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Aiming and tapping movements were analysed repeatedly over a three-week period in a patient who was hemideafferented 
due to an ischaemic posterior thalamic lesion. Contrasting behaviour observed in six healthy subjects, nine hemiparetic 
patients and one patient with hemianopic stroke, allowed the determination of behavioural deficits related to deafferen
tation. Finger tapping was not impaired specifically and did not improve with practice in the deafferented patient. When 
aiming movements were investigated, accuracy of the first, largely preprogrammed, phase of movement and timing of the 
late homing-in phase were impaired specifically in the deafferented patient. Practice led to a step-like change in prepro
gramming amplitude of the ballistic movement component, a gradual improvement of temporal efficiency of the early 
movement phase and a more marked improvement of the homing-in phase. Qualitatively comparable but quantitatively 
less marked effects of practice were documented for hemiparetic patients. These results demonstrated that deafferentation 
affects preprogrammed aspects of movement and those influenced by current control and that motor learning is possible 
with central deafferentation, even for aspects of performance that are impaired specifically. It is postulated that motor 
learning was mediated by changes in strategy (motor programming) and improved efficiency of intact motor control 
processes (visuomotor control). 
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INTRODUCTION 
Mott and Sherrington (1895) found that surgical deaf
ferentation of a limb of a monkey led to an unwilling
ness to use the limb in purposeful action. 
Subsequently, it was shown repeatedly that deaf
ferentation in monkeys does not abolish the capacity to 
make purposeful movements but leads to poor co
ordination and inaccuracy of movements (Munk, 1909; 
Knapp et ai., 1963). In man, impaired proprioception 
was shown to result in deficits in fine control of move
ment, failure of accurate postural maintenance 
(Rothwell et ai., 1982; Sanes et ai., 1985) as well as 
deficits in preprogramming of multi-joint aiming 
movements (Ghez et at., 1990). Positive effects ofprac
tice on motor behaviour were reported in animal 
studies (Munk, 1909; Taub, 1977) but these effects 
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have not been investigated in detail in man. 
In this study, deficits of performance of finger tap

ping and aiming movements were investigated kine
matically in a patient with deafferentation due to 
ischaemic thalamic damage. Comparing the level of 
performance in this patient with that observed in hemi
paretic and hemianopic patients and in healthy sub
jects revealed behavioural deficits related,. to 
deafferentation. Further investigations were under
taken to determine whether motor learning occurred 
with training in the deafferented patient, which aspects 
of motor behaviour showed improvement and how the 
effects of training compared with those demonstrated 
in hemiparetic patients receiving the same training 
schedule. 
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METHODS 

Subjects 
All subjects were right-handed. A. Patient G, a 
70-year-old woman, suffered an ischaemic stroke five 
weeks prior to the investigation. Areas of the brain 
affected were in the distribution of the right posterior 
cerebral artery. The right occipital lobe as well as pos
terior thalamus, including the ventroposterolateral 
nuclei (Cranial CT). Clinical examination revealed 
preserved cognitive abilities, an incomplete left-sided 
homonymous hemianopia, a severe left-sided hemisen
sory deficit which affected all somatosensory modali
ties, including position sense, and a minimal left-sided 
hemiparesis. B. Patient K, a 60-year-old woman with a 
cerebro-vascular accident (CVA) in the distribution of 
the right posterior cerebral artery according to CCT 
(ischaemic area) and clinical findings (minimal hemi
paresis, hemianopia). Patient K resembled the deaffer
ented patient closely, although somatosensory function 
and the thalamus (CCT) were not affected. C. Eight 
hemiparetic patients, six males and two females, with a 
mean age of 64.9 years (SD = 5.1) developed an 
ischaemic subcortical stroke in the distribution of the 
right middle cerebral artery four to eight weeks prior 
to the investigation. At the time of investigation, all 
had a minimal left-sided hemiparesis without 
somatosensory, visuomotor (optic ataxia), attentional 
(neglect), apraxic or other higher cognitive impair
ment. D. Six healthy subjects, three males and three 
females with a mean age of 57.8 years (SD = 11.3). 

