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Spasticity: causes

Supraspinal
Stroke
Multiple sclerosis
Cerebral palsy
Hypoxic brain damage
Traumatic brain injury
Mass lesions: tumours, vascular malformations
Inflammation
Spinal
Cervical myelopathy
Mass lesions: tumours, vascular malformations
Inflammation
Stroke
Traumatic spinal cord lesion
Hereditary spastic paraplegia
Spina bifida
Myelomeningocele
Tethered cord
Mixed
Multiple sclerosis
Motoneuron disease, primary lateral sclerosis
Inflammation




Spasticity: definition

The involuntary muscle hyperactivity can consist of various forms of muscle hyperactivity:

spasticity sensu strictu: involuntary muscle hyperactivity triggered by rapid passive joint
movements

rigidity: involuntary muscle hyperactivity triggered by slow passive joint movements

dystonia: spontaneous involuntary muscle hyperactivity

spasms: complex involuntary movements usually triggered by sensory or acoustic
stimuli.

complications: contractures, pain

Dressler et al, J Neurol 2018
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Pathophysiology of spasticity
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Muscle » Weakness
Overactivity
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Dynamic Static
short muscle length
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Co-contraction Spastic dystonia ¢
Clonus Biomechanical changes
Associated reaction reduced compliance
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Flexor withdrawal
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Abnormal posture

Impaired function
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Spasticita e dolore

o Meccanismo fisiopatologico non del tutto chiarito

0 “Mixed pain syndrome”
o Dolore neuropatico (possibile)

o Dolore nocicettivo (overuse, danno tissutale, possibile presenza di ischemia
muscolare)

Paolucci et al, EJPRM 2016
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Spasticita e dolore nelle PCI
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Fig. 3 Pain prevalence at different pain sites related to GMFCS-level. Each bar represents the percentage of children with pain related to the total

number of children in the same GMFCS-level with pain. GMFCS = Gross Motor Function Classification System

Eriksson et al. BMC Neurology (2020) 20:15



Neuropathic pain and spasticity: intricate consequences
of spinal cord injury
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Spasticity Treatment

Compass
General
Oral
ITB
Irreversible SDR - Reversible
Neurorthopaedics BoNT-A
Selective Neurothomies
Focal




44 Journal of Pain and Symptom Managemeni Vol. 20 No. 1 July 2000

Original Article

Management of Spasticity Associated Pain
with Botulinum Toxin A

Jorg Wissel, MD, Jorg Muller, MD, Jurgen Dressnandt, MD,
Florian Heinen, MD, Markus Naumann, MD, Helge Topka, MD,

and Werner Poewe, MD

Department of Neurology (J.W.,, .M., W.E), Universily of Innsbruck, Innsbruck, Austria; Hospital for
Neurology ([.D.), Bad Aibling; Depariment of Newropediatnices (F.H.), University of Freiburg, Freiburg;
Department of Neurology (M.N.), University of Wilrzburg, Witrzburg; and Department of Neurology

(H.T.), University of Tiubingen, Tiibingen, Germany

a Mean total dose of 165.7 +/- 108.2 [30-400] units (Botox) per treatment session in a
mean 3.4 +/- 1.5 muscles.

a 55/60 experienced improvement in pain after 6 week-follow up period
2 a The effects were comparable in acute (n = 17) and chronic (n = 43) spasticity
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‘ Table 1 BoNT preparations and FDA-approved indications |

BoNT preparation Brand name (manufacturer) FDA-approved indications®

OnabotulinumtoxinA Botox (Allergan, Inc., Irvine, CA) Blepharospasm, CD, upper
extremity spasticity, lower
extremity spasticity, CM

AbobotulinumtoxinA Dysport (Ipsen Ltd., Paris, France) CD, upper extremity

spasticity
IncobotulinumtoxinA Xeomin (Merz Pharmaceuticals, Blepharospasm, CD, upper
Frankfurt, Germany) extremity spasticity
RimabotulinumtoxinB Myobloc Neurobloc (US CD
WorldMeds/Solstice Neurosciences,
Louisville, KY)

Abbreviations: BoNT = botulinum neurotoxin; CD = cervical dystonia; CM = chronic
migraine; FDA = Food and Drug Administration.
“FDA approvals relevant to this review.

