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Abstract

The sugar cane industry forms a significant porabrthe South African economy,
and unlike many other countries the harvestingugfas cane in South Africa remains
manual in nature. The focus of the present study tharefore on the assessment of
spinal kinematics (range of motion, velocities awtelerations in all three cardinal
planes) during the harvesting process. Eight warkeere recruited from the lllovo
Esperanza farm in Kwa-zulu Natal as subjects ferdtiudy. The experimental protocol
was conducted in situ and required subjects totleat sugar cane using specially
modified knives as they would under normal harvestconditions. The motion
performance was quantified using the lumbar motmoanitor (LMM), a triaxial
electrogoniometer.

Results indicate that the harvesting of sugar qaaees excessive demands on the
spine. During cutting, subjects were required tonta@n the spine in a high degree of
flexion throughout the task which also demonstrad@phificant twisting and lateral
bending. Of particular concern were the high ldteetocities (ranging between 50 and
90 m.§Y), as this is a key risk factor in the developmefribwer back pain. It is evident
from these results that new techniques of harvgstugar cane are essential to reduce
the rate of injury within this industry.

Keywords: Sugarcane harvesting, lower back, spinal kinersati

1 Introduction

The sugar cane industry in South Africa plays apartant economic role, with an
annual direct income generation of R 6 billion (Rbiffion for the country’s foreign
exchange earnings). This translates into the emptoy of approximately 85 000
people, with an estimated one million people belegendant on the sugar industry
(South African Sugar Association, 2007). On averaggroximately 22 million tonnes
of sugarcane are harvested in South Africa each (feia makes South Africa the 2
largest producer of sugarcane in the world). Irgeomally sugar cane is usually
harvested using mechanical devices, however inhSAfrica, partly due to financial
reasons but primarily due to the terrain (the slofet the cane is grown on a
significant proportion of these yields are harvdsteanually. Although no injury
statistics are available in the public domain, tomtinual search for an alternative
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mechanized harvesting system, which still remaimenexpensive than manual labor in
South African sugar cane industry (Langton et2007) is indicative of the problems
associated with this task. Thus an understandirtgeophysical demands placed on the
manual sugarcane harvesters is imperative in inipgahe efficiency of this important
industry within the South African context.

Traditionally the assessment of the biomechanieahahds placed on the worker,
regardless of what task they are performing, hasn b&chieved using static, two-
dimensional evaluations of trunk loading (Marraslet 1992). Primarily these models
have focused on predicting the compression andr sbezes experienced at the lower
back, and more specifically at L5/S1. However, abver last decade the importance of
trunk motion has become increasingly evident (Altfeet al, 2000; Davis and Marras,
2000). Static analysis of dynamic task demandscéffy underestimates the task
demands as it ignores the inertial forces assatiatth the acceleration of the load and
body parts involved in the movement. Furthermdrere is epidemiological evidence to
suggest that dynamic tasks such as sugar caneshiagvgreatly increase the risk of
injury when compared to static tasks. Detailed sswsent of the dynamic trunk
characteristics during workplace tasks revealed the combination of external
moment, frequency, sagittal flexion, lateral vetp@nd twisting velocity best predicted
the risk of injury (Marras et al1993). Davis and Marras (2000) argued that trunk
motion was of particular importance when it occdnre multiple planes simultaneously
(for example combination of high lateral and twigtivelocities).

The technique used to harvest sugar cane on tlee Slepes characteristic of the
industry in South Africa has been previously ddsamti by Lambert et a{1994). This
method divided the task into cutting (which incldd@pping) and stacking, however
this was not the case on the plantation under tigadgn in the current research as the
individual workers performed both tasks. Furthementhe workers typically ‘work-to-
task’ beginning their shift at day break to prevemrking in the midday heat. They
therefore govern their own pace and get paid baseddow much they cut and stack.
The task is done manually with a bush knife whiwhworker uses to cut the cane at the
base. The sugar cane is then topped (the top $eatjon of the cane it cut off while it is
lying on the ground) and then stacked into bun@tbesmechanical removal from the
area. Although previous studies (Lambert et 4P94; Smit et al 2001) have
investigated the physiological strain associateth ilhe manual harvesting of sugar
cane in South Africa, to the author's knowledge stadies have investigated the
biomechanical strain experienced by the workers.