Motor tasks 
Subjects were seated at a desk. The hand and forearm 
were rested on the desk in a comfortable position. Fifty 
fastest repetitive vertical movements (tapping) were 
performed with the left index finger. In addition, 10 
fast and accurate aiming movements of the left arm in 
a midsagittal plane over a distance of 20 cm to a target 
of 5 mm in diameter were registered and analysed. For 
motion analysis, an optoelectronic system (SELSPOT 
II) with two cameras and one (tapping) or two (aim
ing) infra-red light emitting diodes (IRED LEDs) was 
used; sample frequency was 100 Hz. Data were low
pass-filtered using a digital Fast-Response-Filter at 
20% of sample frequency. Mean values and standard 
deviation for the following kinematic parameters were 
calculated by automatic analysis based on position data 
and their time derivatives (velocity and acceleration): 
duration of taps, duration of aiming movements and 
their components, time before (phase 1) and after 
maximal deceleration (phase 2), spatial error at the 
end of aiming movements with respect to the centre of 
the target (accuracy), and distance from target at time 

16 Behavioural Neurology. Vol to . 1997 

T. PLATZ AND K.·H. MAURITZ 

of maximal deceleration (accuracy of phase 1). Values 
of kinematic parameters were considered pathological 
if mean values deviated by more than two SDs from 
the corresponding mean value of the control group of 
healthy subjects (patients G and K) or if group differ
ences were statistically significant (hemiparetic 
patients). Syndrome-specificity for deafferentation was 
assumed if values for patient G differed more than two 
SDs from the mean value of healthy, hemianopic and 
hemiparetic control subjects. Using this approach, it 
was thought that any contributing effect of a minimal 
hemiparesis or hemianopia in patient G could be 
deducted, allowing inferences to be made about spe
cific behavioural sequelae due to deafferentation. 

Training 
Aiming movements were tested in patient G on fifteen 
consecutive weekdays, (excluding weekends), over a 
period of three weeks. During the first week (days 1 
to 5) and the third week (days 15 to 19), the patient did 
not practise the tasks between recordings on consecu
tive days. Starting on the last day of the first week 
(day 5) and during the second week (days 8 to 11) the 
patient practised the two motor tasks for 20 minutes 
each day (eight blocks of 2.5 minutes, with alternating 
tapping and aiming) under supervision. Analysis of 
motor tasks during the second week was always per
formed at least 21 hours after the last training session. 
Behavioural changes could then be considered to 
reflect motor learning rather than changes in pector
mance. Time-series analysis included autocorrelation 
function (ACF) , crosscorrelation function, as well as 
linear regression model (LRM) (kinematic variable = 
a + b*day) (McClearly and Welsh, 1992). The eight 
patients with minimal hemiparesis received the same 
practice schedule and were assessed kinematically 
twice before the period of daily training (correspond
ing to days 2 and 4 of the schedule for patient G). They 
were also assessed kinematically oqe day after the last 
day of training (corresponding to day 12 of the sched
ule for patient G). 

RESULTS 

Baseline performance 
The duration of taps was prolonged in the deaffer
ented patient G. Durations of the first and second 
phase of the aiming movement were prolonged in 
patient G, the hemiparetic patients and the hemi
anopic patient (patient K). However, movement dura
tion and time after maximal deceleration (phase 2) 
showed a syndrome-specific marked prolongation in 
patient G. In addition, the distance from target at time 
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TABLE I. Kinematic parameters for tapping and aiming movements (left arm) at baseline for a deafferented patient and 
control subjects 

Aiming movements Tapping 
Duration (s) Phase 1 (s) Phase 2 (s) Ph1-Acc (mm) Acc (mm) Duration (s) 

Pat. G, f, 70 yrs. 
(Deafferentation) 2.Jl5 (0.36) 0_75 (0.14) .l...an (0.42) §Z (19) 11 (6) 0.45 (0.07) 
Pat. K, f, 60 yrs. 
(Hemianopia) 0.85 (0.17) 0.42 (0.02) 0.43 (0.17) 25 (6) 5 (4) 0.25 (0.04) 

