=
S

NEURAL C()I\'T;@C)L OF MOVEMENT

C@2PENHAGEN

e ‘ S a S 5 Kgbenhavns Universitet

institutte
Spasticitet, hvad er det egentlig?

VITSI Workshop (Odense)
November 2016

Jakob Lorentzen
Fysioterapeut, Cand.Scient.San., PhD.

[lo@elsassfonden.dk

elsass

fonde


mailto:j.b.nielsen@mfi.ku.dk

Muskel tonus

“the sensation of resistance felt as one manipulation of
a joint through a range of motion, with the subject

attempting to relax” Lance and McLoud 1981

Reflex hyperexcitability

1 —
Altered modulation of

i motorcommands

Increasedtone or
resistance

Altered mechanical
properties
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Maling af tonus
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Man kan observere patienterne!

Spasticity Dystonia Contracture
Summary \elocity-dependent | Sustained or Independent of
resistance intermittent velocity
muscle
contractions
Effect of increasing speed of | Increases No effect No effect
passive movement on
resistance
Presence of a fixed posture | Only in severe Yes Yes
cases
Effect of voluntary activity | Minimal Yes No effect
on pattern of activated
muscles
Effect of behavioural task Minimal Yes No effect
and emotional state on
pattern of activated muscles

Table 2 Comparison chart of principal differentiation diagnostic features (modified from Sanger, 2003)
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Man kan male om der er
muskelaktivitet (EMG)

Biceps - 7o
(contracted) yar
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Objektiv biomekanisk metode Klinisk metode

Straekmodstand (Nm)

Kan skelne mellem refleksstivhed og kontraktur

elsass Lorentzen et al 2010 Bohannon and Smith 1987
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Hvor gode er vi til at bestemme
refleksstivhed — spasticitet?

Refleks healthy / patients Refleks / Ashworth
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Hvad kan vi ggre?

Forbedre den kliniske diagnostik — ved brug af alternative metoder?
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Hand-holdt dynamometer resultater

Hand holdt/ stationzert dynamometer Raske / spastiske
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Behandling / Traeening

CMNS motor kesion

Lo=s of supraspinal

drive: paresis

Effect on spinal Effect on muscle
reflex function function

v

Hyperescitahility of Loss of long-latency Altered mechanical muscle
short-latency reflexes reflexes properties: compensation
Volker Dietz, Thomas Sinkjaer
Spastic movement disorder Lancet Neural 2007; 6: 725-33
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Hvordan treekker musklen sig sammen?
Hvordan forleenger musklen sig?
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Kontrakturer

Arthrogenic changes \

intra-articular adhesion formation

T intramuscular collagen
(endomysium & perimysium )

adaptive shortening of peri-
articular dense connective tissue

disuse atrophy: T protein
breakdown & | synthesis

| lubrication between collagen
fibres ( producing micro-adhesions)

transformation of ST to FT
muscle fibres

1 synthesis and 1 rate of collagen
degradation=>> 1 immature colla

degenerative changes at
myotendinous junction

actin-myosin cross-bridge
linkages( possible | rate of
detachment during stretch)

Ref: Singer B et al. Reflex and non-reflex elemanet of
hypertonia in triceps surae muscles following

e I sass acquired brain injury: implications for rehabilitation.

institutte Disabil Rehab, 2001; vol.23 no.17, 749-757. _



Andring i antallet af sacromer
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Wild-type

Knockout

Plantarflexion

Soleus

EDL

Neutral
position

Ref: Shah SB et al. Sacromere number regulation maintained
After immobilization in desmin-null mouse skeletal muscle.
The Journal of experimental biology 204, 1703-1710 (2001).




Behandling

“ * Evidens for gget ROM
& ° Ingen andring i spasticitet
* |kke gget funktionsniveau

Ref: Mortenson PA, Janice JE. The use

of casts in the management of joint mobility
And hypertonia following brain injury in
Adults: a systematic review. Physical Therapy
Vol 83 number 7, July 2003.
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Behandling - udspaending

Ikke evidens for effekt.

— "Four weeks of daily stretch has
little or no effect on wrist
contracture after stroke: a
randomised controlled trial

Ref: Horsley SA et al. Four weeks of dayily stretch has little or no effect
on wrist contracture after stroke: a randomised controlled trial. 2007
Australian Journal of physiotherapy 53: 239-245.

Anbefaling — langvarigt straek > 20
min — 12 timer pr dag

Ref: Harvey LA, Herbert RD. Muscle stretching for treatment and
prevention of contracture in people with spinal cord injury. Spinal Cord.
2002 Jan; 40(1):1-9.
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Effectiveness of Stretch for the
Treatment and Prevention of
Contractures in People With
Neurological Conditions:

A Systematic Review
e M. Katalinic, Lsa A Harvey, Robert . Herbert

Background. Conimowes ars a disabling complication of neurlogical condi-
tions that are commonly maraged with streich.

