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Spasticity (Lance, 1980)Spasticity (Lance, 1980)

Motor disorderMotor disorder
Velocity dependent increase in tonic stretch reflexesVelocity dependent increase in tonic stretch reflexes
Hyperexcitability of the stretch reflexHyperexcitability of the stretch reflex
Exaggerated tendon jerksExaggerated tendon jerks
One component of the upper motor neuron syndromeOne component of the upper motor neuron syndrome
Altered activity patterns of motor units occurring in Altered activity patterns of motor units occurring in 
response to sensory and central command signals response to sensory and central command signals 
which lead to cowhich lead to co--contractions, mass movements, and contractions, mass movements, and 
abnormal postural control  (abnormal postural control  (WiesendangerWiesendanger, 1991), 1991)



Pathophysiology of SpasticityPathophysiology of Spasticity

Proposed TheoryProposed Theory
Imbalance between excitatory and inhibitory Imbalance between excitatory and inhibitory 
impulses to the alpha motor neuronimpulses to the alpha motor neuron
Due to lack of descending inhibitory input to Due to lack of descending inhibitory input to 
the alpha motor neuronthe alpha motor neuron
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Possible Advantages of SpasticityPossible Advantages of Spasticity

Maintains muscle bulkMaintains muscle bulk
Helps support circulatory functionHelps support circulatory function

May prevent formation of deep vein thrombosisMay prevent formation of deep vein thrombosis

May assist in activities of daily livingMay assist in activities of daily living
May assist with postural control May assist with postural control 



Adverse ConsequencesAdverse Consequences

Interferes with mobility, exercise, joint range Interferes with mobility, exercise, joint range 
of motionof motion
More often interferes with ADLsMore often interferes with ADLs
Cause pain and sleep disturbancesCause pain and sleep disturbances
Make patient care more difficultMake patient care more difficult
Can interfere with speech Can interfere with speech –– spastic spastic dysarthriadysarthria
…….and swallow .and swallow –– spastic spastic dysphagiadysphagia



Dynamic Muscle ToneDynamic Muscle Tone

Observation of Movement PatternsObservation of Movement Patterns
EquinusEquinus gaitgait
Scissor gaitScissor gait
Upper extremity flexion/adductionUpper extremity flexion/adduction
Mass movement posturesMass movement postures

ObservationObservation
Try observing with Try observing with andand without without orthosesorthoses or ambulation aidsor ambulation aids
Video taping can be very helpfulVideo taping can be very helpful



Spasm Frequency ScaleSpasm Frequency Scale

ScoreScore CriteriaCriteria

00 No spasmsNo spasms

11 No spontaneous spasm (except with vigorous No spontaneous spasm (except with vigorous 
stimulation)stimulation)

22 Occasional spontaneous spasm and easilyOccasional spontaneous spasm and easily--induced induced 
spasmsspasms

33 More than 1 but less than 10 spontaneous spasms per More than 1 but less than 10 spontaneous spasms per 
hourhour

44 More than 10 spontaneous spasms per hourMore than 10 spontaneous spasms per hour
(Penn, 1989)



Modified Ashworth Scale (MAS)Modified Ashworth Scale (MAS)

ScoreScore CriteriaCriteria

44 Affected part(s) rigid in flexion or extensionAffected part(s) rigid in flexion or extension

00 No increase in toneNo increase in tone

11 Slight increase in tone (catch and release at end of ROM)Slight increase in tone (catch and release at end of ROM)

1+1+ Slight increase in tone, manifested by a catch, followed by Slight increase in tone, manifested by a catch, followed by 
minimal resistance throughout remainder (less than half of the minimal resistance throughout remainder (less than half of the 
ROM)ROM)

22 Marked increase in tone through most of ROM, but affected Marked increase in tone through most of ROM, but affected 
part(s) easily movedpart(s) easily moved

33 Considerable increase in tone; passive movement difficultConsiderable increase in tone; passive movement difficult

(Bohannon & Smith, 1987)



Treatment Options for Patients Treatment Options for Patients 
with Spasticitywith Spasticity

Patient

Intrathecal
Baclofen
(ITB™)
Therapy

Oral
Medications

Rehabilitation
Therapy

Orthopedic
Surgery

Neurosurgery

Injection
Therapy



Rule out . . .Rule out . . .

