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OverviewOverview

�� Definition and Pathophysiology Definition and Pathophysiology 

�� Disease ImpactDisease Impact

�� Measurement  MethodsMeasurement  Methods

�� Non pharmacological InterventionsNon pharmacological Interventions

�� Injection Therapies Injection Therapies 



Definition of Spasticity Definition of Spasticity 

�� ‘‘ velocityvelocity--dependent increased resistance to dependent increased resistance to 
passive limb movement in people with upper passive limb movement in people with upper 
motor neuron(UMN) syndromemotor neuron(UMN) syndrome’’ (Lance 1980)(Lance 1980)
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Spasticity is part of the 
UMN syndrome
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Classification of the forms of muscle overactivity in the Classification of the forms of muscle overactivity in the 
UMN syndromeUMN syndrome

���������	�
����
���������������������	������
�
��	��
	�
��

����
���������������
������





Pain and Limb deformity Pain and Limb deformity 



Pressure ulcers



Skin Macerations



Pressure ulcer and Pressure ulcer and 
Bone FractureBone Fracture

--------Fracture left proximal tibiaFracture left proximal tibia

during wound care for during wound care for 

left heel pressure ulcerleft heel pressure ulcer



Difficulty in basic lower limb care and Difficulty in basic lower limb care and 
Bone Fracture Bone Fracture 

----Fracture left superior pubic rami during bedside transferFracture left superior pubic rami during bedside transfer



Difficulty in basic upper limb  Difficulty in basic upper limb  
care  and bone fracturecare  and bone fracture

--Fracture left upper Fracture left upper humerushumerusduring dressing during dressing 
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Measurement  Methods of Spasticity 
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Measurement  Methods of Spasticity 



PAINAD ScalePAINAD Scale
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Goal Attainment ScalingGoal Attainment Scaling
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Measurement  Methods of Spasticity 



Score Ashworth Scale
(Ashworth B,1964)

Modified  Ashworth Scale 
(Bohannon RW, 1987)

0 No increase in tone No increase in muscle tone

1 Slight increase in tone giving a catch 
when the limb was moved in flexion or 
extension

Slight increase in muscle tone, manifested by 
a catch and release by minimal resistance at 
the end of the ROM when the affected part(s) 
is moved in flexion or extension

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

2  (3) More marked increase in tone but limb 
easily flexed

More marked increase in muscle tone 
through most of the ROM, but affected 
part(s) easily moved

3  (4) Considerable increase in tone, passive 
movement difficult

Considerable increase in muscle tone 
through most of the ROM, passive 
movement difficult

4  (5) Limb rigid in flexion or extension Affected part(s) rigid in flexion or extension



MAS=0 or 1

MAS=2

MAS=3 or 4

MAS=5

Modifed Ashworth Scale 
• Extend elbow over one second 
• Feel for any muscle resistance over the   

range of movement  



MAS=0 or 1

MAS=2

MAS=3 or 4

MAS=5

Modifed Ashworth Scale 
• Extend elbow over one second 
• Feel for any muscle resistance over the   

range of movement  

Drawbacks of MAS: 
•Unable to differentiate whether the cause of abnormal resistance is 
neural or peripheral (e.g. soft tissue compliance and joint integrity)
•Fair inter-rater reliability



Tardieu Scale                          
Gracies et al  Arch Phys Med Rehabil. 2000
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To  measure the 
PROM

To measure spasticity



Tardieu Scale                                
Gracies et al  Arch Phys Med Rehabil. 2000
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To  measure the 
PROM

To measure spasticityDrawbacks of Tardieu Scale:
• More time consuming
• Fair inter-rater  and intra-rater reliability in 
adult patients with spasticity 

• Difficulty in accurate determination of angle of  
catch 

• Clonus is a separate , excess symptoms that 
differs from spasticity 

• The full scale is rarely recorded



Passive FunctionsPassive Functions

Task Score

Cleaning palms 0-4

Cutting  fingernails 0-4

Dressing 0-4

Cleaning underarms 0-4

Carer burden Scale 0-16
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Active FunctionsActive Functions
�� Global measures Global measures ------ rarely sensitiverarely sensitive