Hemiparetic pts. 
(N = 8, 2 f, 6 m) 0.96* (0.23) 0.62* (0.10) 0.34+ (0.17) 28 (9) 6 (6) 0.34 (0.13) 
Healthy subjects 
(N = 6, 3 f, 3 m) 0.69 (0.14) 0.49 (0.11) 0.20 (0.09) 22 (8) 9 (6) 0.28 (0.06) 

Phase 1: duration of movement phase until maximal deceleration; phase 2: duration of movement phase after 
maximal deceleration; Ph1-Acc: distance from target (accuracy) at time of maximal deceleration (end of phase 1); Acc: 
distance from centre of target (accuracy) at the end of movement. Figures are mean or grand mean (SD). 
*p < 0.05 +p < 0.10 (U test) 
Scores are printed bold, if they deviate by more than 2 SD from the mean of healthy control subjects for patients G 
and K or if group means are statistically significantly different; underlined scores are thought to reflect syndrome
specific changes. 

of maximal deceleration was increased in patient G. 
The accuracy of the first phase of movement was thus 
reduced in this patient. These results are shown in 
Table 1. 

Effects of practice 
Concerning duration of taps, ACF and estimation of 
LRM (b = -O.OOl,p = 0.61) did not show a trend over 
the three-week period of observation for patient G, 
while the mildly hemiparetic patients showed, on aver
age, some improvement. The change in duration of taps 
from the last baseline measurement to assessment after 
training showed mean values of -O.07s, SD = 0.08. The 
corresponding value for patient G was -O.02s. 

However, kinematic parameters for the aiming 
movement showed considerable evidence of change 
over time in patient G as determined by ACF and 
LRM (Fig. 1). Duration of both the first and second 
movement phase of aiming movements tended to 
decrease during the first two weeks of observation 
(LRMdays 1-12: phase 1 b = -0.019, p < 0.001; phase 2 
b = -0.06, P < 0.001; compare Fig. 1, A and B) and 
stabilized during the third week. Calculation of coeffi
cients of the LRM indicate that the trend was three 
times greater for the second, compared with the first 
movement phase. Accuracy of the first movement 
phase improved in a step-wise manner after the first 
training session (compare days 5 and 8 in Fig. 1 C). This 
parameter was fairly stable before and after the first 
training session. The difference between days 5 and 8 
was -31 mm whilst the difference for all other days had 

a mean value of -1 mm (SD = 14). However, temporal 
kinematic parameters did not change between days 5 
and 8. Accuracy at the target showed day to day varia
tions, but ACF and LRM (b = 0.008, p = 0.45) indi
cated no overall trend across weeks. Mildly 
hemiparetic patients showed, on average, qualitatively 
similar but quantitatively less marked changes after 
training. Changes in parameters of the aiming move
ment in hemiparetic patients are shown in Fig. 1, A, B 
and C. Changes between the last baseline measure
ment and assessment after training are: duration of 
phase 1, mean -O.Ols, SD = 0.13 (compared with 
-O.07s for patient G); duration of phase 2, mean -O.08s, 
SD = 0.16 (compared with -O.12s for patient G); accu
racy of phase 1, mean-9mm, SD = 19 (compared with 
-37 mm for patient G). 

