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This work evaluates the anthropometric model of agricultural tractor operators, presenting a diagnosis
of the control instruments’ position and the nutritional state of the operators. One hundred and twenty-
seven agricultural tractors operators were interviewed, of which 23 were selected for the
anthropometric evaluation. A rural company, a farm, a farmers’ meeting and a tractor dealership were
selected for the data collection. Twenty-three anthropometric measurements of each operator were
collected and arranged in a table with the dimensions of all operators, presenting statistical results in a
90% confidence interval. Two types of tractors of medium mass and similar power, representing the
largest portion of the market, were used. The positioning of the tractors’ controls and their interactions
with the operators’ area of reach, as well as their accessibility in the command position, were evaluated.
The nutritional state of the tractor operators was studied, as well as the relationship of their body mass
index with their age. The results show that there was no difference between the general operator types
in South Brazil in regard to the measures of their height when standing erect. Seven of the operators
who presented BMIs with characteristics of obesity within the normal range were less than 38 years old,
and those with characteristics of pre-obesity and obesity were more than 38 years old.
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INTRODUCTION

Technological development and the changes evoked by cattle-raising more  competitive, increasing the
the globalized economy have demanded that rural productivity and reducing the costs. The re%ion of Toledo
owners strive for better quality to make agriculture and - PR has a territorial area of 1,198,607 Km“ (urban and
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rural area) and is considered to be one of the most
productive grain areas of the state. With the progressive
mechanization and an increased number of work
processes, it is essential that agricultural machinery
meets the demands of safety, operator comfort and
productivity (Hansson, 1991). In these terms, current
machinery must be designed ergonomically when human
physicists are looking for a balance between the technical
and economic demands. Ergonomy is the science that
offers a positive basis for the modern forms of production
administration, reducing the incidence of pathologies,
especially those that are the consequences of fatigue and
of repetitive motion, cumulative trauma and postural
injuries (Yadav and Tewari, 1998; lida, 2005).

Nkakine et al. (2008) reported that the amount of
physical effort required for control of the machine
components may limit performance efficiency and
operator comfort. Tewari et al. (2002) stated that if tractor
controls are not properly adapted to the operator's
anatomy, the performance demanded of him may quickly
reach and even exceed the limit of tolerance.

Anthropometry is the Science dealing with dimensions
of the human body; it is basically the listing of data and
information on human body size. Hansson (1991)
reminded that man-machine relationship must be studied
using Anthropometric and ergonomic principles, to
improve efficiency of machine, reduce risks and enhance
operator comfort.

An anthropometric evaluation of agricultural tractor
operators requires a referential system for the ergonomic
design of their work stations. Although some modern
tractors are still financially inaccessible for small- and
medium-sized farmers, comfort items have already been
added for the operator (electronic control devices, cabins,
systems of shock absorption and protection in the event
of accidents), incorporated and tied to fluctuations in
costs, they still do not address the optimal physiological
integration that is the basis of ergonomics.

Few anthropometric studies have been conducted in
developing countries. In research that was developed in
India (Yadav et al., 1999), the authors concluded that the
operators analysed were smaller than the American and
European operators in most of the dimensions appraised.
In Brazil, studies have been performed to determine the
anthropometric measures of agricultural tractor operators,
revealing little attention given towards the efficiency,
comfort and safety of the operators engaged in the
operation of agricultural machines. However, the
maximization of agricultural production systems is
associated with the modernization of agricultural
mechanization. Thus, considering that the anthropometric
measures of operators of agricultural machines varies
from region to region, and that these measures are
ergonomically important in projects of tractors (Schlosser
et al., 2000, Victor et al., 2002; Nkakine et al., 2008;
Mehta et al, 2008; Kumar et al, 2009) with
anthropometry.
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A study by Schlosser et al. (2000) reports that the
correct disposition and dimensions of the components of
the operator's work station, such as the steering wheel,
seat and means of entrance and exit, is important for the
process of adapting the machine to the operator. In
principle, they do not greatly increase production costs
and help to improve the operator's comfort.