Barthel Index or the Functional Independence Measures Barthel Index or the Functional Independence Measures 
(FIM) (FIM) 

�� Focal motor function tests  Focal motor function tests  
Upper limb: 

• Frenchay arm test 

• Action research arm test

• Nine-hole peg test 

Lower limb: 

• functional ambulation category

•10 m walking time, or six minute walking distance ( to capture 
fatigue)

• gait analysis 



Management StrategyManagement Strategy��� ���� � Set the goals Set the goals 
first first 
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Management Strategy for adults with Management Strategy for adults with 
spasticityspasticity

Spasticity in adults:  Management Using Botulinum Toxins.  NatioSpasticity in adults:  Management Using Botulinum Toxins.  National Guidelines.  Royal College of Physicians.  January 2009.nal Guidelines.  Royal College of Physicians.  January 2009.



Approaches to physical therapyApproaches to physical therapy

�� Neurophysiological  / Neurodevelopmental Neurophysiological  / Neurodevelopmental 
Approach  ( Bobath , 1990) Approach  ( Bobath , 1990) 

�� Motor relearning  or biomechanical approach Motor relearning  or biomechanical approach 
( Carr and Shepherd, 1987)( Carr and Shepherd, 1987)

�� Cognitive Approach ( Muir and Stevens, 1997)Cognitive Approach ( Muir and Stevens, 1997)

$���
���
��+��������
����
������



Bobath ApproachBobath Approach

�� Developed by Dr. Karel Bobath, a neuropsychiatrist, and Mrs. Developed by Dr. Karel Bobath, a neuropsychiatrist, and Mrs. 
Berta Bobath, a physical therapist  in 1943 Berta Bobath, a physical therapist  in 1943 –– while working while working 
with children with cerebral palsywith children with cerebral palsy

�� Original theoretical framework:Original theoretical framework:

•• A HIERARCHICAL  model of the motor control in the A HIERARCHICAL  model of the motor control in the 
nervous systemnervous system

•• Higher brain centers exerted control over lowerHigher brain centers exerted control over lower--level level 
centerscenters

•• Eg. The cerebral cortex control supercedes that of the Eg. The cerebral cortex control supercedes that of the 
brainstembrainstem



Bobath ApproachBobath Approach

�� Hypothesis:Hypothesis:

�� A neurologic insult will lead to a release of the A neurologic insult will lead to a release of the 
lowerlower--level centers from higherlevel centers from higher--level center level center 
inhibitory control, resulting in stereotypical inhibitory control, resulting in stereotypical 
postures, primitive movement patterns and postures, primitive movement patterns and 
predominant reflex activitypredominant reflex activity



Associated Reactions and Asymmetrical tonic Associated Reactions and Asymmetrical tonic 
neck reflexneck reflex
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Bobath Concept in stroke Bobath Concept in stroke 
rehabilitationrehabilitation

�� Limitations of Bobath concept: Limitations of Bobath concept: 

1)The patients all have damaged nervous system, so their 1)The patients all have damaged nervous system, so their 
muscle tone may never become entirely normalmuscle tone may never become entirely normal

2) Need to  address all the other factors of the UMN syndrom2) Need to  address all the other factors of the UMN syndrome, e, 
with the loss of strength and powerwith the loss of strength and power

�� A recent systemic review by Kollen BJ ( 2008) concludes that A recent systemic review by Kollen BJ ( 2008) concludes that 
overall Bobath concept is not superior to other approaches in overall Bobath concept is not superior to other approaches in 
stroke rehabilitation. stroke rehabilitation. 