DISCUSSION 

Deficits of motor behaviour which were found in the 
deafferented patient, but were not present to a similar 
degree in healthy, hemiparetic or hemianopic control 
subjects, were thought to be related to deafferentation. 
The specific impairment of aiming movements is, pre
sumably, due to their higher demand on processing 
somatosensory information in comparison with tap
ping. The reduced distance covered by the early, 
largely preplanned movement phase of the aiming 
movement suggests an alteration of an aspect of pre
programmed movement. The disproportion ally 
increased duration of the second phase of movement 
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FIG. 1. Kinematic analysis of aiming movements in a 
deafferented patient and eight hemiparetic patients. 
Kinematic analysis of standardized aiming movements in 
a deafferented patient was performed on successive 
weekdays (days 1 to 5, 8 to 12 and 15 to 19); training was 
provided on day 5 and on days 8 to 11. Eight hemiparetic 
patients were investigated twice before training (days 2 
and 4) and once after training (day 12). Bars denote 
mean values of 10 discrete aiming movements each day 
for the deafferented patient or grand mean values for 
hemiparetic patients, error bars +/-1 SO. Figure 1A 
shows duration of the first of two movement components, 
the time before maximal deceleration (phase 1). Duration 
of the second component after maximal deceleration 
(phase 2) is shown in Fig. 1 B. Figure 1 C shows the dis
tance from the target at time of maximal deceleration 
(mm) which reflects the spatial accuracy of the first move
ment phase. 
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was only partially due to the longer distance covered by 
that phase and gives evidence for a reduced temporal 
efficiency of processes involved in this phase of 
movement. Prolongation of the second component of 
movement has been described for a reaching and 
grasping task with deafferented patients with either 
medullary lemniscal or cortical parietal damage 
(Jeannerod, 1990), indicating that transfer of 
somatosensory information through the parietal cortex 
is important for the control mechanisms of the homing
in phase of goal-directed movements. It has also been 
shown that both somatosensory and visual information 
are relevant for accuracy achieved during the homing
in phase and that visuomotor control can partially 
compensate for somatosensory deficits (Carlton, 1980; 
Beaubaton and Hay, 1986; Jeannerod, 1990). The 
altered kinematic characteristics found in the aiming 
movement which is under investigation could reflect a 
situation where the deafferented patient, whose pari
etal cortex is deprived of somatosensory lemniscal 
input by thalamic damage, deliberately uses more 
space for the homing-in phase (preprogramming) and 
needs more time for compensatory visuomotor control 
during that phase in order to achieve the required 
accuracy. 

For the deafferented patient, different aspects of 
motor learning, viewed here as lasting changes in 
motor behaviour, could be demonstrated for the aim
ing movements which were specifically impaired, while 
no clear behavioural changes were found for the tap
ping task. The first session of blocked practice led to a 
step-like improvement in the distance covered during 
the first movement phase, independent of temporal 
changes, presumably reflecting a change of movement 
strategy for preprogrammed spatial characteristics of 
that movement phase. A gradual decrease in duration 
of both the first and second movement phase was 
observed. These changes cannot be accounted for by 
proportional changes of the distance moved during 
each phase or overall change in terminal accuracy. 
Therefore, the changes reflect increased temporal effi
ciency of the first, largely ballistic, movement compo
nent and alterations of sensorimotor control, with 
effects on visuomotor control predominating, during 
the homing-in phase of aiming movements. The effect 
was three times greater for the late movement phase, 
indicating a different pattern of learning for each 
phase. With mildly hemiparetic patients, changes 
which were quantitatively less but were of a similar 
qualitative pattern emerged after the practice sessions. 
Quantitatively smaller effects of training for the first 
movement phase, in comparison with the second 
movement phase, or for hemiparetic patients, in com-
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parison with the deafferented patient, could be related 
to floor effects and do not, necessarily, imply an 
impairment of motor learning (Schmidt, 1988). The 
deafferented patient showed no evidence of impaired 
motor learning, even for aspects of motor behaviour 
which were specifically impaired. It is suggested that 
largely intact processes, which are not crucially depen
dent on somatosensory information and rely on intact 
frontal motor and parietal association areas at cortical 
level, were responsible for motor learning in the deaf
ferented patient. Adjusted preprogramming leads to 
change of spatial coverage for the first movement 
phase, improved ballistic motor behaviour leads to a 
reduction in the duration of the first movement phase 
and improved visuomotor control leads to a reduction 
in the duration of the second movement phase. 

In summary, specific deficits of performance were 
shown for aiming movements in the centrally-deaffer
ented patient who was under investigation. Subcom
ponent analysis of aiming movements favours the 
notion of impaired sensorimotor control during the 
homing-in phase, leading to strategic adjustment of 
aspects of preprogrammed movement. Motor learning 
is possible with deafferentation, as demonstrated in 
these studies of aiming movement. This is, presumably, 
based on changes in movement strategy and the effi
ciency of intact control mechanisms. Such mechanisms 
are those responsible for the execution of the early, 
largely ballistic, movement phase as well as those 
responsible for visuomotor control during the homing 
in phase. 
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