Simpson et al, Neurology 2016



[ Table 2 Evidence-based conclusions and recommendations for the efficacy of various botulinum neurotoxin formulations by indication ]

Level B® probably Level C® possibly Level U? insufficient  Level A* Level B'
Indication Level A" effective effective effective evidence ineffective ineffective
Blepharospasm OnabotulinumtoxinA,  AbobotulinumtoxinA  RimabotulinumtoxinB

incobotulinumtoxinA

Cervical dystonia AbobotulinumtoxinA, OnabotulinumtoxinA,
rimabotulinumtoxinB  incobotulinumtoxinA

Upper limb AbobotullnumtoxinAk RimabotulinumtoxinB
spasticity” onabotulinumtoxinA,
incobotulinumtoxinA
Lower limb OnabotulinumtoxinA, IncobotulinumtoxinA,
spasticity abobotulinumtoxinA rimabotulinumtoxinB

Chronic migraine OnabotulinumtoxinA'
Episodic migraine OnabotulinumtoxinA

Tension-type OnabotulinumtoxinA
headache

Abbreviations: aboBoNT-A = abobotulinumtoxinA; incoBoNT-A = incobotulinumtoxinA; onaBoNT-A = onabotulinumtoxinA; rimaBoNT-B =
rimabotulinumtoxinB.

2 Level A recommendation for effectiveness signifies intervention should be offered.

®Level B recommendation for effectiveness signifies intervention should be considered.

“Level C recommendation for effectiveness signifies intervention may be considered.

9 Level U recommendation signifies insufficient evidence to support or refute effectiveness of intervention.

®Level A recommendation for ineffectiveness signifies intervention should not be offered.

fLevel B recommendation for ineffectiveness signifies intervention should not be considered.

9 Evidence demonstrates efficacy in reducing spasticity but is inadequate to determine improvement in active function associated with limb spasticity.
" Probably superior to tizanidine and exercise alone for reducing spasticity.

'Established as effective for decreasing the number and severity of headaches; probably effective in improvement of health-related quality of life.

Simpson et al, Neurology 2016



BON-A e analgesia

o Inizialmente effetto analgesico correlato alla riduzione della contrazione
muscolare (effetto presinaptico)

o Successive osservazioni di una significativa riduzione del dolore in CD
indipendente dalla riduzione dei fenomeni distonici

o Effetto diretto 7

Jankovic e Schwartz, 1990
Freund e Schwarz, 2003
Sycha et al, 2004




Order | Muscle Total Recommended Dosage, Number of Sites*™

A Corrugator™ 10 Units divided in 2 sites
B Procerus” S Unitsin 1 site

C Frontalis* 20 Units in 4 sites

D Temporalis*® 40 Units in 8 sites

E Occipitalis* 30 Units divided in 6 sites
F Cervical paraspinsal* 20 Units divided in 4 sites
G Trapezius* 30 Units divided in 6 sites
Total Dose 155 Units divided in 31 sites

*Dose distributed bilaterally **EachIM injection site = 0.1 mL =5 units BOTOX*®

UP% A, Wheeler, H.5. Smith / Toxicology 306 (2013) 124-146



Chronic pain
e.g. inflammation, nerve injury

M
Schwann cells

BONT/A may promote Schwann cell

Peritphef‘al | s iaalion = paailil :

nerve terminals .\ Jher nerve injury ’ dorscd v

BoNT/A inhibits neurotransmitter release
from nerve terminals - reduced xandb
peripheral sensitization BONT/A prevents upregulation of
pain-related ion channels and
inhibit activation of satellite glial cells

Acute pain
e.g. pin-prick, electrical
Primary sensory neuron

not expressing TRPV1

BoNT/A does not affect either normal sensory thresholds
or acute nociceptive pain.

spinal cord

of the spinal cord

BONT/A may prevent the central neurotransmitter
release and microglia activation and modulate the
activity of spinal opioidergic or GABA-ergic system
- reduced central sensitization

Matak et al, 2019
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Article
Effectiveness of Botulinum Toxin on Pain in Stroke Patients
Suffering from Upper Limb Spastic Dystonia