Biomechanical/ motor learning  ApproachBiomechanical/ motor learning  Approach

�� Motor reMotor re--learninglearning

�� Consider the strength required to perform different tasksConsider the strength required to perform different tasks

�� This technique has moved away from normalizing tone, to This technique has moved away from normalizing tone, to 
improving muscle strength and practising a task, which has improving muscle strength and practising a task, which has 
some important benefitssome important benefits

�� Constraint therapyConstraint therapy

�� A study compared motor reA study compared motor re--learning programme with the learning programme with the 
Bobath technique ( Langhammer and Stanghelle, 2000) Bobath technique ( Langhammer and Stanghelle, 2000) 
concluded that motor relearning programme allow people to concluded that motor relearning programme allow people to 
leave hospital earlier since they were able to function at a leave hospital earlier since they were able to function at a 
higher level higher level 

Richardson D. Eur J Neurol 2002



Cognitive ApproachCognitive Approach

�� This involves the dynamic systems approach This involves the dynamic systems approach 
with respect to combining sensory input with with respect to combining sensory input with 
cognition and imagery ( Schmidt , 1991)cognition and imagery ( Schmidt , 1991)

�� Motivation and arousal are very importantMotivation and arousal are very important

Richardson D. Eur J Neurol 2002



Stretch and SpasticityStretch and Spasticity

�� Spasticity is not only velocity dependent, but also Spasticity is not only velocity dependent, but also 
length dependent length dependent 

�� Muscle shortening is associated with muscle Muscle shortening is associated with muscle 
overactivityoveractivity

�� Muscle shortening increases muscle spindle activityMuscle shortening increases muscle spindle activity

�� After stretch, when muscles return to normal length, After stretch, when muscles return to normal length, 
there is a decrease in muscle spindle afferent there is a decrease in muscle spindle afferent 
discharge ratedischarge rate



SplintsSplints
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CastingCasting
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Stretch for the treatment and Stretch for the treatment and 
prevention of contracturesprevention of contractures

�� A systemic review ( Katalinic OM 2010) found that A systemic review ( Katalinic OM 2010) found that 
stretch does not have clinically important effects on stretch does not have clinically important effects on 
joint mobility as well as spasticity in people with , or joint mobility as well as spasticity in people with , or 
at risk of contractures.at risk of contractures.

�� Most of the included studies examined the added Most of the included studies examined the added 
benefit of stretch over and above the usual carebenefit of stretch over and above the usual care

�� It is unclear whether stretch will has any effect on It is unclear whether stretch will has any effect on 
patients who have received no baseline usual care patients who have received no baseline usual care 



Electrical StimulationElectrical Stimulation

Low Frequency StimulationLow Frequency Stimulation

•• Applied to the antagonist Applied to the antagonist 
muscles muscles 

•• Supramaximal intensity to cause Supramaximal intensity to cause 
muscle contractionmuscle contraction

MechanismsMechanisms
1.1. Reciprocal reflex inhibition to Reciprocal reflex inhibition to 

decrease spasticity in the spastic decrease spasticity in the spastic 
muscle muscle 

2.2. Improve the strength of the Improve the strength of the 
antagonist muscle , thereby antagonist muscle , thereby 
improving  function improving  function 

High Frequency Stimulation

• Usually applied to the spastic 
muscles

• No muscle contraction
• Produce a tingling sensation 

Mechanisms:
1. Decrease pain ( gate theory),  

thereby decreasing spasticity 
2. Decrease motoneuronal 

excitability ( increased H-reflex 
latency)

3. Potential effects on cortical 
function 



Botulinum toxin acts at Neuromuscular junction

Motor end plates

1:presynaptic terminal
2:sarcolemma
3:synaptic vesicles
4:Acetylcholine receptors
5:mitchondrion



�����	�������
��
����
��

��	���	�
��	�
����
��	����	�����
����������
������� �
�	
���
��������
 !������
��
�������"�
#$%$



Safety profile of BoNT Type A Safety profile of BoNT Type A 
Wissel et al.2010Wissel et al.2010
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Safety profile of BoNT Type A Safety profile of BoNT Type A (cont(cont’’ d)d)

