2.1 Characterizing the Individual and Describing the Activity

 To characterize the individual anthropometric measurements of body mass and 
stature were made as well as the Nordic questionnaire, in order to describe the points 
with body ache (Kuorinka, 1987).   
 To describe the activity, there was observation, and videoing with a GoPro Hero 
3 Black Edition® camera, at the place where the manioc roots are cropped. During 
harvest the farmer filled three scales based on the 0 to 10 Borg scale (BORG, 1988), 
related to the themes: Effort, Discomfort and Usability. The following questions were 
made to the laborer, respectively: How much effort do you use to pull the manioc roots 
out, where 0 means no effort and 10 means maximum effort; How much discomfort 
do you feel while you manually pull the manioc roots out, where 0 means no effort 
and 10 means maximum effort; How easy is it for you to pull the manioc roots out with 
your hands, where 0 means no usability and 10 means maximum usability or ease to 
carry out the task. The last question was based on the concepts of usability proposed 
by Jordan (1998) and Nielsen (2007) who describe those as being the easiness, comfort 
and safety on handling a product or carrying out a certain task.

 2.2 Thermography

 To collect the infrared images (IR), an infrared FLIR® camera, model E-40 was 
used. For the collection of images, after a period of 2 hours with no vigorous physical 
activities, the subject under study remained with no shirt on, in an orthostatic posture, 
one meter away from the thermo vision, arms stretched and relaxed alongside the 
body on a smooth surface and having no contact with sunlight (Brioschi, Macedo and 
Macedo, 2003) . Images were collected of the shoulder girdle and lumbar spine region. 
The room temperature remained at 200 C during all the time of collection.
 For an analysis of skin temperature, rectangular homolateral areas were selected 
at the lumbar spine and shoulder girdle areas, over the muscles of the abdomen where 
the EMG electrodes would be placed and an average of the points in each triangle was 
calculated.
 Thermography was carried out only in the period prior to the practice of the 
physical activity with the purpose of checking of checking for possible hyperthermia 
regions showing the occurrence of inflammatory process and/or tissue alteration on 
course in the regions where the electromyography electrodes would be placed. 

 2.3 Isometric Dynamometry of the lumbar back (IDLE)

 Dynamometry is the most used instrumentation for the valuation of isometric 
muscular strength. It can demonstrate the variation of strength along time (Borges 
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Junior, 2009). At IDLE, the individual was barefoot, placed upon the platform containing 
a cell of “S” charge (maximum capacity of 200 N) attached and connected to the data 
acquisition system Miotool 400 by Miotec. He remained with his back straight keeping 
his arms stretched in front of his thighs in order to make the correct posture for the 
handle that was to be pulled. Next, the individual was asked to perform the forward 
bending of the torso (around 140o), a slight bending of his knees, and holding the 
handle with his hands he was asked to pull it with his utmost strength in a way that 
it was perpendicular with the platform, with no contact between the handle or his 
hands and any other part of his body (Figure 1). The maximum values were collected 
from three attempts in order to make the arithmetic average of the test (Silva, 2015; Da 
Veiga, 2018).

 2.4 Electromyography (EMG) 

 The acquisition of electromyography signs (EMG) was accomplished with a 4 
channel Miotool 400 electromyography by Miotec. The system works with the software 
Miograph 2.0 USB, where the data are transmitted to a portable computer. The signs of 
strength and EMG were collected with a sample rate of 1000 Hz for each channel, high 
pass filter of 5 Hz, low pass filter of 500 Hz and notch filter 60 Hz.
 For the registration of electromyography signs, pairs of Ag/AgCl surface electrodes 
were used, pre-jellied (Meditrace®), in bipolar configuration, with a capture area of 
1cm diameter and a distance of 2 cm between electrodes, with fixative adhesive. The 
electrodes were positioned on the multifidus right and left muscles at the level of the 
lumbar vertebrae L4-L5 and upper portion trapezium (TS) bilaterally (Barbosa, Almeida 
e Gonçalves, 2010), according to the rules by SENIAM (2002). The reference electrode 
was placed at the Sacrum, to allow mobility of upper limbs throughout the test. All 
of the rules relating to the adequate registration of EMG signs were observed, as 
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recommended by the International Society of Electrophysiology and Kinesiology (ISEK) 
(Merletti, 2000). Before the electrodes were put in place the following procedures were 
carried out: (1) identification of the points where electrodes should be placed, (2) skin 
tricotomy and abrasion with gauze, (3) hygiene with 70% alcohol, (4) placement of 
electrodes at previously prepared regions (Moraes, 2003; O’sullivan e Schmitz, 2004) 
To normalize the EMG and obtain Maximum Voluntary Isometric Contraction (MVIC) 
at isometric strength of lumbar traction, three tests, with 10 seconds resistance 
maintenance and with 2 minute interval between the acquisitions, were carried out. For 
that, the subject under study was positioned in orthostatic posture with hip bending 
at around 140°, simulating the gripping position to pull the manioc root out of the 
ground. In relation to the upper left and right trapezium, the subject remained seated 
maintaining his upper limbs relaxed along his body for around 30 seconds before the 
test. Next, resistance to his elbow was imposed with his shoulder at 90º abduction 
with simultaneous resistance to the head extension after the neck was bent to the 
same side and turned to the opposite side. Three tests were done where 5 minutes 
resistance was maintained and an interval of 5 seconds between the acquisitions was 
kept (Ekstrom, Soderberg e Donatelli, 2005).
 Muscular fatigue was identified by observing the diminution of Median Frequency 
(MF) values concomitantly to an increase of electromyography sign (Root mean square) 
RMS.
 After the maximum isometric strength test, the participant remained over 10 
minutes without strength activity. After this period of rest, the activity of manually 
extracting manioc roots was carried out.
 The activity of manually extracting manioc roots monitored by EMG lasted 20 
minutes, although it was only possible to get a good quality electromyography sign for 
2 minutes and 40 seconds. Such occurred because the collection of data was carried 
out in a real work situation. The selected period of electromyography sign was divided 
into 16 intervals of 10 seconds each, when electromyography peaks were observed by 
means of the root mean square – RMS (µV) and the MF (Hz).

