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Il sistema mirror nell’'uomo
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Il mirror neuron system Il mirror neuron system e implicato nel riconoscimento

del significato delle azioni

Cattaneo L, Rizzolati G,
Arch Neurol 2009

Figure 2. Cortical areas related to the parietofrontal mirror system
responding to different types of motor acts.'™"* Yellow indicates transitive
distal movements; purple, reaching movements; orange, tool use; green,
intransitive movements; blue, portion of the superior temporal sulcus (STS)
responding to observation of upper-limb movements.* IFG indicates inferior
frontal gyrus; IPL, inferior parietal lobule; IPS, intraparietal sulcus;

PMD, dorsal premotor cortex; PMV, ventral premotor cortex; and SPL,
superior parietal lobule.

Figure |. The core mirror neuron system, including the inferior
parietal lobule (IPL), ventral premotor cortex (PMv), and inferior
frontal gyrus (IFG).

Garrison KA et al, Neurorehab Neur Rep 2010




Razionale per I'uso dell’AQT in neuroriabilitazione

Cue

OBS:

Apprendimento per imitazione

Event |

Non IMI: "observe the model, then perform a hand action"

"just watch"

Event 2 Event 3 Event 4

EXE: "play a chord of vour choice"

Buccino G et al, Neuron 2004




Razionale per I'uso dell’/AOT in neuroriabilitazione

Apprendimento per imitazione

Aree corticali attivate
durante l'evento pausa
in differenti condizioni
Non IMI-2 (SRS, SR Lo LAl sperimentali

Buccino G et al , Neuron 2004




Effetti dell’AO sul sistema motorio dopo stroke

Right hand
action observation .7~

Attivazioni corticali durante action
observation della mano destra (in
alto) o sinistra (in basso)
Partecipanti con stroke (rosso)
Soggetti sani (blue)
Sovrapposizione tra | gruppi (viola)

Garrison KA, Stroke, 2013




Effetti dell’AO sul sistema motorio dopo stroke
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Razionale per I'uso dell’/AOT in neuroriabilitazione

Percezione tattile durante action
observation

RTs (% of baselina)

Movement phase 105 -

Reachin

T

-

Tacike Congruent

Stimulus Tyipe

Tactlo Incongniens

Table 1 Mean and 5D () of reaction times baseline-corrected (indi-
cated as % of baseline) for stimulus-type movement phase

Reaching
Mean and SD

Grasping
Mean and 5D

Tactile Congruent—right hand
Tactile Incongruent—right leg
Auditory

107 % +£0.12
100 % = 0.09
W +013

[0 0 = 010
9% 010
99 %+ 012

Vastano R et al. Exp Brain Res 2016




Di cosa si tratta

1) Osservare dei video con contenuti motori

2) Imitare le azioni appena osservate







Efficacia dell’AOT nei soggetti con esiti di stroke

J. Phys. Ther. Sci.
Review 272 3537, 2015

Action observation for upper limb function after
stroke: evidence-based review of randomized
controlled trials
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Efficacia sull’arto superiore Cochrane
uio# Library

Cochrane Database of Systematic Reviews

FELERTRTTS 243 acuilivnal
identified through recards identified
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searl:ning souUrces
7817 records identified 1986 duplicabes removed ] - . . S .
[ l [ Action observation for upper limb rehabilitation after stroke
L (Review)
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screened excluded Borges LRDM, Fernandes ABGS, Melo LP, Guerra RO, Campaos TF
28 fulktext articles
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Authors’ conclusions

We found evidence that AO is beneficial in improving upper limb motor function and dependence in activities of daily living (ADL)
in people with stroke, when compared with any control group; however, we considered the quality of the evidence to be low. We
considered the effect of AO on hand function to be large, but it does not appear to be clinically relevant, although we considered the

quality of the evidence as moderate. As such, our confidence in the effect estimate is limited because it will likely change with future
research.




Analysis |.1. Comparison | Action observation therapy versus control: effect on arm function, OQutcome |
Arm function.

