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Questions, concerns, A-ha moments, pearls?

Key Findings:
• Functional (Gait and 

Standing)

• Musculoskeletal

• Neuromotor

• Sensory-perceptual

• Systems Screening

• Individual

Key Findings:
• Suspected drivers

• Limiting factors

• Goals

• Resources
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Intervention •Range of motion 

•Strength and motor 
control

•Neuroplasticity 

•External supports

Impact of Excessive Pronation:

Asymptomatic controls, runners:

• Increased medial tibial rotation

• Increased ipsilateral pelvic drop

• Increased medial stress

Elite baseball players

• Increased shoulder surgeries

What does the current literature tell us about 
changes in muscle activity in the calf muscles? 

A wide body of literature is 
suggesting that passive muscle 
properties (tissue stiffness and 
viscosity) are contributing to 
perceived hyperreflexia in 
neuromotor health conditions.

Literature is suggesting that the 
nonneural component is as 
important as, and possibly more 
important than spasticity for 
function. 

Bar-On, 2015al. Spasticity and Its Contribution 
to Hypertonia in Cerebral Palsy. 

Contribution of musculoskeletal changes
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What does the current literature tell us about 
changes in muscle activity in the calf muscles? 

Contribution of musculoskeletal changes

• Lack of regular ambulation is hypothesized to be a major 
driver of these musculoskeletal changes

• “Therapeutic Gait”: Elaine Owen MBE MSc SRP MCSP

In neuromotor health conditions,
Foot intrinsic (core) muscles are under-
recruited for tonic stabilization

Gastroc-soleus complex (+ posterior tibialis, 
anterior tibialis):
• Contraction pattern changes

Phasic → tonic

Gastroc-soleus complex
• Contraction pattern changes

Eccentric → isometric/concentric

What does the current literature tell us about 
changes in muscle activity in the calf muscles? 

Relationship between impaired motor control and tonic 
contractions 

• Old paradigm: “tone” is a primary result of the health condition. 
• Update: stiffness and tonic isometric/concentric contraction may be  

symptoms of: impaired eccentric control, weakness, decreased motor 
control, and sensory deficits. 

Nielsen, 2015: Science-Based Neurorehabilitation: 
Recommendations for Neurorehabilitation From Basic 
Science. 

“Spasticity is now seen as a … change in the spinal neural circuitries 
aimed at maintaining a functional output from the spinal cord to the 
muscle in the face of diminished descending drive … [L]imitation in 
functional ability is … explained mainly by paresis and secondary 
structural changes in the muscles leading to increased resistance 
against movement and reduced joint mobility.” 
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• Okay so “tone” is more complex than we thought, and 
might not be the driver of dysfunction… 

Instead of thinking muscles as bad (inhibit! botox!) or good 
(facilitate!), we can look to increase the efficiency of muscle 
recruitment for function:

1. Facilitate automatic recruitment of deep postural (tonic) 
muscles to reduce tonic demand on phasic muscles.

• Ankle: reduce tonic demand on the gastrocsoleus, 
posterior tibialis, and other global movers by increasing 
the capacity of the foot core 

2. Facilitate task-appropriate contractions, concentrically, 
eccentrically, or isometrically in a task-appropriate way

• Ankle: improve the capacity of the gastrocsoleus 
complex and other global movers to fire eccentrically 
when they have been habitually been firing concentric or 
isometrically
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Deficits  Resources

• Shift from deficit perspective to resource perspective

• Resources of the system

• Opportunities to add resource to the system

Nielsen, 2015: Science-Based Neurorehabilitation: 
Recommendations for Neurorehabilitation From Basic 
Science. 

“Rather than being a pathological condition by necessity, spasticity 
could also be seen as a therapeutic opportunity. After all, the main 
problem for the patients (and the therapist) is to activate the muscles 
and the increased sensory drive to the spinal motorneurones that 
spasticity reflects provides an opportunity for providing such 
activation.”

