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Simple and complex finger movement performance
of patients with Parkinsonism before and

after a unilateral stereotaxic
thalamotomy1

E. PERRET,2 E. EGGENBERGER, AND J. SIEGFRIED

From the Department of Neurosurgery, University ofZurich, Switzerland

A unilateral thalamotomy for the relief of Parkin-
sonian tremor and/or rigidity has been shown to
improve motor performance in a ballistic tapping
task (Perret, 1968). This positive effect, however,
was observed only in the hand contralateral to the
thalamic lesion, and more so after a left-sided than
after a right-sided operation. These results were taken
as preliminary evidence for a cerebral dominance
for motor functions not only at the cortical level,
but also at the subcortical level.
The ballistic tapping task used in that study had

been subdivided into sub-tasks where motor per-
formance of different degrees of complexity was
required. It appeared that the post-operative changes
of tapping performance were proportionally the
same for the more complex and for the less complex
sub-tasks, indicating a global effect of thalamic
lesions on motor functions. The problem then arose
as to whether the tapping sub-tasks were sufficiently
dissimilar really to investigate a large range of
motor abilities or not.
Tapping performance has also been studied before

and after an operation for the relief of Parkinsonian
tremor and/or rigidity by Belanger and Saunier
(1961), and by Meier, Story, French, and Chou
(1966). The first of these groups showed a post-
operative improvement in the hand contralateral to
a surgical lesion in the globus pallidus, regardless of
the side of the lesion, but the second group showed a
post-operative improvement in the preferred hand
of the patients, whether the operative lesion had been
made in the subthalamus on the left or on the right
side. The most probable factor to account for these
discrepancies was then thought to be the different
anatomical localizations of the surgical lesions.

"This work was supported by the Swiss National Science Foundation,
Grants No. 4004.3, 4801. 3, and 3.74.68.
'Present and reprint address: Neurochirurgische Universitatsklinik,
Ramistrasse 100, 8006 Zurich, Switzerland.

In the present investigation a new motor task was
devised in a furtber attempt to clarify the three main
problems brought up in the 1968 study by Perret.
Firstly, is there a cerebral dominance for motor
functions at the thalamic level-that is, do left-sided
and right-sided thalamotomies for the relief of
Parkinsonian tremor and/or rigidity affect motor
performance differently? Secondly, is motor per-
formance affected by such brain lesions indepen-
dently of the complexity of the motor task to be
done? And thirdly, is the overall pattern of results
similar to that obtained by Perret, in which case it
could be considered as specifically and generally
representative of the anatomo-functional relations
between the human thalamus and motor behaviour?
The motor task was basically a test of repetitive

finger movements, in which complexity was varied
either by asking the subject to move his fingers in a
free sequence, or by asking him to follow a fixed
sequence predetermined by the experimenter, thus
requiring the execution of a programmed motor act.

METHOD

SUBJECTS Thirty-six right-handed patients with Parkin-
sonism were tested shortly before a unilateral stereotaxic
thalamotomy for the relief of tremor and/or rigidity, and
again just before their discharge from the hospital
(post-operative test session), and once more as part of
a control examination (follow-up test session). Twenty
patients (11 men and nine women) underwent a left-sided
operation (LSO) for Parkinsonian symptoms dominating
on the right side of the body, and 16 patients (nine men
and seven women) underwent a right-sided operation
(RSO) for Parkinsonian symptoms dominating on the
left side of the body. As shown in Table 1, the LSO group
and the RSO group proved to be well matched for age,
education, and duration of Parkinsonian symptoms at
the time of operation. There was no significant difference
between the respective time intervals separating the
operation from the post-operative and follow-up test
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TABLE 1
BASIC DATA ON THE TWO PATIENT GROUPS AND THE

CONTROL GROUP (MEANS (M) AND STANDARD
DEVIATIONS (S.D.))

LSO RSO Control
group group group

M ± S.D. M ± S.D. M ± S.D.