Objective. The purposs of this spstematic review was o determine the effective-
ness of siretch for the treatment and prevention of coniractures. The review is part
af a more-detailsd Cochrame review. Only the resulis of the studies including, patients
with neurological comditions are reponied here.

Data Sources. Elecironic ssarches were conducied in June 2000 in the following
computerizad datahases: Cochrame CENTRAL Register of Comtrlled Trials, Datahase
af absimos of keviews of Effscts (DARE), Health Techmology Assessment Datahase
(HTA), MEDLINE, Cummubative Index to Nursing and Allisd Heahh Liveraare
{CIMNAHLY, EMBASE, S0 EXFANIDED, and Fhysictherapy Evidence Daiahase (PEDo).

Study Eligibility Criteria. The review inchuded mndomized comtrlled trials
amd contmolled climial tnals of stretch applisd for the purposes of treating or
preveniing onmircures in people with neurslogical oomditions.

Study Appraisal and Synthesis Methods. Two reviewers independently
selected studies, extracied data, and assessed risk of bias. The primary omcomes
messurss were jied mobility (mnge of motion) and qualiy of bife. Secondary out-
COMe Medsurss were pain, spasticity, acthvity imimion, and participation resiriction
Metmanahyses were conducted wsing random-=ffects modeks.

Results. Twentyfive sudies met the indusion criteria. These stodies provide
moderaiegquality evidence that stretch has a small immediaie effect on joimt mobilicy
{mean B=3", ¥ O ENCE JCE]=4" b0 5 ] BV
dence that Itrl:'ll:h. has Iiile or mo :n"mﬂ:-tum ar anglerm effects on mahilicy

{mean =
ek T}urukhﬂewmeﬁenninreld:unm spasticity, .I.rH]II:I‘I-'Ij']:IrI:IﬂJI:hrL

Limitations. Mo sudis were reteved that investigated the efects of stretch for
longer than & months.

Conclusion. kegubr stretch does mot produce cinecally important changss in
"
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Ledmobilitet - langtidseffekt

Stretch Control Mean Difference Mean Difference
Study or Subgroup  Mean [degrees] 5D [degrees] Total Mean [degrees] SD [degrees] Total Weight I, Random, 95% Cl [degrees] IV, Random, 95% Cl [degrees]
3.1.1 Stroke
Gustafsson 2008 338 241 16 489 271 14 1.0% 1503357, 337 ——————
Harslew 2007 34 12,4743 18 I 12.81664 19 5.0% 380 [-4.65, 11.65] B
Lannin 2003 0 7A04182 16 2 F.2221349 11 12.2% -2.00[-7.20, 3.20] 1
Lannin 2007 n.a 6.857155 20 a 6857155 20 18.3% 0.80[-3.45, 5.04] -1
Subtotal (95% CIj 70 64 36.4% -0.32 [-4.09, 3.44] <&

Heterogeneity: Tau®= 3.70, Chitses=ir=nt="7 (F = 0.27); F= 24%

Testfor g =017 (P=0.87) \

3.1.2 Cerebral palsy

Ackman 2005 10 7 12 49 11 9 49% 1.00F7.21, 8.21] T
McMes 2007 -1 4071821 4 -2.44 4071821 9 233% 1.45 231, 5.21] ‘I:
Subtotal (95% CI) 21 18  282% 1.37 [-2.05, 4.79]

Heterogeneity: TauF= 0.00; Chif=0.01, df=1 {F=0492); F=0%
or overall effect Z=079 (P=0.43

3.1.3 Spinal cord injury /

Harvey 2000 0 4117218 714 m TTTITE T 150 0.00 [-3.08, 3.05] :
Subtotal (95% CI) 14 14 35.4% 0.00 [-3.05, 3.05]

Heterogeneity: Mot applicable
Test for overall effect: Z= 0.00 (F =1.00)

Total {95% Cly 105 95 100.0% 0.32 [-1.50, 2.13] ?
Heterogeneity: TauF= 0.00; Chi*= 449 df=6{F=061), F=0%
Testfor overall effect: Z=034 (F=073)

=0 0 0 10 20
Fawours control  Favours stretch

Katalinic 2010, Cochrane review
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Ledmobilitet — forskellige interventioner

Shucy
(0]

Cast

Ackman 2005

Mchee 2007

Moseley 1997

Subtctal (-sgquared = B5.1%, p = 0.057)

Fostioning

Acla 2005

e Jong 2008

Dean 2000

Fox 2000

Gustafsson 2006

Turtan 2005

Subtotal (-souared = 47 1%, p = 0.092)