1,30, Laura Mori 12, Luca Puce 1, Chiara Avanti !, Elena Saretti ,

5

Carlo Trompetto 2, Lucio Marinelli
Giulia Biasotti !, Roberta Amella !, Filippo Cotellessa !, Domenico A. Restivo * and Antonio Curra

Toxins 2022, 14, 39. https:/ /doi.org/10.3390/toxins14010039



Clinical efficacy of botulinum
toxin type A in patients with

traumatic brain injury, spinal cord

Injury, or multiple sclerosis: An
observational longitudinal study

Alessio Baricich'?, Marco Battaglia'?*, Daria Cuneo®,
Lucia Cosenza®*, Marzia Millevolte®, Michela Cosma®,
Mirko Filippetti’, Stefania Dalise®, Valentina Azzollini®,
Carmelo Chisari®, Stefania Spina®, Nicoletta Cinone?,
Lorenza Scotti!?, Marco Invernizzi!!, Stefano Paolucci®?,
Alessandro Picelli” and Andrea Santamato’®

F-test
beta (se) p-value p-value beta (se) p-value
TO ref ref
Tl —0.99 (0.10) <0.0001 <0.0001 —1.69 (0.25) <0.0001 <0.0001
T2 —0.51 (0.10) <0.0001 —1.03 (0.26) <0.0001

a frontiers ‘ Frontiers in Neurology

TYPE Qriginal Research
PUBLISHED 06 April 2023
Dol 10.3389/fneur.2023.1133390



Spasticity-related pain in
children/adolescents with cerebral palsy.
Part 2: IncobotulinumtoxinA efficacy results
from a pooled analysis

Lower Limb
Michaela Bonfert?, Florian Heinen®*, Petr Kar'lovsky’/b, A. Sebastian Schroeder?, = H H
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BONT-A and pain reduction in CP

dHighly significant effect of extra-articular BoNT-A in non-ambulatory CCP

JReduction in muscle tone

JReduction of mechanical stimulus to the pain afferent system in the soft
tissues surrounding the hip joint

dReduction of compression on the blood vessels and nerves (nociceptive
stimulus)

dDirect peripheral analgesic and anti-inflammatory activity

Lundy et al, Dev. Med. Child Neurol. 2009, 51, 7/05-710



Administration of type a botulinum toxin after total
hip replacement

M. BERTONI 1, A, CASTAGNA 1, A. BARICICH 2, G. BERTI 1, 8. LAZZARETTI !, C. MORANDI !

EUR J PHYS REHABIL MED 2008;44:461-5

&% NIH Public Access

z % Author Manuscript

HER

Published in final edited form as:
Br J Med Med Res. ; 4(1): . doi: 10.9734/BIMMRE/2014/4897.

Efficacy of Long-term Effect and Repeat Intraarticular Botulinum
toxin in Patients with Painful Total Joint Arthroplasty: A

Retrospective Study

Jasvinder A. Singh1.23"
"Medicine Service and Center for Surgical Medical Acute Care Research and Transitions (C-
SMART), Birmingham VA Medical Center, Birmingham, AL; USA

?Department of Medicine, University of Alabama, and Division of Epidemiology, School of Public
Health, University of Alabama at Birmingham, Birmingham, AL; USA.

“Department of Orthopedic Surgery, Mayo Clinic School of Medicine, Rochester, MN, USA
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loxicon 14/ (2018} 120128

Contents lists available at ScienceDirect
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Botulinum toxin treatment of pain syndromes —an evidence based 7))
review e

Yasaman Safarpour °, Bahman Jabbari ™"

* Department of Medicine, Division of Nephrology, University of California, Irvine (UCT), CA, USA
g Department of Neurology, Yale University School of Medicine, New Haven, CT, USA




Spasticita generalizzata
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Spasticity Treatment

Compass
General
Oral
ITB
Irreversible SDR - Reversible
Neurorthopaedics BoNT-A
Selective Neurothomies
Focal




Analgesic effect of intrathecal baclofen bolus on neuropathic pain in spinal )

Otsech for

cord injury patients A=t
Hatice Kumru™““~, Jesus Benito-Penalva™““, Markus Kofler®, Joan Vidal™“

% of improvement of neuropathic pain with treatment (according to BPI)
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Brain Research Bulletin 140 (2018) 205-211
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PM R B (2016) 533-562

