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Dyspraxia Following Division

of the Cerebral Commissures

M. S, Gazzaniga. PhD: J. E. Bogen. MD: and R. W. Sperrv, PhD. Los Angeles

A4 HE BASIC picture of the cerebral decon-
nection or split-brain svndrome! has been

extended and elaborated in recent vyears
through the study of some patients in whom
cerebral commissurotomy had been carried
out by P. J. Vogel at the White Memorial
Medical Center, Los Angeles, in an effort to
curb severe epileptic seizures not controlled
by medication.?® FEarlier descriptions of
these cases dealing with visual, tactual, and
language functions primarily indicate that
the two separated hemispheres function
quite independently with respect to most
mental or gnostic activities.*S In brief,
speech, writing, and calculation, plus visual
gnosis for the right half visual field and
stereognosis of the right hand, were found to
be lateralized in the dominant left hemi-
sphere, while stereognosis of the left hand
and visual gnosis of the left half visual field
were found restricted to the right minor
hemisphere. Other functions including some
aspects of language comprehension and the
perception and construction of spatial rela-
tionships were found bilaterally but un-
equally represented in the two hemispheres.

The present report is focused on the mo-
tor symptoms in this same series of patients.
With the main motor cortical controls for
the right arm and leg located in the left
hemisphere and those for the left limbs in
the right hemisphere, section of the commis-
sural cross-connections posges ohvious prob-
lems for motor control and coordination
particularly where a performance triggered
and directed from one hemisphere involves
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Y l T 3 ! i es of
he limb or limbs represented in the opposite
hemisphere. Other problems in motor con-
trol arise in relation to cerebral dominance,
the mediation of attention and volition und
bimanual activities that involve mui_llv
dependent interactions between right and
left limbs. The extent to which praxic dis-
turbance is actually observed following cere-
bral disconnection. however, has been a
matter of considerable disagreement in both
the experimental and clinical studies. At one
extreme ohsgervations like those of Liep-
mann,” Downer.!® Gazzaniga and asso-
ciates,* and Geschwind!! have emphasized
the severity of the motor dyspraxia pro-
duced by callosal lesions, whereas cthers
have stressed the mildness or absence o the
same motor deficits. 1271

Passing reference to many of the motor
svmptoms described below has been made in
earlier reports in connection with other as-
pects of functional impairment. The follow-
ing is an attempt to bring together in a more
unified account theze and further observa-
tions on motor control.

Case Material and Acute Neurologic
Changes

A total of nine patients were available for
study, all of whom had undergone essentially
the same extensive disconnection of the cere
bral hemispheres in a single operation that 1n-
cluded comuplete section of the corpus callosum
and anterior commissure. The hippoc.:um!)?I
commissure is presumed to have been sectioned
along with the callosum in all patients. In three
patients the massa intermedia was also se¢-
tioned and in three others it was judged to be
absent. All nine were right handed.

Two patients in particular were selects
special study on the basis of their smooth
recovery from the surgery and because complt-
cations including extra-commissural brain dam-
age appeared to be ot a minimum. With the
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f determining the chronic symptoms pro-

bv pure lesions of the commissures. we
i based most of the following description
s the long-term deconnection svmptoms on
these two patients. using the others only for
neral comparisons and indications of the
cariations in syvmptoms that may occur with
oexistent brain damage. On the other hand. it
dvould be pointed out that the seizures in hoth
nf these iwl’i\'iduals apparently stemmed from
wirth injuries. Accordingly. it is possible that
‘heze two individuals represe 11ghcr than
~ormal degree of bilateralization of cerebral
function with the severity of their comn HSSUTO -
smy o symptoms correspendingly reim d.

