Design of a Lower Extremity Exoskeleton to Improve Gait In
Patients with Knee Osteoarthritis by Reducing Knee Joint Loading

ABSTRACT

» The purpose of this research is to
create a lightweight and durable lower
extremity exoskeleton that is comfortable
for senior citizens.

»Propose an unpowered, lower extremity
exoskeleton composed of a system of
mechanical components that closely
model human gait kinematics in order to
provide necessary compensatory power
and stability for elderly patients with knee
osteoarthritis.

»Hypothetically, the inclusion of static
structural components will increase the
stability of the patient during selected
stances, while dynamic elastic
components will aid in shear force
reduction in the knee joint during heel
strike and muscle power generation
during toe-off.

INTRODUCTION

» Knee osteoarthritis Is a common cause of
disability in people over 65 [2]

» Knee osteoarthritis symptoms [12]

» Decreasing movement abllity

» Pain and stiffness

» Since cartilage Is worn, bone rubs
against bone, causing abnormal
formations in knee such as bone spurs
or swelling

» When walking, may become unstable

» Gait in patient with knee OA [5, 7]

» Wider step from foot to foot so patient
can have firm stability on floor

» Smaller steps making it take longer to
get to destination

» Increased length of stopping time
between steps to regain stability

» Due to these conditions, performing sit-
to-stand tasks lead to falls more often,
causing injury and hospitalization.
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COMPARISON OF KNEE JOINT WITHOUT AND WITH
KNEE OA [10]

U.S. population
IS 318.9 million

Symptomatic
Knee OA

4.3 million adults

620,192
discharged for
knee joint
replacement

904,900 knee
and hip
replacements
amounting to
42.3 billion
dollars

*[14,15]
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MATERIALS AND METHODS

Resources

» Hardware: Breadboards, microprocessor development boards, materials for
exoskeleton.

» Software: Multisim, LabVIEW, MATLAB, Biopac, COMSOL, Biomechanics
software, Autodesk Inventor and ANSYS for simulation and modeling,

» Statistical Analysis: ANOVA

» OPENSIM — simulator based on Hill's Muscle Model

» To create Solid Models: use 3D printing for mini model for the purpose of testing
for interference, elastic springs, cords, etc.
» WIll limit use of 3D printer to commercially available products

» Eventual exoskeleton may be composed of products such as a carbon fiber and
aluminum composite

DESIGN CONCEPTS

» The exoskeleton design may involve springs and lightweight materials
»Main focus Is on three of the gait cycles: Heel strike, mid-stance, and toe-off
»Lean away from EMG based systems because of signal processing difficulty and
motion artifact
> Hill’ s muscle modeling is a common representation of muscle response in a
mechanical sense among exoskeleton research.
> Hill' s muscle model is a three element muscle model

»contractile element (CE)- Active force

»a series elastic element (SE)- passive force

»parallel elastic element (PE)- passive force

» The force produced by contractile element transmits to the muscle through the

series elastic element
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Exoskeleton Purpose Properties Dimensions

Berkeley load carrying walks at
Lower human the
Extremity exoskeleton average
Exoskeleton used by speed of
(BLEEX) soldiers, 0.9 m/s

disaster relief while

workers, etc. carrying a

34 kg
payload

Hybrid help a patient payload up Height: 1600 mm
Assistive Limb with to 75 kg Weight: 23 kg
(HAL) -5 paraplegia
(Type-B) walk upright
Human Used by payload up Height: 5'4" to 6' 2"
Universal soldiers for  to about 91 Weight without
Load Carrier combat loads kg batteries: about 10
(HULC) Heavy load Is kg

transferred to

ground

DISCUSSION

Lower Extremity Exoskeleton
»Portability—so far most developed exoskeletons are tethered (electronically,
pneumatically, etc.) [1]

» Some include power increasing weight or crutches for balance

» Other forms for less bulk end up with on-board systems that increase weight

and decreases overall efficiency

» Our focus is an autonomous and unpowered exoskeleton
»Interfacing—motion artifact/noise with EMG based system, signal conditioning,
microprocessing, algorithm modeling [1]

» Not dealing with data collection
»Mechanical Structure—range/rate of motion limited by actuators, kinematic
constraints [1]

» Patient ability taken into account due to knee OA

» Adjustable frame
»Anatomical/Physiological variation—optimal fiber length varies based on height
(needs constant calibration) affects muscle torque [1]