Review: Action observation for upper limb rehabilitation after stroke
Comparisone | Action observation therapy versus controt: effect on arm function

Chutoome: Arm function

Std. Std.
MMean [ean
Study or subgroup AC Therapy Control Difference Wyigight Ciffierence
M Mean{30) M Mean(50) Iv.Random,35% CI WRandom, 3% Cl
kKim 2015 & IFE (12D & 42 (11.4) 42 % D7 [-L31,0%6]
Cowles 2013 9 198 (300 13 27,1 (20.3) - 74% QI3[ 072 098]
Franceschini 2012 48 TLT (312 42 669 (20.4) - TI% Q9 [ 022, 06l ]
Fhu 2015 3l 355({124) 30 L8 (11.7) B 198 % 023 [ 028 073 ]
Crettrmers 2014 9 474 (11.8) 19 435 (A.3) T 126% 037 [ 027, 1.02]
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Ertelt 2007 & -7 (6.8) B -169 (15.9) T 5.0 % 077 [ 026 1.79 ]
kKim 2016z I 527 (13) I 484 (28) — 60 % S5 041, 230
Total (95% CI) 160 154 - 100.0 %  0.36 [ 0.13, 0.60 ]
Hateropaneity: Tau? = 001 Chi® = 742, df = 7 (P = 039 12 =&%
Test for overall efiect £ = 3.04 (F = 0.0024)
Tast for subgroup differences Mot applicable
1 | 0 | 2




Analysis 1.2. Comparison | Action observation therapy versus control: effect on arm funetion, Qutcome 2
Subgroup analysis: age.

Reviewr Adion observation for upper imb rebabilitation after stmoke
Comparsore | Action observation therapy versus controb effect on am funclion

Cwtoome 2 Subgroup ancysis age

Std Sad
Mezn Mean
Study or subgrmoup A Therapy Control Cifference Wigight Ciflerence
| Mean(50) M PMean(S0) M Random25% Ol M Random 5%
| Upper &0 years
Corwles 2013 9 2198 (20) 13 170 (X03) I 4% DI3[ar 0sa]
Framceschini 2012 48 LT 313) 41 669 (1B4) —-— WSk 09 [ 4032, 041 ]
Fu 2017 8 4132 (| 15&) 15 3508 (1244) - &8 % 057 [0, 1.12]
Subtotal (959 CI) 85 B0 - 522 % 030 [ -0.01, 0.61 |
Hetemopeneity: Tau® = 00 Chi® = 134, df = 2 (P = 051} P =00%
Test fior overall effect: £ = 192 (P = (LOG5G)
2 Lower &0 years
Detirmers 2014 19 474 {1 1.85) 1% 415 (B3) T 126 % 037 [ 037, 102 ]
Ertett 2007 4 T8 ] 165 (159) I A% OFF[ 0% 1.79]
Kim 3015 [ 398 (113) i 42 (11.&) — T 421% DIF[-1.2,0%6]
Kim 301éa 1 537 (33) I 484 (18) - = a0 % 135 [041,230]
Fhu 2015 31 355 {124) 30 a1z B 198 % 023038 073]
Subtotal (95% CI) 75 T4 —— 47.8%  0.46 [ 0.04, 0.89 ]
Hetempeneity: Tau? = 007 Chi? = 580, df = 4 F =021} P =11%
Test fior overall effect: £ = 215 (P = L032)
Total (95% CI) 160 154 - 100.0 %  0.36 [ 0.13, 0.60 |
Hetermpeneity: Tau? = 001; Chi? = 742, df = 7 (F = 039% P =6%
Test fior overall effect: £ = 104 (P = LD024)
Test for subgroup difierences: Chi® = 036, df= | (F = 055), £ =00%
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Analysis 1.4. Comparison | Action observation therapy versus control: effect on arm function, Outcome 4
Subgroup analysis: time post stroke.

Reviewr  Acfion observation for upper imb rehabiitation after stroke
Comparsore | Action observation therapy versus controb effect on am function

Cwtcome 4 Subgroup analysiz fime post stroke
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Test fior overall effect £ = 113 (P = 00017
Test for subgroup differences: Chit = 048, df = 2 (P = 079), B =00%




Analysis 1.7. Comparison | Action observation therapy versus control: effect on arm function, Outcome 7
Subgroup analysis: duration of observation.

Review: Action observation for upper limb rehabiltztion after stroks
Comparison: | Action observation therapy versus control: effect on amm function

Cutcome: 7 Subgroup analysis duration of ohservation

St St
Mean Mean
Study or subgroup AD Therapy Control Cifference Weight Cifference
M Mean(S0) M Mean(501) M Random95% [¥Random 5% C
| More than 3 mirutes of cheervation
Dettrmers 2014 1% 474 (118) |5 435 (83) T 174 % 037 [-027, 102 ]
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Test for overall effect Z = 353 (P = Q0004 1)
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Favors control Favors A therapy




Analysis 1.10. Comparison | Action observation therapy versus control: effect on arm function, Outcome
10 Arm function - sensitivity analysis: home-based action observation training (video therapy).

Review:  Action observation for upper limb rehabilitation after stroks
Comparison: | Action observation therapy wersus control effect on arm function

Cutcomes |0 Arm function - sensitivity analysis home-based action observation training (video therapy)

St Std
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Analysis 2.1. Comparison 2 Action observation therapy versus control: effect on hand function, Outcome |
Hand function.