 3. Results

 3.1 Characterizing the Individual and Describing the Activity

 The subject of this research is 53 years old, 1.70 m tall, and body mass of 65 kg. 
Although he had a short experience in industry he has always been linked to family 
agriculture. Two hundred kilograms of manioc are extracted weekly and he works 
twice a week, four hours each time, to achieve this production amount. Figure 02 
below shows the complains of pain based on the Nordic questionnaire, level of effort, 
discomfort and usability, according to the Likert scale and the posture adopted to pull 
out the manioc root.
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 3.2. Thermography

 Next, images of superficial body temperature on the lumbar spine and shoulder 
girdle areas are shown (Figure 3) where there was difference, with an increase in 
superficial temperature before the activity in the left lumbar area.

The average temperature in the proposed rectangular areas was presented according 
to table 1.

Table 1 Average temperature in the lumbar and shoulder girdle areas

Source: The authors, 2017.
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 3.3. Isometric Dynamometry of the Lumbar Back (IDLE)

 The results obtained by means of dynamometry allowed to identify that, with 
regards to the peak and isometric strength average of the lumbar back, there was a 
greater difference between values found in collections 1 and 2 than the ones found 
in collections 2 and 3. The greatest strength peak happened in the second collection, 
while the greatest average was found in the third collection (Table 2).

Table 2: Peak and average of isometric force in the lumbar back (kgf).

Source: The authors, 2017.

 3.4. Electromyography (EMG)

The figure 4 shows, by electromyography sign- RMD, the production of strength at the 
right multifidus and its fatigue derived from the length of time of the performance, by 
MF, on the manual extraction of manioc. The line showing the drop tendency of the 
MF values and the respective linear equation are also represented.   The tendency for 
a loss of strength and settlement of fatigue can be highlighted especially at the (50 – 
60) moment when there was an increased electromyography sign- RMS (177 µV) and 
concomitant decrease of MF (91 Hz) values.

 

  Figure 5 presents the production of strength at the left multifidus muscle, 
by electromyography sign- RMD, and its fatigue derived from the length of time of 
the performance, by MF. The line showing the drop tendency of the MF values and the 
respective linear equation are also represented. The tendency for a loss of strength and 
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settlement of fatigue can be highlighted especially at the [(60 - 70); (90-100); (110-120) 
e 150-160)] moment when there was an increased electromyography sign- RMS and 
concomitant decrease of MF values.

 When figure 4 and 5 are compared, it can be said that more fatigue settled onto 
the left multifidus muscle, with little recovery of MF due to time on that side.
 Figure 6 shows the average percent of effort, in periods of 10 seconds each, of 
the multifidus muscles, normalized by the average of maximum electromyography 
activity obtained on the maximum voluntary isometric contraction test (MVIC) (Right 
Multifidus: 300,5µV and Left Multifidus: 294,04µV).The left multifidus was observed to 
show higher average values (54%) when compared to the right multifidus (47%) thus 
showing a greater left paravertebral activity for sustaining the bending and stretching 
movements of the torso. 
  