The dimensions of the steps for accessing agricultural
tractors should be from 0.20 to 0.30 m, with equal
heights, landings of 0.10 m, distance of the tractor of 0.15
m and an inclination from 65 to 70° to avoid
superposition of the steps (Hansson, 1991, Yisa, 2002).

Mathematical models can be used in anthropometry to
estimate certain measures of the human body in function
with other known measures, as statistical correlations
between the variables have been significant. In Brazil,
these models can be a very important tool in each region
due to the existence of a great variety of physical types
as a result of the many ethnic groups, in addition to the
quite different nutritional and health conditions between
the regions (lida, 2005).

The body mass index (BMI) is the anthropometric
measure most commonly recommended and widely used
for classifying overweight and obesity in adults which is
defined as weight in kg/height in meters squared (World
Health Organization - WHO, 1995; .Rani et al., 1999; Mei
et al., 2002).

According to the report of the World Health
Organization/Food and Agriculture Organization -
WHO/FAO (2003), in many regions of the world,
especially but not exclusively in the rural areas of
developing countries, an appreciable proportion of the
population is still engaged in physically demanding
activities relating to agricultural practices and domestic
tasks performed without mechanization or with
rudimentary tools. Also according to this report, body
mass index (BMI) can be used to estimate, albeit crudely,
the nutritional state and the prevalence of overweight and
obesity within a population and the risks associated with
it. It does not, however, account for the wide variations in
obesity between different individuals and populations.

Though some research gives general information
indicating that a body mass index (weight (kg)/height
(m?) in the obese range has been associated with an
increased risk of injury resulting from motor vehicle
crashes, falls and sports activities (Boulanger et al.,
1992; Xiang et al.,, 2005; Pollack et al., 2007), these
papers have not been interested in its specific effect on
the risks of injury in tractor operators resulting from
activities with tractors and agricultural machines.

The study of Virginia agricultural health and safety
survey, Mariger et al. (2008) found that the age-adjusted
mean BMI of Virginia farmers was 28.5, indicating that
they are overweight.

Determining obesity-related differences can provide
useful information for understanding the impact of obesity
on the performance of occupational activities and the
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subsequent risk of injury, particularly for those tasks
requiring static postures or repetitive motions that can be
limited by the development of fatigue (Cavuoto and
Nussbaum, 2013).

The present work has as its objective the evaluation of
the anthropometric model of the agricultural tractor
operators in the Toledo - Parana-Brazil region and the
nutritional state of these operators.

MATERIALS AND METHODS

The work was conducted in Toledo Parana-Brazil from September
2003 to June 2004 with 23 workers who were selected from 127
workers and anthropometrically analysed. The tractors analysed in
this region, with different models and similar power, represent two
thirds of the total tractors sold in the region (ANFAVEA, 2004). The
preliminary analysis investigated the characteristic problems of
ergonomic concepts based on the large collection of anthropometric
information offering support for the development of this research.

The information collection was divided into two sub-systems: The
basic information supplied by specialized bibliographies, databases
and suppliers of materials and equipment and the analytical
compilation produced by experiments and direct observations in the
management of agricultural machinery.

To follow criteria similar professional characteristics in order to
obtain good representation of the universe of tractor drivers, this
research used four sources, geographically distinct, whose
operators have knowledge of both types of agricultural tractors
analyzed.

The first field sampling was carried out on a farm, which has five
MF tractors manufactured between 2003 and 2004, within the
established standard for this search. From a population of 18
operators of agricultural machinery farm, a sample of four operators
was selected within the established criteria. The second field
sampling was performed at another farm, which has five NH
tractors manufactured between 2003 and 2004. In this farm, with a
population of nine operators of agricultural machinery, a sample of
four operators was also selected obeying the same criteria. The
third sample was taken at a meeting of farmers (field day) in the
region. At this meeting, in a population of 72 operators analyzed a
sample of 12 operators was selected. The fourth data collection
was carried out at a dealership for new and used tractors and
among 28 operators of agricultural machinery only three met the
selection criteria. Thus, to represent the group studied in a total of
127 operators analyzed, 23 agricultural tractor operators were
selected obeying criteria anthropometry with a margin of error of 5%
significance.