Accurate determination of the nature of
vie funciion during the first »
irgery was difficult due to much variation be-
rween and within individuals. All patients ex-
.t one who was operated on from the left
ide showed gocd control of movement of thp
saht arm and leg within a few hours afte
aurcery. At the same time all patients :showed
in some degree left-zided apraxia to verbal
commands. For example. spoken commands
curh as “Raise vour left arm.” “Move vour left
foor.” “AMake a fist with vour left hand.” could
net be carried out. Inm one patient. control for
‘his latter tvpe of response was recovered by
the end of the first postoperative dayv while in
st of the others it had returned by the end of
the first week. In patients where the extra-cal-
losal brain damage was considered to be great-

these deficits were more pr(mounc@d and in
zhe first patient they still remain severe five
following surgery. During the time when
the left-sided apraxia to verbal command was
sresent. patients could usually carry out the
same act if the requestcd movement was dem-
onstrated by the examiner.

It does not necessarily follow that this appar-
ent early asvmmetry in praxis reflects a true
asymmetry in the basic phvsiology of the com-
missures related to cerebral dominance. Move-
ments of the right hand governed by the right
emisphere were just as qe\(rdv affected. For
sxample, the ability to draw with the right
hand an object seen in the left half visual field
or held in the left hand out of sight was also
presumably impaired at this stage since this
mpairment was evident later. In brief. it ap-
pearcd to be the manual responses governed by
the homolateral hemisphere that were most
affected. with the impairment present on both
tldes.

Hypetonia was found to be somewhat more
bronounced in the left arm than in the right
and lasted for at least several hours after re-
Wrn of consciousness, persisting for nearly a
week in some patients. On the right side hypo-
onia was evident only briefly, if at all. and
“)T(‘ul grasping, when present. lasted only a
few (l'ax s at most. The plantar reflex in all pa-
‘”"”\ was initiallv extensor on both sides re-
“erting to normal at a variable rate. and usuallv
Soner cn the right side than on the left. Early
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neurclogic asymmetries could be ascribed. in
part at least, to the unilateral surgical exposure
and retraction. The acufe phase of recovery
was further complicated by variables associated
with diaschisis. age differences, and differences
in extent and duration of extracerebral dam-
age. A wzeneral trend was nevertheless evident
that resembled somewhat that seen In recovery
from hemipleg Thus an initial hypotonict-
tv in the left limbs was succeeded by a paresis
with extensor plantar reflex in the foot and
tonic grasping in the hand fcllowed by a zradu-
al return to normalits. Tt ncluded a phase of
idiokinetic apraxia of variable duration from
which. as mentioned above, some patients have
3 Also as voluntary
of the 1,_ s returned. proximal
‘pically appeared before distal control
§ ble. Thus responses of the left arm
and *hwn to a verbal command returned before
left tce movement which in turn reappeared be-
fore left wrist and fnger movement. Move-
ments of the entire left hand. such as opening
and closing a fist. were present hefore there was
control of individual finger movement.

foregoing picture of dyvzpraxia and the
general recovery trend was evident mainly in
the left. not the right. extremities. This may be
attributed in part to the constant prevalence of
dominant activitv in the left hemisphere. The
above motor svmptoms appear almost entirelv
under conditions where the limb in question is
being governed from its homolateral and not its
contralateral hemisphere. Since the right hand
was almost constantly engazed in activity of
some sort going on in the major hemisphere,
this direct contralateral action tended to ob-
scure any deficits in ipsilateral control of the
right hand by the right hemisphere. When
these svmptoms were seen they had to be elicit-
ed by specific testing conditions. Even then,
however, they were occluded much of the time
bv incidental processes gzoing on in the major
hemisphere.

Observations: Chronic Motor Symptoms

Left Hemisphere Controlling Dominant
Hand.—All patients were able to respond in
normal fashion with the rizht arm, hand,
leg, and foot to stimuli presented to the left
hemisphere, ie, through sensory stimulation
of the right hand or right half visual field.
The same was true for auditory or general
visual input that had to be processed in the
major hemisphere like complex linguistic or
mathematical instructions.

The lateralization of motor control to the
left hemisphere in these tests could be
achieved most directly by confining the sen-
sory input to the right hslf visual field.
When a spot of ht was flashed to any
point in the right visual field. it could easily
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be pointed to accurately with the right hand.
Similarly. simple geometric shapes flashed to
the right ficld could easily be outlined or
drawn correctly with the right hand. Fine
control of individual finger movements was
evident in fests involving blind manipula-
tion of objects by the right hand. localiza-
tion of :mmul‘nad points on the fingers. and
the mimicking of hand. thumb, and finger
postures from sketches vresented to the
right half vizual field.