Cther stretch

Ben 2005

Harvey 2000

Harvey 2003

Horsley 2007

Lee 2007

Moseley 2005

Subtotal (|-squared = 50 0%, p = 0.075)

Self-administersd
Bulstrode 1987
Subtotal (-sguared = 3%, p =)

Splirt

Hatvey 2006
Horton 2002

Lai 2009

Lannin 2003
Lannin 2007
Retshauge 2006
Seeger 1987
Steffen 1995
Zenios 2002
Subtotal (-sguared = 0.0%, p = 0.533)

Heterogeneity between groups: p= 0037
Overall (l-sguared = 43 4% p=0012)

WD (85% CI)

1.00 (7.21,921)
145(231,521)
15.40 (4 42, 25.38)
261 (065,559

11.80 (0165, 22.95)
1433 (-333, 11 99
300 (1067, 1667)
1,64 (0,85, 4.26)
A540(-33 57,337
-5E0(-16:99,7.79)
1,88 (0,54, 4.30)

4.05 (160, 6.50)
0.00 (=330, 3.30)
1.00 (250, 4.50)
380 (-250,10410)
0.50 (-4.35, 5.35)
130(-3.90,1.30)
122 (042,257

280 (015,575
280 (0.15,575)

034 (-116,1.34)
080 (-3.35,1.56)
927 (1047, 29.01)
42,00 (-7.20,320)
0,50 (-3.45, 5.05)
1.00 (-2.50, 4 50)
1696 (-4.31, 38.03)
072 (5,24, 768)
110(-242,022)
036 (-1.21,049)

046 (-019,112)

T T
=30 =20 -0 o 10 20 30

Katalinic 2010, Cochrane review
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Kontrakturer udvikler sig over uger

Forgget dannelse af bindevaev
efter fa dage
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Passive stiffness increased already at 3
years of age

Passive Stiffness vs Age Y Reflex Stiffness vs Age
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Reduced ankle range of movement within first 3-4 years

Dorsiflexion (°)

=10 -

| I | I

0 5 10 15
Hagglund et al. 2011 Years
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Muscle volume does not grow to same extent in children with CP as
compared to typically developing children
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Lack of muscle growth probably plays a central role in

development of contractures

Child before development
of contracture

Afslappet Under
beveegelse

elsass

Older child after development
of contracture

Knogle vokser
mere end muskel

Under
Afslappet  bevaegelse

|

Sarkomer er strukket og myosin
kan ikke gribe ordentligt fat pa aktin

Leddet treekkes i en mere spids vinkel
pga den korte muskel

institutte _



Behandling / Traeening

CMNS motor kesion

Loss of supraspinal

drive: paresis

Effect on spinal Effect on muscle
reflex function function

Hyperexcitability of
short-latency reflexes

Loss of long-latency Ahtered mechanical muscle
refleces properties: compensation

Volker Dietz, Thomas Sinkjaer

Epaﬂit movement discrder Lancet Newral 2007; 6: 725-33




Immobilisering / refleks Traening / Disynaptic
reciprocal inhibition

Hmax / Mmax *
0.75- 30 1
*
0.704 L 25 1
(a]
o)+
17)]
© o2
x T
& 0.60 & g -
= c o
=, 0.55 35
@© c O 10 4
IE oo
0.50 2
o 5 4
0.45-
0.40 o '
' pre1 pre2 castremoval re-test Pretest Posttest Retest
Lundbye-Jensen J, Nielsen JB. Geertsen SS, Lundbye-Jensen J, Nielsen JB.
J Physiol. 2008 Sep 1;586(Pt 17):4121-35. Epub 2008 Jul 3. J Appl Physiol. 2008 Sep;105(3):915-22. Epub 2008 Jun 26.
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Cerebral Parese

Spasticitet / Funktionsniveau  Styrke / Funktionsniveau

A B
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Nomalized Spasticity Strenath (Nm/ka)

Sandy A. Ross, PT, DPT, MHS, PCS, Jack R. Engsberg, PhD
e | S a SS Relationships Between Spasticity, Strength, Gait, and the

institutte GMFM-66 in Persons With Spastic Diplegia Cerebral Palsy_



Styrke

Acute, very weak participants
Heckmann ES n=28
Logigian MRE n =42
Subtotal (95% CI)

Acute, weak participants
Duncan PRE n =92
Winstein PRE n=40
Subtotal (25% CI)

Chronic, very weak participants
Basmajian EMG n=20
Subtotal (95% CI)

Chranic, weak participants

Kimberley ES n=16
Kraft ES n=11
Lum MRE n=25
Kim PRE n=20
Ouellette PRE n=42
Stein PRE n=18
Teixeira-SalmelaPRE n=13
Subtotal (95% CI)

Total (95% CI)

Apopleksi

Funktionsniveau
o Natural Gait Speed Adjusted Activity Score
__-—
2 90 -
_D_
S T, B0 -
—i— 1.5 70 -
. 11 E 60 1
= 90 7
0.5 - 40 1 1
I . 30 -
'_D ﬂ T 1 Zﬂ T . A
— Visit 1 Visit 2 Visit 1 Visit 2
—— °
>
'anmum -1 0 1 2 Kilde: Teixeira-Salmela LF.Muscle stregthening and Physical Conditioning
Contral SMD Favours to Reduce Impairment and Disability in Chroic Stroke Survivors.