It is therefore evident that an understanding ohapmotion during the manual
harvesting of sugar cane will provide importanbimmfiation regarding the risks of lower
back injury in this significant South African indogs The purpose of the current
research was thus to undertake a preliminary irgeggin of the spinal kinematic
responses to the manual task of sugar cane hangesti
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2 Methods

2.1 Subjects

Eight workers were recruited from the lllovo Espera Farm on the South Coast
KwazuluNatal approximately 60 km souof Durban, South Africa. The protocol w
approved by the Ethics Committee of Rhodes Unitsgr&rahamstown, South Afric
and workers consented to participate. Basic denpbgradata such as age and w
experience were obtained the day before the exentation. During this session, t
main purpose of the study was explained in detathe workers and supervisors w
the assistance of a Zulu interpreter. Body massach worker was assessed usir
portable Seca scale while stature was measureg a tape measure secured to a v
Stature was measured from the floor to the verigdkeé mic-sagittal plane

2.2 Measurement procedure

Measurement procedurésr this research project occurrin situ allowing workers tc
perform their tasks in a realic environment. Before the workers started theift stii
day break, body mass was measured and recordbdiirfull working gear at the wol
site. The subjects were then fitted with the Lumiidation Monitor (LMM) and aske:
to perform their tasks as tr would under normal conditions. Before any data v
collected subjects were given a chance to fanzkathemselves with the cutting
sugar cane while wearing the LMM, and only onceas deemed that the subjects
been sufficiently habitualized the equipment did experimentation commel

Figurel. Example of a worker cutting the sugar cane atats

17



Ergonomics SA, 2008, 20 (2)
ISSN Number : 1010-2728

During experimentation subjects were required tbsugar cane using the technique
that they would usually use during which the trumétion data were recorded using the
LMM and then sent to a laptop computer and savethfer analysis. The subjects were
required to continue cutting sugar cane for a getihat was long enough to ensure that
at least three separate recordings of trunk mdidrat least one minute each) were
obtained and were deemed to be a representativyeesaiithe task performed.

2.3 Apparatus

Trunk motion data were collected using the LMM, e¥hiis essentially a tri-axial
electrogoniometer that acts as an exoskeletorh®lumbar spine (Marras et,g992),
which has been previously validated in several pafdarras et al 1993; Marras et al
1995; Marras et gl1999). The LMM attaches to the subject in linghwtheir spines
with the use of two harnesses (one at the peluistlaa other at the thorax). From the
LMM the instantaneous position, velocity and acalen of the trunk are measured.
Due to the fact that the LMM is light weight andetldesign of the harnesses, the
wearing of the apparatus did not have a signifisaaptact on the trunk motions of the
subjects during the performance of their task. ifilséantaneous trunk motion data are
sent directly via telemetry to a laptop computerevéhe individual responses are
recorded and stored for later analysis.

24 DataAnalysis

The LMM provides comprehensive trunk motion data aate of sixty data points per
second. Once the raw data has been transmittattitstared on a laptop computer it is
transferred to Microsoft Excelfor further analysis. In this software package riean
and standard deviation for all three planes candbegrmined (this includes the
distinction between left and right for lateral bamgdand twisting).

3 Reaults

In order to assess the trunk motion responses tmahdnarvesting of sugar cane the
responses have been separated into the three agptines, namely the sagittal, lateral
and transverse planes.

