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Cognitive Interaction After Staged Callosal Section:

Evidence for Transfer of Semantic Activation

Abstract. Sensory and cognitive functions were assessed in a right-handed male
before and after partial and complete callosal commissurotomy. After the initial
posterior section was made, there was no evidence of interhemispheric sensory
transfer, although the left hemisphere did have access to stimulus-related semantic
and episodic information from the right hemisphere. After the callosum was
completely sectioned, this exchange was no longer observed.

The splitting of mental unity following
surgical section of the corpus callosum
for seizure control demonstrates the im-
portance of this fiber system for the
normal interaction among the cortical
areas subserving sensory, perceptual,
and cognitive activity in each cerebral
hemisphere (/). At the sensory level, a
callosal ““window”’ provides each hemi-
sphere with a representation of the ipsi-
lateral hemifield not available through
primary afferent projections, which are
almost exclusively contralateral (2). As
sensory information undergoes further
processing, it may gain access to refer-
ents in memory that contribute to recog-
nition, comprehension, and a sense of
episodic context. While internally repre-
sented referential information provides a
basis for cognition in either hemisphere,
the interhemispheric availability of such
higher-order information has not been
described under conditions in which the
sensory window has been eliminated.
Because of the recent modifications in
the microsurgical technique of commis-
surotomy, the effects of partial as well as
complete callosal section chn now be
examined in the same patient (3). The
topology of callosal projection makes it
possible to sever the interhemispheric
connections between posterior cortical
sensory areas while sparing the connec-
tions between more anterior areas that
may be involved in cognition (4). We
now describe what we believe to be the
first observations of interhemispheric
availability of higher-order information
in the absence of sensory transfer after
selective posterior callosal commissur-
otomy.

The patient, J.W., is a bright 26-year-
old right-handed male with a history of
staring spells, reportedly since grade

school. After his first grand mal seizure
at age 19, seizure frequency increased
and remained intractable. Midline sec-
tion of the corpus callosum was per-
formed in two stages by D.H.W. The
posterior half of the corpus callosum
including the splenium was sectioned
first, with the remaining anterior portion
sectioned in a second operation approxi-
mately 10 weeks later because of a recur-
rence of seizures (5).

During the interoperative period, J.W.
was evaluated for evidence of sensory
transfer and for the status of perceptual
and cognitive functions within each
hemisphere (6). Tests for transfer indi-

Table 1. J.W.’s left-visual-field performance
(percent correct responses) on picture- and
word-naming tests administered at each oper-
ative stage. The interoperative period refers
to the interval following section of the posteri-
or callosum but preceding complete section,
which is represented at the postoperative
stage. The initial surgery was performed on 10
August 1979, and the section was completed
on 16 October 1979, The 20-questions interac-
tion yielded above chance performance on
pictures presented at the first interoperative
session and aided both picture and word nam-
ing at the second interoperative session. By
session 3, J.W. was using a self-generated
inferential process.

Stimuli
Stage -
. Pictures  Words
Preoperative 93 63
(8 August 1979)
Interoperative 1 28 13*
(24 August 1979)
Interoperative II 67 42
(15 September 1979)
Interoperative III 83 58
(27 September 1979)
Postoperative 20%* 0*

(9 November 1979)

*Not significantly better than chance.
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cated that after the initial posterior sec-
tion, the primary visual, auditory, and
somatosensory systems of the right
hemisphere were disconnected from the
expressive language system of the left
hemisphere. For example, whereas J.W.
named words presented to his left visual
field with 63 percent accuracy before
surgery, left-visual-field performance on
this test (13 percent) was not significant-
ly different from chance after posterior
callosal section (7). In contrast, right-
visual-field accuracy was unchanged af-
ter the initial surgery (93 percent preop-
eratively, 91 percent postoperatively)
(8). Disconnection was also demonstrat-
ed on an interfield comparison test that
required a same-different judgment of
the simultaneous presentation of stimuli
to each visual field. Although perform-
ance was nearly perfect (98 percent) be-
fore posterior section, it did not differ
from chance (50 percent) after the initial
surgery.

The second phase of our evaluation
revealed that although stimuli lateralized
to the right hemisphere could neither be
transferred to the left hemisphere for
naming nor compared with left-hemi-
sphere stimuli, they were being correctly
interpreted within the right hemisphere.
When the required response was point-
ing with the left hand rather than naming,
the right hemisphere was 92 percent ac-
curate at indicating picture-word corre-
spondence for left-visual-field stimuli.
Athough unable to provide a spoken
description, J.W.’s ability to compre-
hend the meaning of words and pictures
in the left visual field indicated the pres-
ence of a right-hemisphere semantic sys-
tem, thus strongly suggesting that he
could be included among the small sub-
set of commissurotomy patients with
language in the right hemisphere (9).