Original Research

Intrathecal Versus Oral Baclofen: A Matched Cohort Study of
Spasticity, Pain, Sleep, Fatigue, and Quality of Life

Zachary L. McCormick, MD, Samuel K. Chu, MD, Danielle Binler, MS,
Daniel Neudorf, DO, Sunjay N. Mathur, MD, Jungwha Lee, PhD, MPH,
Christina Marciniak, MD
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Baclofen treatment questionnaire results for all patients

Intrathecal Oral Intrathecal vs Oral
Mean 5D Mean SD P Value
Penn Spasm Frequency Scale (PSF5)
Spasm Frequency Score 1.44 0.92 2.37 1.12 <.01
Spasm Severity Score 1.44 0.92 2.16 0.83 <.01
Brief Pain Inventory (BPI)
Average NRS pain score 3.79 2.72 5.42 2.81 22
Worst MRS pain score in last 24 hours 4.21 2.99 6.58 3.31 13
Least NRS pain score in last 24 hours 2.16 2.43 3.05 2.39 54
MRS pain score currently 3.05 2.74 4.79 3.24 .20
Pain severity score 3.3 2.54 4.96 2.65 19
Last 24 hours, pain interfered with:
General Activity 2.84 3.25 3.16 3.34 45
Mood 2.89 3.36 1.89 3.97 .80
Relations with other people 1.84 2.75 1.58 2.46 21
Sleep 4.37 3.7 3.58 3.88 81
Enjoyment of life 3.11 3.14 3.37 2.75 38
Pain Interference score 2.84 2.71 1.72 1.41 .99
Epworth Sleepiness Scale (ESS)
Total score 7.72 6.25 8.16 5.86 70
Fatigue Severity Scale (FS5)
Average score 3.26 1.71 3.36 1.52 68
Life Satisfaction Questionnaire (LSQ)
Average score 4.14 0.86 4.03 1.25 .39
Diener Satisfaction with Life Scale (SWLS)
Total score 20.74 6.22 21.63 8.45 .35

5D = standard deviation.

Z.L. McCormick et al. / PM R 8 (2016) 553-562



|OPEN |
Effect of Intrathecal Baclofen on Pain and Quality
of Life in Poststroke Spasticity
A Randomized Trial (SISTERS)

Michael Creamer, DO; Geoffrey Cloud, MB BS; Peter Kossmehl, MD; Michael Yochelson, MD;
Gerard E. Francisco, MD; Anthony B. Ward, MD; Jorg Wissel, MD; Mauro Zampolini, MD;
Abdallah Abouihia, MSc; Alessandra Calabrese, PhD; Leopold Saltuari, MD
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Review

Orthopaedic surgery for patients with central nervous system lesions:
Concepts and techniques

F. Genét *"*, P. Denormandie ™, M.A. Keenan “

1 Componenti statiche prevalents

[ Situazione clinica “stabilizzata”



Technique Simple Simple Z Intramuscular Proximal muscle Z tenotomy
tenotomy Intramuscular tenotomy release
tenotomy (Forearm - Page-
Scaglietti procedure)
Schematic 1
representation LI
- Muscle : i i
-=Tendon W [l [ L
[ |
Location Tendon Myotendinous  Myotendinous Proximal insertion of Tendon
Union Union the muscle
Procedure Surgically or Surgically or Surgically or Surgically Surgically (needs suture)
percutaneously percutaneously percutaneously
Expected 15-20 mm 20-50 mm 10 to 60 mm No limit: X mm tendon
lengthening (10-15°) (20-50°) (10 to 60°) lengthening = X* gain in
range of motion gain
Immobilization  Cast 10 days Cast 35 days Cast 35 days Cast 21 days Cast 35 days
(Skin and pain with weight with weight (Early muscular with weight bearing
management) bearing bearing contractions under cast)

Genetetal, 2018



Conclusioni

o La presenza di spasticita e frequentemente associata alla presenza di
dolore

o “Mixed pain syndrome”

o [rattamento della spasticita puo essere correlato a riduzione della
sintomatologia algica




Conclusioni -2

o Necessita di corretto inguadramento diagnostico e fisiopatologico

a Utilizzo delle opzioni terapeutiche piu indicate (anche in combinazione)
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