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Why Prescribe a Rigid AFO
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AFO Prescription

Huge variation in historical AFO prescribing practice

Move towards evidence based practice

Rigid AFOds have become Gold Standar
What do we know about effects of rig
What do we think we know?

What don't we know?

What features of Rigid AFO prescription might be problematic?

Are we providing patients with what they want or what we think
they want?

Can we do better?

Postural and Functional Impact of
Dynamic AFOs and FOs in a Pediatric
Population

Nancy M. Hylton, R.P.T
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ISPO Consensus meeting 8 -11 Sept 2008
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AREVIEW OF THE EFFECTIVENESS OF LOWER LIMB ORTHOSES
USED IN CEREBRAL PALSY

Roy Bowers Dip. Pros. Orth. Senior Lecturer in Orthotics

&
Karyn Ross BSc Prosthetist & Orthotist
Nartional Centre for Prosthetics and Orthotics,
University of Strathclvde, Glasgow, UK

To produce this review. a systematic literature search was conducted for relevant
articles published in the period between the date of the previous ISPO consensus
conference report on cerebral palsy (1994) and April 2008. The search terms were
“cerebral and pals™ (palsy. palsies), “hemiplegia”, “diplegia”. “orthos*” (orthoses.
orthosis) orthot™ (orthotic, orthotics), brace or AFO. Papers were selected for review
if they addressed the use of lower limb orthoses in cerebral palsy. Papers relating to
adult onset pathology were rejected. Papers relating to the direct application of hip
orthoses were excluded as this area is addressed in a separate review on the effects of
orthoses on the hips. spine and upper limbs. Abstracts were rejected if their content
was subsequently located in full research papers. Only English language papers were
included. Databases searched were EMBASE (ovid). Science Direct, social services
abstracts, psychINFO, Medline (ovid). APAIS Heath (informit), AMI, Cinahl.
PubMed. Recal. the NHS Scotland e-library and Google Scholar. The literature
review on orthotic management of cerebral palsy by Morris [1] was also consulted.
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Current Evidence: Rigid AFO Set Up

u Evidence based criteria for Rigid AFO
tuning

Ankle position

Shank Alignment
Tuning- footwear mods
Kinematics

u Validated in Gait Labs

What else do we know about Rigid
A F O émpasmimpaired barefoot walking for children with CP) ?

Good Bad

Improve walking speed  (enhanced with u A FE O dhat restrict ankle joint motion
Boicagl reduce power generation and
Reduce Cadence abSOI‘ptIOr‘I at the ankle

i u s this an acceptable compromise in
Improved Stride length order to optimise other gait

Single support prolonged parameters?

Improve ankle, knee & hip
kinematics

No effect on pelvis
Improve foot alignment
Tuning very important

Botox can compliment orthotic
treatment and improve outcomes
further
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What we think we know about Rigid
A F O @Jmﬁedtoimpairedbarefoot walking for children with CP) ?

u Positive influence on metabolic
cost of walking

u A minimum of 6 hours of corrected
positioning a day changes
resistance to passive stretch and
decreased tone in Soleus

u Improve standing balance

What WeSSEEREIRON KN ow
A F O é)m&edtoimpairedbarefoot walking in children with CP) é é

How do they effecté

Foot alignment in the growing
child

What impact does stabilising the
Sit to Stand (STS) knee artificially (by moving GRF in
Stairs? front of the knee and behind the

hip) have on motor learning/co
Uneven Ground? ordination and strength

Neuroplasticity impact Can we deliver similar kinematic

Impact on Ankle ROM results using hinged a f otk
motion control

Phasic muscle activity

Muscle Strength
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What do we know about Hinged
A F O émde to impaired barefoot walking for children with CP) ?