Wissel et al.2010Wissel et al.2010
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Safety profile of BoNT Type A Safety profile of BoNT Type A (cont(cont’’ d)d)

Wissel et al.2010Wissel et al.2010
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Injection techniques to enhance efficacy Injection techniques to enhance efficacy 
of BTXof BTX

�� 1) Accurate muscle localisation 1) Accurate muscle localisation 

�� 2)  Motor endplate injection 2)  Motor endplate injection 

�� 3)  Use a higher dilution of BTX for injection 3)  Use a higher dilution of BTX for injection 



Endplate targeting  injectionEndplate targeting  injection

�� In theory, since the putative In theory, since the putative 
site of action of botulinum site of action of botulinum 
toxin is at the motor toxin is at the motor 
endplate, the most effective endplate, the most effective 
injection technique is one in injection technique is one in 
which the smallest dose and which the smallest dose and 
volume of botulinum toxin volume of botulinum toxin 
is delivered close to the site is delivered close to the site 
of motor endplateof motor endplate



Motor endplate zonesMotor endplate zones

•• The neuromuscularThe neuromuscular

•• junctions(motor endplate junctions(motor endplate 
zones ) are thought to be zones ) are thought to be 
concentrated concentrated in a band at the in a band at the 
midpoint of muscle fibersmidpoint of muscle fibers

•• Endplate zones should be Endplate zones should be 
uniform in a given muscle and uniform in a given muscle and 
their location predictable if their location predictable if 
muscle fiber architecture is muscle fiber architecture is 
knownknown

Subneural apparatus

Tendinous insertion

COERS C et al. Am J Phys Med. 1959



Anatomical study to identify motor Anatomical study to identify motor 
endplatesendplates

�� Four dissected cadavers ( 2 males)Four dissected cadavers ( 2 males)

�� Some commonly injected muscles in upper and lower limbs were Some commonly injected muscles in upper and lower limbs were 
selectedselected

�� The following information was obtained to identify the middle ofThe following information was obtained to identify the middle of
the muscle fibers , ie, the presumed endplate zones: the muscle fibers , ie, the presumed endplate zones: 

1) proximal and distal musculotendinous junctions of each 1) proximal and distal musculotendinous junctions of each muscle muscle 

2) Relationship of the muscle fibers to the bony landmarks2) Relationship of the muscle fibers to the bony landmarks

3) The pennation of the muscle fibers and the orientation 3) The pennation of the muscle fibers and the orientation of  the of  the 
muscle fibersmuscle fibers

Deshpande S Neurotoxicity Research,2006



Endplate targeting injection  for BicepsEndplate targeting injection  for Biceps

Injection sites

Gracies JM, Arch Phys Med Rehabil 2009Deshpande S Neurotoxicity Research,2006

Endplates distribution 



Endplate targeting injection  for Endplate targeting injection  for 
forearm muscles forearm muscles 

Endplates distribution 

:

Injection sites



Motor points injectionMotor points injection

�� Motor points are regions Motor points are regions 
in which in which small motor small motor 
nerve endings enter nerve endings enter 
into a portion of the into a portion of the 
musclemuscle

�� We can localize the We can localize the 
motor points of the motor points of the 
muscles by electrical muscles by electrical 
stimulation ( surface or stimulation ( surface or 
needle stimulator) needle stimulator) 



Motor Points of ForearmMotor Points of Forearm

Roberts C,J Pediatr Orthop B. 2006



Motor Points of hip adductorsMotor Points of hip adductors

Kwon JY,Am J Phys Med Rehabil. 2009



Motor Points of HamstringsMotor Points of Hamstrings

Seidel PM, Arch Phys Med Rehabil. 1996



Effect of Dilution on Toxin Dispersion

Diluted BoNT

Greater Dilution

Esquenazi, 2010

Diffusion correlate with: 
1)Concentration  of BTX
2)Volume of injectate
3)Number of injection sites
4)Speed of injection
5)Bore of needle
6)Size of target muscle 
7)Distance of needle tip  from NMJ 
8)Serotype of BTX ( B>A )



