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Abstract

Prehension movements of the right hand were recorded in a right-handed man (AC), with an injury to the left posterior parietal cortex
(PPC) and with a section of the left half of the splenium. The kinematic analysis of AC’s grasping movements in direct and perturbed con-
ditions was compared to that of five control subjects. A novel effect in prehension was revealed—a hemispace effect—in healthy controls
only. Movements to the left hemispace were faster, longer, and with a smaller grasp aperture; perturbation of both object position and
distance resulted in the attenuation of the direction effect on movement time and the time to velocity peak, with a reverse pattern in the
time to maximum grip aperture. Nevertheless, the correlation between transport velocity amplitude and grasp aperture remained stable in
both perturbed and non-perturbed movements, reflecting the coordination between reaching and grasping in control subjects. In contrast,
transport and grasp, as well as their coordination in both direct and perturbed conditions, were negatively affected by the PPC and sple-

nium lesion in AC, suggesting that transport and grasp rely on two functionally identifiable subsystems.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

One of the most influential theories of prehensile move-
ments in both primates and humans is that proposed by
Jeannerod (1981). In this theory, Jeannerod claims that two
distinct processing components are involved in prehension
movements: one responsible for the transport of the arm to
the object—also called the reach channel and experimen-
tally assessed by the wrist movement—and one for the grip
of the object—also called the grasp channel and assessed as
the distance between the thumb and index fingers. Each
channel extracts specific characteristics of the object and
transforms them into an adequate prehension act.

The postulated independence of these processing streams
has motivated numerous kinematic studies of normal
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prehension in humans. One result on which most agree is
that transport velocity (of the wrist) and movement ampli-
tude are a direct consequence of the distance between the
hand and the object (Gentilucci et al., 1991). However, vary-
ing the location of the object yields conflicting results with
respect to the grasping module. For example, Jeannerod
(1981) found no specific effect, whereas others reported an
increase in grip aperture (Chieffi & Gentilucci, 1993).

Several sets of neurophysiological data suggest that the
parietal posterior cortex (PPC) possesses a functional
modality compatible with the visuomotor transformations.
The PPC is activated by the prehensile characteristics of the
objects (Kusunoki, Tanaka, Ohtsuka, Ishiyama, & Sakata,
1993), and there exist direct anatomical evidence for largely
segregated visuomotor pathways linking PPC with the lat-
eral premotor cortex supporting the notion of parallel visu-
omotor processing streams (Tanné-Gari¢py, Rouiller, &
Boussaoud, 2002). Also, individuals with lesions of the PPC
have prehension disabilities such as an unskillful grasp and
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a defective or non-existent preshaping (Jeannerod, 1986).
Moreover, transcranial magnetic stimulation of the PPC
disrupts transport corrections that normally take place
when a target position is perturbed (Desmurget et al., 1999).

In this perspective, the purpose of the present study was
to investigate direct and perturbed prehension in a patient
with a partial PPC lesion without objective evidence of pre-
hension disorders, with a 3-D higher resolution kinematic
analyzer. The rapid perturbation of object position adopted
here attempted to replicate a unique motor symptom
reported by the patient: difficulties with recapturing his
partner’s hand when dancing rockn’roll.

2. Method
2.1. Subjects

Patient AC was a 25-year-old right-handed man, univer-
sity student who, after undergoing surgery for a haemorrhage
in his left mesial parietal lobe due to a small arteriovenous
malformation, was left with a partial section of the posterior
half of the corpus callosum. AC participated in the present
experiment 2 years after the surgery. An MRI examination
revealed a porencephalic cyst in the left parietal lobe and a cut
of the posterior half of the corpus callosum, as shown in
Fig. 1A. At the time of the study, AC had normal visual fields,
no signs of optic ataxia, no paresis, or hypoesthesia no simul-
tagnosia or visual neglect or apraxia. His only motor com-
plaint was of having some difficulties with recapturing his
partner’s hand when dancing rockn’roll. He showed left
hemialexia (reported previously in Michel, Hénaff, & Intriliga-
tor, 1996, and in Cohen et al., 2000) as observed following
posterior callosal lesions (Suzuki et al., 1998).

Five healthy controls (three men and two women), all
right-handed with ages ranging from 22 to 38 year and with
no detected neurological disorders also participated in the
experiment. Before the experiment, all subjects were
informed about the methods used and the purpose of the
study was revealed once the experiment was over. All sub-
jects gave informed consent and the experiment was
approved by the localethics committee.

