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Abstract

The aim of this study was to design and manufacture a Mechanical Knee-Hip
Strengthening Device (MK-HSD). The device was designed using CATIA software.
Then, a laboratory sample was made according to the designed sizes. Special features of
the device included adjusting the knee range of motion from 20° of extension to 120° of
flexion to reduce the stress on the patellofemoral joint, adjusting the hip range of motion
from 30° of flexion and 20° extension in proportion to the angles in a normal walking
cycle, increasing the force of isotonic contractions by changing the number and stiffness
of the springs, maximum voluntary isometric contraction at the end of 20° of extension
and 120° of flexion. The MK-HSD is recommended to use instead of a quadriceps chair
because it is affordable and more efficient (knee and hip joints) as well as can control the
knee painless range of motion.
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Introduction

People with knee pain for soft rehabilitation are looking for innovative options for
managing knee pain. Tissue injuries such as arthritis reduce the range of motion
and joint stiffness. Restoration of joint range of motion, strength and pain relief to
increase limb function as well as the early return of the patient to functional
independence along with reduction of rehabilitation costs have led to the
development of affordable mechanical devices (1). The use of mechanical
rehabilitation equipment instead of sports programs with variety in movements as
well as the need for an expert trainer and electrical equipment in physiotherapy
can facilitate the process of performing complex and repetitive exercises and
improve the quality of rehabilitation programs (2). Therefore, the aim of the study
was to design and manufacture a Mechanical Knee-Hip Strengthening Device
(MK-HSD) that reduces the stress on the patellofemoral joint by controlling the
knee range of motion.

Materials and Methods

This device was designed in accordance with the advantages and disadvantages
of existing rehabilitation devices to strengthen the knee and thigh joints. At first,
the initial plan was designed using CATIA software. The main body of the device
was made of a chassis with aluminum cans with dimensions of 30 x 50 cm and 2
fixed and movable handles, with rectangular and octagonal cans of aluminum with
dimensions of 25 x 40 cm, connected by argon welding. In addition, the length of
the chassis was obtained from several people with different heights between 155
and 180 cm, depending on the amount of flexion and extension movement of the
knee in the sitting position and the thigh in the standing position, and the length
of 84 cm was chosen for the chassis of the device. The movable handles moved
on the fixed handles from above by screws, washers, retaining bushings and
bearings.

Teflon pieces were used to connect the ends of the movable handles and eight
hooks on the front and back of each piece. Eight hooks were screwed on the width
of the main body of the machine in front of the hooks attached to each Teflon
piece. Then, a cross-shaped piece of 25 x 40 cm aluminum cans was placed on
each Teflon piece in order to place the foot support insole and to connect the end
of the movable handle. The insoles were made of a 5-mm aluminum sheet.
Neoprene insoles and straps were placed inside the aluminum insoles for
comfortable placement and fixation of the foot. Handles and wheels were placed
for easy transport. Springs with wire diameters of 1.1, 0.9 and 0.8 mm, rings with
a diameter of 11, 10, 8 mm and a length of 30 cm were used to increase strength.
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Results

The MK-HSD is a new device in the field of muscle rehabilitation that works on
the knee and thigh joints. This device allows flexion and extension movements of
the knee and thigh to be performed forcefully. The ability of this device is that the
exercise program is run for both legs simultaneously. In the training program, both
right and left legs can perform flexion and extension movements simultaneously
or each leg separately. The amount of frictional force generated by the movement
of the Teflon piece inside the steel bars in flexion and extension movements is
about 15N (1.5 kg). In the present study, using springs with three different
stiffness coefficients, the amount of force in flexion and extension movements
could be increased up to about 60N (60 kg). By making springs with higher
stiffness coefficients, the amount of force could be enhanced according to the
individual's ability. Weak resistive forces are used in the design of mechanical
devices because they facilitate a joint range of motion and improve strength to a
small extent. Weak forces are used in various stages of knee rehabilitation
(conditions such as severe pain or after joint surgery) (3). In the MK-HSD device,
springs with low resistance were used for patients with severe pain.

In this device, the angle of the knee joint at the beginning of the movement is 90°.
The range of motion of the knee joint in the extension movement is 70° (20°
extension, knee angle at 160°) and in the flexion movement is 30° (120° flexion,
knee angle at 60°). In addition, in this device, the angle of hip extension is about
20°. In a normal walking cycle, at the opposite initial contact stage, the maximum
angle of extension of the hip joint is about 20° (4). In the design of this device in
the present study, the angle of the hip extension was considered about 20°. In this
device, the flexion angle of the knee joint was >120°. At this angle, there is the
highest level of contact and the least contact tension between the tibial and femoral
condyles. In a normal walking cycle, at the heel contact stage, the maximum angle
of flexion of the hip is about 30° (22). In the design of this device, the angle of
flexion of the hip was considered about 30°.

Conclusion

Special features of this device included the ability to use both feet simultaneously,
adjusting the range of motion of the knee from 20%f extension to 120° of flexion,
increasing the force of isotonic contractions by changing the number and stiffness
of springs, creating voluntary isometric contraction at the end of 20° of extension
and 120° of flexion. The features like easy portability, affordable device, greater
efficiency (strengthening of the knee and hip joint) and control of the knee joint
in the range of motion distinguish this device from other ones. Increasing muscle
strength in isotonic and isometric contractions with a controlled range of motion
may improve knee and thigh function. Therefore, it is recommended to evaluate
the function of this device in patients with osteoarthritis of the knee and thigh.
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