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• To define and characterize CP

• To review impairments affecting gait 

• To describe the classic gait patterns

• To review tone management treatment

• To describe orthopedic management

Objectives



CP Basics



• Static lesion

• Developing brain

• Motor dysfunction

Definition



• Topography

• Muscle tone/movement disorder

• Functional levels 

• Etiology

Characterization

Graham, Nature Reviews 2016



Gross Motor Function 
Classification System 
(GMFCS)

Graham, Nature Reviews 2016



Impairments Affecting Gait



• Spasticity

• Dystonia

• Chorea

• Athetosis

• Hypotonia

Muscle tone and Movement Disorder



Weakness



Motor Control



Contractures



• Femoral anteversion

• Tibial torsion

Rotational Deformity

Schuenke, The Lower Limb, 2010.



Gait



Normal gait

Pease and Bowyer, Human Walking, 2010.



Forward momentum in gait

Carallo and Matthews, Quantitative Assessment of Gait: A Systematic Approach, 2015.



Rodda and Graham, Eur J Neurol 2001



Rodda and Graham, Eur J Neurol 2001



Aging with CP

-Bony 
deformity

-Joint 
deformity

-Gait 
dysfunction

-Increasing height 
and weight

-Spasticity and 
dystonia

-Contractures

-Rotational 
deformity



Intervention



Evidence

Novak, Dev Med Child Neurol 2013



Evidence

Novak, Dev Med Child Neurol 2013



Evidence

Novak, Dev Med Child Neurol 2013



Goals

Tone management

Therapy and 
orthoses

Orthopedic 
management

Patient & 
family goals



Therapy



Therapy



Orthoses

Cascade Orthotics



Orthoses



Hypertonicity and 
movement disorder 
management



• Baclofen

• Diazepam

• Artane

• Sinemet

• Dantrolene

Enteral medications



• Botulinum toxin

• Phenol

Chemodenervation and chemoneurolysis



Intrathecal baclofen (ITB) pump

Medtronic



Intrathecal baclofen (ITB) pump



Selective dorsal rhizotomy (SDR)

• How a stretch reflex 
works
– Sensory input from the muscle

– Integration of sensory 
information in the spinal cord

– Output of information to the 
muscle

• How spasticity affects this
– Loss of inhibition from the brain 

🡪 over-activity of the muscle

Satkunam, CMAJ, 2003.



Selective dorsal rhizotomy (SDR)

• How SDR affects this
– Decreases sensory input 

into the spinal cord 🡪 
decreasing abnormal 
muscle output

Satkunam, CMAJ, 2003.



Selective dorsal rhizotomy (SDR)

• Selection criteria
– Age

– Strength

– Motor control

– Spasticity

– Participation



Selective dorsal rhizotomy (SDR)



Selective dorsal rhizotomy (SDR)



SDR Patient Case

• 4yo history of 30wk prematurity

– Imaging: cystic changes per report from family 

– GMFCS III:

• Reciprocal crawl 

• Ambulates with walker

• Independent transfers on/off of toilet and to walker

• Manual wheelchair for distances



SDR Patient Case

• Range of Motion: Left Right                    
Hip E-F: 0-120⁰                0-120⁰
Hip Abd:  0-25⁰ 0-15⁰
Popliteal: -60⁰ -60⁰
Knee E-F: 0-150⁰ 0-150⁰
Ankle DF with KE: -5⁰ -5⁰

• Spasticity:  1/4 hip abductors, quads and ankle dorsiflexors, 3/4 hip adductors, 
hamstrings and plantarflexors  

• Strength:  unable to isolate hip flexion, 2+/5 hip abduction, 3/5 hip extension, knee 
extension and knee flexion, ankle DF and PF not isolated



SDR Patient Case – pre-op video



SDR Patient Case

• Recommended Intervention:

– Selective dorsal rhizotomy
• Strength

• Isolated motor control

• Spasticity

• No dystonia

• Rehabilitation potential



SDR Post-op Rehabilitation

• Intensive inpatient rehabilitation
– Strengthening

– ROM, stretching, serial casting

– Retraining patterns of movement

• Intensive outpatient rehabilitation



SDR Patient Case – 1yr post-op video



Orthopedic management



• Serial casting 

• Botox injections

Contracture management



Contracture management

  

Graham, Thomason, Novacheck. Cerebral Palsy, 2014. 



Contracture management

Graham, Thomason, Novacheck. Cerebral Palsy, 2014. 



• SEMLS = Single Event 
Multilevel Surgery

Contracture management

Graham, Thomason, Novacheck. Cerebral Palsy, 2014. 



SEMLS Patient Case 1

• 5yo history of 30wk prematurity

– Imaging: unavailable

– GMFCS III:

• Bunny hops and knee walks at home

• Walks short distances with posterior walker

• Manual wheelchair in the community



SEMLS Patient Case 1

• Range of Motion: Left Right                    
Hip E-F: -30-120⁰                -30-120⁰
Hip Abd:  0-20⁰ 0-20⁰
Hip IR: 0-60⁰ 0-60⁰
Hip ER:  0-40⁰ 0-40⁰
Popliteal: -70⁰ -60⁰
Knee E-F: -15-140⁰ -15-140⁰
Ankle DF with KE: -30⁰ -30⁰

• Spasticity:  Grossly grade 2/4 on MAS hip add, hamstrings, plantarflexors

• Strength:  Good underlying strength though difficult to assess in a 5yo  



SEMLS Patient Case 1

• Recommended Intervention:

– Soft tissue lengthening of

• Bilateral hip adductors

• Bilateral iliopsoas

• Bilateral medial hamstrings

• Bilateral tendo-achilles



SEMLS Patient Case 1



SEMLS Patient Case 2

• 8yo history of 27wk prematurity

– Imaging: Intraventricular hemorrhage (IVH)

• GMFCS III: 

– Crawls at home

– Walks with tripod canes in school and home

– Manual wheelchair in community



SEMLS Patient Case 2

• Prior interventions:

– Therapy (community, school, hippotherapy)

– Baclofen

– Serial casting

– Botulinum toxin injections



SEMLS Patient Case 2

• Range of Motion: left right
Hip E-F: -35-110⁰ -30-120 ⁰ 
Hip Abd:  0-15⁰ 0-20 ⁰ 
Hip IR: 0-25⁰ 0-50 ⁰ 
Hip ER:  0-30 ⁰ 0-20 ⁰ 
Popliteal: -90 ⁰ -90 ⁰ 
Knee E-F: -30-140 ⁰ -20-140 ⁰ 
Ankle DF with KE: -20 ⁰ -20 ⁰ 

• Tone:  Grossly grade 2/4 on MAS hip add, hamstrings, plantarflexors

• Strength:  good underlying strength fighting against considerable contractures.  



SEMLS Patient Case 2

• Recommended procedure:

– Soft tissue lengthening

• Bilateral hip adductors

• Bilateral iliopsoas

• Bilateral medial hamstrings

• Bilateral tendo-achilles

• Bilateral peroneus brevis

– Bony procedure

• Bilateral calcaneal lengthening



SEMLS Patient Case 2



• Impairments affecting gait
– Hypertonicity and movement 

disorder
– Weakness
– Motor control
– Contracture
– Rotational deformity

• Typical gait patterns for 
diplegia and hemiplegia

• Intervention based on goals
– Therapy
– Orthoses
– Tone management

• Enteral medications
• Botox and phenol injections
• ITB
• SDR

– Orthopedic management
• SEMLS

Summary



Thank you
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