2.2. Experimental design

Five identical cylinders (10 cm high, 1.5cm in diameter,
50 g weight) were used as targets. The position of the cylin-
ders in the workspace relative to the subject’s hand and
body axis is illustrated in Figs. 1B, C, and D. Subjects were
instructed to reach, grasp, and lift an object using a preci-
sion grip [Napier, 1956]. The direct and perturbed move-
ments were randomly produced in a session of 300
movements. In 20% of the cases, the object was illuminated
in one of three positions (—20°, 0°, or 20°) and, when the
transport of the arm began there was illumination of a sec-
ond object located on the left or the right side of the first
illuminated one resulting in a location perturbation. Thirty
movements in a left-right perturbation (10 from —20° to 0°,
from 0° to 20°, and from 20° to 40°, respectively) and 30
movements in a right-left direction (from 20° to 0°, from 0°
to —20°, and from —20° to —40°). As well, 80 non-per-
turbed movements for each 20°, 0°, and —20° object posi-
tion were also recorded.

Movement recording: The spatial positions of three
active markers placed on the nails of both the right thumb
and index finger, and on the right radial styloid process of
the wrist were sampled at 200 Hz by means of an

Fig. 1. (A) Saggital and axial MRI brain sections in AC with posterior callosal and parietal lesions (white arrows). (B) The 3-D kinematic analyzer was
fixed at 2.5 m above the workspace with its optical axis aligned with the vertical. Five identical cylinders were used as targets. (C and D) Position of the cyl-

inders in the workspace relative to the subject’s hand and body axis.
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Optotrak 3020 system. The camera was fixed at 2.5m
above the workspace with its optical axis aligned with the
vertical as illustrated in Fig. 1B. Each trial was recorded
for 5s. After the acquisition stage, the position data were
filtered with a second-order Butterworth filter with a for-
ward and reverse pass. A lowpass cutoff frequency of
10 Hz was used. Movement onset was determined as the
first of seven consecutive measures of increasing ampli-
tude on the fingers’ velocity. The movement endpoint was
determined as the point where the interfinger distance
stopped decreasing while gripping the cylinder. The
dependent variables in non-perturbed movements were (a)
movement time (MT); (b) transport component parame-
ters, time to first velocity peak (TPV1), amplitude of first
velocity peak of the wrist marker (APV1), and (c) grip
component parameters, time to first grip aperture
(TGAL1), amplitude of first grip aperture (AGAL). In the
perturbed movements there was (a) movement time; (b)
transport component parameters, time to second velocity
peak (TPV2), amplitude of second velocity peak of the
wrist marker (APV2), and (c) grip component parameters,
time to second grip aperture (TGA2), amplitude of second
grip aperture(AGA2).

2.3. Statistical design

Statistical analyses were conducted to answer three ques-
tions: (1) Does object position affect movement parameters
similarly for controls and patient? (2) Does the direction of
the perturbation of object position affect movement param-
eters similarly for controls and patient? (3) Do movement
parameters in perturbed and unperturbed movements
change similarly for controls and patient? To test for the

Table 1

effect of unperturbed object position or direction of pertur-
bation during movement, a mixed model for repeated mea-
sures was specified with movement repetitions nested in
subjects and the three positions (question 1), or the two
directions of perturbation (question 2) crossed with sub-
jects. The effect of Position and Condition (controls, AC) as
well as their interaction were considered. When there was a
significant interaction between Condition and Position
(question 1), or direction of perturbation (question 2), a
mixed model for repeated measures was adopted with repe-
titions nested in subjects and the three positions (question
1), or directions of perturbation (question 2) crossed with
subjects with the Condition factor was removed. To test the
effect of perturbation on movement parameters (question
3), a similar mixed model for repeated measures was speci-
fied with movement repetitions also nested in subjects and
with Position nested in perturbation, whereas this last fac-
tor was crossed with subjects. The main effects of perturba-
tion and Condition, as well as their interaction were also
considered, controlling for Position. Significance level was
set at p <.05. Post hoc multiple comparisons using Bonfer-
roni adjustment were used. Table 1 gives the descriptive
statistics for the dependent variables in perturbed and non-
perturbed movements.