In the field experiment, the anthropometric evaluation was aimed
exclusively at the operators of middle power tractors, similar to the
analysed models and with analogous measurements.

Twenty-two measurements of the anthropometric features of 23
tractor operators (Table 1) were selected from two farm tractors.
The observations were taken carefully to measure all the
dimensions in a correct posture and precise manner. Standing
height (stature), body mass, eye height, shoulder height, elbow
height, etc. were measured in standing posture for that the subjects
were asked to stand on a flat surface; their arms were adjusted
according to their height, with their feet closed and their body
vertically erected, while their heels, buttocks and shoulders touched
the same vertical plane. Similarly, other measurements were
recorded in sitting posture, for that the subjects were asked.

An anthropological instrument (anthropometer) was used for
taking measurements with an accuracy of 70.25 mm. The data
recorded for the subject was mean of four readings. The linear
dimensions, taken with the subject standing, were measured

directly with an electronic metric system. The dimensions of the
seated operators were measured in the seat of the tractor following
the procedure used previously with the ISO 7250-1. The
anthropometric determination of the operators was conducted
following criteria similar to those adopted by lida (2005). The
measurements followed a normal distribution, as represented by
the average and the standard deviation.

The 1SO 7250-1 norm defined anthropometric patterns in 1996.
However, this rule is not specific to machine operators and was
developed with data on persons of European origin. Operators from
foreign countries can differ (Nkakine et al., 2008; Mehta et al.,
2008; Kumar et al., 2009), and anthropometric variations can occur
within an individual country according to its extent. Thus, an
agricultural tractor whose workplace measurements are in accord
with international norms will not be comfortable for Brazilian
operators.

From the application of the calculation, a 90% confidence interval
(between 5 and 95%) was determined for the sample of the 23
operators, which differentiates 5% who are below 1.68 m in height
and 5% who are above 1.72 m in height, as well as other
dimensions. The principal dimensions (in the projection of the
longitudinal vertical plan) measured in the agricultural tractors were
the tractor’s floor height and foot step height, the least distance of
the operator’s vision to the ground in front of the tractor and the
seat reference point (Figure 1).

The nutritional state was defined based on the WHO'’s standard
for Body Mass Index (BMI) WHO/FAO (2003), considering that a
BMI between 18.5 and 24.9 kg/m? is in the "normal range”; a BMI
between 24.9 and 29.9 kg/m? indicates an " Overweight" pre-obese
condition; and a BMI above 30.0 kg/m? indicates class | “obesity”.

RESULTS AND DISCUSSION
Anthropometric measurements

The operators’ measurements of obtained on the two
tractors were compared with the corresponding
parameters of the 5th and 95th percentiles to ascertain
their appropriateness. In Table 1, the anthropometric data
obtained from the body’s members that are associated
with the act of getting on and off the tractor are
presented. The corresponding dimensions are shown in
Figure 2.
The results show that taller operators can be at a
reasonable advantage for the visibility at various stages,
during tasks performed over a long period such as
ploughing and sowing (up to 12 h per day) (Table 1). The
regression analysis shows a positive linear statistically
significant relationship (p < 0.01) between the operator’s
height and the dimensions of their members (Figure 3).
The statistical analysis revealed a correlation of 0.9057
between the variables of body height and knee height
and of 0.8547 between the variables of body height and
full hand length. At a height of 60 cm of access to the
tractor, the operators around the margin of the 5th
percentile can exert more effort than those around the
95th percentile. Although there is no recommended value
available for the ideal step access height, the general
opinion of all of the operators is that higher steps cause
more discomfort.

Though the overall evaluations were homogeneous,
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Table 1. Measurements of the anthropometric characteristics of 23 tractor operators in Toledo - PR in the static body.