PainPain
Infection  Infection  -- UTI, Pneumonia, osteomyelitisUTI, Pneumonia, osteomyelitis
ConstipationConstipation
RefluxReflux
Decubitus ulcersDecubitus ulcers
StressStress
AnxietyAnxiety
Changes in underlying disease state (e.g., MS Changes in underlying disease state (e.g., MS 
exacerbation, recurrent CVA)exacerbation, recurrent CVA)



Rehabilitation TherapyRehabilitation Therapy

StretchingStretching
CastingCasting
OrthosesOrthoses
Positioning Positioning 
Weight bearingWeight bearing
Rotary movementsRotary movements
Electric Electric StimStim

CryotherapyCryotherapy
HydrotherapyHydrotherapy
EMG biofeedbackEMG biofeedback
Electrical stimulationElectrical stimulation
Vibration of the Vibration of the 
antagonistantagonist



Oral MedicationsOral Medications

Most common:Most common:
Baclofen (Baclofen (LioresalLioresal®®) ) 
Diazepam (ValiumDiazepam (Valium®®))
Tizanidine (ZanaflexTizanidine (Zanaflex®®))
Dantrolene sodium (DantriumDantrolene sodium (Dantrium®®))



Site of Action for Oral Site of Action for Oral 
MedicationsMedications

DrugDrug

BaclofenBaclofen

DiazepamDiazepam

TizanidineTizanidine

Dantrolene sodiumDantrolene sodium

Site of actionSite of action

Central Nervous SystemCentral Nervous System

Central Nervous SystemCentral Nervous System

Central Nervous System Central Nervous System 

Peripheral:  musclePeripheral:  muscle



Injection TherapyInjection Therapy

Anesthetic / Diagnostic Nerve BlocksAnesthetic / Diagnostic Nerve Blocks
ProcaineProcaine
LidocaineLidocaine

Neurolytic Nerve BlocksNeurolytic Nerve Blocks
EthanolEthanol
PhenolPhenol

BotulinumBotulinum Toxin Toxin 



Botulinum ToxinBotulinum Toxin

Clostridium botulinumClostridium botulinum injected into the muscle injected into the muscle 
Interferes with release of acetylcholine at the Interferes with release of acetylcholine at the 
neuromuscular junctionneuromuscular junction
No systemic effectNo systemic effect
May be administered without anesthesiaMay be administered without anesthesia
EMG guidance for small musclesEMG guidance for small muscles
Results typically last 3Results typically last 3--5 months5 months



InjectionsInjections

AdvantagesAdvantages
Not permanentNot permanent
Reduces focal spasticity, improves function, decreases painReduces focal spasticity, improves function, decreases pain
Effects are localized Effects are localized -- not systemicnot systemic

DisadvantagesDisadvantages
Not permanent Not permanent -- may need to repeat injectionsmay need to repeat injections
Ethanol and PhenolEthanol and Phenol: require greater skill to inject, increased risk of : require greater skill to inject, increased risk of 
paresthesiasparesthesias, , dysesthesiasdysesthesias
BotulinumBotulinum toxintoxin: more expensive than other injections, may : more expensive than other injections, may 
develop antibodiesdevelop antibodies



Neurosurgical TreatmentsNeurosurgical Treatments

NeurectomyNeurectomy
MyelotomyMyelotomy
Anterior Anterior RhizotomyRhizotomy
Selective Dorsal Selective Dorsal RhizotomyRhizotomy
CordectomyCordectomy
ThalamotomyThalamotomy

(Simpson, 1995)