Pictorial material and words presented to
the right visual half feld could be named or
described in writing with the right hand
with normal facility. Written commands ta-
chistoscopically presented :o the right visual
field for movement of the right hand such as
“point,” “tap.” rub,” Ugrip.” ete, were easi-
Iv and correctly performed. In other tests
the examiner would set the patient by in-
structing him to point to whatever part of
his head or body was named in flash presen-
tations to the right visual half field. Again
the patients had no trouble in pointing cor-
rectly to eves. nose, neck. mouth, ears,
cheeks, ete. In short, no motor impairment
was observed in performances that com-
bined movement of the right hand with con-
trol from the major hemisphere. It may be
noted, however, that these tests were designed
mainly to detect differences between the mi-
nor and major hemispheres and between
contralateral and ipsilateral control systems.
Like most of the tests we have applied to
date these tasks did not zerve to tax the up-
per limits of performance on the dominant

side.

Selective dyspraxia of the right hand in
copving geometric figures and in working
block design tests was pronounced in an ear-
lier patient,*** and also appeared to varv-
ing degree and duration in the other patients,
affirming the superioritv of the minor hemi-
sphere for spatial constructional tasks. The
condition probably persists chronically in all
patients to some degree, especially with re-
spect to the control of finger movement, but
its manifestation tends to be obscured by the
reinstatement of ipsilateral control from the
right hemisphere.

Written commands to turn the head
“left,” *right,” “up,” “down” gave no
trouble when presented to the left hemi-
sphere, and printed commands for facial
movements like “smile.” “frown,” “hum,”
“laugh,” “chew,” “blow,” etc, also were car-
ried out correctly. That 1s. movement of the
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proximal and axial structures, like that of
the right limbs. remained unimpaired when
control was through the major hemisphere.

Left Hemisphere-Subordinate Hand.—
Performance with the subordinate hand was
also tested in similar tasks that involved
sensory input and control from the major
hemisphere. In general the performzmce
with this ipsilateral system. left hemisphere
to left arm. went well as long as the resprse
could be carried off without specific cor 1ol
over the distal musculature. Thus the ;3
tients could readilv point to an object in the
left visual field and could trace or draw its
outlines. either In the original position in
which It was seen or on a pilece of paper.
When single printed words were flashed ta-
chistoscopically to the left hemisphere they
could generallv be written out with the le{t
hand and the same was true for word «
number answers to verbal or arnhxmt.c
problems presented orally. The writins of
the left hand was more hesitant, gross. C
crude than that of the right hand, and i
tended to break down easily and to fail as
free shoulder, elbow, and body movements
were restricted.

This ipsilateral control from the dominant
hemisphere appeared at its worst in tasks in
which the left hemisphere was required to
direct the individual fingers of the homolai-
eral hand. For example, when points were
stimulated on the fingers and palm of "*e
right hand all patients were extremely =
at indicating the matching points on the ief
side by movements of thumb and fingers of
the left hand. The left hand performed these
same movements easilv, of course, when
stimulation was on the same side. The fore-
going impairment persists for years even
when the same patients demonstrate good
ipsilateral left hand control at the shoulder
and elbow.

Similarly, when outlines of the hand and
fingers held in a variety of postures zre
flashed to the major hemisphere the paticnts
readily mimic the posture with the contra-
lateral right hand but usually fail with the
left hand (Figure). Correct responses were
obtained with the left hand only in mimick-
ing the most simple postures like making a
fist or extending all digits at once. The same
postures and movements required in the
above tests could be performed easily by the
left hand when the cortical control was
shifted to the right hemisphere by presenting
the sensory stimulus through the leit half
visual field or the left hand.
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wple drawings of different nand postures that
fasned to left and right wvisual half fields to test
'ty of each hemisphere {o mimic given nosture
osilateral and with contralateral hand.

