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twisting motion at hip height to a forward/backward flexion at eye he” "it leads to an

increase in energy expenditure in inexperienced individuals.
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1.2 Significance of Study

In this prospective study we are attemptit (o examine the efficiency of pulling tasks.
The majority of literature on manual materials handling (MMH) is focused on lifting
mechanics of the lower back and upper extremities, there is significantly less reported on
pulling and manual materials handling (Garg & Beller, 1990; Hoozemans et al., 1998;
Kelsey, Golden, & Mundt, 1990). Despite the narrow focus of the research, little has
oriented around the energy cost of performing such tasks. As noted by Den sey (1998).
there is a lack of quantitative research investigating the possible link between risk factors
and potential for injury of MMH tasks. ..iis prospective study will attempt to archive the
energy costs of performing a standardized repetitive submaximal pulling task in a
simulated industrial setting. The methodology is sele :d to reflect previous designs,
further investigate possible scenarios and it is an attempt to simulate an industrial task.
Automation in industry has increased the use of pulling tasks; in order to rec ce injury
risk, it is necessary to investigate these tasks and find an ‘optimal’ level of pulling.
Information to identify musculo :letal injury risk  :tors for manual mater s handling

will also be reported.
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task. Their remains many gaps in our unc standing of the relationship between pushing
and pulling, risk factors and muscle fat 1e. (Hoozemans et al., 1998) At this time, there
is not enough evidence to say that an increased physioll ‘cal demand  ults in an

increased risk for musculoskeletal injuries.
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the task. A limited amount of research has investigated variable loads and its relationship
to biomechanical aspects of pulling. Contrary to what is popularly believed; large loads
are not the only dangerous loads a smaller load pulled at a higher frequency can also pose
a risk for musculoskeletal injuries.

A large amount of the available research on load investigates actual force
production as a dependent variable in the research investigations and do not set it as a
control or an independent variable in the research investigation. We believe this is a
combination of two common characteristics in pulling research investigations: 1) a
common research investigation will ask ‘How does height (or angle, posture, coupling,
etc) affect force production?’ and 2) a significant amount of research has been performed
with 1sometric muscular activities. While it is important for standardization and tightly
controlled research investigations, we feel it would be more beneficial to attempt
functional movements or actual loads in industry.

Pulling Frequency

Pulling frequency is another factor that can affect the biomechanical
characteristics of a pulling task. The pulling frequency affects the amount of force that
operators are able to output. A higher pulling frequency results in a lower force
production, and similarly a low pulling frequency results in higher force production
(Ciriello & Snook, 1983). These authors investigated task frequency from once every
five (5) seconds to once every eight (8) hours. This difference in force production
requirements will affect the muscular recruitment patterns and the body segment/whole

body actions that are required to perform the pulling actions.
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interesting to see if by restrictir controllit  the trunk movements would energy
expenditure increase to an even greater extent than when the trunk is free to 1ove and
adopt different trunk kinematics. A limitation in our study was only includi  one
pulling task at three heights to analyze trunk kinematics and energy expenditure
differences. A larger variety of tasks and he” "its would provide more insights into the

risks of performing manual materials handling.
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Figure Captions

Figure 1 — Experimental timeline for the data collectic  process. Three sessions in total,
where the first session comprised of informed consent, anthropometric data 1d the first
randomized experimental condition. The remaining two sessions comprised of

randomized experimental conditions two and three.

Figure 2 — A) Front view of equipment placement and experimental setup on subject. The
subject is equipped with a portable metabolic cart that is affixed to a pc, has the pulling
handle (with load cell connected in serial) in h: 1and at hip height, and is in a
standardized foot position. B) Subjects standardized foot positions as described in
Mackinnon (1998). Each subject’s anthropometric data was collected to determine their

standardized foot positionin« =2rtoc  rol for posture and other body segments.
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Figure 5 — Example of a truncated oxygen consumption data file. ..e sections before
and after the dotted lines are pre- and post- pulling sections, respectively. The section
within the dotted lines was integrated and allometrically scaled as a means of

comparisons within subjects.

Figure 6 — Front view of the experimental setup. The participant is equipped with a
portable metabolic unit, the LMM and is Hlding a hi  lle that is connected in serial to a

load cell.

Figure 7 - _<ample of the LMM placement on the subject. The LMM is an exoskeleton
that measures trunk kinematics (side bending, frontw: + ackward bending a1 trunk

twisting).






