3. Results

3.1. Question 1: Does object position affect movement
parameters similarly for controls and patient?

3.1.1. Movement time
A main effect of Position was observed for both controls
and AC (Fpq)=142.532; p<.001). Post hoc multiple

Effect of object location on the transport grasp components in controls and AC

Direct prehension movements mean and Components Perturbed prehension
standard deviation movements mean and standard
deviation
Left Center Right Left Right
Transport grasp components controls
Movement time (ms) 823 +£132 742 £101 722 £96 MT, ms 1012+ 178 1011+ 187
Reach Reach
Time to velocity peak (ms) 338+ 50 308 48 294 + 59 TPV2, ms 601 =79 598 £ 117
Velocity peak amplitude (mm/s) 1003 £ 155 928 + 154 909 + 168 APV2, mm/s? 701 £ 119 574 + 141
Grasp Grasp
Time to maximum grip aperture (ms) 531+94 471 £76 462+ 76 TGA2, ms 691 £ 105 718 + 154
Maximum grip aperture (mm) 62+64 64+ 6.1 68 + 6.6 AGA2, mm 69+74 79+ 125
Transport grasp components AC
Movement time (ms) 1010 £+ 123 924 £+ 86 928 £ 88 MT, ms 1334+ 121 1337+ 104
Reach Reach
Time to velocity peak (ms) 321 £35 284 £27 257+39 TPV2, ms 666 + 131 730 £ 89
Velocity peak amplitude (mm/s) 999 + 103 901 £ 108 816 + 68 APV2, mm/s? 698 +79 679 £ 85
Grasp Grasp
Time to maximum grip aperture (ms) 660 + 70 579 + 64 564+ 73 TGA2, ms 921 £128 993 £ 95
Maximum grip aperture (mm) 50+£53 52+6.1 524+6.9 AGA2, mm 52+6.1 49 +4.7

Abbreviations: MT, movement time; TPV2, Time to 2nd velocity peak; APV2, 2nd velocity peak amplitude; TGA2, time to 2nd maximum grip aperture;

AGA2, 2nd maximum grip aperture.
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comparisons indicated that movement times to the left took
80ms more than movements to the center (p <.001) and
90 ms more than movements to the right (» <.001). Move-
ments to the center and the right did not differ significantly
for controls or for patient. Control subjects had a signifi-
cantly shorter movement time at all positions compared to
AC’s performance (F{; j15,=104.052; p <.001). On average,
unperturbed movements were 190 ms faster for controls.

3.1.2. Reaching

There were significant interactions between Condition
and Position on time to velocity peak (F ;g3 =4.493;
p=.012) and velocity peak amplitude (F(;,37)=20.815;
p<.001). Post hoc multiple comparisons showed that time
to velocity peak differed between patient and controls
(p <.001). ANOVA results also showed that time to veloc-
ity peak was shorter for AC at all three positions (p <.02).
The position of the object influenced velocity peak ampli-
tude for both patient and controls. Furthermore, post hoc
multiple comparisons indicated that velocity peak ampli-
tude was significantly smaller for AC compared to the
controls (p <.005). Thus, movements to the left were char-
acterized by longer latencies and larger amplitudes than
movements to the center or the right for both controls and
patient.

3.1.3. Grasping

A main effect of Position on time to maximum grip aper-
ture (Fp914)=91.212; p<.001) was revealed for both con-
trols and patient. Post hoc analyses revealed that time to
maximum grip aperture is significantly longer for move-
ments to the left compared to movements to the center by
an average of 70ms (p <.001), and significantly longer for
movements to the left than to the right by an average of
80ms (p <.001). The difference of 10ms between the move-
ments to the center and those to the right is not significant
(p=.112). Also, control subjects showed a significantly
shorter time to maximum grip aperture by 110ms com-
pared to AC (F{j39,=159.438; p<.001). There was an
interaction between Condition and Position (F7g1)
=15.394; p<.001) showing that maximum grip amplitude
is dependent upon the position of the object, for controls
only (p<.001). There was no change in maximum grip
amplitude for AC at all three positions (p =.083). Post hoc
multiple comparisons showed that all pairwise compari-
sons, for controls only, are different for maximum grip
aperture (p<.001). Although movements to the left were
characterized by longer time to maximum grip aperture for
both patient and controls, AC did not show a difference in
grip aperture per se between the three positions whereas the
control subjects had significantly smaller apertures for
movements to the left and to the center than for movements
to the right. Grip apertures were smaller and time to maxi-
mum grip aperture was significantly longer at all positions
for AC relative to the controls’ performance. Thus, the
longer movement times observed in AC reflect the longer
time needed for maximum grip aperture.

3.2. Question 2: Does the direction of the perturbation of
object position affect movement parameters similarly for
controls and patient?

