Rigshospitalet

Jatofysiologi til
uskeloveraktivitet

Overleege Bo Biering-Sgrensen, Spasticitetsklinikken,
Neurologisk klinik, Rigshospitalet Glostrup



? Rigshospitalet

Dagsorden

« Hvad er muskeloveraktivitet/ spasticitet
« Hvornar udvikles muskeloveraktivitet/ spasticitet

« Hvem skal behandles for muskeloveraktivitet/
spasticitet
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Spasticitet Patofysiologi

* Definition af spasticitet

* Laegfolk :

« @get Spaending / tonus i musklerne. Men Spasticitet er en
langt mere kompleks motorisk problemstilling

e Defineret af Lance in 1980:

« A Motor disorder characterized by a velocity dependent
Increase in tonic stretch reflexes (muscle tone), with
exaggerated tendon jerks, resulting from hyperexitability of
the stretch reflex as one component of the upper motor
neuron syndrom

- Beskriver ikke hele spektret af Spasticitet

* European SPASM consortium in 2005 Pandyan et al

« Disordered sensori-motor control, resulting from an upper
motor neuron lesion, presenting as intermittent or sustained
iInvoluntary activation of muscles
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Motor Control

Jean-Miechel Gracies, Pathophysiology of Spastic Paresis |; Muscle & Nerve May 2005
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Muscle Stretch Reflex

Spinalganglie

Muskelten

Figur 4.5. Diagram over reflekser udlost fra muskelten og se-
neorgan. En refleks udlpst fra muskeltenen eragonistfremmende
og antagonisthemmende, mens refleksen fra seneorganet er
agonisthemmende.
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Spasticitet
@dget refleks aktivitet | muskelten og seneten

« Supranukleeer leesion (tractus corticospinal og ekstrapyramidale
system)

* Muskelten - Sensitive for streek af musklen - Passiv straek

* Seneten - Sensitiv for spaending af muskel - Aktiv
sammentraekning

* Muskelten:

* Fasisk refleks - Quick tap pa senen "tendon jerk"
 Fasisk pga. forbigaende karakter
* Tonisk refleks - Leengere varighed af passiv straekning af
spastisk muskel veerdsat som en modstand mod straekning

« Nar hastigheden af det passive streek stiger - det samme gar
modstanden mod straekket - hastigheds afhaengig
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Muskel Streekrefleks

* Hyperexcitabilitet af straekrefleksen som et resultat
af at Alpha motor neuroner er hyperexcitabile pa
rygmarvs niveau

« Skyldes en ubalance | de excitatoriske og inhibitoriske
pavirkninger fra hjernen og rygmarven pa denne refleks

- Isaer en mangel pa inhibitoriske pavirkninger spiller en
rolle i hyperexcitabilitet

* Forgget excitabilitet af bade den fasiske og toniske
muskel straekrefleks
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Polysynaptic
Withdrawal Reflex

Spiller en vigtig rolle |
overexcitabiliteten af
straekrefleksen

Hvilken som helst smertefuld
stimulus kan starte den
polysynaptiske refleks og
dette kan gge excitabiliteten
af streekrefleksen.

Forklare grunden til at
patienter med spasticitet er
fglsomme over for
smertefulde stimuli, sdsom
bleere udspiling, nedgroede
tanegle, stramt tgj etc.
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Development of Spasticity after UMN Damage

Acute Care Rehabilitation Unit

Damage to Central Motor Pathways

Immfdiate‘//\' Delayed

Paralysis | — »Flaccidity Plastic rearrangements
1 - Spinal reactivity
- Supraspinal command
Immobilisation in
shortened position
Spasticity
1 Spastic dystonia

/ Spastic Co-contraction Over activity

Contracture Other
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Forskellige former for muskeloveraktivitet

Hypokinetisk (Heemning af Hyperkinetisk (ufrivillige
bevaegelser) bevaegelser)

Spasticitet Spasmer (flexor, extensor, adductor)
Statisk spastisk dystoni Associerede reaktioner

Spastisk co-contractions Aktions-induceret spastisk dystoni

Klonus
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Hvornar udvikles spasticitet

Upper-Limb Spasticity during the first Year after Stroke: Stroke
arm longitudinal study of 117 patients

Percentage of assessed patients

’ Day 3 Day Week Maonth Manth Month
10 4 3 & 12

e MAS=0 (no spasticity)
W MAS =1 (spasticity present)

FIGURE 2 Thepercentage ofassessed patientswho had spasticity in at least one of the fested muscle groups, assessed
with the MAS af different times affer stroke.