Stride length better in Hinged
AFO6s than Rigid AFOGSs

Free ankle dorsiflexion AFO
plantarflexion stops) at 90 degrees

can cause crouch gait in

presence of gastrosoleus tightness

and spasticity

Hi nged AFOG6s must bl ock
motion at appropriate angles so

the GRF vector can be

successfully manipulated

STS likely to be easier in hinged
AFO

CP AFO Algorithms - Elaine Owen

CLINICAL ALGORITHM 2 LINICAL ALGORITHM 3
CLINICAL ALGORITHM | N ¥l FOF »
T e SE 2 { iTH, SAGITTAL ANGLE OF THE A

D RS of ot e
oo || (g

OR DORMILENORS? |

HWIAT I8
STIPPNESS OF
GASTROCNEMIUS
R DORSIFLENORS?

flow lo- of ankle
dorsiflexion during second rocker of gait cycle
" u O 3 CONSIDER THE
dorsifiexion In stance and create a ‘quasi-stiff ankle in dorsiflexion in 3 THIFLANAR BONY
rocker? ALIGNMENT
OF THE F00T
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CP AFO Algorithms ( cont )

CLINICAL ALGORITHM 4
INING MTPJ DESIGN
FIXED / FREE

Refercnces: Owen | 2010, 2014e. 2014k 3016, 20160

Fiaine Owes Coue Mo

Thoughts

Rigid AFO tuning and validation of
tuning is robust and necessary for CP
patients on Flat surfaces

What i mpact do rigid
CP children function outside the gait

lab(e.g. STS, Stairs, Uneven ground,

sl opes, ADLGs, soci al

Why do so many children with CP

ALGORITHMS
FOR
CASE STUDIES
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stop wearing their AFO®s

home/away from school?

Are oOidealisedo6 kinet
outcomes from a patients
perspective

Are these results transferable to
other Neurological conditions?

Can we achieve similar or better
results with different AFO designs (as
technologies improve)?

i cs
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What has happened since 20087

u More research and guidelines
promoting Shank inclined rigid
AFOd8s kinemati cs

NHS Quality Improvement
Scotland Best practice statement
Use of ankle -foot orthoses
following stroke

Best Practice Statement ~ August 2009

Use of ankle-foot orthoses following stroke

Summary:

Biomechanical effects of AFOs

an AFO can positively influence the alignment and motion of the foot and ankle in stance
and in swing

the use of an AFO can have a positive effect on the motion and alignment of the knee and
hip joints in stance

an AFO can have a positive effect on the temporal and spatial parameters of gait

(eg velocity, cadence, step length)

contracture management should be considered to enhance the effectiveness of an AFO, and

management of tone and/or spasticity should be considered to enhance the effectiveness
of an AFO.

Non-biomechanical effects of AFOs

the ultimate aim of using AFOs with people who have had a stroke is to improve mobility
and quality of life

quality of life indicators should be used to assess treatment outcomes in stroke
rehabilitation

appropriate intervention with an AFO can improve/facilitate increased independence of
patients following stroke, and

using AFOs to facilitate independent ambulation can have beneficial psychological effects.




‘orthases following stroke - August 2009

Indications for different AFOs
1) Posterior leaf spring
This flexible orthosis is similar to many
prefabricated AFOs designs, and can be made
from a range of matesials (Figure 3). The PLS
AFO s only indicated in cases where there is
isolated dorsiflexor weakness, le simple swing
phase problems (drop foot). It is not
appropriate when there s any significant
problem of high tone or spasticity, any
significant mediolateral Instability of the foot,
or the need for orthotic influence on the knee
Figure 3: Custom-made PLS  and/or the hip? 2. These very specific
prescription criteria will exclude many stroke
patients, who have increased tone, supination of the foot, knee
hyperextension, and/or hip flexion and retraction.

2) Hinged or articulated AFO
There are a number of mechanical ankle joints
which may be incorporated into HAFOs to
allow or assist motion in one direction while
preventing or limiting motion in another
(Figure 4). Typically, hinged AFOs block
plantarfiexion at 90°. A HAFO that allows
dorsiflexion should only be considered when
an adequate range of dorsifiexion is already
present. Specifically, there should be adequate
length in the gastrocnemius to allow
Figure 4: Hinged AFO approximately 10° dorsifiexion with the knee
fully extended'> **. It Is important that this
range of dorsifiexion should be achievable without any spastic catch in
the plantarflexors' *, and without undue resistance due o tone. Even If
adequate dorsiflexion range s present, HAFOs may be inappropriate in
the presence of moderate o severe mediolateral instability of the foot
This Is because the space needed for the ankle joints makes HAFOs fit
less well than solid ankle designs.