3.2.1. Movement time

This measure was not affected by by the direction of per-
turbation, for both controls and patient (F,g;= 1468,
p=.229). However, the control subjects’ movements were
faster in the two positions, relative to the patient’s
(F1.20)=24.136; p<.001).

3.2.2. Reaching

There was an interaction between Condition and Posi-
tion on time to velocity peak (F{;16=25.990; p=.016).
Results indicated that the direction of perturbation affects
time to velocity peak for AC (F{; g=13.332; p=.006) but
not for controls (F( ;;;,=0.059; p=.808). For AC, the time
to velocity peak was slower with perturbations to the right
than to the left (731 ms vs. 667 ms), and was also slower in
both directions of perturbation compared to controls
(p<.02).

There was also an interaction between Condition and
Position on velocity peak amplitude (F( jy9,=5.978;
p =.016). Direction of perturbation influences velocity peak
amplitude for controls only (F{; 13y=061.171; p<.001), the
amplitude being larger for perturbations to the left than to
the right (701 vs. 575 mm/s® respectively). The difference of
19.5mm/s*> between the two directions of perturbation in
AC was not significant (p =.170). In addition, the ANOVA
results revealed that velocity peak amplitude is larger for
AC, compared to controls, but only in movements with per-
turbations to the right (» =.007).

Although perturbations to the right were characterized
by longer latencies than perturbations to the left in AC,
there was no such effect seen in controls. On the other hand,
velocity peak amplitude was larger for movements to the
left in controls only. Also, relative to controls, time to
velocity peak for AC was slower in both directions of per-
turbation, and amplitude was larger only in perturbations
to the right.

3.2.3. Grasping

ANOVA results showed a main effect of perturbation on
time to maximum grip aperture for both controls and
patient (£ j05=13.197; p<.001), longer for movements
perturbed to the right than to the left, by an average of 35
msec (p <.001). Also, the controls were faster than AC by
250 msec (F(y57)=34.097; p<.001). There was an interac-
tion between Condition and Position (F{; jy7,=20.267,
p<.001) on maximum grip aperture. Results indicated that
direction of perturbation influences maximum grip ampli-
tude for controls (£ ;9 =63.200; p<.001) but failed to
reach significance for AC (F(; 55 =3.743; p=.064). Maxi-
mum grip aperture is larger in controls for perturbations to
the right than for those to the left (79 mm vs. 69 mm respec-
tively). Further analysis also showed that AC had a signifi-
cantly smaller grip aperture for both directions of
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perturbations compared to controls (p <.001). Thus, pertur-
bations to the right were characterized by longer time to
maximum grip aperture than perturbation to the left in
both AC and controls; the controls had significantly larger
apertures for perturbations to the right whereas AC
showed no difference between the two directions of pertur-
bation; grip apertures were smaller and time to maximum
grip aperture was longer in both directions in AC. In con-
trast to direct movements where only grasping contributes
to the longer latencies, the longer movement times in per-
turbed movements observed in AC reflect the time needed
for both reaching and grasping.

3.3. Question 3: Do movement parameters in perturbed and
unperturbed movements change similarly for controls and
patient?

3.3.1. Reaching

There was a significant interaction between Condition
and perturbation on time to velocity peak(F(; gg5)=99.977;
p<.001) suggesting that time to velocity peak is slower for
control subjects with unperturbed movements whereas it is
significantly faster with perturbed ones (p <.002). Velocity
peak amplitude was significantly larger for unperturbed
movements compared to perturbed ones in controls
(F1276)=1041.376; p<.001) as well as in AC
(F(1.180)=105.490; p <.001).

3.3.2. Grasping

ANOVA results showed the usual effect of perturbation
on time to maximum grip aperture for controls
(F{1.895)=620.197; p<.001) and for AC (F; 55 = 568.203;
p<.001). For all subjects, the time to maximum grip aper-
ture was faster for unperturbed than for perturbed move-
ments. There was a significant interaction between
Condition and perturbation on maximum grip aperture
(F(1.1031y=38.900; p <.001). The perturbation of the objects’
position influences maximum grip aperture for controls
(F1.806) = 175.509; p<.001) but not for AC (F; 9;)=0.413;
p=.521). For controls, it is significantly larger with the per-
turbed than with unperturbed movements (75mm vs.
65 mm respectively).

