
Anthony S. Burns MD MSc (presenter)
Associate Professor, Division of Physiatry, Department of Medicine, University of Toronto

Physiatrist, Brain & Spinal Cord Rehabilitation Program, UHN – Toronto Rehabilitation Institute

November 22, 2019

Optimizing the Management of Spasticity in Spinal Cord Disorders



Objectives
At the end of the session, participants will be able to:

1. Define spasticity & disabling spasticity;
2. List outcome measures for spasticity;
3. Compare the relative advantages and disadvantages of 

different treatment options;
4. Optimize treatment strategies following clinical assessment



The Impact of Spasticity following Spinal Cord Disorders
 Spasticity is common following SCI/D
 Reported prevalence between 65 – 93% following  spinal cord damage.1

 Individuals with SCD perceive spasticity as a problem
 In a community survey, spasticity reported as a significant problem by 17% 

and a moderate problem by 28% of participants.2

 Spasticity can limit physical abilities 
 Transfers, positioning and mobility, ADLs, social participation2

 Can also have positive effects, e.g. for transfers

 Spasticity impacts health and quality of life (QoL)
 Disturbed sleep, fatigue and pain, increased risk of injury, pressure ulcers, 

negative self-image, etc.1

1.Adams MM, Hicks AL. Spasticity after spinal cord injury. Spinal Cord 2005;43:577-86);  
2.Burns AS, LanigI, Grabljevec K, New PW, Bensmail D, Ertzgaard P, Nene AV. Optimizing the Management of Disabling Spasticity following Spinal 
Cord Damage – the Ability Network – An International Initiative. Arch Phys Med Rehabil 2016; 97(12): 2222-2228.



What is Spasticity?



Signs & Symptoms of Upper Motor Neuron Syndrome

– Velocity-dependent increased resistance to passive stretch 

– Exaggerated deep tendon reflexes

– Clonus (rhythmic alternating contractions)

– Involuntary spasms (random contractions)

– Rigidity (co-contractions of agonist/antagonists)

– Presence of UMN signs (Babinski, Hoffman)



Ankle Clonus



Involuntary Lower Extremity Spasms



Burns AS, Lanig I, Grabljevec K, et al. Arch Phys Med Rehabil 2016;97:2222-8.

Definitions of Spasticity



Limitations of Lance Definition
“A velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated 
tendon jerks, resulting from hyperexcitability of the stretch reflex, as one component of 
the upper motor neurone syndrome”
Lance JW. Symposium synopsis. In: Feldman RG, Young RR, Koella WP, editors. Spasticity: disorder of motor control. Chicago: Year

Book Medical Publishers: 1980. p 485-94.

 Observed features do not result exclusive from hyperexcitability of stretch reflex
 Not all features are velocity dependent
 Fails to incorporate many common associated signs & symptoms - e.g., clonus, 

paroxysmal involuntary activation of muscles (spasms), etc.
 Influenced & exacerbated by afferent input unrelated to stretch reflex (e.g., UTIs, stool 

impaction)
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Recommended Definitions
Burns AS, Lanig I, Grabljevec K, New PW, Bensmail D, Ertzgaard P, Nene AV.  Arch Phys Med Rehabil 2016;97:2222-8.

The Ability Network endorsed the following definitions:

 Spasticity – Disordered sensori-motor control, resulting from an upper motor 
neuron lesion, presenting as intermittent or sustained involuntary activation of 
muscles. (Pandyan AD et al. Disabil Rehabil 2005;27:2-6)

 Disabling spasticity – Spasticity which is perceived by the individual or caregivers 
as hindering body function, activities, and/or participation.

Endorsement of Pandyan definition based on 4 factors:

1. The mention of motor control rather than motor disorder

2. Recognition that spasticity is not result exclusively due to hyperexcitability of the stretch reflex

3. Broad clinical applicability

4. Its incorporation of meaningful symptoms as experienced by persons living with spasticity





Pathophysiology of Spasticity



What Causes Spasticity?