Opheim et al. Am. J. Phys. Med. Rehabil. . Vol. 93, No. 10, October 2014
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* Results:
« Spasticity was present in 25% of the patients at day 3
« 46% at 12 month

* In most patients with spasticity, the severity
Increased during the first year

« Spasticity appeared first in the elbow flexors and later in
the elbow extensors and the wrist flexors

« Patients with spasticity had significantly worse
sensorimotor function and more pain, reduced joint range
of motion, and reduced sensibility

* Conclusion: Because spasticity and impairments
related to spasticity, such as pain and limitation in
joint range of motion, influence upper extremity
function negatively, early identification and
treament of spasticity may be warranted
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Toward an epidemiology of poststroke
spasticity PSS (Review)

* Prevalence estimates of spasticity highly variable,
ranging from 4% to 42.6%

* Prevalence of disabling spasticity ranging from 2%
to 13%

* Data on phases of the PSS continuum revealed
evidence of PSS in

* 4% to 27% of those in the early time course (1-4
weeks poststroke)

« 19% to 26.7% of those in the postacute phase (1-3
months poststroke)

« 17% to 42.6% of those in the chronic phase (>3
months poststroke)

Neurology. 2013 Jan 15;80(3 Suppl 2):S13-9; Wissel J et al.
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Key risk factors

* Associated with the development of spasticity,
Including
« Lower Barthel Index scores
« Severe degree of paresis
« Stroke-related pain
« Sensory deficits

Neurology. 2013 Jan 15;80(3 Suppl 2):S13-9; Wissel J et al.



Rigshospitalet

Early prediction of long-term upper limb
spasticity after stroke

Part of the SALGOT study

Objective:

* To identify predictors and the optimal time point for the
early prediction of the presence and severity of spasticity
In the upper limb 12 months poststroke

* 117 patients in the Gothenburg area who had
experienced a stroke for the first time and with
documented arm paresis day 3 poststroke were
consecutively included

* Upper limb spasticity in elbow flexion/extension and wrist
flexion/extension was assessed with the modified
Ashworth Scale (MAS). Any spasticity was regarded
as MAS 21, and severe spasticity was regarded as
MAS 22 in any of the muscles

Neurology 2015 Sep 8; 85(10): 873-880.
Arve Opheim et al.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Opheim A[Author]&cauthor=true&cauthor_uid=26276377
https://www.ncbi.nlm.nih.gov/pubmed/?term=Danielsson A[Author]&cauthor=true&cauthor_uid=26276377
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alt Murphy M[Author]&cauthor=true&cauthor_uid=26276377
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persson HC[Author]&cauthor=true&cauthor_uid=26276377
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sunnerhagen KS[Author]&cauthor=true&cauthor_uid=26276377
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A1

At admission:
Age, sex, smoking, side of
paresis, Oxfordshire
category, NIHSS arm

A2

Day 3:
Age, sex, Oxfordshire
category, FMA-UE, ROM,
sensation, spasticity

B1

A3

Day 10:
Age, sex, FMA-UE, ROM,
sensation, spasticity

B2

A4

Week 4:
Age, sex, FMA-UE, ROM,
joint pain, sensation,
spasticity

B3

B4
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A

A3

Day 10:
Age, sex, FMA-UE, ROM,
sensation, spasticity

B3

A4

Week 4:
Age, sex, FMA-UE, ROM,
joint pain, sensation,
spasticity

B4

YVV

AA A

Outcome 12 months
poststroke
Any spasticity

Outcome 12 months
poststroke
Severe spasticity
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Results

Predictive properties of the different models to predict any spasticity and severe spasticity 12 months poststroke (n = 76)

[ Table3  Predictive properties of the different models to predict any spasticity and severe spasticity 12 months poststroke (n = 76)

Any spasticity 12 mo poststroke (95% CI)