Right Hemisphere-Subordinate Hand.—As
Jreadv indicated. good performance is the
sule in nonverhal tests in which the sensory
srmation is projected to the right hemi-
sohere for readout with the left hand. Fine
individuated finger movements and good
‘erential mimicking of hand. thumb, and
dncer postures are readily demonstrated un-
der hese conditions. The left hand also can
v geometric outlines that have been
identified by the left hand or through the
Wit half visual field. Objects like cigarettes,
glasses. eating utensils, etc, including
all pins and thumbtacks and the like, are
manipulated correctly and  with highly
.“:;-ﬁned delicate movements of fingers and
thumb. Movements of the left leg and foot
-imilarly show a normal order of facility in
':'arimls nonverbhal tests involving control
‘tom: the minor hemisphere. The same is
zlso true for movements of the head and
irunk.

vRight Hemisphere-Dominant Hand.—
The greatest impairment detected with non-
verbal testing was seen in tasks in which the
Minor right hemisphere was called upon to
control movement of the right hand. Fairly
z0od performance was obtained in tests that
‘nvolved a simple direct response like point-
g to an object or tracing the outline of
Omething flashed to the left visual field. Re-
Ponses of this kind involve shoulder move-
Tent mainly. At times the patients could
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also draw correctly with the right hand var-
ious simple geometric shapes prsented to the
left half visual field or to the left hand out of
sight. The results were erratic. however, and
failures were more common. To what extent
the poor performance in these latter tests
reflected an inadequate control system from
the right hemisphere to the motor centers
for the digits is not certain. Oftentimes one
cained the impression that the difficulty
lav in the competition for right hand control
that come constantly from the major hemi-
sphere. The etfect of such interference was
tested by deliberately presenting a second
stimulus simultaneously to the major hemi-
sphere. Under these conditions the ipsilater-
al manual control seemed to be easilv over-
powered at any time by the contralateral
svstern whenever the cpposite hemisphere
decided at the same moment to make a
diferent movement in the given hand. In
other words. the right hemisphere could di-
rect the right hand toward a particular ob-
ject only if the left hemisphere did not at
the same time have contradictory informa-
tion as to what it thought the right hand
ouzht to be doing. Similarly, a triangle
flashed to the right hemisphere could be
drawn by the right hand provided some other
figure was not also fashed to the left hemi-
sphere at the same time. In the latter case
the right hand consistently drew the figure
seen through the left hemisphere.

“Minor Hemisphere Performance With
Verhal Input.—It has been pointed out else-
wherei 1929 that visual material presented
to the left half visual field or objects placed
in the left hand cannot be described by any
of these patients either in speech or in writ-
ing. This condition has persisted through the
vears in all patients with little or no change.
These and related results support the con-
clusion that the organization of speech and
writing iz confined almost entirely to the
major hemisphere. Whenever a written or
spoken response is required for stimuli pre-
cented exclusively to the minor hemisphere
the performance, therefore, fails as a rule.
The possibility that the minor hemisphere
can trigger a few simple words and phrases
under special conditions, however, is by no
means excluded, in the evidence to date. This
latter question has not been tested specifi-
cally.

Tn other tests that involved presentation
of linguistic and arithmetic material to the
minor hemisphere for simple manual read-
out with either left or right hand, striking

b
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610 DYSPRANTA

impairments were also evident. The severe
apraxins and dvspraxias observed under
these conditions r@qx Hre special treatment,
because the basic defect is presumably attrib-
utable. not to anv direct impairment in mo-
tor control ag such. but to the low capacity

of the minor hemisphere to comprehend and
process the linzuistic and mathematical
svmbols mvolved.