Botulinum toxin dilution and endplate targeting in Botulinum toxin dilution and endplate targeting in 
spasticity : a doublespasticity : a double--blind  controlled study blind  controlled study 

�� BTXBTX--A injections to spastic biceps A injections to spastic biceps with high with high 
volume or endplatevolume or endplate--targeted achieve greater targeted achieve greater 
neuromuscular blockadeneuromuscular blockade, spasticity reduction, , spasticity reduction, 
and active range of elbow extension and active range of elbow extension 
improvement, than low volume, non targeted improvement, than low volume, non targeted 
injections.injections.

Gracies et al Arch Phys Med Rehabil.2009Gracies et al Arch Phys Med Rehabil.2009



Post Injection StrategyPost Injection Strategy

�� Passive Stretching Passive Stretching 

�� StrengtheningStrengthening

�� Serial CastingSerial Casting

�� Splinting / TappingSplinting / Tapping

�� Bracing Bracing 

�� Electrical StimulationElectrical Stimulation

�� Functional integration Functional integration 
of limbof limb



RCT on use of BoNT in longRCT on use of BoNT in long--term term 
care residents care residents 

�� DoubleDouble--blind placeboblind placebo--controlled trial with a 24controlled trial with a 24--week followweek follow--up period. up period. 

�� Study period: Jan Study period: Jan –– Dec 2010Dec 2010

�� 4 infirmary units and 5 care and attention homes in Hong Kong4 infirmary units and 5 care and attention homes in Hong Kong

�� 5555 LongLong--term care patients with moderate to severe  upper limb spasticitterm care patients with moderate to severe  upper limb spasticity y 
were randomized into two groups that received either intramusculwere randomized into two groups that received either intramuscular ar 
botulinum toxin A ( 1,000 units Abobotulinum toxin )  or salinebotulinum toxin A ( 1,000 units Abobotulinum toxin )  or saline

�� Significant Improvement in Carer Burden Scale , Goal attainment Significant Improvement in Carer Burden Scale , Goal attainment scaling scaling 
and  Modified Ashworth Scale  in the treatment group compared toand  Modified Ashworth Scale  in the treatment group compared tocontrol control 
group  ( group  ( PP<0.05)<0.05)

�� No serious botulinum toxin type A related adverse effects were rNo serious botulinum toxin type A related adverse effects were reported.eported.

Lam K et al. Unpublished data Lam K et al. Unpublished data 



Alcohol/Phenol InjectionAlcohol/Phenol Injection
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PhenolPhenol--Mechanism of action Mechanism of action 

•• Immediate anesthetic effect within 50 secsImmediate anesthetic effect within 50 secs

•• Long term neurolysis effect due to nonselective Long term neurolysis effect due to nonselective 
protein denaturationprotein denaturation

•• Phenol can diffuse through the nerve Phenol can diffuse through the nerve 

•• Effect of phenol is reversible due to regeneration Effect of phenol is reversible due to regeneration 
of the nerve of the nerve 

•• Latency and recovery time is proportional to the Latency and recovery time is proportional to the 
concentration / dose of phenol, and the diameter concentration / dose of phenol, and the diameter 
of the nerves being injected of the nerves being injected 

Felsenthal D. Arch Phys Med Rehabil.1974



Phenol: Adverse Effects (1)Phenol: Adverse Effects (1)

�� AcuteAcute :  Brief burning / pressure pain during :  Brief burning / pressure pain during 
injection, inflammation, skin irritation , rare injection, inflammation, skin irritation , rare 
systemic effects systemic effects 

�� Subacute:Subacute: if mixed sensorimotor nerve injected, if mixed sensorimotor nerve injected, 
pain and dysethesias may occur (3 to 32%); rare pain and dysethesias may occur (3 to 32%); rare 
risk of soft tissue necrosisrisk of soft tissue necrosis