Raview: Action observation for upper limb rehabilitation after stroke
Comparisore 2 Action observation therapy versus controb effect on hand function

Chutoome: Hand function

ean [aan
Study or subgroup AT Therapy Control Cifference Wieight Cifference
™ Mean(50) M Mean{50) IV Fixed,35% C VFbed, 5% Cl
Franceschini 2012 48 20 {19.2) 42 1435 (15.3) T Al % a0 [-1et 1264]
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Tast for overall effect £ = 322 (P = 0.0013)
Tast for subgroup differences Mot applicable
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Analysis 2.2. Comparison 2 Action observation therapy versus control: effect on hand function, Outcome 2
Subgroup analysis: age.

Review: Action observation for upper limb rehabilitation after stroke
Comparison: 2 Action cbsarvation therapy versus controb effect on hand function

Cwutcome: 2 Subgroup analysis: ape

Mean Meaan
Study or subgroup AD Therapy Control Differance Weight Differance
M Mean(5C) M Mean(50) W Fived 95% C W Fibeed 95% Cl
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Tast for overall effect 7 = 332 (F = 00013)

Test for subgroup difierences Chi® = 054, df = | (P = 044), I* =00%

Favors control Favors AD therapy




Analysis 3.1. Comparison 3 Action observation therapy versus control: effect on ADL, Outcome |
Dependence on activities of daily living.

Review: Action observation for upper imb rehabiltation after stroke

Comparson: 3 Action observation therapy versus control: effect on ADL

Chtcome: | Dlependence on activities of daily living

Std. St
Mean Mean
Study or subgroun AD Therapy Control Difference Weight DCifference
W Mean{S0¥) W Mean(S0Y) [WRandom 5% Cl [WRandom 5% Cl
Franceschini 2012 4B £315 (183) 42 &1 8 (184) = 08 % Qe [ -031, 051 ]
Fu 2017 1B 35 (101) 25 622 (113) B 164 % .05 [ 047, 162]
Kim 201 8a I TBS (34) I 705 [25) - 175 % L5B[ 139,378]
Zhu 2015 3 753 (155) 30 695 (143) H 4% 038 [ 02, 089 ]
Total (95% CI) 118 108 - 100.0 % 086 [0.11, 1.61 |
Heteropeneity: Tau® = 046 Chi* = 1916, of = 3 (P = 000025); 1* =B4%
Test for overall effect Z = 2726 (F = 0.024)
Test for subgroup differences Mot applicable
10 5 0 5 10
Favors control Favors A therapy




Efficacia sul cammino e sull’equilibrio

Table 1. The comparison of means for variables between pre- and post-values for the three groups (Unit: score)

, AQOTA MTA AOT
Variables
Pre-value Post-value Pre-value Post-value Pre-value Post-value

0OBI 2320 1.2 £ 0.8% 1.2+0.5 1.1+0.7 1.4+=09 1.5+09

ABI 1.3x1.0 0.6 £0.5% 08x0.5 0.9x0.7 0.8x0.5 0.9x0.5
Balance

MEI 1.4=1.7 0.8x0.6 0.5+0.3 0.5+0.3 1.0 =0.7 0.9+07

FR 28=x14 2.3+0.5 2.6+x006 2.1=x1.0 25+1.1 29+1.0
Gait mEFAP 102.2 £ 45.5 54.2 + 41.4% 74.0 £ 35.0 60.0x22.8% 118.1 =600 101.4 + 50.5

*Significantly different between pre and post (p<0.05)
OBI: Overall Balance Index: ABI: Anteroposterior Balance Index: MBI: Mediolateral Balance Index: FR: fall risk: mEFAP:

Modified Emory Functional Ambulation Profile

Lee HJ et al. J Phys Ther Sci 2017




Efficacia sull’equilibrio

Park EC et al. J Phys Ther Sci, 2015

Table 1. Comparison of the static balance on standing position between the AOGT group and the
GGT group (mean + SD)

AOGT GGT
Pretest Posttest Pretest Posttest

SA (mm?) 437.9+381.2 167.5+166.2° 349.7+407.6 349.7+407.6"

SS (mm/s) 0.8+0.3 0.5+0.2%2 0.7£0.2 0.6£0.2°

LOS (mm?) 4.235.5+4.644.7 7.064.3£5.014.4  2.361.1%£2.299.5 3.002.1£2.629.2"

“Significant difference compared with before therapy at <0.05. ? significant difference in gains be-
tween the two groups at <0.05. AOGT: Action observation gait training group., GGT: General gait
training group. SA: Sway Area. SS: Sway Speed. LOS: Limit of stability