rmine the extent fo

It was difficult to de

which a ‘foiumm‘y action can be carried out
in response 1o verbal material presented ex-
clusivelv to the minor mnusp!uxe. Previous
studies showed that the right hemisphers
can read. comprehend. and remember the

objects 30 Werds
Aashed o the le sual fneld could not
be spoken or written by the patient, but an

object that best marched the test stimulus
could be retrieved with the lett hand from
among a series of unrelated items. The voli-

names (;»f familia

tional act of searching with the left hand in
such tests. however, might conceivably have
been prompted from the major hemisphere

and also stopped from the major hemisphere
In response 1o reflexive movements that oc-
urred when a correct match was found.
In further tests more specificallv aimed at
this question of whether volitional actions
can he triggered by verbal commands
presented exclusivelv to the right hemi-
sphere. simple verhs and action nouns of
various kinds were tachistoscopicallv pre.
sented in the left visual field. One series re
quired the patient to make qaprom‘@t e facial

responses to words like “smile.” “laugh.”
“nod.” “frown.” “chew.” etc which involve

a motor system that has bilateral representa-
tion In each hemisphere. In other series the
patient was required to move the left or right
hand appropriatelv to commands like “tap.”
“squeeze.” “point.” “knock.” etc. In all such
tests the patients displaved almost complete
inability to make appropriate responses to
thece simple commands.

Further tests indicated that the difficulty
was not in making the required movement,
but rather in comprehension of the words.
If, instead of presenting the word “knock.”
picture of the same gesture was flashed to
the right hemisphere, there was no problem
in using the left hand to make the given
movement. Further when the test required
that the left hand be used merelv to point to
a picture card among a series portraving the
flashed word. such as “knock.” the perform-
ance level was poor. Inability to perform
this type of task, which was readily carried

Areh
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out with object nouns, suggests that this car.
egorv of language is upre:ex‘red very poorly
iIf at all in the right hemisphere. Reactiong
that could not be carried out by the left
hand nor through head nodding after verhy)
presentation to the minor hemisphere. couid

not be performed with the right hand either,
nor with the left oot or any other means of
expression.

Bimanual Conirol.—The nresent paticnis
were fairlyv zood at coordinate use of the 0
hands in activities like jugglin ;
thrown objects. One patlent s
Akelaitis et al'® could plav the pilano and
tvpe by touch after complete section of the
callosum. It would appear that much of the
coordinate control involved under such con-
ditions must come from the single dominant
hemisphere, attending to a single unified ac-
tivity. Impairment in the abilitv to do two
different things concurrently with the ‘mnds.
as in writing with the right hand while - -
ing cards with the lert, was zstated to M
most consistent svmptom in the Akelaitis
series.’? A few tests were run on the present
patients in which each hand was required w0
respond to a different stimulus presented sep-
arately to the contralateral hemisphere thru
the corresponding visual half field. Two
visuotactile tasks that could easily be car
ried out singlv broke down when the two
were presented together. one to each hemi-
sphere. One or the other often succeeded ~ut
usuallv not both indicating interferc ...

aescri

However, in double reaction time tesis it
was found that the two hemispheres could

work together. While one performed a color
discrimination, the other made a brightness
dizcrimination and each then simultaneous-
lv made a zelective response to the proper
kev with the corresponding hand. Unlike
normal subjects the commissurotomy pa-
tients performed the double discrimination
task as rapidly as the single task.?t In rolat-
ed studies carried out on the monkey
Gazzaniga and E. D. Young, unpubn md
data), it has been found that the split hrain
monkey can process and respond to more
perceptual information involving bimanual
motor sequencing than can commissure:
intact controls. The poor performance of the
human subjects on simultaneous double
tasks mav be attributable, perhaps, to the
overriding dominance of the left hemisphere
and the consequent interference with the
ongoing activities of the less assertive ©< mi-
sphere on the right.
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Comment

In the foregoing observations along with
reluted data from animal experiments 1517
one can see possible explanations for some
of the contradictions in preceding accounts
of the motor symptoms of hemispheric de-
connection. The discrepancy between the
present observations that correspond closelv
with those of Akelaitis'>13 and our earlier
Aindings in one patient that correspond with
the descriptions of Liepmann? and Gesch-
wind'' as well as similar differences in
the animal literature may be largzely re-
solved along the following lines. After pure
lesions of the commissures in which each
hemisphere is preserved In good functional
condition. the capacity of the two hemi-
spheres to direct ipsilateral as well as con-
tralate ral movement makes for a minimum of
praxic disturbance. Even writing may be car-
ried out with the subordinate hand guided
from the major hemisphere. However, these
ipshiateral control mechanisms are less
proficient and particularly thev are more
delicate and more easily disrupted than are
the contralateral svstems. Hence, complica-
tions In the form of preoperative lesions or
ather extracommissural damagze resulting
from surgical trauma may impair or elimi-
nate the delicate ipsilateral control mecha-
nisms while sparing function in the more ro-
bust contralateral system.