 Regarding the trapezium muscles, in their upper portions, Figure 7 shows the 
electromyography data of RMS and MF to the right side and its fatigue according to 
the time taken by the labor activity. The line showing the drop tendency of the MF 
values and the respective linear equation are also represented. The tendency for a loss 
of strength and settlement of fatigue can be highlighted especially at the [(60 - 70); (90-
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100); (110-120) and 150-160)] moment when there was an increased electromyography 
sign- RMS and concomitant decrease of MF values.

 Figure 8 presents the RMS and MF electromyography data of the left trapezium 
and its fatigue in relation to the time on the activity.  Likewise, the line showing the drop 
tendency of the MF values and the respective linear equation are also represented. The 
tendency for a loss of strength and settlement of fatigue can be highlighted especially 
at the [(60 - 70); (90-100); (110-120) and 150-160)] moment when there was an increased 
electromyography sign- RMS and concomitant decrease of MF values.

 Upon comparing figures 7 and 8, it can be said that fatigue settled more 
considerably on the upper fibers of the right trapezium muscle, and there was little 
recovery of the MF due to the time on that side. Between moments (30-40) and (80-90) 
there was an important overload and triggered fatigue on both sides.
 Figure 9 shows the average of the effort percentage of the fibers in the upper 
right and left trapezium, in periods of 10 seconds, normalized by the average of the 
maximum value of electromyography activities obtained at MVIC test (Right Trapezium: 
1065,7µV and Left Trapezium: 1089µV). The right trapezium muscle was observed to 
show an average of the higher values (20%) when compared to the left (14%) thus 
demonstrating a higher effort on the right side, which can be related to dominance of 
the limbs.
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 Figure 10 presents a comparison related to the decrease rate of MF related to the 
time of 10 seconds by means of linear equations shown in charts 01, 02, 04 and 05. An 
important overload is observed in relation to the shoulder girdle. However, there was a 
progressive drop of MF on all four muscles observed.

 4. Discussion

 At the rural property where this research was carried out, all of the laboring 
activities are done by the couple, where the man is responsible for the production of 
manioc, from planting, handling and cultivation up to the manual extraction of the roots, 
and his responsibilities are related to the need this production has for great physical 
effort. Thus, the rural establishment under study is an example of what most properties 
dedicated to the production of manioc in the country are like: family agriculture, where 
the landowners are responsible for stages of production in general and don´t rely on 
external workforce for the activities to be performed (Fernandes et al., 2014).
 In the pre-activity context, through thermography, it was noticed that there 
was difference in temperature between the multifidus, and the left side showed 
higher temperature 0.6ºc. According to Andrade Filho (1999), painful conditions from 
inflammatory, neurogenic or infectious cause generate neurogenic inflammation and 
liberate chemical substances (neuropeptide) in nerve endings of capillary endothelium, 
with the production and release of nitric oxide which leads to intense vasodilation and, 
consequently, a significant increase of infrared emissivity (hyperthermia).