Progressive Exercise
Short Foot

Improving Motor Control: Observation and Imagery

Progression
• Action observation

• Adult model
• Peer model

• Live
• Video
• Avatar

• Self model: mirror therapy
• Video editing for self-modeling

APPTAC 2021: Liliane Savard, PT, DPT, 
PCS, PhD(c), Melissa Houser, MD

• Motor imagery
• Motor performance 
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Progression

• Non-weightbearing

• Weightbearing in sitting

• Semi-standing

• Sit to stand

• Progression within 
controlled range

Improving Foot and Ankle Motor Control 
Electric Stimulation

Use of resistance to improve motor response

Improving Foot and Ankle Motor Control 
Welcome to The Resistance

Improving Foot and Ankle Motor Control 
Taping
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Use of technology to 
increase:

• Feedback

• Opportunities

for success

Novel activities 

• Placement

• Timing

Improving Foot and Ankle Motor Control 
Enhanced Feedback for Motor Exploration

Resisted diagonal 
step-down*

• Progression:

• Sitting

• Semi-standing

• Standing with UE 
support

• SLS

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted diagonal 

step-down

• Sitting, semi-standing

• Direct assist/cues for 
alignment of stance foot

Improving Foot and Ankle Motor Control 
Progressive Exercise
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Resisted diagonal 

step-down

• Sitting, semi-standing

• Indirect assist to align 
stance limb

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted diagonal 

step-down

• Sitting, semi-standing

• No assist

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted diagonal 

step-down

• Standing

• Assist to align stance 
foot

Improving Foot and Ankle Motor Control 
Progressive Exercise
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Resisted diagonal 

step-down

• Standing

• SLS

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted diagonal 

step-down

• Standing

• Demi pointe

• Pointe

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted hip adduction/abduction

• Progression toward SLS

Improving Foot and Ankle Motor Control 
Progressive Exercise
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Resisted hip flexion/extension 

(1st ray stabilization)

• Progression toward SLS

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted side step

Improving Foot and Ankle Motor Control 
Progressive Exercise

Resisted rotation 
in split stance 

Improving Foot and Ankle Motor Control 
Progressive Exercise
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Impact of Insufficient Plantar Flexor Strength: 

Neurotypical adults : 

• Increased medial knee displacement 

• Functional ankle instability

• Increased medial arch loading

• Increased incidence of ankle and knee injury

Muscles - Plantarflexors
• Gastrocnemius, Soleus (complex)
 eccentrically controls 

dorsiflexion for descending 
stairs

Best predictors of GMFM 66 scores:
• Hip abductor strength

• Ankle plantar flexor strength

Ross SA, Engsberg JR. Relationships between spasticity, strength, gait, and the GMFM-66 in 
persons with spastic diplegia cerebral palsy. Arch Phys Med Rehabil. 2007;88(9):1114-1120. 

Eek MN, Beckung E. Walking ability is related to muscle strength in children with cerebral 
palsy. Gait Posture. 2008;28(3):366-371. 
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Locomotor functions
Perry J, Burnfield JM. Gait Analysisௗ: Normal and Pathological Function. 

2nd ed. SLACK; 2010.

Gait Function

• Shock absorption

• Stance stability

• Propulsion

• Energy conservation

MVP

• Hip abd, extensors, quad, GS, TA

• Gastrocsoleus

• Gastrocsoleus

• Gastrocsoleus

Best predictors of GMFM 66 scores:
• Hip abductor strength

• Ankle plantar flexor strength

Functional Status and Task analysis

 Does Not Stand/Limited 
Standing
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Functional Status and Task analysis

Stands but does not ambulate
With device (stander or gait trainer)
Stands for transfers or other function
Pre-ambulatory

Functional Status and Task analysis

Ambulatory (with or without 
device)

• Locomotor functions
 Shock absorption
 Stance stability
 Energy conservation
 Propulsion
(Perry)

LOADING RESPONSE TERMINAL STANCEMIDSTANCE
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Functional Status and Task analysis

Ambulatory (with or without device)
Stance phase 
Loading response

--Eccentric Control of tibial
advancement

loading response

Efficient LR

• GS, knee extensors, hips 
extensors/external rotators control 
Ground Reaction Force (shock 
absorption) 

• GS, ankle mms, and foot intrinsics 
support foot posture and position

LOADING RESPONSE

Stance phase 
Loading response

Lack of deceleration of tibial
(shank) advancement
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Stance phase 
Loading response

Reversal of the forces during 
loading response; knee 
extension versus flexion 
moment (shank reversal)

LR: Efficient Motion

Loading Response: (1) Control ground reaction forces (2) Foot stabilization

LR: Less Efficient Motion: Hemiplegia

Loading Response: (1) Control ground reaction forces (2) Foot stabilization
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LR Less Efficient Motion: Diplegia

Loading Response: (1) Control ground reaction forces (2) Foot stabilization

LR Less Efficient Motion: Diplegia

Loading Response: (1) Control ground reaction forces (2) Foot stabilization

LR: Foot Stabilization
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Loading response: Eccentric Drills
Contraction to control GRF

Midstance

Efficient Midstance

• Graded tibial progression

• Knee stability

• Foot posture

MIDSTANCE

Midstance: Efficient Motion

Midstance: 1) Graded tibial progression, 2) Knee stability, 3) Support foot posture
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Midstance: Efficient Motion

