Joint Kinetics 101:
Understanding Gait Pathology,
Treatment Decision-making and
Outcomes Evaluation Using Joint Kinetic Data

Part 2 - Case Examples
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« Examine the role of joint kinetics in routine clinical gait analysis
oVariety of pathologies
oFocus on the joint(s) of interest
oHighlight additional information provided by joint kinetics
oHighlight impact of joint kinetics on treatment indications

* lllustrate additional knowledge that joint kinetics provide for
understanding gait pathomechanics
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Kinetics and Orthoses
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* One of the many benefits of
joint kinetic data is in the
evaluation and understanding
of orthosis function.

« Joint kinetic data can provide
a mechanical basis for how
ankle foot orthosis (AFQO’s)
work.

Case 1 — Myelomeningocele
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Solid ankle-foot-orthosis (AFO)

» Solid ankle to limit
ankle sagittal plane
motion

 Anterior entry

» Support strapping at
proximal end and
sometimes at ankle
and forefoot
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Bilateral Solid AFO’s
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Mechanical Basis Behind AFO'’s ‘ 'Chlldre;;

* AFQO’s provide an internal ankle plantar flexor moment

» Therefore, weight bearing on the distal aspect of the
foot is possible in patients with weak plantar flexors
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* The AFO provides a net internal plantar flexor moment

» Therefore, AFO allows for weight bearing on the distal
aspect of the foot and associated improved stability

» Proximal changes as well (knee-sag, hip & pelvis-coronal)
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* Trim line posterior to medial
and lateral malleolus

* Thinner ankle coverage that
allows sagittal plane motion in
dorsiflexion during weight
bearing

« Sufficiently supportive to limit
excessive equinus in swing

» Support strapping at proximal
tibia
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Impact of Joint Kinetic Data

heel rise in stance

* PLS brace results in significant kinetic changes
flexor moment

generation
o Confirms ankle power generation capabilities
o Confirms appropriate prescription of PLS brace versus SAFO
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» PLS brace results in subtle changes in visual gait pattern
o Elimination of drop foot in swing allowing for a heel initial contact and early

o Elimination of knee flexion moment, excessive and premature ankle plantar

o Elimination of abnormal knee and ankle power absorption and ankle power

Case 3 — Down’s Syndrome
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University California at Berkley (UCBL) . :S!,:'Ff,"f,'_‘.;

* Trim line falls distal to
medial and lateral malleolus

* Medial and hind foot
support correct for supple
bony alignment issues

* Wedge provides further
support to minimize
abnormal hind foot
positions
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Barefoot vs. UCBL’s - Foot Progression

Barefoot UCBL’s
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(40+ deg external foot progression) (20+ deg external foot progression)
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Sagittal Plane Knee and Ankle Kinetics (right side)

Barefoot UCBL’s
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Impact of Joint Kinetic Data

* Provided basis for understanding benefit of the UCBL's
beyond the visual impact

* Helped develop a mechanical basis for the treatment
approach

* Improved our understanding of the role of foot/ankle
function on knee function
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Kinetics a “Deeper Dive” into Gait Pathology
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* One of the many benéefits of joint kinetic data is in the
evaluation and understanding of gait function in the context
of

omuscle weakness
ovisual inconsistencies and appreciating the kinetic
oimpact of orthopedic surgery

« Joint kinetic data provides a mechanical basis for how
people walk
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Mechanism? Trink Tilt

* Dynamic
anterior/forward trunk

tilt during right lower
extremity stance

« Shifts center of gravity Pelvic Tilt

forward

* Minimizes required 2
internal extensor
moment at the knee
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Impact of Joint Kinetic Data

* The sagittal plane knee joint
moment data provided a basis for
our understanding of how a patient
can walk with a 20 degree knee
flexion contracture and less than
antigravity quadriceps strength.

« How much more knee flexion
contracture can he tolerate?
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* The knee valgus thrust
has been associated
with the cause of knee
pain and reduction in
ambulation in persons
with myelomeningocele

* The KAFO has been
used to minimize this
moment

» Coronal plane knee
kinetics can allow us to
document this problem
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“Visual” vs.
“Actual”?

KAFO needed?

Knee
coronal
plane
moment?
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Knee Coronal Plane Moment ...

fAdd gg |

28 -

eiawﬂ
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* Does this person need a
KAFO to protect the knee in ™"
the coronal plane?
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« Simultaneous
motion during
loading
response
includes:
olnternal pelvis
olnternal hip
oFlexion knee
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Insight Into the Mechanics

Visual — Front View Visual - Oblique
(out of plane to coronal axes) (within plane to coronal axes)

Typically Developing Coronal Plane Knee Kinetics
(no valgus thrust)

.0 Connecticut
m Childrens
Creating the Future 25"

Impact of Joint Kinetics

* The knee coronal plane moment indicates that there was
not an “actual” knee kinetic valgus thrust occurring during
ambulation.

» Since there are no abnormal coronal plane knee moments,
there is no mechanical basis for recommending the KAFO
to protect the medial aspect of the knee.

» There may however be another basis for recommending a
KAFO.
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Case 6 — Pre vs. Post Surgical Intervention in CP
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* Role of kinetics in evaluating pre vs. post surgical
intervention in patients with cerebral palsy

* What is the impact of surgery?
oVisually - kinematics
oOther - kinetics

Comparison of Pre vs. Post Gait
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Impact of Joint Kinetic Data

« Basis for surgery, e.g. hamstring lengthening for
correction of a knee extensor moment pattern which is
caused by hamstring spasticity/contracture

 Evidence that the TAL procedure did not reduce ankle
power generating capabilities during gait in this case

* Allows us to better understand the impact of surgery on
adjacent joints and energy conservation
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Pre vs. Post Comparisons — Why?

* A systematic evaluation of joint kinetics collected pre and
post surgery will help us understand the impact of treatment
on the mechanics of walking

* This will provide us a better basis to predict the impact of
treatment on the mechanics of walking and stronger
surgical indications

« Ultimately, there should always be a mechanical basis for
treatment that is intended to impact gait
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Take Home

* Kinetics allow a different level of understanding of
joint function during gait not possible with kinematics
alone

e Lever arm issues, weakness and abnormal motor
control impact kinetics

* Kinetics allow differentiation between primary gait
deviations and compensations to inform treatment
decisions
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