Basic Theory
• Loss of descending inhibition to the 

motor neurons in spinal cord:
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What Causes Spasticity?
Basic Theory
• Loss of descending inhibition to the 

motor neurons in spinal cord.

– Spasticity of cerebral origin 
results from lack of descending 
inhibitory input due to injury to 
the brain

– Spasticity of spinal origin results 
from interruption of descending 
tracts that inhibit or modulate 
alpha and gamma motor 
neurons

• Plasticity in the spinal cord likely 
also contributes to and reinforces 
spasticity.



Loss of Inhibition in Spasticity

Sensory
Excitation
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Elbasiouny SM, Moroz D, Bakr MM, Mushahwar VK. Management of spasticity after 
spinal cord injury: current techniques and future directions. Neurorehabil Neural 
Repair 2010;24(1):23-33.

Physiologic Mechanisms of Spasticity



Assessment





 Facilitate a full appreciation of the impact of spasticity
 Identify the need for intervention and accompanying treatment goals
 Central to the determination of treatment efficacy
 Lack of consensus on clinical and functional measures suitable for routine 

assessment in clinical practice; end result is considerable variability in day-to-
day clinical practice

IMPORTANCE OF ASSESSMENT

ISCoS, Dublin |   October 25, 2017





International classification of functioning, disability and health (ICF)

Spasticity



Guide to assessment of spasticity in persons with SCD



PRESENCE, EXTENT, AND SEVERITY OF SPASTICITY (N = 7)

 Ashworth/Modified Ashworth Scale (MAS)

 Clonus score

 Numeric Pain Rating Scale

 Pendulum Test (Wartenburg)

 Penn Spasm Frequency Scale

 Range of motion/goniometry

 Spinal Cord Assessment Tool for Spastic Reflexes (SCATS)



FUNCTIONAL IMPACT OF SPASTICITY (N = 8)

 6 minute walk test

 10 meter walk test

 Berg Balance Scale

 Dynamometry

 Timed Up and Go

Walking Index for Spinal Cord Injury (WISCI, WISCI II)

 Functional Independence Measure (FIM)

 Spinal Cord Independency Measure (SCIM)



International classification of functioning, disability and health (ICF)

Spasticity



PRO, PROM, HRQOL

 PRO, Patient Reported Outcome
 Denote the subjective patient experience, such as subjective symptoms, 

quality of life, subjective functional status, satisfaction with care and/or 
compliance with medication—essentially anything that patients know first-
hand and is appropriate for them to report (Basch, E. 2014)

 PROM, Patient Reported Outcome Measures
 Efforts to standardize and instrumentalize PRO. Mainly referring to HRQoL

 HRQoL, Health Related Quality of Life instruments



EXAMPLES OF PROMS & HRQOL MEASURES

 Generic measures of HRQoL 

 SF-36

 WHOQOL-BREF

 Disease- or condition-specific measures (Spasticity)

 SCI-SET (https://scireproject.com/)

 PRISM

 Preference-based utility measures

 EQ-5D

 SF-6D



CAREGIVER BURDEN

 Spasticity can have significant consequences for caregivers

 Generic HRQoL measures 

 Can be used with caregivers - do not provide insight into caregiver-specific 
problems

 No specific caregiver burden scales developed for SCD

 Caregiver Burden Scale (3 studies)

 Zarit Burden Interview (1 study)

ISCoS, Dublin |   October 25, 2017





Time and Motivation

ISCoS, Dublin |   October 25, 2017



Body function Activity Participation HRQoL cost-effectiveness
& structure

Assessment - individual

Outcome - individual

Outcome – clinic/department

Research



Treatment



Spasticity Treatment Options



Spasticity Treatment Options



Spasticity Treatment Options



Chemical Neurolytics
– Injected directly into targeted nerves or muscles
– Targeted and less prone to systemic side effects
– Efficacy impacted by skill and experience of clinician 