Orthopedic SurgeryOrthopedic Surgery

SoftSoft--tissue operationstissue operations
lengtheningslengthenings
releasesreleases
tendon transferstendon transfers

Bony operationsBony operations
osteotomiesosteotomies
fusionsfusions



Intrathecal Baclofen (ITBIntrathecal Baclofen (ITB™™) ) 
TherapyTherapy



Intrathecal Delivery of BaclofenIntrathecal Delivery of Baclofen

Acts as Acts as GABAGABAbb –– receptor agonistreceptor agonist
GABA (gammaGABA (gamma--amino butyric acid) is an inhibitory CNS amino butyric acid) is an inhibitory CNS 
neurotransmitterneurotransmitter
Two receptor types (Two receptor types (GABAGABAaa and and GABAGABAbb))

Mechanism of action is probably Mechanism of action is probably presynapticpresynaptic
inhibitioninhibition

Inhibits release of calcium into Inhibits release of calcium into presynapticpresynaptic terminalsterminals
Thereby impedes release of excitatory neurotransmittersThereby impedes release of excitatory neurotransmitters

Baclofen is delivered directly into CSF in intrathecal Baclofen is delivered directly into CSF in intrathecal 
spacespace



Site of Action of Intrathecal Site of Action of Intrathecal 
BaclofenBaclofen

Animal F GABAb specific bindingAnimal F GABAb specific binding



Pharmacokinetics of BaclofenPharmacokinetics of Baclofen

IntrathecalIntrathecal
600 mcg/day dose: 1.24 mcg/600 mcg/day dose: 1.24 mcg/mLmL IT lumbar concentrationIT lumbar concentration
Lumbar to cervical concentration is 4:1 with lumbar Lumbar to cervical concentration is 4:1 with lumbar 
catheter tip placementcatheter tip placement
Therapeutic dose is 1/100 of oralTherapeutic dose is 1/100 of oral

OralOral
60 mg dose: 0.024 mcg/mL IT lumbar concentration60 mg dose: 0.024 mcg/mL IT lumbar concentration
HalfHalf--life 3life 3--4 hours4 hours

(Knutsson et al, 1974; Kroin & Penn, 1991)



SynchroMedSynchroMed®® Infusion System Infusion System 
ComponentsComponents

PumpPump
infuses drug at programmed rateinfuses drug at programmed rate

CatheterCatheter
delivers drug to thedelivers drug to the
intrathecal (subarachnoid) intrathecal (subarachnoid) 
space of the spinal cordspace of the spinal cord

ProgrammerProgrammer
allows for precise dosingallows for precise dosing
easily adjustable dosingeasily adjustable dosing



Indications for ITBIndications for ITB

Positive response to the screening testPositive response to the screening test
Patients with spasticity of spinal origin:Patients with spasticity of spinal origin:
unresponsive to oral antispasmodicsunresponsive to oral antispasmodics
and/or experience unacceptable side effectsand/or experience unacceptable side effects

Patients with spasticity of cerebral origin must be one year Patients with spasticity of cerebral origin must be one year 
post brain injury to be considered for ITB Therapypost brain injury to be considered for ITB Therapy



Patient Selection GoalsPatient Selection Goals

Low level patientsLow level patients
Improve positioningImprove positioning
Facilitate hygieneFacilitate hygiene
Improve orthotic fitImprove orthotic fit
Decrease caregiver burdenDecrease caregiver burden
Pain control due to nighttime spasmsPain control due to nighttime spasms

Francisco GE, Yablon SA, Schiess MC, et al. Consensus panel guidelines for the use of intrathecal baclofen therapy in 
post stroke spastic hypertonia. Top Stroke Rehabil 2006; 13(4): 74-85.