Operators jtar.‘d‘?"d Percttahntile Mean Percelﬂtile betla\;g:rzeg"ggnd
eviation 5 95 95" percentiles
a.l Age (years) 121 225 42.5 62.5
a.2  Body mass (kg) 10.3 62.8 79.7 96.7
Measurements taken with subject stands (mm)
b.1  Height (erect) 51.0 1,649.0 1,733.0 1,817.0 168.0
b.2  Eye height 51.6 1,533.0 1,618.0 1,703.0 170.0
b.3  Shoulder height 44.6 1,354.0 1,427.0 1,500.0 146.0
b.4  Elbow height 26.3 1,012.0 1,056.0 1,099.0 87.0
b.5  Functional lower arm height 35.1 682.0 740.0 797.0 115.0
b.6  Functional upper arm height 69.2 1,935.0 2,049.0 2,162.0 227.0
b.7  Full-hand length 18.4 702.0 733.0 763.0 61.0
Measurements taken with subject sits (mm)
c.l  Popliteal height 6.7 447.0 458.0 469.0 22.0
c.2 Height (from the floor) 26.7 1,259.0 1,303.0 1,347.0 88.0
c.3 Eye height (from the floor) 30.7 1,162.0 1,212.0 1,263.0 101.0
c.4  Shoulder height (from the floor) 27.4 969.0 1,014.0 1,059.0 90.0
c5 Elbow height (from the floor) 24.1 610.0 650.0 690.0 80.0
c.6  Knee height 16.2 516.0 543.0 570.0 54.0
c.7  Thigh length 31.0 458.0 509.0 560.0 102.0
c.8 Forearm 12.8 338.0 359.0 380.0. 42.0
c.9 Buttock-knee length 21.2 555.0 590.0 624.0 69.0
c.10 Elbow-to-elbow width 14.7 495.0 519.0 543.0 48.0
c.11 Seat breadth 18.2 343.0 373.0 403.0 60.0
Hand (mm)
d.1  Functional length 5.0 99.0 107.0 115.0 16.0
d.2  pan width 5.9 202.0 212.0 222.0 20.0
d.3  Functional grip 1.8 27.0 30.0 33.0 6.0

The basic anthropometrics measurements were defined by Wilkinson (1991).

| Tractor floor height
- 2 Foot step height
' 3 Least distance of operator vision to the ground
‘in front of the tractor

SRP - Seat reference point

e —

Figure 1. Measurements of selected tractor dimensions.
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Figure 2. Anthropometric data of tractor operators (Wilkinson, 1991).

considerable variations in stature were observed, from
1,649 to 1,817 mm in height. Body weight also presented
significant variations, from 61.8 to 96.7 kg.

In accordance with lida (2005), these results allow the
development of a mathematical model for the variables of
the full hand length and the forearm in the function of the
knee height. They are presented in Figure 3 and show
the dependent proportionality between these measures. It
is also observed that the dimensions of the members are
proportional to the knee height of the operators. We
performed a Pearson's correlation analysis to identify the
dependence of the anthropometric variables of full hand |
ength and forearm on knee height. It provided evidence
of a strong positive correlation between these variables
(0.78 and 0.77, respectively). The seat-man-pedal
assembly can be represented by a kinematic chain of
linkages at a horizontal distance in front of the seat
reference point (SRP), a vertical distance above and
below the SRP and direction of thrust and the use of the
steering wheel for bracing (Pheasant and Harris, 1982).
The variables investigated in the models can be very
useful in making decisions about the design of the
tractor's workspace to improve both efficiency and
operator comfort.