Age (yr) 55 2 (7 6) 59 7 (9-8) 40 2 (12-0)
Education (yr) 10 2 (2 8) 9-8 (1-7) 11-0 (1-8)
Duration of symptoms (yr) 4-3 (2-1) 3-8 (2 2)
Post-operative interval (days) 5 5 (1-6) 6-3 (2 9) 8-3 (3-7)
Follow-up interval (m) 2 5 (0 9) 2-6 (1-0)
Ventricles
Foramen of Monro-posterior
commissure (mm) 27-8 (2 4) 28-0 (3 3)
Width of lateral ventricle (mm) 20-2 (2 9) 20-1 (4 8)

Size of surgical lesion (arbitrary
units) 15-5 (8-8) 14-1 (7 4)

sessions. Moreover, tihe two patient groups did not differ
with respect to the size of their ventricular system as
measured on the pneumoencephalogram at the time of
operation, nor to the estimated size of the surgical lesions.
The stereotaxic procedure for thalamotomy has been

described by Yasargil, Wyss, and Krayenbiihl (1959).
The lesions were made by high-frequency electro-
coagulation, and the target point was the nucleus ventralis
lateralis (VL) of the thalamus.

CONTROL SUBJECTS Twenty-two right-handed patients
(11 men and 11 women) without brain damage served as
control subjects. They were tested one or two days before,
and again at the time of discharge from the hospital after
an operation for a herniated vertebral disc below the
lumbar level L2. The mean age, education, and time
interval from the operation to the second test session are
shown in Table 1. The age difference between the control
group and the two patient groups is large, but will be
neglected here, since a more recent study (in preparation)
has not shown significant differences between the finger-
movement performance of normal subjects in the third
and sixth decades of life.

APPARATUS The apparatus is shown in Fig. 1. Its three
main components were (a) a metal plate, 14 cm long by
6 cm wide, attached at its upper end to the main
apparatus, and resting on a microswitch at its lower end.
A pressure on this plate would connect the apparatus to
an electric power supply. (b) Four push-buttons, 1-7 cm
in diameter, so arranged as to fit approximately the tips
of the index, middle, ring, and little fingers when the
palm of the hand was resting on the plate described in (a).
A pressure on these push-buttons would activate a micro-
switch, sending an electric impulse to a corresponding
electro-mechanical counter when the power supply was
switched on. (c) A large metal plate on top of the
apparatus prevented the subject from seeing his hand
when his four fingers rested on their push-buttons.
Figure 1 shows the right part of the apparatus, the left
part differing only by the symmetrical arrangement of

FIG. 1. Apparatus for the repetitivefinger movements task.

the push-buttons to fit the relative lengths of the four
left-hand fingers.

PROCEDURE The position of the subject's hand on the
apparatus was fixed by asking him to put his finger-tips
on the corresponding push-buttons, bend his fingers
slightly, and then rest his wrist on the metal plate (a)
and the elbow on the table. Furthermore, he was told
that lifting his wrist from the metal plate during the test
trials would disconnect the power supply from the
electro-mechanical counters, the effect being a zero
performance. In this way, strapping of the hand and
fore-arm to the apparatus could be avoided.
The test consisted of two phases: (1) Free sequence.

The subject had to press each of the push-buttons as
quickly as he could, without following any special
sequence. (2) Fixed sequence. The four working fingers
were numbered for the subject: index finger = Fl,
middle finger = F2, ring finger = F3, little finger = F4.
He was then asked to press the push-buttons in a fixed
sequence-namely, Fl-F2-F3-F4-Fl-F2- etc. Each
phase of the test was performed twice by each hand
alternately, starting with the right (preferred) hand and
with the free sequence. Each test trial lasted for 10
seconds.

SCORING The electric power supply was switched on by
the experimenter when the subject had pressed one
push-button, in order to avoid delays between the start
signal and the actual beginning of the finger movements.
In the free sequence, the total number of pressures by
each finger was recorded separately, whereas in the fixed
sequence only the correct pressures were considered-
that is, a pressure by F2 was recorded only when it
immediately followed a pressure by Fl, F3 only if follow-
ing F2, and so on. The results of Fl and F2 were pooled,
since these are the two most used fingers, and so were
the results of F3 and F4, those two fingers being the least
used in ordinary life.