3.1 Sagittal planeresponses

The degree of sagittal flexion has been shownayg ph important role in determining

the risks associated with any task (Marras, 2000}he present study subjects were
required to cut sugar cane at the base of the st@ng a hand held bush knife, due to
the short length of these knives workers are afguired to spend a significant portion
of the workshift with the back bent in the sagifine (see Figure 2).
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Figure 2. Typical sagittal flexion during cutting sub-task@m one subject)

The average angle for maximum sagittal flexion @122 (x11.76)°, will have a
significant impact on the task demands. It has lo@gn accepted that the forces used to
support the head, arms and trunk in sagittal filexitay contribute significantly to the
compression forces experienced giS,, and as such could be considered to be a risk
factor. Furthermore it is evident that subjects srquired to maintain this sagittal
flexion position for extended periods of time witle average angle for sagittal flexion
of 19.13° over the data collection period for albgects.

Tablel. Summary of sagittal plane trunk motion responseth(standard
deviation in brackets)

Maximum Average
Position (°) (1217..726) 1(?[01)3
Velocity (°.s?) (421411:%) ?5.72?
Acceleration (°.3) (ig)

MacKinnon and Lee (1998) have previously arguedt ttapid jerking motions
significantly increase the individual's risk of umy. The average sagittal plane
velocities were only 9.76 (+5.2) ®swhich could be considered not to be excessive
(Marras et al., 1992); however of greater concern where the maminvelocities
achieved which had a mean value of 44.21, %hich according to values suggested by
Marras et al. (1992) would be classified as medium risk. Althlouiipere are high
standard deviation values associated with the ipositvelocity and acceleration
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responses, the intra-subject variability was lowggesting that each individual ‘cutter
employed a unique technique to harvest the suge. ca

3.2 Lateral planeresponses

The LMM provides data for lateral bending for pmsit(both left and right), maximum
range, average and maximum velocity and maximuralection.
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Figure 3. Lateral bending position and velocity

It is evident from figure 3 that the subjects wemmtinually cycling between lateral
bending to the right and left as they attemptededoerate the force required to cut the
sugar cane. Subjects bent laterally to the lethenbackswing of the cutting action and
then to the right in the follow through as illus&d in Figure 3. However the average
position was only marginally to the right (see TaB). The result of these lateral trunk
motions are high lateral bending velocities andebations, with peak values
averaging 55.96 “’sand 439 °38 respectively, increasing the forces the lower hiack
exposed to and hence increasing the risk of injury.
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Table 2. Summary of lateral plane trunk motion responseth(standard
deviation in brackets)

M aximum Average
Position Left (°) (1:53)6 )1
Position right (°) (1744(; (7.08)
Velocity (°.s%) 5’25499(; (15377;;
Acceleration (°.3) (‘1123) (19%(;

It is further apparent from the results that notyoare the lateral trunk motions
characterized by high velocities and acceleratibosthat these values are also rapidly
changing over time. The rapid cycling of trunk mos are of concern as they are a
precursor for injury.

3.3 Transverseplane

As with the results for the lateral plane, theresveasignificant amount of twisting
associated with the process of cutting cane. Tlezage range of motion for twisting
was 19.00 (£7.4) °, with this being evenly splitvoeen twisting to the left and right
(See Table 3).

Table 3. Summary of transverse plane trunk motion respofveils standard
deviation in brackets)

Maximum Average
Position Left (°) éol(;f 19.00
Position right (°) (i?);) 79
Velocity (°.s%) (gigi) %2318)7
Acceleration (°.3) 5(233)8

Although the twisting range of motion is not exeessof importance in determining
the risks associated with twisting is the veloctdl the movement. The average
maximum velocity achieved by the subjects was 63#331.24) °.8 with an average
velocity overall of 14.97 (+6.9) °s Of particular concern with regard to the velasti
is the continual cycling from left to right (thusetre is a continual shift from positive to
negative velocities) which has been shown to beslkafactor in the development of
lower back disorders.
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Figure4. Twisting position and velocity for sugar cane gt

When the results are compared to the risk classific described by Marras and
colleagues (1992) it is evident from the resultat tthere are prominent risk factors
associated with all three planes of movemedntthe sagittal plane subjects are required
to spend a significant proportion of the workshifith the trunk in a high angle of
flexion, while both the lateral bending and twigtwvelocities are of concern.