• Improved with EMG or U/S localization
– Not practical for generalized, multi-segmental spasticity

– Phenol Injections – neurolysis of nerve.
• Cheap
• Dose dependent & injection localization critical
• Waning clinician familiarity (largely supplanted by Botox)
• Pain at administered site, causalgia w/ sensory nerve injury

– Botulinum Toxin - binds to presynaptic NMJ and prevents acetycholine release.
• Expensive
• Efficacy begins within 3-7 days and last 2-6 months
• Dosing limits number of muscles which can be injected



Spasticity Treatment Options



Orthopedic Surgical Intervention

– Tendon Lengthening & Transfer - preferred method
• Restores full passive range with some residual muscle tension.
• Muscle must be immobilized under tension.

– Osteotomy - for skeletal deformity
• Restore boney architecture, muscle-length can be improved.
• Used along with tendon lengthening.

– Arthrodesis - joint fusion
• When the above are prohibited.
• Stabilize unstable joints (subtalar, thumb, wrist).



Spasticity Treatment Options



Neurosurgery

– Dorsal rhizotomies - Regional spasticity.
• Cut dorsal roots
• Historically utilized in cerebral palsy patients

– Peripheral neurotomies - Focal spasticity.



Spasticity Treatment Options



Passive Range of Motion/Stretching







Pharmacological Intervention

Oral Drugs
Diazepam Brainstem reticular 

formation and spinal 
polysynaptic pathways

Fatigue; reduced motor coordination, 
intellect, attention, memory

Dantrolene Sodium Skeletal muscle 
calcium stores

Hepatotoxicity, generalized muscle 
weakness

Oral Baclofen GABA-b receptors Drowsiness, confusion, headache, lethargy

Tizanidine Hydrochloride a2-adrenergic 
receptors

Dizziness, sedation, dry mouth

Intrathecal Drugs
Intrathecal Baclofen Gaba-b receptors Pump malfunction/ dislocation

Drug Site of Action Adverse Effects



Baclofen (oral)

• Most commonly prescribed medication for spasticity of CNS etiology. 

• GABA agonist that binds to GABA-b (inhibitory) receptors in the CNS.

• Oral baclofen has supraspinal activity that contributes to side effects. 

– sedation, excessive weakness, dizziness, mental confusion, somnolence. 

• Reported incidence of adverse effects has ranged from 10% to 75%. 
(Dario A, Tomei G. Drug Safety 2004; 27: 799-818)

• ~25-30% SCI & MS patients fail to respond adequately to oral baclofen. 
(Lewis KS, Mueller WM. Annals of Pharmacotherapy 1993; 27: 767-774)



Intrathecal Baclofen (ITB)
1. Pump is implanted in a 

pocket under the skin of the 
abdomen.

2. The catheter is tunneled 
under the skin to the back.

3. The catheter tip is inserted 
into the intrathecal space 
surrounding the spinal cord.

4. Baclofen is delivered directly 
to the cerebrospinal fluid 
surrounding the spinal cord



Intrathecal baclofen is most effective treatment for 
severe generalized, refractory spasticity



Basic criteria for ITB therapy



Goals of ITB Therapy? 

Examples:

Facilitate completion of activities of daily living (ADLs)
Decrease caregiver burden
Improve sleep
Decrease pain (related to spasticity/spasms)
Prevent contractures
Improve mobility/transfers
Improve wheelchair sitting
Improve gait (ambulatory patients)



Advantages of ITB Therapy?
• Drug delivered directly to the site of action 

(spinal cord)

• Central side effects (brain) minimized such 
as drowsiness or confusion

• Higher baclofen concentrations (CSF) than 
those attainable via the oral route.