Despite the sensory disconnection that
resulted from the posterior section, left-
hemisphere verbal responses following
right-hemisphere stimulation were unlike
those of patients with a complete callosal
section. While such stimuli could not be
named, he did not deny having ‘‘seen”’
something. Instead, naming failures
were accompanied by apologies for a
poor memory and on occasion, an agitat-
ed state like that described in the tip-of-
the-tongue phenomenon (/0). At such
times, the patient claimed to ‘‘see’” the
stimulus in his mind but was unable to
name or describe it. ,

After several such incidents, the in-
vestigators initiated a game of ‘20 ques-
tions’> whenever the patient felt that he
had some sense of the left-visual-field
information. This interaction would be-
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gin with the question “‘Is it an object or a
living thing?’” and would include ques-
tions about form (for example, large or
small), function (for example, used in the
home) and class (for example, animal or
vegetable). These questions did not al-
ways aid the patient in naming the left-
visual-field stimulus, but they were re-
quired for correct naming of such stimuli
during éach of the first two interopera-
tive test sessions. One such interaction
occurred after a black-and-white line
drawing of a hunter’s cap was presented
in the left visual field. After indicating
that the stimulus represented an object,
J.W. was queried about a number of
object classes such as vehicles, tools,
and housewares, rejecting each until
clothing was offered. The patient was
then able to recognize the associated sex
of the usual wearer, the season in which
it was worn, and its usual color before
finally naming the stimulus correctly.

Left-visual-field performance on pic-
ture- and word-naming tests adminis-
tered before, between, and after succes-
sive operations is contained in Table 1
(11). Right-visual-field naming remained
highly accurate (> 90 percent) at each
session, At the first interoperative test-
ing, J.W.’s left-visual-field picture nam-
ing was slightly, but significantly, better
than chance (binomial P < .02), by
virtue of the 20-questions interaction
with the investigators. His naming of the
left-visual-field information improved
throughout the interoperative period,
and by week 7 (the third interoperative
session), he had adopted a self-generated
inferential strategy based on his descrip-
tion of a mental image. For example, the
word stove elicited  descriptions of a
hardware store and an aunt’s kitchen,
with the latter leading to the correct
response. On another trial, the word
onion elicited a description of the family
garden. J.W. described these experi-
ences as follows: ‘‘It’s like things are
moving around constantly, and I’'m try-
ing to narrow it down to something that
will just stop. I'm seeing a whole general
picture but one thing is almost right in
the middle.”

Although the patient described the
transferred information in pictorial
terms, the initial description was rarely
that of the stimulus itself but more likely
of a context in which it might be found,
or of some associate. Moreover, the
specificity of the transferred information
allowed him to avoid synonymous sub-
stitution errors (for example, reading the
word cap as hat, auto as car, or boat as
ship), which might be expected if only
referential ‘‘pictures’” were being trans-
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ferred. Homophonic errors were also
largely avoided after left-visual-field pre-
sentation (75 percent accuracy). Of the
four errors made on this test, two were
unrelated to the original stimuli, and two
consisted of the incorrect spellings (for
example, tail for tale) although in one of
these, subsequent usage indicated that
the correct meaning had been preserved
(12). No errors were made on right-
visual-field homophones.

The inference process was not always
lengthy, nor was it always vocalized.
Even in the tenth interoperative week,
however, the naming of left-visual-field
stimuli was rarely immediate, occurring
quickly only for stimuli associated with
some strong personal interest (such as
car). After the callosum was completely
sectioned, left-visual-field naming did
not differ significantly from chance. The

inference strategy was no longer at-
tempted and the patient denied any expe-
rience following left-visual-field stimula-
tion. Figure 1 presents a schematic rep-
resentation of J.W.’s naming ability at
each operative stage (13). :

Our observations, then, indicate that
the anterior portion of the corpus callo-
sum plays a role in the interaction be-
tween cognitive rather than sensory sys-
tems in each hemisphere. In J.W., this
interaction was based on stimulus-relat-
ed semantic and, to a lesser extent, epi-
sodic information transferred between
the hemispheres. After right-visual-field
stimulation in the interoperative period,
the expressive language system of the
left hemisphere had direct access to both
the sensory and higher-order information
extracted from memory. After left-visu-
al-field stimulation, however, there was