Table 2. Comparison of AOGT and GGT groups’ gaif ability (mean + SD)

AOGT GGT
Pretest Posttest Pretest Posttest
TUG (sec) 20.0£3.5 15.7+3.3™ 20.5£3.5 17.7+3.2°
10-M WT (sec) 19.1£1.7 14.6+2.37 18.6+£2.8 15.5+2.3"

“Significant difference compared with before therapy at <0.05. 2 significant difference in gains
between the two groups at <0.05. AOGT: Action observation gait training group. GGT: General
gaif training group. TUG: Timed up and go test. 10-MWT: 10-meter walk test




Cosa osservare

Osservazione in prima o terza persona

Vingerhoets, G. Neuropsy rehab, 2012
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Cosa osservare

L'esperienza motoria
influenza |'attivazione
del MNS?

Calvo-Merino et al, Cerebral Cortex 2005

Figure 1. Stimuli: Colour videos of standard classical ballet and capoeira movements
were performed by professional dancers. Twelve different moves of each style (a,
ballet; b, capoeira) were matched by a professional choreographer for kinematic
features (for examples see videos in the supplementary information online).
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Caontrals

Il MNS e piu attivato quando
I'osservazione riguarda azioni
che appartengono
all’'esperienza motoria

Figure 3. Parameter estimates for the influence of motor expertise on action
observation in the central voxels of areas classically identified with the human mirror
system: (4) left precentral gyrus/dorsal premotor cortex (-24 -6 72), (B) left intra-
parietal sulcus (-33 -45 54), (C) left posterior superior temporal sulcus (-39 -66 36).
In all three areas, parameter estimates show that the effect of expertise is driven by
a crossover interaction between the two groups of expert dancers and the two
stimulus types. Stimulus type has minimal effects in control subjects. Black bars reflect
parameter estimates for ballet stimulus and white bars reflect capoeira stimulus.
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IMNS e la familiarita con le azioni osservate
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L'osservazione di movimenti
intransitivi semplici produce
meno attivazione delle aree
parietali e premotorie rispetto
all’osservazione di movimenti
familiari

Right Hemisphere

Index Middle

wepe R-|PL =i=R-IFG +

Plata Bello J et al, PlosOne 2013




Cosa osservare

Brain Imaging and Behavior
DO 10.1007/511682-016-9536-3

ORIGINAL RESEARCH

The effect of action observation/execution on mirror neuron
system recruitment: an fMRI study in healthy individuals

Roberto Gatti* - Maria A. Rocea’ - Silvia Fumagalli'” - Erik Cattrysse® -
Eric Kerckhofs® - Andrea Falini® - Massimo Filippi®

Analizzare tramite risonanza magnetica funzionale
(fMRI) l'attivazione del MNS durante l'osservazione e

la simultanea

osservazione

ed esecuzione di

movimenti intransitivi semplici, intransitivi complessi
e transitivi eseguiti con la mano dominante




Compiti eseguiti a 1 Hz di frequenza

Movimento intransitivo semplice flessione estensione delle
ultime 4 dita della mano destra

Movimento intransitivo complesso:
flessione estensione alternata con
adduzione abduzione delle ultime 4
dita della mano destra

Movimento  transitivo:
sollevare una tazzina e
rilasciarla su una tavola
di legno, aprire e
chiudere una molletta
per i panni e girare una
manopola in senso orario




Risultati
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Il piano di movimento osservato modifica il motor learning?

FIGURE 1. Perspectives captured from screenshots of the videos used in this study (circles and arrows were not a part of the
video). (A) sagittal view with elbow extension highlighted and (B) coronal view with shoulder adduction highlighted.

FIGURE 2. Prosthesis (left) and motor task board (right) used in this study (based on Cusack. et al, 2014, and relevant text).

Lawson D et al. J Mot Behav, 2016




Risultati
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FIGURE 3. (A) Shealder abductioaadduction and (B) elbow Bexion/extension angular displacement effects over the duration of
the movement cycle (%), Asterisks indicate lime windows where there was a significant difference {(p < .05) between perspective
groups. The noaamputated prosthesis user (NAPU) actor trace is provided for visual comparison parposes.




Conclusioni

e [aggiunta di action observation therapy nei soggetti
con esiti di stroke migliora il recupero motorio e
funzionale

* | soggetti meno anziani sembrerebbero essere piu
responder

* | video che si propongono ai pazienti devono:
1) durare piu di tre minuti; 2) proporre azioni task
oriented; 3) considerare I'esperienza motoria dei
pazienti; 4) permettere di osservare i dettagli
cinematici delle azioni
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