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Abstract Design Solution

Elderly patients with osteoarthritis in the patellofemoral and lateral femoral region in the knee joint develop irregular gait
from impairment mobility from pain and weakening of the muscles around the knee. For proper gait rehabilitation of the
knee, a patient requires customized rehabilitation training combined with a force-assisted brace. The Adaptive Knee Brace is
designed to meet these criteria as an assistive knee brace to successively alter the patient’s gait in order to mitigate factors
leading to impaired mobility. The device reduces the excess load on the knee based on the angle of the knee through the
gate cycle. The electronic components of the brace include an accelerometer, a gyroscope, a magnetometer, and a high
torque servo motor to monitor and limit the knee position throughout the gait cycle. These components provide accurate
measurements and proper feedback in the knee for the desired gait angles during the rehabilitation process. The year-long
project will result in a knee brace that will increase motion in the patient's knee during the swing and stance phases in their
gait cycle and an overall reduction in contact forces in the areas most affected by knee OA of the end-user
post-rehabilitation.

Introduction

Knee injuries are very common, often resulting in sprains/tears of the soft tissue surrounding the knee. One of the most
common knee injuries seen in the elderly community is knee osteoarthritis, which is commonly accompanied with knee
pain, and can inhibit the proper walking motions of the knee depending on severity. The goal of The Adaptive Knee Brace is
to design an assistive knee brace for elderly patients with severe osteoarthritis in the knee joint. The device will be targeted
towards elderly patients between the ages of 60 to 90 years old, as they are a higher risk group for severe knee
osteoarthritis. Since gate rehabilitation is a common rehabilitation method for patients with severe knee osteoarthritis, the
assistive brace will be designed with the motions of gate rehabilitation in mind. In order to allow this brace to assist in the
gate rehabilitation cycle, it will reduce the varying loads and contact forces on the knee (based on the angle of the knee
through the gate cycle) which in turn should reduce pain in the knee joint. Additionally, the device will require less strength
from the patient’s muscles surrounding the knee in order to bear the given load of the user, which will allow the patient to
perform gate rehabilitation easier with less pain and better motion.

A mechanically restricting knee brace was designed with a modified double hinge to allow for rotational motion, as well as slight vertical motions for impact-type movements. The
angle of rotation has been restricted to a range of 0° to 90° to prevent hyperextension of the knee. The supportive brace was manufactured using ¥z inch 6061-T6 aluminum to
allow for proper rolling during the manufacturing process, while also maintaining the capability to meet the load bearing requirements from the design inputs. The compression
sleeve was added to provide a layer of protection for better comfort. The electrical components used in the design were the Arduino Nano 33 BLE Microcontroller, LSM9DS1
Inertial Mass Unit Sensor, and a High Torque Servo Motor. The inertial sensor and the onboard inertial sensor of the microcontroller communicate to collect accelerometer,
gyroscope, and magnetometer data. An algorithm is used to convert this data into positional data throughout the walking gait cycle. The servo motor was used to restrict the
brace at different angles through gait testing.
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will be allowable in the device

providing us with the capabilities and support to bring this brace to life.

11. The design must be comfortable 11.1 This requirement will be measured quantitatively by survey
confirmed through validation surveys