4 Discussion

Although several papers have investigated the plogical demands associated with
sugar cane harvesting in South Africa, there has lhiétle focus on the biomechanical
responses to this demanding task. It is evidentiftbe findings above that it is
important to take the biomechanical demands otdbkk into consideration. Flexion of
the trunk increases the internal forces that arpired to counteract the external
moment, increasing the forces on the anatomicatisires of the lower back, ultimately
reducing the load limit of the spine (Marras, 2000)e significant trunk flexion during
the current research project places the workersiséit of developing lower back
problems. Both lateral and torsional position clenduring sugar cane harvesting were
significant, the impact of which is increased du¢hte sagittal loading of the spine.

22



-1

Position(Degrees) and Velocity (°s

Ergonomics SA, 2008, 20 (2)
ISSN Number : 1010-2728

Another important determinant of risk is the vetms of trunk motion, as fast-paced
movements are likely to increase both the shearcangpression forces in the lower
back (Marras et gl1995). Peak velocities in all three planes weghhconsequently
increasing the forces in the spine and reducingsthength of the trunk. Furthermore,
Marras (2000) argued that there is a correlatidwéen trunk velocities and the risk of
injury for workers performing an eight hour workishalthough the South African work
force is significantly different to those reportexh by Marras the is still a concern for
the development of musculoskeletal disorders. Ashsturther research into the
prevalence musculoskeletal disorders amongst stayag harvesters in South Africa is
neededThe accelerations associated with trunk motionaégse an important indicator
of task risk, as high accelerations are typicaltked to ‘jerking’ actions on the back
and consequently with severe tissue trauma. On@enathere were high peak
accelerations (Marras et.,all992) in all three planes evident in the currprdject
significantly increasing the risk of injury.
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Figureb. Combination of sagittal position and lateral andsting velocities

As workers are required to ‘work-to-task’ the amboh sugar cane harvested varies
significantly from worker to worker from approxinedy 4 to 8 tons. Regardless of the
amount harvested the task is highly repetitive,hw&mit et al (2001) reporting
harvesters to make as many as 34 strokes per mioutgurnt sugar cane as in the
current study. The highly repetitive nature of task has a significant impact on the
trunk motion responses as it is evident in therdtbending and twisting position
responses which are characterized by a signifisardunt of cycling from side to side.

23



Ergonomics SA, 2008, 20 (2)
ISSN Number : 1010-2728

McGill (1997) and Marras (2000) have both stresked even low loads that are

repetitive in nature reduce the load tolerancetlwhithe spine and ultimately are likely

to result in injury. Furthermore variable loadifat often occurs in repetitive tasks (as
is illustrated by the variable nature of the trun&tion velocities) has also been shown
to be a significant risk factor.

In order to determine the overall risk associatéth any task it is important to take all
three planes into consideration simultaneouslyDAsis and Marras (2000) argued the
simultaneous movement of the trunk in more than plame places the spine under
greater strain and the incident of injury is likdly be significantly increased. It is
clearly evident from the diagram above that theas significant sagittal flexion as well
as high lateral and twisting velocities all occagrisimultaneously. It is therefore
suggested that the risks of injury associated Withmanual harvesting of sugar cane
are high and that intervention strategies to redineelemands placed on the lower back
of the workers are essential.

5 Conclusions

It is evident that the technique that is currenilyed to harvest sugar cane in a
significant proportion of the South African sugaane plantations (especially
considering that there are a growing number (apprately 15% of total production) of
communally owned plantations) (Maloa, 2001) may gdacing them at risk of
developing lower back disorders. The task is chiarged by high lateral and twisting
velocities as well as sagittal flexion, all thrdendich have been shown to be important
determinants of task demands. Furthermore the yigepetitive nature of the task
heightens these already stressful demands thatlaced on the worker. It is therefore
evident that further more detailed research isiredunto the biomechanical demands
associated with the manual harvesting of sugar eadethat ergonomic interventions
strategies are paramount in alleviating the demanaisare currently being placed on
the worker.
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