» Will make it easier for patients to walk, alleviates symptoms

DISCUSSION - continued

» Studying factors attributing problematic
Issues provide solutions to improving the
mobility of knee OA patients
» Main focus- Knee joint loading In
muscles
» Muscles in lower extremity joints tend
to decrease Iin power due to knee OA
symptoms [6]
»Power and stability can be increased in the
lower extremity using powered and
unpowered lower extremity exoskeletons [4,
8]
» Such projects have shown up to a 7%
Increase in metabolic efficiency during gait
cycles [4]
»In previous exoskeletons researched, most
use some form of Hill' s muscle model.
»BLEEX [3,8]
» Transfers the weight to the ground
iInstead of the user
» Uses linear actuation
» Design of the exoskeleton around the
wearer allows for it to follow the
wearer’' s movements

o Fayload

/— Power Supply
& Compuier

Harmess =
Excakelaton — Hip
Thigh
Excskalaton — y
Shank - L
Exoskeleion = . .-.:"_.' !
v ~—— Ankle

Food j |

BERKELEY LOWER EXTREMITY EXOSKELETON
(BLEEX) [8]

LITERATURE CITED/REFERENCES

[1]A. Dollar and H. Herr, 'Lower Extremity Exoskeletons and Active
Orthoses: Challenges and State-of-the-Art', IEEE Trans. Robot., vol. 24,
no. 1, pp. 144-158, 2008.

[2]G. Peat, 'Knee pain and osteoarthritis in older adults: a review of
community burden and current use of primary health care', Annals of the
Rheumatic Diseases, vol. 60, no. 2, pp. 91-97, 2001.

[3]H. Kazerooni, R. Steger and L. Huang, 'Hybrid Control of the
Berkeley Lower Extremity Exoskeleton (BLEEX)', The International
Journal of Robotics Research, vol. 25, no. 5-6, pp. 561-573, 2006.

[4]S. Collins, M. Wiggin and G. Sawicki, 'Reducing the energy cost of
human walking using an unpowered exoskeleton', Nature, vol. 522, no.
7555, pp. 212-215, 2015.

[5]S. Affatato, 'Biomechanics of the knee', Surgical Techniques in Total
Knee Arthroplasty and Alternative Procedures, pp. 17-35, 2015.

[6]A. Murray, A. Thomas, C. Armstrong, B. Pietrosimone and M.
Tevald, 'The associations between quadriceps muscle strength, power,
and knee joint mechanics in knee osteoarthritis: A cross-sectional study’,
Clinical Biomechanics, 2015.

[7]S. Messier, P. DeVita, R. Cowan, J. Seay, H. Young and A. Marsh,
'Do older adults with knee osteoarthritis place greater loads on the knee
during gait? A preliminary study', Archives of Physical Medicine and
Rehabilitation, vol. 86, no. 4, pp. 703-709, 2005.

[8]JA. Zoss, H. Kazerooni and A. Chu, 'Biomechanical design of the
Berkeley lower extremity exoskeleton (BLEEX)', IEEE/ASME
Transactions on Mechatronics, vol. 11, no. 2, pp. 128-138, 2006.

[9]M. Wiggin, G. Sawicki and S. Collins, 'Apparatus and Clutch for
using Controlled Storage and Release of Mechanical Energy to Aid
Locomotion', US2013/0046218A1, 2015.

[10] Orthopaedic Associates, Osteoarthritis. 2015.

[11]B. Hoffman, G. Lichtwark, T. Carroll and A. Cresswell, ‘A
comparison of two Hill-type skeletal muscle models on the construction
of medial gastrocnemius length-tension curves in humans in vivo',
Journal of Applied Physiology, vol. 113, no. 1, pp. 90-96, 2012.

[12] WebMD, 'Osteoarthritis of the Knee (Degenerative Arthritis of the
Knee)', 2015. [Online]. Available:
http://www.webmd.com/osteoarthritis/guide/ostearthritis-of-the-knee-
degenerative-arthritis-of-the-knee. [Accessed: 05- Oct- 2015].

[13] Sports Performance bulletin, Figure 4: The phases of heel strike,
midstance and toe-off during running. 2015. References

[14]C. Dillon, E. Rasch, Q. Gu and R. Hirsch, 'Prevalence of knee
osteoarthritis in the United States: arthritis data from the Third National
Health and Nutrition Examination Survey 1991-94. - PubMed -

NCBI', Ncbi.nlm.nih.gov, 2015. [Online]. Available:
http://www.ncbi.nlm.nih.gov/pubmed/17013996. [Accessed: 5- Oct-
2015].

[15]L. Murphy and C. Helmick, 'The Impact of Osteoarthritis in the United
States', Orthopaedic Nursing, vol. 31, no. 2, pp. 85-91, 2012.

McNair Scholars

Program
Ist. 1992

§JNT

UNT

UNIVERSITY OF NORTH TEXAS®




	Design of a Lower Extremity Exoskeleton to Improve Gait in �Patients with Knee Osteoarthritis by Reducing Knee Joint Loading�

