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Abstract

In the present paper, a lower back bending load relief mechanism using a principle of leverage for lifting a heavy
object by hands was proposed and the function was evaluated. In the broad range of such as care, logistic and
agriculture fields, there are many tasks required being bending the lower back for lifting a heavy object, and it has
been a cause of lower back pains. Since the developed device is touched to three body points - (1) chest, (2) lower
back and (3) thighs, the heavy object load firstly would get on the chest part, and the rotational movement to fall
down forward would be cancelled by the thighs and the lower back parts. 100 N load lifting experiment when 30, 45,
70° with the proposed device shows that the calculated rotational torque of the lower back takes a small value (at
least <2 Nm), in the case of without the proposed device, the rotational torque would take about 49 Nm. The
mechanism would be useful to relive the lower back rotational load when the subject holds a heavy load by the
hands.

Keywords: Lower back bending load; heavy weight holding work;
principle of leverage

Introduction
In present paper, a lower back bending load relief mechanism using

a principle of leverage for lifting a heavy object by hands was proposed
and the function was evaluated. In the broad range of such as care,
logistic and agriculture fields, there are many tasks required being
bending the lower back for lifting a heavy object by hands, and it has
been a cause of lower back pains [1]. Especially, the rotational load of
the lower back has been serious problem in recent years, and there is a
necessity for a method to reduce the burden of the lower back [1,2].
Our aim of this study is to develop a system of a lower back bending
load relief mechanism using principle of leverage for lifting a heavy
object by hands (Figure 1).

The primary mechanism of the developed device is a single stainless
pipe frame with three soft pads (Two boards and a set of two round
sponges, Figure 1a), and the three pads are positioned at A (chest), B
(lower back) and C (thighs) (Figure 1b). When a heavy object is held
by hands, the load firstly appears on A. Next, the rotational force
around B appears. Third, since C is connected to the frame, the heavy
object load's rotational force around B is converted to rotational force
(red arrow) of C to the dorsal direction. Fourth, since the parts C of the
stainless pole covered with two round sponges is on the right and left
thighs position, the rotational force is suppressed by the parts C. Above
mechanism can be considered as a simple leverage model (Figure 1c).
If a rotational force at C is generated (it is the point of effort), the
leverage is rotated anti-clock direction around (B) point (Fulcrum) and
a rotational force at A would be generated (it is the point of load). The
relationship between and can be calculated from the distance and
along with the principle of leverage. It is our proposed device the lower
back bending loads relief mechanism.

Figure 1: Lower back bending load relief mechanism for lifting a
heavy object by hands.

Previous study
In the report of Japan ministry of health, about 1.5 million care

workers are to be essential in order to correspond to improvement and
maintenance of long-term care services [1-5]. However, the turnover
rate of the long-term care workers have been maintained high and it
does not reach the number of people to provide adequate the demand
of the long-term care services. The one of the reason of the high
turnover rate has been reported as a large body burden of the care or
nursing work, in particular, it can be mentioned that the burden to the
lumbar is a large [6-11]. For example, in reference [12], as the body
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part feeling a load when the care work labor, there were many people
who mentioned the lumbar (56%) and 81% peoples are aware of the
lower back pain. In the situation, development of various support
devices for the purpose of relieving the physical burden of the care
workers is being proposed [13-15]. One of the solutions is wearable or
power assist equipment (or system) [10,16-18].

Many power assisting system have been proposed and developed in
order to improve many working environments such as care, logistic
and agriculture fields that the load on the lower back is heavily applied
[13,19-25]. Particularly, the rotational load of the lower back has been
a serious problem, and it is necessary to relieve the burden of the lower
back bending load [1,2]. In order to relieve the lower back bending
load, previously proposed devices such as HAL [21], Muscle Suits [22]
and AWN-03 [13] adopt the mechanism of rotating the hip joint by
motors or actuators that are installed to the external frames. The
previously proposed mechanisms have led to good results, and using of
long-term care and another application fields have been started.

Our concept of this study is to research another possibility of the
external frame's contacting position with the body in order to relieve
the bending load of the lower back. Previously proposed device has
contacted with (a) hipbone, (b) thighs and (c) back (shoulder) parts of
the human. However, some difficulties would be occurred to support
the movement of the lower back, since it is difficult to hold or bind the
lower back by belts (it is necessary to bind the stomach to fasten the
lower back, and it generates the pain in the stomach by the stretchy
belts). As another possibility, the proposed device (Figure 1) contacts
with (a) the chest, (b) the lower back (from the dorsal side) and (c) the
thighs parts of the human. The intent of our study is to clear how to
support the lower back bending load by what shape of the external
frame and how many contacting points with the human body.

As one exception of the previous mechanisms is body contacted
stretchy belts suit [26,27]. The belts suit contacts with human body
along with many human muscle positions, and it works well if the suit
wants to support the human's many muscle tensions. But the belts suit
could not support all load of the heavy object (for example, the load on
the spine remains). Previously proposed external device mechanisms
would be able to support all load of the heavy object since the external
device and actuator power undertake all load.