SPLIT BRAIN COMPARISONS
Right Hemisphere Left Hemisphere
STIMULUS VERBAL RESPONSE
<> <
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~
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~~—— ) e
Partial Split "l have a picture in
mind but can't say
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a ring... Ancient.
Knight @ wearing uniforms
and heimets... on
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Knight @ ‘ "I didn't see anything"
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\

Fig. 1. Schematic representation of J.W.’s left-visual-field naming abifity at each operative

stage.
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no sensory transfer and thus, only the
activated memory referents were initial-
ly available. On such trials, recognition
occurred in reverse: The inferential
process appeared to reflect a search
through an already activated semantic
field for the identity of the original stimu-
lus (I4). When the callosum had been
completely sectioned, neither sensory
nor higher-order information was avail-
able to the expressive language system
after stimulation of the right hemisphere.
Joun J. Sip11s, BRUCE T. VOLPE
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Hinged Teeth in Snakes: An Adaptation for

Swallowing Hard-Bodied Prey

Abstract. Six genera of shakes, representing at least three lineages, possess teeth
that fold backward against the jaws rather than being firmly ankylosed. This condi-
tion, effected by a connective tissue hinge at the base of each tooth, is associated
with suites of cephalic modifications that enable the snakes to grasp and to swallow

hard-bodied prey.

The teeth of most snakes are sharp, re-
curved, and firmly ankylosed to the
jaws. Such teeth are ideal for piercing
and grasping, but are ill-suited for deal-
ing with hard-bodied prey. Thus, duro-
phagic adaptations (that is, those related
to feeding on hard-bodied prey) in
snakes have been thought to be limited
to reduction of tooth size and number {in
the egg-eaters Dasypeltis and Elachisto-
don (1)] and to modifications facilitating
the extraction of soft parts from mollusk
shells [in dipsadine and pareine snakes
(2)]. I report here a previously unrecog-
nized durophagic adaptation in snakes:
hinged teeth (3). Although viperid snakes
have fangs capable of considerable
movement, this action results from mo-
tion between cranial bones, especially
the maxillae (to which the fangs are af-
fixed) and the prefrontals. The viperid
system is therefore simply an extension
of the advanced cranial kinesis typical of
snakes. In sharp contrast, six genera
have teeth that are attached to the den-
tigerous - bones by flexible connective
tissue fibers (4, 5). Typically these teeth
are small, numerous, distally flattened,
and extremely smooth on their leading
surfaces. Although hinged teeth are
known in a variety of fishes (6) and
lissamphibians (in which the tooth itself
is divided into an ankylosed pedicel and
a crown which may be movable (7)],
hinged teeth have not been reported in
amniote vertebrates.

Other changes have accompanied the
development of hinged teeth in snakes.
Differences in cephalic structure corre-
spond to distinctive tooth morphologies
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and permit the recognition of three
groups of hinged-toothed snakes. Group
1 includes only the primitive Indomalay-
sian genus Xenopeltis. Group 2 contains
three genera of colubrid snakes: the Mal-
agasian Liophidium, the northern neo-
tropical Scaphiodontophis, and the In-
domalaysian Sibynophis. These three
genera have frequently been united as
the subfamily Sibynophiinae; however,
their structural similarities pertain
largely to the feeding apparatus and may
have been derived in parallel (8). Group
3 includes the related African colubrids
Lycophidion and Mehelya.

In group 1, the base of each tooth is
expanded and enveloped in a connective
tissue sheath, The hinge fibers run from
the distolingual quadrant of that sheath
to the adjacent bone (Fig. 1, B and O).
Opposite the hinge, the bone slopes to
form a pedicel. The teeth of small and
moderate-sized (= approximately 700
mm, snout-vent length) Xenopeltis are
distinctly bicuspid (Fig. 1A). The leading
surface of each tooth is broad, almost
flat, and curved at its tip. Dista] to that
surface and slightly offset is a pointed
cusp. The flat surface is extremely
smooth, showing only a fine vermicular
ornamentation at approximately x 10,000
magnification. The teeth of larger indi-
viduals are unicuspid, sharp, and strong-
ly recurved. The teeth are numerous (ap-
proximately 40 on each maxilla), and al-
most all tooth positions are occupied
simultaneously, indicating an abandon-
ment of the alternate tooth replacement
scheme characteristic of other snakes
9.
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