The specific dimensions of the tractors evaluated are
presented in Table 2 and elucidated in Figure 4. The
results show that the steering wheel of the NH tractor at
the full back adjustment has a distance from the seat
reference point (SRP) of 695 and of 760 mm in the MF
tractor. The subjects with the 95th percentile full hand
reach (763 mm) have a comfortable reach, whereas
subjects with the 5th percentile full hand reach (702 mm)
do not have a similar comfortable hand reach with the MF
tractor. The same dynamic can be observed when we
compare the seat height of the tractors (Table 2, h) with
the popliteal height of the operators (Table 1, cl1). The
linear regression models, in Figure 3, show that the
height of all of the subjects analysed is sufficient for
working comfortably while operating the NH tractor. For
this way, the steering wheel can be adjusted to the
operator’s height. The safety features in the design of the
operator's seat are of prime importance in reducing the
static work of the muscles. The ability to adjust the seat
and controls is necessary to accommodate operators of
different statures and physiques comfortably (Yadav and
Tewari, 1998).

In accordance with Schlosser et al. (2000), the knee
height is used to define the seat height in regard to the
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Figure 3. Dimensions of full hand length and forearm as in function of the knee height.

Table 2. Dimensions and characteristics evaluated for two tractors.

Tractors NH MF
Model 7630 292
External dimensions 4,115 4,250
Mass (kg) 3,039 3,575
Power (kW) rpm (75.8) 2100 (77.2) 2200
D (mm) 545-695 610-760
d (mm) 150 150

h (mm) 460 470

b (mm) 360 390

a (mm) 40° 40°

e (mm) 26 26

¢ (mm) 390 390

X (Mmm) 720 730
mPR (mm) 540-630 620-720
MPR (mm) 470-620 610-700
Tractor floor height 1090 920
Steps (mm)

1° step 600 590
2° step 260 330
3° step 230 There is not
Floor 1,090 920

operating platform. This height must be such that the
operator's feet are always supported and that the
operator has easy access to the foot controls. In this
scenario, it is possible to infer that the vertical position of
the seat, defined by international standards (ISO 7250-1,
Schlosser et al., 2000), is in accord with the standards of
the operators of the Toledo region (Figure 3). In all of the
analysed cases, the operators had to alter their seated
positions to use the gearshift, hydraulic controls and
many other controls, still that eventually. It was observed
that the distance of the operator to the front panel and to
the gearshift provokes flexion of the spinal column in
some of the operators (Table 2).

Table 2 presents the dimensions of the intervals between
the access steps in the evaluated tractors. The initial
interval is measured between the ground and the first
step, successively, up to the tractor’s floor. The access
steps checked are vertical. The analysed tractors’ access
steps do not meet ergonomic standards (Hansson, 1991)
regarding their measurements and their angles of
inclination. For Hansson (1991), the process of getting on
and off machinery that must be mounted or dismounted
frequently should be convenient and risk-free. The
machine must be designed so that mounting and
dismounting are safe and convenient, without the need
for uncomfortable body movements. The steps should be
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Figure 4. Dimensions and locations of controls and workspace: (a)
horizontally inclined steering wheel (b) seat pan depth, (d) seat reach
adjustment, (D) distance of steering wheel from seat reference point
(PR), (e) steering wheel thickness, (h) seat height, (x) steering wheel
centre height, (¢) steering wheel diameter, (MPR) distance between the
speed reduction lever and the seat reference point, (MPR) distance
between the speed lever and the seat reference point (Table 2).

designed or positioned so that they are unlikely to be
damaged during work.

The steps have different spacing, with variations of 230
to 600 mm. There are reports of frequent accidents due
to falls. It was observed that the height of the access
steps exceed the ergonomic limits, which are from 200 to
300 mm (Hansson, 1991), with equal heights and a
minimum width of 100 mm. The minimum horizontal
reach should be 150 mm with an inclination of 65° to 70°,
avoiding the superposition of the steps.

Five anthropometric measures were compared with the
results obtained in other literature (Table 3).