10

AFOQO design indications

3) Solid AFO
Solid AFOs prevent all motion at the foot and
ankle (Figure 5). They are indicated when there is
high tone or spasticity in the plantarflexors, a
gastrocnemius contracture, significant
mediolateral instability of the foot and/or a need
‘ for the AFO to influence the knee or hip” 2, The
stiffness of a solid AFO is Influenced by material
‘ choice and thickness, and the location of the trim
lines (edges) which should be anterior to the
malleoll. Reinforcements (eg carbon fibre inserts)
Figure 5: Solid AFO may be incorporated at the ankle section of a
solid AFO 1o increase stiffness. Flexing, o
‘buckling’, of the AFO should not be tolerated as a way of allowing stance
phase progr , as this will comg control of the foot
Instead, stance phase progression can be improved by ‘tuning’ the solid
AFO, a process which is essential to optimise the alignment of the ground
reaction force (GRF) vector to the knee and hip joints'* * (see Appendices 6
and 7).

4) Ground reaction orthosls
AGRAFO Is a form of solid AFO which s designed
to maximise the indirect orthotic control of knee
flexion during stance phase (Figure 6). To have
this effect on the knee, a GRAFO must be very stiff
and must be optimaly aligned 5o as to ensure that
the ground reaction force is in front of the knee in
mid to late stance, generating an extemal knee
extension moment™ (see Appendices 3 and 6).
A specific design feature of the GRAFO s a plastic
pretibial shell close to the knee, which helps
Figure 6 Floor reaction O prevent excessive tibial progression. Fixed
deformity in any of the three anatomical planes
(see Appendix 2) or the presence of dynamic contracture of the knee and/or
hip will compromise the effectiveness of a GRAFO.

Kinetics vs Kinematics

bryanridgley.com
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Under st andi ng

Science is beautiful when it makes simple explanations of phenomena or
connections between different observations. Examples include the double

helix in biology and the fundamental equationsofphy si ¢cs 0
Professor Stephen Hawking 2017

Neur opl assRERERE] t Vv e e

Neuroplasticity is the brainds ability
orewired6 or reorganise itself

u Neuroplastic o0l oopso
maintained by repetition of
movement

The intact (non -injured) brain has
the capacity and ability to learn

Task specific movements promotes
neuroplasticity

FEShas been shown to promote
neuroplasticity

Ri gid AFO6s have
inhibit Neuroplasticity by
immobilising the ankle
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Why doSlEEEEREe | v U
in CP and Stroke Rehab?

Free dorsiflexion AFOG6s do
adequately control GRF

Li mited Motion AFOO&s have
potential to control GRF

Hi nged &didvdame ankle
motion which is an essential driver
for neuroplasticity

So why would we ever stop an
ankle joint moving unless we had
to?

How could we design A F OO0 s
differently?
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Possible options

Controlled Motion
Structural Shell i Onboard Portable Power
Electronics Source (CO,)

Motion Assistance
Motion Resistance
Shank inclination?

Integrated FES/AFO
hy b ri d S Pneumatic Pressure

Intelligent powered Angle Sensor
AF OG0 s

Ottobock Motion Control Ankle

Multifunctional Ankle Joint
17B66=A-16
u 9 different setting options

u ROM control with varying degrees
of spring assist

Springs Assist Motion
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Fior & Gentz Motion Control ankle
Joint

Neuro Swing

Available in 5 sizes
Waterproof version
Shank Alignment adjust
ROM control

Adjustable springs assist
movement

Can be used single/double sided

Becker Motion Control Ankle Joint

Triple Action
Male Adult and paediatric version

Independent shank alignment
adjust

ROM control

Varying Springs resist motion (not
assist)