• Pump can be non-invasively programmed to 
deliver a range of infusion rates in 
customized dosing patterns

• Reversible



Medtronic Targeted Drug Delivery 
(4 Generations)

• 1st Generation – SynchroMed
• 2nd Generation – SynchroMed EL
• 3rd Generation – SynchroMed II
• 4th Generation – SynchroMed II



Pharmacokinetics
Onset of action 30–60 min after bolus
Peak effect 4 h after bolus
Duration of action 4–8 h or longer

Screening dose Drug volume
25 µg
50 µg
75 µg

100 µg

0.5 ml
1.0 ml
1.5 ml
2.0 ml

Test Dose Trial
Baclofen injection – bolus via lumbar puncture

Recommended concentration for screening test 50 
microgram (µg)/ml

Screening test may be repeated at increased doses if patient does not have positive 
response to first dose



Intrathecal Baclofen Trial



Spasticity of Spinal Origin

• 97% of patients with spasticity of spinal origin 
demonstrate a positive response to the screening test 
(Penn RD. J Neurosurg. 1992;77:236-240)



Test Dose Trial
Understanding patient’s response

• Intrathecal bolus injection:
 ‘Light switch’ that turns spasticity off

• Long-term ITB Therapy® with 
Implanted Pump:
 ‘Dimmer switch’ that allows dose to 

be adjusted precisely
 Some patients can retain some 

functional spasticity while muscle 
strength and control are developed



Disabling elements are 
MULTI-SEGMENTAL or 

GENERALIZED

PathwaySpasticity affects function/ADL, impairs care
Risk of potential clinical complications

Evaluate spasticity, 
Consider previous treatment history

Define goals and outcome measures for 
SCD spasticity

Effective/successful
Goals met

Spasticity still problematic
Goals still to be achieved

Intrathecal 
Baclofen Pump 
Implantation

Disabling 
elements are 

FOCAL

Manage secondary aggravating factors, e.g. 
noxious stimuli

Intrathecal 
Baclofen 

Screening Test

Oral Pharma 
Treatments 

Physiotherapy

Injectable 
Pharma 

Treatments

Screening Test 
Positive

Effective/successful
Goals met

Screening Test 
Negative

Pump Titration & 
Management

Surgical 
Treatments





CASE #1 – SPINAL CORD DAMAGE

J.W. is a 62 year old male who tripped over a curb while walking his dog.

Before he could extend his arms he fell forward striking his head on the ground. 

J.W. was unable to move his arms and legs and was transported to University Hospital.

CT imaging of the head and neck was unremarkable with the exception of degenerative cervical 
spondylosis with prominent osteophytes adjacent to the C4-5 endplates.

Magnetic resonance imaging (MRI) revealed the presence of a congenitally narrow cervical 
canal, multi-level degenerative disk disease, and bulging of the posterior longitudinal ligament. 
Increased intramedullary T2 signal was visible posterior to the C4 vertebral body.

Taken to the O.R. next day for C4-5 laminectomies, C3-6 partial laminectomies, and C3-6 
posterior instrumented fusion



CASE #1 – HOSPITAL PRESENTATION 

 Alert & oriented to person, place, and time. 

 UEx motor function - trace elbow flexors. 

 LEx motor function - 2/5 hip adductors, knee extensors, ankle 
plantarflexors. 

 C3 sensory level bilaterally.

 No volitional contraction of external sphincter; bulbocavernosus reflex 
absent. 

 UEx & LEx flaccid with pROM; deep tendon reflexes absent

 Neurological classification – C3 AIS grade C 



CASE #1 – REHABILITATION & FUNCTIONAL OUTCOMES 

 Inpatient rehabilitation x 3 months; outpatient rehabilitation x 4 months

 Progressed C3 AIS D

 Independent household ambulator with forearm crutches & bilateral AFOs

Motorized scooter used in community

Modified independent for ADLs; utilizes bath bench and raised toilet seat



CASE #1 – INITIAL ASSESSMENT 

When assessed 9 months post-injury, J.W. voiced several concerns:

 Reported feeling “stiff” and his upper body “was like a block of wood”

 Dressing is difficult; wife assists with donning his shirt and styling his hair.