Patient Selection GoalsPatient Selection Goals

High level patientsHigh level patients
Improve mobilityImprove mobility

Prevent long term consequences of poor biomechanicsPrevent long term consequences of poor biomechanics
Increased speed and safety of gaitIncreased speed and safety of gait
Improved quality of gaitImproved quality of gait

Improve ADLsImprove ADLs
DressingDressing
Independence in hygieneIndependence in hygiene
Decrease time to perform tasksDecrease time to perform tasks



ITB Screening TestITB Screening Test
StrokeStroke

Anticoagulation is not a contraindicationAnticoagulation is not a contraindication
Set up protocol to stop AC or switch to LMW Set up protocol to stop AC or switch to LMW heparinoidsheparinoids

History of seizures does not rule out ITB TherapyHistory of seizures does not rule out ITB Therapy
Minimal surgical riskMinimal surgical risk
No weakness in normal sideNo weakness in normal side

Will only unmask weakness of affected sideWill only unmask weakness of affected side
Age and time from stroke are not contraindicationsAge and time from stroke are not contraindications
Use 75mcg to 100mcg to see improvement in UE Use 75mcg to 100mcg to see improvement in UE 
spasticityspasticity



Before and AfterBefore and After
VideoVideo



Screening Test Flow ChartScreening Test Flow Chart

Not a CandidateIntrathecal Baclofen Therapy Clinical Reference Guide for Spasticity Management, Medtronic, Inc.

Bolus: 50 mcg

24 hrs after
Bolus: 75 mcg

24 hrs after
Bolus: 100 mcg

+ -

+ -

+ -

= Positive Response
“Implant”

= Negative Response
“No Implant”

+

-



Assessment During the Screening Assessment During the Screening 
Test:  Adverse EffectsTest:  Adverse Effects

DrowsinessDrowsiness
LightheadednessLightheadedness
DizzinessDizziness
SomnolenceSomnolence
Respiratory depressionRespiratory depression
SeizuresSeizures
RostralRostral progression of progression of hypotoniahypotonia
Loss of consciousness (can progress to coma)Loss of consciousness (can progress to coma)



Examination During the Examination During the 
Screening TestScreening Test

Typically assess at 2 and 4 hours post bolusTypically assess at 2 and 4 hours post bolus
Ashworth or Modified Ashworth ScalesAshworth or Modified Ashworth Scales
(AS or MAS) (AS or MAS) –– PT/OT measurePT/OT measure
Passive/Active Range of MotionPassive/Active Range of Motion

--PT/OT measurePT/OT measure
Observe movement patterns Observe movement patterns -- VideoVideo
Spasm ScaleSpasm Scale
Pain ScalePain Scale



Modified Ashworth Scale (MAS)Modified Ashworth Scale (MAS)

ScoreScore CriteriaCriteria

44 Affected part(s) rigid in flexion or extensionAffected part(s) rigid in flexion or extension

00 No increase in toneNo increase in tone

11 Slight increase in tone (catch and release at end of ROM)Slight increase in tone (catch and release at end of ROM)

1+1+ Slight increase in tone, manifested by a catch, followed by Slight increase in tone, manifested by a catch, followed by 
minimal resistance throughout remainder (less than half of the minimal resistance throughout remainder (less than half of the 
ROM)ROM)

22 Marked increase in tone through most of ROM, but affected Marked increase in tone through most of ROM, but affected 
part(s) easily movedpart(s) easily moved

33 Considerable increase in tone; passive movement difficultConsiderable increase in tone; passive movement difficult

(Bohannon & Smith, 1987)



Assessing the Screening ResultsAssessing the Screening Results

Looking for decrease in muscle toneLooking for decrease in muscle tone
Looking for decrease in painLooking for decrease in pain
Looking for improvement in ROMLooking for improvement in ROM
Excessive loss of tone is not a contraindication Excessive loss of tone is not a contraindication 
for ITB Therapyfor ITB Therapy
Are the deviations due combination of: Are the deviations due combination of: 
weakness, spasticity, biomechanical factors, weakness, spasticity, biomechanical factors, 
motor planning?motor planning?