RESULTS

The effect of unilateral thalamotomy in the VL
nucleus on repetitive finger movements is twofold.
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Firstly, the lesion itself affects performance arti-
ficially, by suddenly interrupting formerly functional
connections between different cerebral structures,
and possibly also by causing small haemorrhages and
oedema. These factors will cause shortlasting effects
which will appear in the changes of performance
between the pre- and post-operative test sessions.
Secondly, the longlasting effects of thalamotomy are

probably due to the anatomical localization of the
surgical lesion, therefore stressing the performance
changes between the pre-operative and follow-up
test sessions. In order to differentiate as well as

possible between transient and permanent effects of
unilateral thalamotomy, the pre-operative results
will be shown as they have been recorded, whereas
the post-operative and follow-up data will be
considered relative to the basic pre-operative data.

PRE-OPERATIVE TESTING Table 2 shows the pre-

operative means and standard deviations for the free
and fixed sequences of the repetitive finger move-
ments test. It appears that hand preference only
slightly influences the relative performance of the
right (preferred) and left (non-preferred) hands in
the control group. In both LSO and RSO groups
the hand more affected by the Parkinsonian symp-
toms clearly yields a lower performance than the

less affected hand, overshadowing the possible
effect of hand preference. In the fixed sequence
(lower half of Table 2) the results of the least used
fingers (F3 and F4) are higher, in four of the six
pairs of data, than the results of the most used fingers
(Fl and F2). This unexpected difference is merely
technical: since the counting of pressures was started
only after the first pressure-that is, by Fl in the
fixed sequence-had been made by the subject, it
was systematically missed by the counter cor-
responding to Fl.

POST-OPERATIVE VS. PRE-OPERATIVE PERFORMANCE

The post-operative performance is considered rela-
tive to the pre-operative performance in Table 3.
There is only one statistically significant value in
this group of data, so that the information can be
considered only from a qualitative point of view.
There is a striking difference between the two patient
groups in this table in that there is a decrement of
performance in the LSO group for both hands and
both phases of the test, whereas in the RSO group
all values but one have a positive sign, indicating an
improvement of performance. This differential trend
in the two patient groups is confirmed, though
again without any statistical significance, by the
number of patients in each group who improve or

3LE 2
PRE-OPERATIVE RESULTS (MEANS (M) AND STANDARD DEVLATIONS (S.D.) IN NUMBER OF PRESSURES/10 SECONDS)

L S 0 group R S 0 group Control group

Right hand Left hand Right hand Left hand Right hand Left hand
M ± S.D. M ± S.D. M

+
S.D. M ± S.D. M ± S.D. M ± S.D.

Free sequence
Most used fingers (Fl and F2) 8 3 (4 6) 13-6(7-3) 13-0 (9-8) 10-7 (9-1) 22-1(10-4) 20 0 (9 1)
Least used fingers (F3 and F4) 6-9 (3 8) 11-3 (7 9) 11-6 (9 4) 6-8 (7 6) 17-3 (7 8) 17-1 (8 7)

Fixed sequence
Most used fingers (Fl and F2) 3 9 (1-6) 4-6 (1-8) 5 0 (2 2) 3-6 (2-1) 7-9 (3-7) 7-3 (3-0)
Least used fingers (F3 and F4) 4-1(1-7) 4 5 (1 9) 5-3 (2 3) 3-4 (2 2) 8-2 (3-7) 7-5 (3-2)

TABLE 3
MEAN POST-OPERATIVE CHANGES IN PERCENT OF MEAN PRE-OPERATIVE RESULTS

LSO group R SO group Control group

Right hand Left hand Right hand Left hand Right hand Left hand

Free sequence
Most used fingers (Fl and F2) -12-1 -191* +9-2 +16-9 +7-7 +2-5
Least used fingers (F3 and F4) -21-7 -22-2 +10-4 +21-4 +4-1 +5 9

Fixed sequence
Most used fingers (Fl and F2) -15-4 -15-2 -40 +8-3 +6-3 -4-1
Least used fingers (F3 and F4) -7-3 -11.1 +11-3 +14-7 +4 9 -6-7

+ improvement, - impairment of performance; *: P <0 05 (t-test for repeated measurements).
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are impaired on the test after operation. There are
more patients in the LSO group who yield a lower
performance after operation than patients who
improve their performance, and the reverse is true in
the RSO group. Another point of interest is that for
both patient groups performance changes are larger,
as a whole, in the free than in the fixed sequence.
Finally, an interesting feature must be noted in the
post-operative changes of the control group: in the
fixed sequence, the right hand improves its per-
formance, and the left hand yields somewhat lower
results, so that the effect of hand preference is now
more definite than it was in the first test-session.