Model A1 admission Model A2 day 3 Model A3 day 10 Model A4 week 4
Sensitivity, % 60.0(42.1-76.1) 857 (69.7-95.1) 84.4(67.2-94.7) 74.3 (56.7-87.5)
Specificity, % 90.2 (76.9-97.3) 85.4 (70.8-94 4) 906 (75.0-97.9) 90.0(76.3-97.2)
PLR 6.15(2.33-16.22] 5.86 (2.76-12.42) 9,00 (3.03-26.70) 7.43(287-18.21)
NLR 0.44 (0.28-0.67) 0.17(0.07-0.38) 017 (0.08-0.39) 0.29 (0.16-0.51)

Severe spasticity 12 months poststroke (95% Cl)

Model B1 admission Model B2 day 3 Model B3 day 10 Model B4 week 4
Sensitivity, % 27.3(10.7-50.2) 980.5 (69.6-97.9) 94.7 (73.9-88.1) 90.9 (70.8-98.6)
Specificity, % 844 (84.6-988) 92.5(81.8-979) 86.7 (73.2-94.9) 92.4(81.8-979)
PLR 491 (1.35-17.91) 11.89 (4.62-31.07) 711 (3.35-15.08) 12.05 {4.65-31.19)
NLR 0.77 10.59-1.00) 010 (0.03-0.39) 0.06 (0.01-0.41) 0.10(0.03-0.37)

Abbreviations: Cl = confidence interval; NLR = negative likelihood ratio; PLR = positive likelihood ratio.
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Hvor mange har behov for behandling?

Condition |Prevalence Prevalence
spasticity

Prevalence
disabling
spasticit

Stroke 715/100,000 31%
MS 190/100,000 66%
CP 170/100,000 85%
SCI 32,3/100,000 65%
TBI 150/100,000 35,3%

12%
26%
22%
27%
19%

Feigin, V.L., et al., Lancet, 2014.; Lundstrom, E., A. Terent, and J. Borg, Eur J Neurol, 2008.; Urban, P.P., et al.; Stroke, 2010. 41(9): p. 2016-20.; Wissel, J., et
al., J Neurol, 2010.; Ahlgren, C., A. Oden, and J. Lycke, Mult Scler, 2011.; Oreja-Guevara, C., D. Gonzalez-Segura, and C. Vila, Int J Neurosci, 2013. 123(6): p.
400-8.; Kruse, M., et al., Dev Med Child Neurol, 2009.; Andersen, G.L., et al., Eur J Paediatr Neurol, 2008.; Froslev-Friis, C., et al., Dan Med J, 2015.; National
quality register for cerebral palsy in Sweden (CPUP), Annual report. 2013.; Dahlberg, A., et al., Spinal Cord, 2005.; Hagen, E.M., et al., Spinal Cord, 2010.;
Skold, C., R. Levi, and A. Seiger, Arch Phys Med Rehabil, 1999.; Barnes, M.P., Re Br Med Bull, 1999.; Singer, B.J., et al., Arch Phys Med Rehabil, 2004.;

Verplancke, D., et al., Clin Rehabil, 2005.
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Andre fglgevirkninger ved gvre motor neuron skade
Muscle after spinal cord injury

Muscle Nerve. 2009 Oct;40(4):499-519.
Biering-Sgrensen B, Kristensen IB, Kjaer M, Biering-Sgrensen F.

* The morphological and contractile changes of muscles below the
level of the lesion after spinal cord injury (SCI) are dramatic. In
humans with SCI, a fiber-type transformation away from type |
begins 4-7 months post-SCIl and reaches a new steady state with
predominantly fast glycolytic IIX fibers years after the injury.
There is a progressive drop in the proportion of slow myosin heavy
chain (MHC) isoform fibers and a rise in the proportion of fibers that
coexpress both the fast and slow MHC isoforms. The oxidative
enzymatic activity starts to decline after the first few months
post-SCI. Muscles from individuals with chronic SCI show less
resistance to fatigue, and the speed-related contractile
properties change, becoming faster. These findings are also
present in animals. Future studies should longitudinally examine
changes in muscles from early SCI until steady state is reached in
order to determine optimal training protocols for maintaining
skeletal muscle after paralysis.
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Hvem skal behandles?