Ada L, Dorsch S, Canning CG.

Aust J Physiother. 2006;52(4):241-8. Review.

elsass
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Perspective

Progressive Resistance Exercise in
Physical Therapy: A Summary of

Systematic Reviews

Frogressive resisznee exercise (PRE) is a method of increasing the
abilicy of muscles 1o generee force. However, the efeciveness and
sifery of PRE for cliens of physical therapisis ane not well known. The
purpose of this anicle is w review the evidence on positve and negadve
effecs of PRE as a physical therapy imervendon. Elecrronic dambases
were searched for syseemanic reviews on PRE and any relevan: mandom-
irexl rrizls published afier the last nailable review. The search yielded
18 syseemmanic reviews under major areas of physicl therapy: candiopl-
IMMMIArY, nll.ua:ul-::ﬁh beml, neurgmusoilar ..:n.li gprl:unlt:-ll:-gv Arross

resiscnee exencise in physical therapy: a suemamary -::t' SYSLETTGE
reviews. Fiys Ther 20005:85: 150081223,

Key Waords: Phymcal theragy, Strevgth frammg, Systematic reviews, Weght fraining.

Nicholas F Taylor, Earen | Dodd, Diane L. Domiano

Across conditions, PRE was shown to improve the ability to generate force,
with moderate to large effect sizes that may carry over into an improved
ability to perform daily activities.

elsass 'L}
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Neurodvynamik

Neurodynamics is no different from random passive movements in reducing

spasticity.

?Takob Lorentzen. 'Dorthe Nielsen, 'Karl Holm, 'Susanne Baago. > *Michael J. Grey. *“Jens B.

? Nielsen

elsass ] R



ZAndring i stivhed og ROM

Objective stiffness measurements

04 ; Fast movements
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Lorentzen et al 2012
Disability and Rehabilitation
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Subjektivt bestemt stivhed

Conclusion

* An objective evaluation of

g the ND demonstrates that it
;30* Blinded raters Non blinded rater ..

< i T o spasticity-
o 25 4 .

g » ROM with
2 20 1 i

é forskellige 's random
S s ] andre

g aktiviteter?? ent.

3 10 A

‘% 5 ® Effect post ND

.023 O Effect post RPM

a rin rir r2n rer r3n r3r

Lorentzen et al 2012

Disability and Rehabilitation
elsass
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gangtraeningsprojekt

The participants in the training group trained
on average:

29.3 SD 1.6 minutes pr day for

34 SD 9.5 days (16.6 training hours)

The average initial speed of gait during the
training was 3.1 km/hr with an average
increase of 1.3 km/hr during the 6 weeks of
training.

The average initial incline of the treadmill was
5.5 SD 2.42 with an increase of 5.4 SD 2.2¢
during the training period.

elsass
institutte “
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Gait speed (km/hr)

Toe lift (mm)
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Gaittraining in adults with cp
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Gaittraining in adults with cp

A Passive stiffness - stationary device
18 -
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Lorentzen et al. 2016



RFD-DF

RFD-PF
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Total

duration Physical Vigorous Moderate Sedentary
activity
e All(N=17) e 02:32:42 e 01:45:32 e 00:00:04 e 00:14:39 e 01:30:49 e 00:46:42 e 00:00:28
. CP(N=11) e 02:33:38 e 01:45:27 e 00:00:05 . 00:14:27 e 01:30:55 e 00:48:00 o 00:00:11
e TD(N=6) e 02:31:00 e 01:45:40 e 00:00:00 e 00:15:00 e 01:30:40 e 00:44:20 e 00:01:00
Forbedrer ROM

. . Cp pre-post . TD pre-post

° Ankle joint

. Stiffness? . Z=-1.002, p=0.533 . Z=0.379, p=0.913

. ROM? . Z=2.764, p=0.0114* . Z=1.019, p=0.5214

e  Strength? e Z=1.387,p=0.304 e Z=-1.476, p=0.260
elsaSS Schram Christensen et al 2016

institutte - Paper in progress




Therefore less passive training / treatment




NEURAL CONTROL OF MOVEMENT

C@PENHAGEN
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