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Presenter
Presentation Notes
Patients with limb apraxia due to left inferior parietal lesions show a number of fascinating patterns of performance.  Although they perform normally in reaching to and grasping currently visualized objects with their unimpaired left hands, their ability to predict how they would most comfortably position that hand for grasping is markedly impaired.  In addition, their ability to pantomime tool use movements and to imitate the actions of others is strikingly abnormal, and they are additionally disrupted by the removal of visual feedback.  They also show an abnormal reliance on the three dimensional structure of objects in performing action judgment tasks.  These and other data from our lab indicate that a ventro-dorsal stream in the left parietal lobe plays a critical role in the effector-independent simulation of complex movements, as distinguished from a bilateral dorso-dorsal system specialized for current visual control of action.


LIMB APRAXIA

A cluster of deficits in skilled action not
attributable to weakness or incoordination

Occurs in = 50% of left hemisphere stroke

Deficits in pantomime of tool actions, imitation
of meaningful and meaningless actions
(bilaterally), and/or action recognition

Historical and current confusion about
terminology and characteristics (e.g.,
iIdeomotor vs. ideational).

Obfuscation drives researchers away from
studying the disorder.




1) Develop a componential cognitive
neuroanatomical model of the brain regions
subserving different aspects of action
production and recognition.

2) Understand the computational mechanisms
that underlie these components.










PART 1: WHICH BRAIN REGIONS
ARE CRITICAL FOR WHICH
COMPONENTS OF SKILLED
ACTION?
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Imitation

tool-related

action



Regions critical for postural and kinematic components of imitation of tool-
related movements

a b

max z

Posture Scale and timing
(tool-specific hand + arm shape/orientation/movement) (adjusted on-line)
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Presentation Notes
A) Posture scores on Imitation of tool-related movements (ImTool) controlling for Posture Scores on Imitation of novel movements (ImNov), B)
Kinematic scores on ImTool controlling for Kinematic scores on Gesture to the Sight of Tools (GestTool)


SUMMARY OF PART 1.:

tool-specific representations of body
to tool postures and movements, possibly in a
visuo-kinesthetic format (transformation from
visual to kinesthetic representation

- positioning of
body In space over time

-Relative damage to each of these regions
gives flavor of “ideational” and “ideomotor”
apraxia, and given many MCA strokes, explains
why they often co-exist

b




PART TWO: THE BRAIN'S TWO
CORTICAL ACTION SYSTEMS
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Dorsal Stream: Reaching, grasping, and eye movements to visual targets
Ventral Stream: Object recognition, Semantic knowledge




(Patient images removed)
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Presentation Notes
[VIDEOS REMOVED] Apraxia is informative.  Apraxics are bad at meaningless imitation, gesture to sight of tools, good at reaching to and grasping currently visualized objects.


Evidence for Segregation of Function: Optic Ataxia vs. Limb Apraxia

Karnath & Perenin, 2005

(patient image removed)

I - 40% lesion overlap I = 40% lesion overlap
I = 60% lesion overlap I = 60% lesion overlap




Impaired Less Impaired

Object-related Pantomime................ Actual object use
Memory-dependent actions ......... Visually-guided actions

Object-specific hand postures ......... Prehension




Planning and execution

Two Action Systems:

bilateral
left hemisphere

Buxbaum & Kalenine, Ann. NY Acad Sci., 2012
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Presentation Notes
Apraxia is hard to explain on the 2 route model.  In response to these considerations, we developed a model of 2 action systems, based on a subdivision of the dorsal stream…..  GRADIENT.


TESTING THE MODEL

Coordinate frame Objects
(movements vis a

vis the body or

objects)

Visual Stronger role of Str
dependence current visual
guidance

Dependence on Affordance-driven M
structural
“affordances”

And: partial segregation of function predicts
COMPETITION




Coordinate frame and availability of visual feedback

With Online Correction Without Online Correction

Body-relative
Posture

Object-relative
Grasp
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Requirement to imagine/predict movement

Motor control condition: Actual
prehension of dowels and widgets
presented in 6 orientations

Motor imagery condition: planned
prehension (with no feedback from
target objects) A.

(Both in non-mixed and mixed
blocks) =

Buxbaum, Johnson-Frey, & Bartlett-Williams, Neuropsychologia, 2005
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Congruence of subjects' performance in
grasp and imagery tasks
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Dependence on structural “affordances”

High-Afforded

Low-Afforded

Barde, Buxbaum, & Moll, JINS, 2007
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Affordance x Group Intxn - F(2,18) = 7.40 , p =.005




Chart1

		Apraxic		Apraxic		0.02		0.02		0.02		0.02

		LCVA		LCVA		0.034		0.034		0.034		0.034

		Control		Control		0.028		0.028		0.028		0.028



Hi
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0.722

0.875

0.891
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Sheet2

				Apraxic		LCVA		Control

		Hi		0.80		0.88		0.93

		Lo		0.72		0.89		0.98

		Error bars denote one standard error for the within-group comparison. Hence, only Apraxics show

		a significant difference in performance as a function of affordance (High > Low).

		Posthoc tests on the between-group differences show that Apraxics's performance on Highly-

		Afforded gesture-picture pairs is not distinct from either LCVA or Controls. However, on Low-Afforded

		items, Apraxics are significantly worse than Controls (p = .002) and marginally worse than LCVAs

		(p = .059).
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Acq Rate

		0.659		0.043

		0.765		0.071

		0.945		0.058





Acq Rate

		Apraxic		0.043		0.043

		LCVA		0.071		0.071

		Control		0.058		0.058



Acquisition Rate (0-1)

Acquisition Rate 
(collapsed across Affordance)
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Apraxia -Medium blue

Benefit of Structure Information -Green

Intersection - Light blue




Conflict No conflict

Move: faster, shorter-lasting
Use: slower, longer-lasting

Jax & Buxbaum, Cognition, 2010.



&
~
LN

-—
o
(1)
B
=
o
L
©
@
B
S
17
o
=%
=
=
©
-~ =

o
[\ ]
o

LCVA Control

m Conflict tools m Non-conflict tools

Watson & Buxbaum, Cortex, 2015
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Scored for hand posture, arm posture, amplitude, and timing


Total
pantomime
scores
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SMG integrates and reconcilles inputs from temporal lobe and the dorso-dorsal stream.  Responsive to both function and structure to generate an action plan


= Disrupted connectivity between nodes in the Use System network

Functional connectivity measures from patients:

« Can tell us how interactions between intact brain regions change after a lesion
* Help identify tissue behaving abnormally beyond areas obviously lesioned

(unpublished data removed from slide)
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Presentation Notes
Relatively similar lesion volumes:  2079: 55,800 mm3; 2221: 63,241 mm3 
Images show Pearson correlation values between each voxel and a 3 mm sphere seed region at crosshairs



(unpublished theoretical model removed)
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Anticipatory Force Control for Familiar Objects
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Dawson, Buxbaum, & Duff, 2010 (and see Li Randerath, Goldenberg, Hermsddrfer, 2007).
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