 Sleep is poor and his legs “jump all night”. Tired in the morning and his wife is 
sleeping in a separate bed.

 Frustrated with “slow” walking; difficult to get started after standing.

 Legs jerk unexpectedly and he has fallen 3x in the past 2 months. Feels his 
symptoms are worse in the winter.



PRESENCE, EXTENT, AND SEVERITY OF SPASTICITY (N = 7)

 Ashworth/Modified Ashworth Scale (MAS)

 Clonus score

 Numeric Pain Rating Scale

 Pendulum Test (Wartenburg)

 Penn Spasm Frequency Scale

 Range of motion/goniometry

 Spinal Cord Assessment Tool for Spastic Reflexes (SCATS)



CASE #1 – PRESENCE, EXTENT, & SEVERITY 
 pROM was performed of the upper and lower extremities:
 Shoulder abduction limited to 90o on the left & 100o on the right
 Shoulder external rotation ~60o bilaterally
 Lacking 10-20o terminal elbow extension bilaterally

 Tone was assessed in the upper and lower extremities using the MAS:
 Shoulder abductors MAS 3 bilaterally
 Elbow flexors MAS 2 bilaterally
 Hip/knee extensors MAS 2 bilaterally
 Ankle plantarflexors MAS 2 bilaterally

 Other significant findings included: 
 Presence of bilateral Hoffman, Chaddock, and Babinski signs
 Sustained bilateral clonus at the ankles

 SCATS completed to document extent of spasticity:
 Clonus subscale – 3 (severe) bilateral
 Flexor spasm subscale – 1 (mild) bilateral
 Extensor subscale – 2 (moderate) bilateral



FUNCTIONAL IMPACT OF SPASTICITY (N = 8)

 6 minute walk test

 10 meter walk test

 Berg Balance Scale

 Dynamometry

 Timed Up and Go

Walking Index for Spinal Cord Injury (WISCI, WISCI II)

 Functional Independence Measure (FIM)

 Spinal Cord Independency Measure (SCIM)



CASE #1 – INITIAL ASSESSMENT (FUNCTIONAL IMPACT) 

 Gait was assessed:
 Speed was diminished
 Base of support widened with forearm crutches
 ‘Stiff’ with decreased knee flexion during swing phase
 Periodic patellar clonus/spasms during early stance
 Foot clearance diminished but adequate with ankle foot orthoses (AFOs)

 10 meter walk was performed:
 10 MWT = 0.6m/s

 Berg Balance Scale (BBS) completed:
 BBS score = 38/56 (medium fall risk)



CASE #1 PATIENT REPORTED OUTCOMES

 University Hospital (research?)
 Patient relatively independent – minimal aid in ADL
Walking with very low speed 
 Poor sleep

 Choice of instruments:
 No caregiver burden  instrument
 SF-36 (generic)
 SF-6D (preference-based utility instrument)
 SCI-SET (symptom check-list and condition-specific instrument)
 Clear treatment goals according to SMART



CASE #1 TREATMENTS—GENERALIZED SPASTICITY

 Physiotherapy

 Identify/treat secondary contributors to spasticity

 Trial of oral medications
 baclofen*
 tizanidine* /clonidine
 dantrolene* 
 benzodiazepines 

 Upper limbs: pect major
 botulinum toxin *: consider depending on response 

Order of oral trial
Best evidence *



Treatment Response:
 Cognitive side effects from baclofen at 10mg tid with no benefit
 Started on tizanidine: partial response at 24mg/d → sedation
 Dantrolene initiated and titrated to 25mg TID; discontinued after 

transaminases (AST/ALT) increased

?



CASE #1 FURTHER OPTIONS

 Discussion of ITB as option

 Proceed to test dose



anthony.burns@uhn.ca

Questions?
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