Between the extreme in which minimal
extra cerebral damage is present and that at

the wther end of the spectrum in which only
the more stable elements of contralateral
control are preserved, lie manv intermedi-
ates In the motor syndrome. The picture is
further complicated by the functional | plastic-
ity of the neocortical commissures and the
consequent individual variations in func-
tional pattern that develop in the commijs-
sures as a result of differences in training
and maturation and particularly in response
10 asymmetric cerebral damage.

The ipsilateral control appears to bhe
strongest for movement of axial structures
In head, neck, and trunk and weakest over
the t} mmb md fingers especially of the right
hand. Considerable individual variation is to

° expected again in the ipsilateral control
of the digits correlated in part with training
bUf also probably with inherent differences
In the distribution of uncrossed components
in the corticospinal and related motor zys-
teme,

It seems clear that ipsilateral control ig

more proficient with the corpus callosum in-
tact. This could mean that one hemisphere
normally  sends detailed instructions for
muscle contraction into the motor cortex of
the opposite side, but there are alternative
possibilities. It appears hest at this stage o
recognize that the exact nature of what is
transmitted by the callosum in different
kinds of activities is still not understood.

Related problems remain in connection
with the Initiation of wvoluntary responses
and the extent to which volition is centered
in the major hemisphere. The presence of
speech, writing, calculation. the bulk of lan-
guage comprehension, and all the ideation
dependent on theze would strongly favor the
use of this major hemisphere for the decisive
triggering and directive guidance of motor
activity. Except in those special testing situ-
ations in which considerable care was taken
to evoke leading voluntary action from the
minor hemisphere and in particular tasks
like constructing block designs one zot the
impression that the separated major hemi-
sphere was in command most of the time.
The inabilitv of the minor hemisphere to re-
spond to even simple verbal input for select
actions compared to its ahilitv to compre-
hend moderately sophisticated names of
objects suggests a correlation with the later-
alization of conscious volition. Only the out-
lines of these and related problems are disz-
cernible at present.

Summary

Praxic disturbarnces observed in a series of
nine patients with complete section of the
neocortical commissures ranged considera-
bly in nature and severity depending appar-
ently on factors such as age at operation,
reeducative activity and degree, and distri-
bution and duration of associated cerebral
damage. Two of the nine patients having
smooth, rapid recovery from the surgery and
an apparent minimum of associated symp-
toms were selected for special study as being
most representative of pure lesions of the
commissures.

The overall picture of praxic disturbance
in these selected cases was mild and resem-
bled that described by Akelaitis and co-
workers in the early 1940’s in contrast to the
more severe svmptoms outlined by Liep-
mann and others and observed by us in an
earlier case.

Except for fine differential movements of
thumb and fingers, each hemisphere ap-
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612 DYSPRANIA—GAZZANIGA ET AL

pearcd to exert volitional control over the
movements of the homolateral as well as
contralateral limbs.

The most pronounced deficiencies were
evident with lateralized visual input in tasks
where the right hand had to be directed
from the right hemisphere.

Tt would appear that many of the contra-
dictions in earlier descriptions of dyspraxia

following callosal lesions may be accounted
for in terms of the varied extent to whick e
ipsilateral motor conirol mechanisms - e
disrupted by extracommissural  cerenral
damage, diaschisis, and related effects.

This studv was aided by US Public Health Ser.
ice zrant to R. W. Spenry (MH-3772) and the Frank
P. Hivon Fund of the California Institute of Tech.
nology.
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LIBERAL INSTITUTIONS

Liberal institutions
afterwards, there are
liberal institutions.

The same institutions produce quite other
then. in fact, further freedom in a powerful

immediately cease to
no more mischievous

be liberal, as soon as they are attamed:

or more radical enemies of freedom than

results as long as thev are fought for: they
manner.—Nietzsche
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