Method

Developed device
Figure 2 left shows the developed device 3D cad design illustration

and the right is the developed device picture. The device frame was
developed by a hard material pipe (SUS303), and three soft pads
(A,B,C) were attached to the instrument. There was one hinge (back of
the plate A) in the system, and it rotates the plate A to follow against
the subject chest surface. In C, two round shape soft sponges were on
the T shape stainless frame and the two each sponge were set on the
front of subject right and left thighs. The T shape stainless pipe passed
through under the crotch. The sponge pads A and B were touched to
the subject chest and lower back respectively. Lengths of the pipes were
determined by the one subject's body size (age 22, back of the heights is
173 cm, Figure 1a), and the parameters would necessary to change by
subject body size.

Figure 2: 3D layout of the proposed device (left). The developed
device picutre (right).

Total mechanism to relieve the lower back bending load is, (1) a
subject holds the heavy object by the hands. (2) The rotational force
around B the lower back part appears by the object weight. (3) Since C
the thighs parts is connected to the frame, the object weight's
rotational force around B is converted to pulling force of C to the
dorsal direction. By the reason that the C cannot move on the thighs
position, the chest part A does not move from the first position. It
means that the subject does not feel the heavy object load's rotational
force as the bending force of the lower back.

Experimental setup
As experimental setup, three force sensors (Load cell, FC23, from

0.01 to 1112 N, Measurement Specialties Corp.) were used (Figure 3
blue lines).

Figure 3: Experimental setup of the effectiveness of the proposed
support frame. Blue signs show the position of the three load cells
(FC23, Measurement Specialities Corp.) The three support frames
(maintaining the subject's lower back angle as 30, 45, 70°) were
prepared.

The three sensors buried at the A, B and C parts to measure the
pressure forces between the pads and the human body. In C, the force
sensor was buried at one side of the soft pad on the thighs and the
force value on C was calculated twice of the output. All force sensor
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data was collected by PC (16 bit A/D FBI-321316, sampling time was
16 Hz) via amplified by an operational amplifier, OP-07.

Experiment
One subject (age 22) participated and the forces were measured

when 100 N object is lifting by the hands (N=5) and the angle of the
lower back sets as 30, 45 and 70°by adjusting the angle of the frame
(Figure 3).

When lifting the object, the subject was taught not to use around
lumbar muscles (relaxed) and instructed to use the arm muscles only
as much as possible. In order to fix the subject's lower back angle in 30,
45 and 70°, we developed three support frames that were bent B part
stainless pipe to design maintaining the geometrical layout between
the shoulder and chest (Figure 3b).

The experiment in the present paper is just to wear the support
frame that there are no motors or actuators; it means that it is not
necessary to consider the motor drive's assist effects.

Since the experiment is to hold the 100 N weight object by hands, it
is not danger operation. As a precaution, it was confirmed that there
was no chronic disease of lower back pain in the past. The experiments
were not the experiment like ethical review was required.

Figure 4 shows a calculated estimation/real bending torque of the
lower back when the subject hold the 100 N object by hands.

The angle 0° was defined as the spine angle when the subject stands
upright. And it takes plus (minus) values when the subject bends his
spine to ventral (dorsal) direction.

The blue line shows the estimation bending torque when the subject
holds the 100 N object by the hands without the proposed device. The
torque [Nm] of the spine was estimated,�� = � × � = �1��sin�

where is 0.5 m (it depends on the subject), is 100 N. The blue line
means that about 49 Nm lower back bending torque is occurred when
the subject bends his spine about 90° without any support device, for
example.

On the other hand, the three circle points surrounded by broken
line rectangle mean that the calculated bending torque when the
subject holds the 100 N object with the proposed device. The
calculated was defined,� = ∑� × � = �1� − �2�

where and are measured the total force on the chest and the thighs
respectively, and is 0.2 m (the length between the center of rotation of
the lower back and the thighs, it is depends on the subject and
measurement environments). Black bars mean the standard deviation
of N=5 times measurement force values.

The variables and the estimation torque mathematical model were
defined as Figure 5. The f was calculated two times larger than the
practical force measurement value on the one side of the thighs.

Lower of the Figure 4 means that the M were distributed around the
zero moment value and maximum value was about 1.88 Nm (standard
deviation ± 0.81 Nm, N=5 experiments, 70° condition).

The value was 49 Nm/1.88 Nm=26 times smaller than with the
support device comparing with the condition of without support

device. At least, the subject's lower back bending torque could be
relieved. It is main result of this study.

Figure 4: Result of the 100 N object lifting by hands. Horizontal axis
is the spine tilting angle from the superior direction. Vertical axis
shows the estimation bending torque value with the proposed
device (3 points are indicated by dotted rectangle, M) / without
device (blue curve, M_e).