Midstance: 1) Graded tibial progression, 2) Knee stability, 3) Support foot posture

Midstance: Less Efficient Motion: Hemiplegia

Midstance: 1) Graded tibial progression, 2) Knee stability, 3) Support foot posture

Midstance: Less Efficient Motion: Diplegia

Midstance: 1) Graded tibial progression, 2) Knee stability, 3) Support foot posture
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Functional Status and Task analysis

Ambulatory (with or without device)
Stance phase 
Midstance: self-selected shank angle

1- Shank ankle WFL
2- Excessively inclined shank
3- Excessively reclined shank

1-Shank Angle WFL

Weight line: 
Anterior to the knee
Posterior to hip
Mild incline of the shank

1-Shank Angle WFL

Movement system not impacted proximal to 
foot/ankle 

e.g. Toe Walking
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1-Shank Angle WFL

Movement system is able to 
compensate for any changes at 
the foot/ankle

-or-
The greater movement system is 
driving the change in the 
foot/ankle

 2-Excessively inclined shank (crouch) 
Weight line
• anterior to hip
• posterior to the knee

 3-Excessively reclined shank (knee hyperextension) 

Weight line
• anterior to hip
• anterior to the knee
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Midstance

Midstance Drills

1) Graded tibial progression

Knee stability

MIDSTANCE

MIDSTANCE

• Stabilize the knee by slowing tibia 
motion relative to femur motion 

Drills: midstance
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MIDSTANCE:
improve CONTROL OF TIBIAL PROGRESSION

Midstance
Improve Control of Tibial Progression

DRILL:

Resisted midstance

LOADING RESPONSE TERMINAL STANCEMIDSTANCE
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Terminal Stance: Efficient Motion

1) Decelerate tibial advancement 2) Enable forefoot rocker by stabilizing the ankle
3) Maintain the height of the COM 4) Achieve maximal functional elongation

Terminal Stance: Less Efficient Motion: Hemiplegia

1) Decelerate tibial advancement 2) Enable forefoot rocker by stabilizing the ankle
3) Maintain the height of the COM 4) Achieve maximal functional elongation

Terminal Stance: Less Efficient Motion: Diplegia

1) Decelerate tibial advancement 2) Enable forefoot rocker by stabilizing the ankle
3) Maintain the height of the COM 4) Achieve maximal functional elongation
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Terminal Stance

Dorsiflexion with hip and knee 
extension?

*Requisite of Therapeutic Gait. 
(Owen)

MTP extension with pre-swing?

Terminal stance
Functional Elongation of the GS

Functional dorsiflexion is achieved 

not just *for*

but *through*

regular  ambulation! 

“Therapeutic Gait” (Elaine Owen)

Willerslev-Olsen 2013: 
Passive muscle properties are altered in children with cerebral 
palsy before the age of 3 years and are difficult to distinguish 
clinically from spasticity. Dev Med Child Neurol. 

Terminal stance
Functional Elongation of the GS

• Functional DF range and GS muscle 
extensibility is achieved through 
regular ambulation

• Anyone lacking this movement 
experience is at risk for restricted DF 
and tissue changes

• Foot and ankle impairments in most 
pediatric health conditions are 
sequelae of the lack of therapeutic gait

TERMINAL STANCE
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• PRE: Stabilize the knee by slowing tibia 
motion relative to femur motion *

• PRE: Stabilize the knee by slowing tibia 
motion relative to femur motion* 
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Terminal stance
functional elongation of the gs

Addressing tissue stiffness

Manual therapy of soft 
tissues and ankle joints has 
been shown to improve:

• DF range

• Balance

• Functional goals

Willerslev-Olsen 2013: Passive 
muscle properties are altered 
in children with cerebral palsy 
before the age of 3 years and 
are difficult to distinguish 
clinically from spasticity.

DRILL:

Resisted Terminal Stance

• Maximal elongation at TS 
with eccentric GS control

• Functional mobilization

Terminal stance
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Functional Status and Task analysis

Swing phase

• Foot clearance

• Step Length

Functional Status and Task analysis

Swing phase

Limb positioning at Terminal Swing

Initial contact at heel with hip flexion and knee 
extension?

*Requisite of Therapeutic Gait.

Functional Status and Task analysis

Swing phase

Limb positioning at Terminal Swing
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Functional Status and Task analysis

Transverse and Coronal Plane findings

Functional Status and Task analysis

Lifespan Status

Goals related to movement 
experiences based on current 
lifespan status and expected 
changes.