The results show that there was no difference between
the general types of the operators of the South region of
Brazil (Rio Grande do Sul and Botucatu — SP) obtained,
respectively, in the work of Schlosser et al. (2000) and
those of Rossi and Santos (2009) for the measures of
height when standing. Our results show also that the
Toledo operators are taller than the English operators
described by Dul and Weerdmeester (1995). When we
compare only the operators of the southern region of
Brazil, we observe that for the measures of sitting eye
height and arm reach, these dimensions were less for the
Toledo region operators; however, on examination, the

Toledo operators had longer thigh lengths than those that
were studied by Schlosser et al. (2000), Rossi and
Santos (2009) and Dul and Weerdmeester (1995). This
characteristic of our regions tractor operators allows them
to be more comfortable because longer thighs gives them
better access to the clutch pedals, the brakes and the
accelerator, quicker with less effort. This enables the
operator to maintain his normal position. The results of
the sitting knee height were similar.

Body mass index

The body mass index (BMI) in relation to the age of the
tractor operators is shown in Figure 5. The relationship
between the body mass and the square of the height
allowed the Body Mass Index to be valued in relation to
the obesity classification of the tractor operators
classified according to the WHO/FAQO (2003) criteria.

It was confirmed that the operators’ body mass varies
from normal to obese. Approximately 35% of the
operators in this sample were in the normal range, with a
BMI between 18.5 and 24.9 kg/m?, 48% were overweight
(pre-obese, with an index between 25 and 29.9 kg/m?)
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Table 3. Comparison of the anthropometric standards of the agricultural tractor operators of the Toledo region —

Parana.
Body measurements (mm) Toledo - PR Botucatu - SP England - UK Rio Grande do Sul
Standing height 1,733 1,721 1,675 1,739
Eye height from the seat 752 782 765 820
Sitting knee height 543 535 n.d 552
Arm reach 733 793 n.d 896
Thigh length 509 482 488 458
as
&
E .
30 2
= - o
= 25 : *
= y"
= 20 *
= v =-0.008x2+ 0.821x+ 7.133
_.i‘* R*=0.452
= 15
m
20 38 1] T4
Age of the tractor operators (Years)
Figure 5. Obesity index of the agricultural tractor operators.
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Figure 6. Relationships between the body mass index and elbow-to-elbow width and seat breadth fit with regression linear curves.

and 17% qualified as obese (30.1 to 30.9 kg/m?)
(WHO/FAO (2003)).

It was observed also that of the operators with BMI
characteristics in the normal range, approximately 30%
were less than 38 years old, and those with
characteristics of pre-obesity and obesity were more than

38 years old.

Linear regression curves of the Body Mass Index (BMI)
in relation to elbow-to-elbow width and seat breadth
variables were developed (Figure 6). The data showed
moderate positive correlations between the BMI and
these variables, 0.3 to elbow-to-elbow width and 0.4 to



3358 Afr. J. Agric. Res.

seat breadth, respectively.

Current evidence shows obesity-related differences in
the elbows’ extension and in the quadriceps (Maffiuletti et
al., 2007).

BMI can be used to estimate, albeit crudely, the
prevalence of overweight and obesity within a population
and the risks associated with it. It does not, however,
account for the wide variations in obesity among different
individuals and populations.

In recent years, different ranges of BMI cut-off points
for overweight and obesity have been proposed, in
particular for the Asia-Pacific region (WHO, 2000).
Nevertheless, the consensus was that the median BMI
for the adult population should be in the range of 21 to 23
kg/m2 to achieve optimum health, and the goal for
individuals should be to maintain a BMI in the range of
18.5 to 24.9 kg/m? (WHO/FAO, 2003).

Conclusion

The median stature of the operators inside the analysed
parameters is similar to that quoted in the literature of
Brazil's southern region and within the confidence
intervals of anthropometric evaluations. The vertical
position of the seat, defined by international standards, is
in accordance with the standard Toledo region operators.
The heights between the access steps are varied and
unsuitable, as is the inclination of the staircase. The
results show that there was no difference between the
general types of the operators of Brazil's South region
regarding the measure of standing height. Of the
operators who presented BMIs with characteristics in the
normal weight range, seven were less than 38 years old,
and those with characteristics of pre-obesity and obesity
were more than 38 years old.
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