ITB therapy does notITB therapy does not……

Does not help Does not help apraxiaapraxia
Does not cure aphasiaDoes not cure aphasia
Does not make the impaired side Does not make the impaired side ‘‘normalnormal’’
Does not take away the CVADoes not take away the CVA
Does not cure neurogenic bladder/bowel issuesDoes not cure neurogenic bladder/bowel issues



Pump Implant



Pump ImplantPump Implant

Abdominal incisionAbdominal incision
make a pocket for the pump no deeper than 2.5 cm make a pocket for the pump no deeper than 2.5 cm 
or 1 inchor 1 inch



Pump/Catheter PlacementPump/Catheter Placement

UE spasticityUE spasticity
C5 to T4C5 to T4
Bolus dosing Bolus dosing 

LE spasticityLE spasticity
T10T10
Simple continuous or bolus dosingSimple continuous or bolus dosing

Do not suddenly stop oral baclofen when pump Do not suddenly stop oral baclofen when pump 
is placedis placed



Titration PeriodTitration Period

After First 24After First 24--Hour PeriodHour Period
Increase dose slowlyIncrease dose slowly
Increase only once every 24 hours until desired Increase only once every 24 hours until desired 
clinical effect achievedclinical effect achieved

Adults with spasticity of spinal originAdults with spasticity of spinal origin
1010--40% increments40% increments

Adults with spasticity of cerebral originAdults with spasticity of cerebral origin
55--20% increments20% increments

PediatricsPediatrics
55--20% increments20% increments



Stroke Ambulatory patientStroke Ambulatory patient
(Francisco and (Francisco and BoakeBoake) ) 

10 patients10 patients
Average time of implant: 28.6 monthsAverage time of implant: 28.6 months

Follow up interval: 8.9 monthsFollow up interval: 8.9 months
Customary walking speed (50ft)Customary walking speed (50ft)

Improved from 36.6 to 52 cm/s (p<0.05)Improved from 36.6 to 52 cm/s (p<0.05)
Normal muscle strength preserved in Normal muscle strength preserved in 
unaffected limbsunaffected limbs

Francisco, GE, Francisco, GE, BoakeBoake, C. Improvement in walking speed in post , C. Improvement in walking speed in post srokesroke spastic hemiplegia after intrathecal  baclofen therapy: spastic hemiplegia after intrathecal  baclofen therapy: 
A preliminary study. A preliminary study. Arch Phys Med Arch Phys Med RehabilRehabil 2003; 84(8): 11942003; 84(8): 1194--99.99.





Therapist Role PostTherapist Role Post--ImplantImplant

Determine appropriate therapy venueDetermine appropriate therapy venue
Propose treatment planPropose treatment plan
Provide input regarding dosingProvide input regarding dosing
StrengtheningStrengthening
Neuromuscular retrainingNeuromuscular retraining
‘‘UnlearningUnlearning’’ bad habits bad habits …….synergy patterns.synergy patterns



Potential Risks of ITB TherapyPotential Risks of ITB Therapy

Common side effects: (bolus)Common side effects: (bolus)
HypotoniaHypotonia
SomnolenceSomnolence
Nausea/vomitingNausea/vomiting
HeadacheHeadache
DizzinessDizziness
ParesthesiasParesthesias

Catheter and procedural complications may occurCatheter and procedural complications may occur
Overdose (rare)Overdose (rare)
WithdrawalWithdrawal



Baclofen OverdoseBaclofen Overdose
SymptomsSymptoms

DrowsinessDrowsiness
Lightheadedness Lightheadedness 
DizzinessDizziness
SomnolenceSomnolence
Respiratory depressionRespiratory depression
SeizuresSeizures
RostralRostral progression of progression of hypotoniahypotonia
Loss of consciousness (possible progression to coma)Loss of consciousness (possible progression to coma)

Take patient to emergency department!Take patient to emergency department!