* Whatever the different aspects and terms in use to
describe muscle overactivity, what is important is to

determine its real impact, and this requires a
careful clinical evaluation.

* This assessment can then be used to argue the
need for a treatment and will be the basis of the
required follow-up.

Alain P. et al. J Rehabil Med 2010; 42: 801-807

25
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Vurdering af den enkelte patient

1: Vurdering af problemer hos patienter med
sveer parese / uden funktion af ekstremiteten

« Kontrakturer og / eller spastisk dystoni kan fgre
til uhensigtsmaessige kropsstillinger, der
forarsager

* smerter

« ubehag

« Sveert ved at vaske sig

« Sveert ved at fa tgj pa

« Sveert at komme pa toilettet

« Socialt skeemmende kropsholdninger
» Uhensigstmaessige siddestillinger

Alain P. et al. J Rehabil Med 2010; 42: 801-807

26
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HUSK

Nar patientens motoriske styring og kreefter er staerkt
nedsat, kan muskeloveraktivitet i nogle muskler veere

funktionelt nyttige

- Underekstremiteter, patient med svaer parese kan sta
pga. af quadriceps overaktivitet

« Overekstremiteter, albue flexor overaktivitet kan ggre at
patienten kan baere en taske eller pose

Patienten skal evalueres under hensyntagen til den
potentielle nyttevirkning af muskeloveraktivitet, inden
der treeffes afggrelse om behandling

Alain P. et al. J Rehabil Med 2010; 42: 801-807

27
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2: Vurdering af funktion hos patienter med
rimelig gode kraefter og motorisk styring
* Hvad har indflydelse pa patientens aktive bevaegelse
- Parese
» Bindeveaevs kontrakture
« Spastisk co-contraction
« Dystoni
« Clonus
* Ngdvendigt at vurdere de virkelige konsekvenser af

muskeloveraktivitet pa den aktive beveegelse for at
fastsla behovet for og typen af behandlingen

* Testning af den aktive bevaegelse som gnskes opnaet

* Vurdering af smerter

Direkte relateret til muskel overaktivitet pagrund af langvarige
muskelsammentraekninger, men ogsa pga. sene laesioner og
abnorme arbejdsstillinger. VAS eller NRS

28
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Behandling

* Behandlingen er uafhaengig af atiologien til muskel
overaktivitetet

» Kan overvejes nar muskeloveraktiviteten er invaliderende

* Normalt har muskeloveraktivitet en negativ indvirkning pa
volunteere beveaegelser, og dette berettiger i sig selv
behandling af symptomet

* Men ikke alle spastiske patienter kreever ngdvendigvis
behandling for deres muskel overaktivitet

* Behandling af muskel overaktivitet skal overvejes efter streng
Klinisk vurdering og undersggelse, for at bestemme alvoren
af den tilstand, dens sande konsekvenser og distribution

* En liste over personlige, separat malbare mal bgr opstilles
for den enkelte patient, for at drive en terapeutisk strateqi

Yelnik AP et al. Drug treatments for spasticity. Ann Phys Rehabil Med 2009; 52: 746—-756

29
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Behandling

« Parese kan behandles med motorisk traening

e Bindeveevs forkortelser kan behandles med
aggressive streek programmer
e Muskel overaktivitet:

- Er muskel overaktiviteten problematisk og |
bekreeftende fald, i hvilken henseende?

- Er muskel overaktiviteten den vigtigste arsag til
invaliditet eller kun én af arsagerne?

- Er den problematiske muskel overaktivitet
begreenset til én muskel gruppe eller er den
mere udbredt?

Alain P Yelnik et al. J Rehabil Med 2010; 42: 801-807

30
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Behandling af nociceptive triggering factors

* Potentielle nociceptive udlgsende faktorer skal
behandles, fgr behandling af anden muskel
overaktivitet kommer | betragtning. Patienten kan
veere uvidende om dem pa grund af hypaestesi

* Hyppige udlgsende faktorer:
* liggesar
« Urinvejsinfektion eller bleeresten
 forstoppelse
* heemorider
* brud
- nedgroede tanegle

* Muskel overaktivitet er undertiden forbundet med
disse faktorer, iseer med sar og smerte, og
behandling af en kan hjeelpe den anden

31
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