Figure 6 shows that real time force plot of A (chest), B (lower back),
C (thighs) parts when the subject holds 100 N object and the proposed
support device angle was set as 70°. The subject holds the 100 N objects
at 58 sec and is holding the object until 200 sec. In this experiment, the
subject was instructed to relax and not to use the backbone muscles as
much as possible when holding the 100 N objects. The result of Figure
5 was calculated from all angle conditions of the real time force plots
(force values were used at 200 sec point in Figure 6). From this result at
200 sec, the object + subject upper body weight was measured about
181.6 N at A part, and the total force of the thighs was measured about
455.8 N at C. As rotational torque, the two forces were cancelled each
other by the proposed device (for example,� = �1 � − �2 � = 0.5 ⋅ 181.6− 0.2 ⋅ 455.8 = 0.36 Nmit was small
value comparing with 49 Nm (without device condition)).

In addition, 190.6 N was measured at B part at 200 sec. This force
was not rotational torque and it pushes the lower back to ventral
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direction. Almost all the cases, the lower back pushing force B was
measured as same value with the chest part force value.

Figure 5: Simplified lower back bending torque estimation model.
Lower back bending torque M was calculated from (A) total force
on the chest F and length from the lower back to the shoulder L_1,
and total force on the thighs f and length from the lower back to the
thighs parts L_2. Theoretically, the estimation torque M_e when the
subject does not use the support device was calculated as M_e=L_1
mg sin θ. In addition, the calculated estimation torque M from the
force measurement result was calculated as M=L_1 F-L_2 f.

Above result means that though the proposed device could relieve
the rotational torque as shown in Figure 5 (and the rotational torque
was relieved by the anti-reaction force at C about 450 N in Figure 6),
on the other hand, about 200 N pushing force to ventral direction at B
part (Figure 6 blue line) was appeared. As the aim of the developed
device, the system was developed to be able to relieve the rotational
torque of the lower back bending load and it could realize by the
proposed mechanism, however, about 200 N pushing force to B part
and 450 N to C part became necessary at the same time.

Figure 6: Real time force plot result of A (chest), B (lower back) and
C (thighs) parts when the subject holds 100 N object and the
proposed support device angle was set as 70°. Horizontal axis shows
the elapsed time and vertical axis shows the measured force values
of A, B and C.

Discussion
In this paper, another possibility of the external device's contacting

position with the body in order to relieve the bending load of the lower
back was discussed. By simplifying the mechanical structures and the
touching positions to a human body, one of the solutions how to
relieve the lower back bending torques was found and discussed by the
proposed device. The proposed system does not have motor(s) or
actuator(s), however, we analyzed how to relieve the bending load of
the lower back by proposing a novel three points (A,B,C in Figure 1)
support device.

The proposed system could relieve the lower back bending load, on
the other hand, the heavy object load appears as pushing force to B and
C parts. In such as care, logistic and agriculture fields, the bending load
of the lower back for lifting a heavy object is said as a most significant
problem and it has been a cause of lower back pains. In Figure 6, the
200 N and 450 N pushing forces is not the rotational bending force and
since it is just pushing force, there is a possibility to reduce the pains on
the skin by changing the B and C parts shape or mechanism.

Figure 7: Two types of the previously proposed external power
assisting mechanism. (a) Thigh and chest connected system and (b)
Thigh and abdomen connected system.

Previously proposed external power assisting mechanisms would be
able to support all load of the heavy object since the external device
and actuator power undertake all load [17,28]. Typically the motor
assisted previous power assisting devices can be categorized as two
cases (Figure 7). (a) In the case of thigh and chest connected type
power assisting device [Muscle suit type, 14], the actuator (Figure 7A,
blue circle) push’s the thigh (B) and the belt connected chest (C) parts.
It can realize the lifting movement via rotating the actuator (A). But,
the actuator power assists only the hip joint rotation, the movement
support of the lumbar spine segment movement could not assist. It
generally generates a sense of discomfort. (b) In the case of thigh and
abdomen connected system [HAL type, 14], the actuator (A) pushes
the thigh (B) and the belt connected abdomen (E). It is good for the
stability of the lumbar spine segment movement, but, it also generates
the pain in the abdomen (E) area.

On the other hand, our proposed device has been developed to pay
attention how to protect the lower back bending load by using the
principle of leverages (Figure 1) in order to absorb the rotational force
by the frame [29-32].
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Conclusions
In this paper, a lower back bending load relief mechanism for lifting

heavy object by hands was proposed and the function was evaluated.
In the wide range of fields such as care, logistic and agriculture, there
are many tasks that are required to be bending the lower back for
lifting heavy object by hand, and it has been a cause of lower back pain.
Since the developed device is touched to three body points - (1) chest,
(2) lower back and (3) thighs, the heavy object load by hands get on
the chest part, and the rotational movement of the lower back would
be relieved by the thighs anti-reaction force. In the timing, the lower
back parts effects as the rotational center. 100 N load lifting experiment
when 30,45,70° with the proposed device shows that the calculated
rotational torque of the lower back takes a small value (at least <2 Nm)
comparing without the proposed device condition (49 Nm). Instead of
cancelling the bending torque of the lower back, the proposed external
device have to apply the object weight force to the lower back as
pushing force. The mechanism would be useful to relieve the lower
back rotational load when the subject holds a heavy load by the hands.
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