�� Chronic: Chronic: Induration, tender nodule formation, Induration, tender nodule formation, 
tissue fibrosis ( can make reinjection difficult tissue fibrosis ( can make reinjection difficult 
after several treatments) after several treatments) 

Gracies JM. et al. Muscle Nerve. 1997



Phenol: Adverse Effects(2)Phenol: Adverse Effects(2)

�� Phenol and its vapors are Phenol and its vapors are corrosive corrosive to the eyes, the to the eyes, the 
skin, and the respiratory tractskin, and the respiratory tract

�� Inhalation Inhalation of phenol vapor may cause lung edemaof phenol vapor may cause lung edema

�� Systemic toxic effects include Systemic toxic effects include dysrhythmia, dysrhythmia, 
seizures , respiratory failure and comaseizures , respiratory failure and coma

�� The toxic dose is The toxic dose is 8 to 15 gm8 to 15 gm

Morrison JE et al. Anesthesiology 1991



Different Approaches of phenol Different Approaches of phenol 
injection in managing spasticity injection in managing spasticity 

�� Mixed Nerve Blocks:  Mixed Nerve Blocks:  Usually ON and MCNUsually ON and MCN,, affect affect 
large group of muscles, high risk of dysesthesias in large group of muscles, high risk of dysesthesias in 
combined sensory and motor nerves ( Median, Tibial combined sensory and motor nerves ( Median, Tibial 
etc): 10 to 20%etc): 10 to 20%

�� Motor Branch Block: Motor Branch Block: Always specific muscles to be Always specific muscles to be 
addressed, lower risk of dysesthesias, more addressed, lower risk of dysesthesias, more 
technically difficult to performtechnically difficult to perform

�� Intramuscular Motor Points BlocksIntramuscular Motor Points Blocks: : Surface and Surface and 
intramuscular stimulation is needed, useful in mucles intramuscular stimulation is needed, useful in mucles 
that are difficult to isolate motor nerves , allowed for that are difficult to isolate motor nerves , allowed for 
a graded effecta graded effect



RCT on use of Phenol in long term RCT on use of Phenol in long term 
care residentscare residents

�� OnOn--going trial ( study period: Oct 10going trial ( study period: Oct 10-- Oct 11) Oct 11) 

�� DoubleDouble--blind placeboblind placebo--controlled trial with a 9controlled trial with a 9 --month followmonth follow--up period.up period.

�� 4 infirmary units in Hong Kong 4 infirmary units in Hong Kong 

�� Long term care residents with severe hip adductor spasticity  arLong term care residents with severe hip adductor spasticity  ar e e 
randomized into two groups that received bilateral obturator nerrandomized into two groups that received bilateral obturator ner ve ve 
blocks using either 5% phenol in aqueous solution or salineblocks using either 5% phenol in aqueous solution or saline

�� Sample size: 70 participantsSample size: 70 participants

�� Outcome measures: Hip adductor spasticity as measured by  ModifiOutcome measures: Hip adductor spasticity as measured by  Modifi ed ed 
Ashworth Scale , goal attainment scale, hygiene score, clinical Ashworth Scale , goal attainment scale, hygiene score, clinical global global 
rating of hip adductor spasticity symptomsrating of hip adductor spasticity symptoms

Lam K et al. 2011Lam K et al. 2011



ConclusionConclusion

�� Spasticity and contractures are a major causes Spasticity and contractures are a major causes 
of pain, joint deformity, and coof pain, joint deformity, and co--morbidity in morbidity in 
elderly patientselderly patients

�� Successful treatment requires an integrated Successful treatment requires an integrated 
multidisciplinary programme including multidisciplinary programme including 
restorative nursing care, physical therapy and restorative nursing care, physical therapy and 
drug treatments.drug treatments.



Thank You !Thank You !