FOLLOW-UP VS. PRE-OPERATIVE PERFORMANCE Table
4 shows the improvement of performance in the
follow-up test session relative to the pre-operative
performance of the LSO and RSO groups. These
results are clear-cut. In both LSO and RSO groups
the hand contralateral to the surgical lesion improves
its performance definitely more than does the ipsi-
lateral hand. Moreover, the relative improvement is

TABLE 4
MEAN FOLLOW-UP CHANGES IN PER CENT OF MEAN

PRE-OPERATIVE RESULTS

L SO group R SO group

Right hand Left hand Right hand Left hand

Free sequence
Most used fingers

(Fl and F2) +374* -5-1 + 12.3* 271*
Least used fingers

(F3 and F4) +39.1* -2 7 +5 2 55-9t
Fixed sequence
Most used fingers

(Fl and F2) +15-4 +2-2 +10 8 +22-2
Least used fingers

(F3 and F4) + 22.0* -67 +38 35.4*

+ improvement, - impairment of performance.
* P < 0 05, t: P < 0 02 (t-test for repeated measurements).

stronger in the free than in the fixed sequence.
Finally, the contralateral improvement in the fixed
sequence is more prominent in the least used fingers
than in the most used fingers.

CORRELATIONS BETWEEN FREE AND FIXED SEQUENCES
(Table 5) The question of the functional similarity
of the free and fixed sequences was investigated by
computing product-moment correlations between
corresponding values, pooling the data for all fingers
of each hand. In the two patient groups all cor-
relation values are positive but none reaches
statistical significance, whereas in the control group
both pre-operative correlation coefficients are sig-
nificant and become non-significant in post-operative
testing.

SUMMARY OF RESULTS The pre-operative results only
reflect the effects of the Parkinsonian symptoms.
Post-operatively, the performance of the LSO group
tends to decrease, while it improves slightly in the
RSO group, and the post-operative changes are
more pronounced in the free than in the fixed
sequence. In the follow-up, there is an improve-
ment of performance in the hand contralateral to
the side of the surgical lesion, more prominent in
the free than in the fixed sequence, and, in the
latter, even less for the most used than for the
least used fingers. Finally, the correlations between
the free and fixed sequences are all positive but
non-significant in all three test sessions of both
patient groups.

DISCUSSION

CEREBRAL DOMINANCE FOR MOTOR FUNCTIONS The
test of repetitive finger movements does not seem to
be influenced by a cerebral dominance for motor
functions when it is performed for the first time. The
results are different when the test is repeated about

TABLE 5
PRODUCT-MOMENT CORRELATION COEFFICIENTS BETWEEN THE FREE AND FIXED SEQUENCES

L S 0 group R S 0 group Control group

Right hand Left hand Right hand Left hand Right hand Left hand

Test session
Pre-operative 0 35 0 29 0 33 0-34 0.43* 0-55tPost-operative 0-25 0 35 0-27 0 34 0-28 0 27Follow-up 0 34 0-26 041 0-32

*:P < 005; t:P < 001.
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one week after a thalamotomy. Performance is
affected differently in the two patient groups in that
there is an overall trend toward an impairment of
performance in the LSO group and an overall trend
toward an improvement in the RSO group. In the
follow-up test session, the differential effect of the
side of the thalamotomy is strongly attenuated. This
suggests that the sudden interruption of thalamo-
cortical connections by the electrocoagulation may
temporarily disturb normal cerebral function at the
cortical level, thus indirectly involving the cortical
cerebral dominance for motor functions, the exist-
ence of which has been shown by Wyke (1967, 1968).
The hypothesis of an indirect cortical effect of
unilateral thalamotomy is consistent with the EEG
findings of Hess (1961), Di Perri, Margherita, and
Puca (1964), and Jurko and Andy (1965). In the
two latter studies, the post-operative EEG abnor-
malities reached their maximum in the cerebral
hemisphere ipsilateral to the surgical lesion. It is
possible, therefore, that cerebral dominance for
motor functions at the cortical level can modify
performance at an early post-operative stage.
Semmes, Weinstein, Ghent, and Teuber (1960) for
somato-sensory functions, Wyke (1966) for the
postural arm drift, and Wyke (1967, 1968) for some
motor functions have shown that a left-sided cortical
brain lesion more often entails a functional deficit
in both hands than does a right-sided cortical lesion.
Granted that cortical structures are involved in the
present investigation, such findings might explain
the bilateral post-operative decrement of perform-
ance observed in both hands in the LSO group. It
may be argued hypothetically, however, that the
preferred hand plays a leading role, thereby deter-
mining the motor ability of the non-preferred hand.
In such a case, the preferred hand could benefit from
the repetition of the test after operation, not being
influen^ed by a transient ipsilateral cortical dys-
function, and also lead the non-preferred hand to a
better result. In the follow-up test session, the
differential effect of the side of the surgical lesion is
much less prominent, suggesting that the cortical
effect observed one week post-operatively has been
gradually compensated for by re-adaptation pro-
cesses, leaving only the specific contralateral effect
of the unilateral surgical lesion in the VL nucleus
of the thalamus.