Baclofen WithdrawalBaclofen Withdrawal

SymptomsSymptoms
Increased spasticityIncreased spasticity
Itching without rashItching without rash
Tingling, Tingling, paresthesiasparesthesias, skin "crawling", skin "crawling"
HyperthermiaHyperthermia
HeadacheHeadache
HypotensionHypotension
SeizuresSeizures
HallucinationsHallucinations
Altered mental statusAltered mental status
Autonomic dysreflexiaAutonomic dysreflexia

A medical emergency!A medical emergency!



ITB TherapyITB Therapy

AdvantagesAdvantages
ReversibleReversible
NonNon--invasive dose adjustmentsinvasive dose adjustments
Fewer side effects than oral drugs Fewer side effects than oral drugs 
Improves function (quality of function), comfort and careImproves function (quality of function), comfort and care
Decreases risk of contractures and skin breakdownDecreases risk of contractures and skin breakdown
Allows development of strength and coordinationAllows development of strength and coordination

DisadvantagesDisadvantages
Complications: infection, catheter problems, overdose, baclofen Complications: infection, catheter problems, overdose, baclofen 
withdrawalwithdrawal
Refills Refills –– approximately every 3 monthsapproximately every 3 months
CostCost



Reassess for other interventionsReassess for other interventions

BotulinumBotulinum toxin, toxin, MyoblocMyobloc
Motor point blocksMotor point blocks
Orthopedic interventionsOrthopedic interventions
Decrease oral medsDecrease oral meds



CVA PatientCVA Patient

56yo male with left CVA 56yo male with left CVA –– spastic R spastic R 
hemiplegiahemiplegia
Ambulatory with SBQC, pain in arm, legAmbulatory with SBQC, pain in arm, leg

““Thalamic pain syndromeThalamic pain syndrome”” –– Pain score 9/10Pain score 9/10

Dependent for dressing and bathingDependent for dressing and bathing
MAS RUE 4 , RLE 3MAS RUE 4 , RLE 3--44
Poor sleepPoor sleep
Frequent fallsFrequent falls



ITB Trial dose 50mcgITB Trial dose 50mcg

Pain score 0Pain score 0
UE MAS 2 with active shoulder abduction and UE MAS 2 with active shoulder abduction and 
elbow extensionelbow extension
LE MAS 1LE MAS 1--22
Ambulated with cane Ambulated with cane –– much improved much improved 
hip/knee and ankle motion, better balance, able hip/knee and ankle motion, better balance, able 
to move LUE during gait, improved speedto move LUE during gait, improved speed



ConclusionsConclusions
ITB therapy is well tolerated and controlled spasticity in strokITB therapy is well tolerated and controlled spasticity in stroke e 
patientspatients
No evidence of  increased disability or weakness associated No evidence of  increased disability or weakness associated 
with early treatmentwith early treatment
Effective for ambulatory and nonEffective for ambulatory and non--ambulatory patientsambulatory patients
Increased spastic hypertonia is associated with worsening Increased spastic hypertonia is associated with worsening 
disabilitydisability
Revision of catheter to cervical Revision of catheter to cervical –– thoracic location  is thoracic location  is 
associated with improved control of UE toneassociated with improved control of UE tone
Bolus dosing paradigm appears to be more effective than Bolus dosing paradigm appears to be more effective than 
continuous dosingcontinuous dosing



WhoWho’’s on the s on the ““teamteam””??

Patient and familyPatient and family
PhysiciansPhysicians

physiatrist or neurologistphysiatrist or neurologist
neurosurgeonneurosurgeon
orthopedic surgeonorthopedic surgeon

Case ManagerCase Manager
Nurse / Nurse Nurse / Nurse 
PractitionerPractitioner

Physical therapistPhysical therapist
Occupational therapistOccupational therapist
Speech/Language Speech/Language 
PathologistPathologist
DieticianDietician
PsychologistPsychologist
Social WorkerSocial Worker
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