4. Discussion

Few studies (Connoly & Goodale, 1999) have examined
the effect of movement direction on prehension. In their
study with right-handed healthy subjects, Paulignan, Frak,
Toni, and Jeannerod (1997) reported a longer movement
time, a smaller grasp aperture, and late and higher wrist
velocity peaks with movements to the left than to the right.
However, it was not clear whether the object position or the
distance between wrist and object (i.e., movement ampli-
tude) was responsible for this effect. In the present study,
the distance between the wrist starting position and the
object in the direct prehension condition was the same
(32cm) on the right and on the left hemispaces. Thus, in

healthy individuals, movement direction impacts on the
grasp and transport components. Similar results have also
been reported in monkeys (Roy, Paulignan, Meunier, &
Boussaoud, 2002). In direct prehension (without perturba-
tion), right hand movements in the left hemispace are of
longer duration and latencies, faster velocity peaks and
with a smaller aperture than for movements in the right
hemispace.

It is known that a perturbation of the spatial position of
an object alters an ongoing motor command to engage the
same object at the new location (Goodale, P¢lisson, & Pra-
blanc, 1986). Also, the trajectory of the hand can be
adjusted early in the movement when the spatial location of
a target has been modified at movement onset (Prablanc &
Martin, 1992). In the current study, this adjustment to per-
turbation is reflected by a slower transport velocity, longer
movement time and latencies as well as a larger grasp aper-
ture. This is in agreement with our previous observations
with healthy subjects (e.g., Paulignan, Mackenzie, Mar-
teniuk, & Jeannerod, 1991). In addition, grasp aperture for
movements to the left direction is always smalle—whether
in direct or perturbed conditions. Object location perturba-
tions are also perturbations in distance between wrist
marker and target (e.g., —20°/32cm to 0°/30 cm; 0°/30 cm to
20°/32cm). It is well known that movement amplitude has
an effect on movement time, latency, transport velocity and
grasp aperture (Gentilucci et al., 1991). The perturbation of
both object position and distance results in the attenuation
of the direction effect for most measures seen in direct pre-
hension, except for transport velocity amplitude and grasp
aperture, suggesting a putative coordination between the
two visuomotor channels.

Although there was no objective clinical evidence of
grasp disorders—in addition to performing three hundred
movements without once letting the cylinders slip or
drop—prehension impairments were revealed in the kine-
matic analyses of AC’s movements, thus confirming the
role of the damaged brain regions in prehension. In con-
trast to the performance of control subjects, there was no
relationship between transport velocity amplitude and
grasp aperture in the two conditions, suggesting an absence
of coordination between channels in AC.

Furthermore, each processing channel appears affected
by the lesion. The hemispace effect seen in controls with
direct movements does not hold for the grasp channel in
AC: maximum grip aperture remained the same in both
hemispaces. With perturbed movements, the direction effect
seen in controls no longer holds, revealing an additional
impairment in the reach channel: there is no influence of
direction on velocity peak amplitude in AC. These findings
suggest that transport and grasp rely on two functionally
identifiable systems. In contrast to what is seen in healthy
individuals, these observations reveal that both visuomotor
streams as well as the coordination of these two compo-
nents are disturbed in AC. Thus the injury to both channels
has been independently detected according to their func-
tional requirement.
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The principal argument against the dual channel theory
is that an alteration in the extrinsic properties of the object
(such as position) also affects the grasp component (Casti-
ello, Bennet, & Chambers, 1998). In the present study, this
is also what we observed: a perturbation of object location
impacts upon aperture size in healthy subjects. However,
AC’s performance reinforces the hypothesis of the presence
of two interdependent channels.

It has been shown that ipsilateral muscles to the trans-
port grasp mechanism can be influenced by bilateral hemi-
spheric networks in both humans (Farné et al., 2003) and
monkeys (Brinkman & Kuypers, 1973) and it has been pre-
sumed that interhemispheric communication is necessary
for the coordination of reaching and grasping (Gazzaniga,
2000). However, it is not clear how the lesion to the sple-
nium of the corpus callosum contributes to the absence of
coordination between the two visuomotor channels seen in
AC. In direct prehension, AC showed a direction effect sim-
ilar to that of healthy subjects in movement time and laten-
cies. In addition, AC reaches velocity peak before controls
for wrist movements in direct prehension in both hemi-
spaces, while grasp aperture remains constant in both direct
and perturbed prehension. In perturbed prehension, move-
ment time does not differ between movements in both hemi-
spaces. These results highlight the important contribution
of the PPC to these processes.
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