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The  functional definition of the central nervous 

system organization of movement in terms of 

correlations between the activation of certain 

“neural networks” and the execution of motor 

actions involves the description of the skeletal-

system movement in terms  of specific sets of 

axes or frames that are either global or local.

Upper limbs and motor control

Many neurophysiological studies of motor 

cortical areas have been devoted to the analysis 

of the relationships between neural activity and 

movement variables. The movements tested 

were, in most instances, motions of a single 

joint.
An example: within any one cube, the animals make arm movements in 8 

different directions, all starting from a common central position. Because of the 

side-by-side arrangement of the cubes, the 8 different directions in any 1 cube 

were parallel to the 8 different movement directions in both of the other cubes 

but occurred within different regions of extrapersonal space.

Multijoint movements require the synergistic action of several muscles.

An optoelectronic device helped the scientists to detect 

the trajectories of the right upper  arm in each direction 

of the space.



Movement population vectors were computed from cell activity recorded in the left, 

center, and right parts of the work space. In all instances, they provided a very good 

description of the direction of movement regardless of where in space movement 

occurred. Population codes based on the same model have been used to describe 

direction of reaching also in cortical area 5 (Kalaska et al., 1983) and the cerebellum.

Most neurophysiological studies of reaching have been devoted 

to the analysis of motor and premotor cortical mechanisms, 

regarded as a late stage in the information processing flow 

leading from vision to movement (Georgopoulos 1996; Wise et 

al. 1997); some have been devoted to the operations of parietal 

cortex, considered as an intermediate node responsible for 

holistic representations of movement (for reviews see 

Mountcastle 1995; Wise et al. 1997). 

Psychophysical studies (e.g., McIntyre et al. 1997, 1998) indicate 

that coding of reaching could be achieved through the combination 

of different information (target location, gaze direction, arm 

position, and movement direction). Knowledge of signal processing 

at the early nodes of the parietofrontal network could be of critical 

importance, because it could reveal “motor” influences on the 

composition of motor commands and, at the same time, could shed 

some light on the nature of the visual-to-motor transformation 

underlying reaching. 



Movement can be represented in many different domains, 

relating to dynamic, kinematic, and other aspects of motor be-

havior

Studies of some forms of multiarticular motion in space, such as 

reaching to an object of interest, have revealed the parameters 

coded by the CNS. 

The observation that in many instances the hand follows a 

roughly straight-line or mildly curved path when moving 

between pairs of points in space (Gilman et al., 1976; Morasso, 

1981; Abend et al., 1982; Flash and Hogan, 1985; Hollerbach

and Atkeson, 1987) has led to the proposition that hand 

trajectory is one of the movement variables encoded (Morasso, 

198 1; Hogan, 1984; Flash and Hogan, 1985; see Hogan, 1988, 

for a discussion) and that this encoding occurs within 

anextracorporeal Cartesian coordinate system. 

Constant relationships between joint angular velocities during 

arm movements (Soechting and Lacquaniti, 1981; Lacquaniti and 

Soechting, 1982) have suggested, instead, an encoding 

mechanism using joint variables, and therefore occurring within a 

preferred intrinsic frame of reference (see Soechting and 

Terzuolo, 1988, for a discussion). 

The mechanisms by which the coordinate systems used for the 

planning and execution of arm movements are represented in 

the cerebral cortex are not known.



Perspective view of target locations and the 

Mercator projection. Target labeled 0 is a 

starting position. The origin of the 

coordinate system (X=Y=Z=0) is the center

of eyes of monkey. B, Distribution of 

preferred direction of neural activity. 

Contour plot represents the average of 

standardized activities of all cells. Light 

intensity indicates high activity and the 

dark indicates low activity.

Lower limbs and motor control

Gait analysis is the study of animal locomotions, including locomotion of humans. Gait 

analysis introduces the analysis of measurable parameters of gaits, as well as the 

interpretation of them in terms of physiological or pathological patterns.

Human movement analysis aims at gathering quantitative information about the 

mechanics of the musculo-skeletal system during the execution of a motor task. In 

particular, information is sought concerning the movement of the whole-body centre of 

mass; the relative movement between adjacent bones, or joint kinematics; the forces 

exchanged with the environment; the resultant loads transmitted across sections of body 

segments or between body segments, or transmitted by individual body tissues such as 

muscles, tendons, ligaments, and bones; and body segment energy variation and 

muscular work. The 3D realistic representation of the movement of the musculo-

skeletal system as seen from a point of view of choice (virtual reality) is a further 

relevant objective.

MATERIALS AND METHODS

Gait trials

22 markers (Davis protocol)

Self-selected speed

3 trials for consistency

Resting time: 120 s
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MATERIALS AND METHODS

CAVIGLIA (CAVIGLIA (ankleankle):):
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yy   maxmax momentomomento

zz   potenza generatapotenza generata

 10  15  20  25  30 0
 0.5
 1
 1.5
 2
 2.5

 0

 10

 20

 30

 40

 50

pot gen 

ROM st 

max mom 

pot gen 
 10  15  20  25  30

 0

 0.5

 1

 1.5

 2

 2.5

 0 10 20 30 40 50

ROM st 

max mom 

And for all joints…

RESULTS

S1S1

MoreMore functionalfunctional gaitgait
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S2S2

LessLess functionalfunctional gaitgait

S1S1

GrayGray mattermatter reductionreduction inin cerebellumcerebellum;;

NoNo impairmentimpairment toto cerebralcerebral vermisvermis

S2S2

GrayGray mattermatter reductionreduction inin cerebellumcerebellum,,

cerebralcerebral vermisvermis impairmentimpairment

DIFFERENCES IN GRAY MATTER VOLUMES IN DIFFERENCES IN GRAY MATTER VOLUMES IN 

CEREBRAL VERMISCEREBRAL VERMIS

RESULTS CONCLUSION

ThereThere isis correspondencecorrespondence betweenbetween gaitgait analysisanalysis data and data and 
cerebralcerebral volumesvolumes anomaliesanomalies

InIn particularparticular   itit seemsseems toto existexist a relation a relation betweenbetween gaitgait qualityquality
andand graygray mattermatter volumevolume reductionreduction ofof cerebralcerebral vermisvermis


