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Abstract

The purpose of this study is to develop a system to analyze movements and burdens in
nursing. This includes creating an individual human body model that can accurately
express body movement and evaluate the burden on the human body, and building a
system that can analyze movements comprehensively. We will then evaluate the
physical burden on the person providing assistance and investigate if the same
practices can be applied by providers of general care.

In the field of nursing, raising the quality of nursing by reducing the burden on
nurses (especially in the lower back) and improving efficiency of nursing movements is
an urgent issue in Japan, considering its rapidly aging population and increasing
number of people who need care. Helping people to rise from bed in order to prevent
them from becoming bedridden is one of the most important issues. However, when one
considers this assistance in getting up from the perspective of information engineering,
it is seen that establishing body movements to match each circumstance in order to
lessen the burden on both those providing and receiving assistance is an exceptionally
difficult problem. In the human body, many joints have high degrees of freedom and
large forces are exchanged between the care giver and recipient during movement
assistance. For that reason, many issues need to be resolved in order to evaluate the
burden, especially involving the caregiver, based on kinematics and kinetic analysis.
There is also a need to establish optimum movements with consideration of the
physique and physical strength of the caregiver.

The importance of evaluating measurements of the burdens in nursing actions has
been a focus of attention, and various trials have been conducted. However, quantitative
measurements are difficult because of the characteristics of nursing movements, and so
optimum movements have not yet been established. Complex movements, such as
moving an arm under a care recipient’s body to assist them in rising from bed, are
difficult to measure as nurse movement coincides with care recipient effort causing
measurement “Hidden Points”. In light of the above difficulties, this study also aims to
modify existing measuring devices so that measurement “blind spots” can be measured
allowing the accurate analysis of movements and burdens in nursing. This will make it
possible to perform mechanical and quantitative evaluations of situations involving risk
avoidance, comfort, and other situations where an individual’s estimation was the only

means of measurement. Such measurement applications could identify difference in



lower back burden between untrained and experienced professionals or movement
stability of care recipients during their assistance in rising from bed. Moreover, using
these results we will also obtain suggestions for design of optimum movement
guidelines with consideration of differences in physique and physical strength of
caregivers and design of nursing care equipment and beds. This will contribute greatly
to resolving the issue of “safe, ergonomic nursing” that has long been a subject of
research and investigation in the field of nursing science.

With regular optical motion capture, reflective markers are attached to the surface of
various body parts and multiple cameras are set up so as to surround the object being
photographed. The movement of the object is recorded by multiple synchronized video
cameras, from which the set of images at each time point is analyzed and the
three-dimensional position of all the markers at that time point is calculated. Moreover,
from the three-dimensional positions of these markers, the positions of the body parts to
which the markers are attached and the body posture are estimated, and the overall
movement of the body is ascertained. There are several other types of motion capture,
including a mechanical type, but optical motion capture is thought to be the best in
terms of minimizing the burden on the subject. However, in the movement of assisting a
person in rising from bed, support is given with the forearm and part of the upper arm
of the nurse pushed under the patient’s body, so that the position of markers attached in
these areas cannot be detected by the camera.

In the new motion capture system, in addition to marker position detection by regular
motion capture, an estimation can be made in position and movement of body parts that
cannot be seen by attaching acceleration sensors to the forearms and upper arms. While
conventional systems detect movements with multiple markers attached to
characteristic bone points on the body, attaching markers can be used make use of the
characteristics of nursing movements.

Conventional motion capture systems are bulky and difficult to bring to bedside. In
this study a compact, simple motion capture is needed so that it can be brought to
bedside. For general usability, portability, ease of setting up, and ease of connecting
with other devices, a marker capture system with stereo cameras will be used.
Subsequently, an experiment incorporating actual nursing movement will investigate
the effectiveness of the system.

To date, analyses of kinematics have focused on movement of nurses. More detailed
evaluations require analysis of the kinetics of the mechanical loads on nurses’ bodies.
This study will therefore implement a system for kinetic analysis using a force plate as

a means to evaluate mechanical load, and prepare a system that can perform



comprehensive movement analysis. Using this system, we will measure the physical
burden on the lumbar spine during movement assistance of experienced nurses and a
lay caregiver.

The National Institute for Occupational Safety and Health (NIOSH) recommends a
compressive force of 3,400 N on the lumbar vertebral discs during physical labor.
Therefore, this study will experimentally evaluate lumbar load, using force
measurements of lumbar disc compression and shear force in the misalignment
direction, which is a cause of low back pain and disc herniation. These experimental
results will help clarify characteristics of lumbar burden and movement experiences of
nurses and adult volunteers. Moreover, combining kinematic and kinetic analyses, we
will propose the best loop for nursing movements and a system to support those
movements. Finally, using the proposed system, lectures will be given to adult
volunteers on nursing movements and experimental results will be analyzed before
and after the lectures. The possibility of applying the translational movements of

nurses to people providing general care will be examined.
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