Ergonomic and Biomechanical Analysis of the Manioc Root Harvest: Case Report 

HFD, v.9, n 18, p. 03-19, dezembro 202014

 It was found that, in order to manually extract the manioc roots from a standing 
up position, the laborer bends his torso, holds the manioc branch and strongly pulls it 
upwards in order to extract the manioc root from the ground. This manner of extracting 
the manioc root from the ground is similar to the one found in the research by Cunha, 
Merino and Merino (2015) and can generate osteomuscular overload on the laborer´s 
shoulders, for according to Costa and Vieira (2009) and Gallagher and Heberger (2013), 
the high level of strength employed by the shoulders during the task is a risk factor for 
musculoskeletal injuries on the shoulders. Besides, this activity can also generate risk 
of musculoskeletal injury on the lumbar spine, since researches have been showing an 
increase regarding overload on lumbar spine while the torso is bending (Gallagher, et 
al., 2005; Costa e Vieira, 2009; Prairie et al., 2016) and when strength is being employed 
by the lumbar spine (Gallagher and Marras, 2012; Stambolian, Eltoukhy and Asfour, 
2016).
 Such findings are corroborated by the results obtained with an EMG of the 
superior multifidus and trapezium muscles. In the lumbar spine area, there was a 
fatigue tendency of the multifidus muscles, especially on the left side. Such situation 
can happen due to deconditioning provoked by pain and to change in physiological 
characteristics of multifidus muscles, which end up with diminished amount of type II 
fiber (Sparto, 1997).
 However, maximum isometric strength values of the lumbar spine extension 
found in this study (143 ± 8,9 Kgf) are superior to the ones found by Eichinger et al. 
(2016), in which for healthy males, the average of isometric strength peak of the lumbar 
spine extension was of 107 ± 24 Kgf, and da Veiga Leonardi, Niltiane, et al (2018) who 
obtained values of 119 ± 29,56 Kgf for males farmers.
 A cohort study involving around 1800 workers indicated that drop of strength 
at the lumbar spine predicted pain in that region to the detriment of the amount of 
strength produced by it (Reenen and Hamberg-Van, 2006). Such fact corroborates the 
findings related to the individual under study, who presented important fatigue of the 
lumbar spine extension muscles with pain in that region, but an amount of strength 
above the values pointed out in literature. 
 Regarding the trapezium muscle, electromyography also pointed out muscle 
fatigue that can be related to the individual´s activity, exposed by a drop in median 
frequency and concomitant to an increase of RMS.
 According to Murofuse and Marziale (2005), the trapezium is among those 
muscles that are most prone to suffer injury for repetitive effort. Harbourne and Kamm 
(2015) corroborates this statement when he says that shoulders and upper limbs are the 
ones most susceptible to developing musculoskeletal illness from repetitive muscles.
 To Chowdhury et al. (2013) excessive use of muscles, nerves and joints lead to 
muscle fatigue which is responsible for the majority of inflammatory process in the neck 
areas. Comel et al. (2014) adds that fatigue can change neuromuscular coordination 
and can bring vulnerability to musculoskeletal injuries.
 In the fields of occupational health and ergonomics, according to Luttmann 
(2000), the indication of muscular fatigue is necessary once activities inducing muscular 
fatigue can be performed for a certain time limit. Barbe and Barr (2006) report that 
several clinical and experimental studies point out that tissue micro trauma occurs 
as a consequence of repetitive movement or of tasks that require strength, and such 
mechanical tissue injuries brings along local inflammation and, perhaps, systemic, 
followed by fibrotic and structural alterations of the tissue. 
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 5. Conclusions
 
 As shown in this study, there is an increase in RMS and diminution of MF frequency 
during isometric contractions that were evaluated by EMG, indicating an elevation of 
neuromuscular activation and beginning of fatigue. It indicates that new muscular 
fibers are recruited without time of recovery, whereas the decrease of MF shows 
diminution of conduction speed in the action potential from the build-up of metabolic 
products related to the muscular fatigue (Barbosa and Gonçalves, 2007; Bassani et 
al., 2008; Candotti et al, 2009; Santana, 2014). Another important factor, related to the 
evaluation carried out in this study, is that labor activities that require great effort, 
above 60% of MVIC, can prevent blood from entering the muscle, generating injuries 
and adaptations that bring repercussions on the process of sharp fatigue (Roy, De Luca 
and Casavant, 1989; Larivière et al, 2003; Kramer et al, 2005).
 Thus, even if the evaluated subject can maintain the isometric strength of the 
lumbar spine in normal standards, the electromyography study of multifidus muscles 
showed that there are physiological alterations already and sharp settlement of 
fatigue, especially on the left side. Such fact coincided with an increased superficial 
temperature of the skin on the same side, which was shown on the thermography 
evaluation prior to the root-pulling activity.
 The trapezium regions did not present any differences in temperature averages, 
but they too presented important settlement of fatigue, which can generate tissue 
adaptations and the settlement of musculoskeletal disease.
In the shoulder girdle area as much as in the lumbar spine complains of ache were 
brought about, which can be a sign of musculoskeletal overload shown in this activity.
These tissue alterations can generate irreversible damage that would affect the 
productive state of the individual. As a consequence, the manioc production in a 
region that depends on family agriculture, with few people involved in the production 
process, can be compromised and influenced by the ergonomics and biomechanical 
factors presented in this study.
 Having said that, an important contribution of this work concerns the 
understanding of the risk of disease for the laborer performing such activity. Those 
risks can directly affect his productive capacity and consequently risk his own survival 
and that of his family because of the way this production system is practiced.
 Likewise, this study fills a gap of knowledge about this activity and, at the same 
time, it awakens interest for further studies related to this matter in order to bring 
increasingly more understanding over the impact of such practice.
 The methodology used for this work showed itself as satisfactory, and another 
contribution of this study finds itself in integrating objective and subjective measures 
regarding the collection of information about the theme, supplying a systemic 
diagnostic in detriment of specific values or aspects that are only qualitative. In this 
way, according to Merino et al (2019) research conducted in real work situations shows 
greater sensitivity to the needs of the workers involved with this activity, making it 
possible to design recommendations to improve the process as a whole, reducing 
negative impacts on the worker.
 With the purpose to diminish musculoskeletal overload and the level of discomfort 
upon carrying out the activity, apart from improving usability making work easier for 
the family farmer laboring on the production of manioc, options are suggested such 
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as the development of tools and new planting methods that reduce the physical effort 
needed at the moment of pulling out the manioc root.
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