COMPLEXITY OF THE MOTOR TASK The comparison
of the follow-up results with the pre-operative data
shows a stronger improvement in the performance
of the easier phase of the repetitive finger movements
test-that is, in the free sequence than in the more
difficult fixed sequence. The same observation can
be made in the post-operative changes, but to a much

lesser extent. The differential effect of unilateral
thalamotomy on motor tasks of varying complexity
seems to be specifically related to the anatomical
structure aimed at, since it is longlasting. These
findings must then be interpreted in the sense that in
Parkinson's disease the VL nucleus of the thalamus
mainly transmits inhibitory impulses from the
diseased basal-ganglia to the motor cortex, thus
preventing a very simple motor performance from
being carried out with maximum efficiency. In the
fixed sequence of the task, on the contrary, the
motor aspect of the task is limited by the obligation
to follow a stringent programme of action, the
execution of which must be taken over by other
cerebral structures (possibly the frontal cortex).
Perret (1968) found no differential effect of unilateral
lesions in the VL nucleus of the thalamus on
different degrees of complexity in a ballistic tapping
task. But even his most complex tapping sub-task
did not require any programming of the motor act,
so that it can still be considered a simple motor task,
as is the free sequence in the present investigation,
and in contrast to the fixed sequence. In addition,
he only reported post-operative, and not follow-up
changes, and it seems here that the specific changes
of performance produced by thalamic lesions are
not visible until at least two months after
thalamotomy.
None of the correlations between the free and

fixed sequences of the two patient groups has reached
statistical significance. The usual interpretation of
such a finding is that the two parts of the motor task
used here differ not only in their quantitative
complexity, but also in their very nature, even
though the movements required of each finger are
the same in both parts of the task. This stresses the
importance of not considering motor performance
as a pure output, but as the result of complex
cerebral processes.

SPECIFICITY OF THE MOTOR EFFECTS OF THALAMOTOMY
The post-operative changes observed here in the task
of repetitive finger movements do not resemble those
obtained by Perret in 1968, although the anatomical
target aimed at in the surgical procedure is the same
in both instances (Bertrand, Blundell, and Musella,
1965). In addition, the 1968 study did not give
information about performance changes in a follow-
up test session, so that comparison of the long-term
effects of thalamotomy is not possible. The main
difference between the earlier and the present
investigation is, of course, the motor task used,
that is, ballistic tapping on the one hand and
repetitive finger movements on the other hand. It
must be concluded, therefore, that the effects of
unilateral thalamotomy on motor behaviour cannot
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be specifically defined yet. The present results have
advanced the knowledge of the anatomo-functional
importance of the human thalamus by showing that
thalamic lesions can influence motor performance
differently if sufficiently different degrees of com-
plexity of the motor act, and also if motor acts of
sufficiently different nature are required.

SUMMARY

Thirty-six patients with Parkinsonism have been
tested on a task of repetitive finger movements
before and twice after a unilateral stereotaxic
operation in the VL nucleus of the thalamus. In the
immediate post-operative period the performance
changes are probably attributable to a transient
cortical dysfunction, indirectly caused by the
thalamotomy. In the follow-up examination an
improvement of performance contralateral to the
side of the lesion seems to be longlasting and
specifically related to the thalamic structure aimed
at. Moreover, a thalamic lesion influences a simple
motor performance more than a complex pro-
grammed motor behaviour.
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