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The Temporal Lobes

When he was 40 years old, H. H., a successful corgie lawyer with a wife and two

school-age children, was finding his job increasihgstressful. His wife was taken off

guard when he suddenly announced that he was quitthis law firm. He complained of
being so stressed that he simply could not remembases on which he was working and
felt that he could not continue as a lawyer. He had plan about how he would support
his family but, curiously, he seemed unconcernedaaib it.

A couple weeks later, H. H. shaved his hair off,rded a flowing robe, and left his
family to join a fringe religious group. His wifefdl5 years was stunned by this sudden
change in behavior: up to this point, H. H. had ean atheist. She was notified a cou-
ple of weeks later that he had collapsed with a geire while handing out flowers and
peace pamphlets in a large U.S. airport. He was ¢akto a hospital in a confused state,
and a neurological examination revealed a left-teorpl-lobe tumor. Fortunately, it was
operable and was removed.

H. H. was aphasic after his surgery, but this cofidn cleared in a matter of weeks.
He was left with enduring word-finding difficultieproblematic only when he was tired.
He continued to complain of verbal memory problemsyever. And his wife said that his
personality remained different from what it had bedargely because he remained reli-
gious. Eventually, H. H. successfully returned tes thaw firm, although with a reduced

caseload from that of his pretumor days.

. H. showed typical symptoms of temporal-lobe disaler, including radi-

cal changes in affect and personality, memory dishance, and at least a
transient disturbance of language. In this chaptene survey the anatomy of the
temporal lobe, present a theoretical model of itsuhction, describe the basic
symptoms of damage to it, and briefly describe ciral tests of temporal-lobe
function.
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(A) Lateral view

Anatomy of the
Temporal Lobe

(C) Medial view
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The temporal lobe comprises all the PGS T
tissue that lies below the Sylvian sul- Uncu\w ;‘:*_;h/“
cus and anterior to the occipital fEM_f \| .

. . . . Fusifor nferior
cortex (Figure 15.1). Subcortical tem- (B) Auditory and visual areas gyrus  Parahippocampal ~temporal
poral-lobe structures include the lim- gyrus gyrus

bic cortex, the amygdala, and the
hippocampal formation (Figure 15.2).
Connections to and from the tempo-
ral lobe extend throughout the brain.
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Subdivisions of the Temporal Cortea

Brodmann identified 10 temporal areas, but many merareas in the monkey
were identified in more-recent studies (see Fellemaand van Essen's map,
Figure 10.19). Likely there are more areas in theuman as well. We can divide
the temporal regions on the lateral surface into thse that are auditory

(Brodmann's areas 41, 42, and 22 in Figure 15.1B)dathose that form the ven-

tral visual stream on the lateral temporal lobe (eas 20, 21, 37, and 38 in
Figure 15.1B). The visual regions are often referteto as inferotemporal cor-

tex or by von Economo's designation, TE.
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Figurel5 . l—:‘ross anatomy of the
temporal lobe. (A) The three major gy!
visible on the lateral surface of the
temporal lobe. (B) Brodmann's
cytoarchitectonic zones on the lateral
surface. Areas 20, 21, and 38 are
often referred to by von Bonin and
Bailey's designation TE. (C) The gyri
visible on a medial view of the
temporal lobe. The uncus refers to the
anterior extension of the hippocampal
formation. The parahippocampal gyru
includes areas TF and TH.

Figurel5 . Znternal structure of the temporal lobe. (Rbplehate
of the left hemisphere illustrating the redatorespd the amygdala
and hippocampus buried deep in the tempbeaVésbieallines
indicate the approximate location of the sé¢iotidigtom
illustration. (Bottom) Frontal sections thrigfighetmésphere
illustrating the cortical and subcortical riethietsroporal lobe.
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(A) Brodmans areas (C) Lateral view ) ]
e e The sulci of the temporal lobe contain a
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oy = N . pr;ﬁ'GQa lot of cortex, as can be seen in Figure 15.2. In
N 1;PdL B particular, the Sylvian fissure contains tissue

forming the insula,which includes the gusta-
tory cortex as well as the auditory association
cortex. The superior temporal sulcus, which
separates the superior and middle temporal
gyri, also contains a significant amount of
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Auditory areas are light blue

and visual areas are dark blue. The banks of the sulcus have neocortex, which can be divided into many
been spread to show many subregions (Figure 15.3). The cortex of the
subareas on the bank.

superior temporal sulcus is multimodal, re-
ceiving input from auditory, visual, and so-
o TEaTEm matic regions, as well as from the other two
polymodal regions (frontal and parietal) and
the paralimbic cortex.

The medial temporal region (limbic cor-
tex) includes the amygdala and adjacent
cortex (uncus), the hippocampus and sur-
rounding cortex (subiculum, entorhinal cor-
tex, perirhinal cortex), and the fusiform
gyrus. The entorhinal cortex is Brodmann's
FigurPlS.3:ytoarchitectonic area 28, and the perirhinal cortex cpmprises
regions of the temporal cortex of the Brodmann's areas 35 and 36. Cortical areas
rhesus monkey. (A) Brodmann's TH and TF at the posterior end of the temporal lobeare often referred to
areas. (B) Von Bonin and Bailey's as theparahippocampal cor{see Figure 15.3). The fusiform gyrus and infe-

areas. (C and D) Lateral and ventrilor temporal gyrus are functionally part of the léeral temporal cortex (see
views of Seltzer and Pandya's .
Z@gure 15.2).

parcellation showing the multimod

areas in the superior temporal

sulcus. The sulcus has been opened .

up to reveal many subareas on its Connections of the Temporal Cortex

banks. These subareas are normaly, o temnoral lobes are rich in internal connectionsafferent projections from

not visible from the surface. L . .
the sensory systems, and efferent projections toetiparietal and frontal associ-
ation regions, limbic system, and basal ganglia. €meocortex of the left and
right temporal lobes is connected by the corpus dasum, whereas the medial
temporal cortex and amygdala are connected by thetarior commissure.

The results of studies on the temporaltcortical corections of the monkey

reveal five distinct types of corticaltcortical camections, which are illustrated
in Figure 15.4:

(B) Von Bonin and Bailsyareas (D) Ventral view
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Superior temporal
sulcus

1. A hierarchical sensory pathwiye hierarchical progression of connections
emanate from the primary and secondary auditory andsual areas, ending
in the temporal pole. The visual projections form e ventral stream of
visual processing, whereas the auditory projectiof@em a parallel ventral
stream of auditory processing (see Figure 15.4A).

2. A dorsal auditory pathwalyaveling from the auditory areas to the
posterior parietal cortex, this pathway is analogsuo the dorsal visual
pathway and thus concerned with directing movementgith respect to
auditory information (see Figure 15.4A).
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3. A polymodal pathwahis pathway is a series of parallel projectionsdm
the visual and auditory association areas into tipelymodal regions of the
superior temporal sulcus (see Figure 15.4B).

4. A medial temporal projectidiine projection from the auditory and visual
association areas into the medial temporal, or linify regions goes first to
the perirhinal cortex, then to the entorhinal corte, and finally into the
hippocampal formation or the amygdala or both (seeigure 15.4C). The
hippocampal projection is a major one, forming th@erforant pathway.

A disturbance of this projection results in a majodysfunction in
hippocampal activity.

5. A frontal-lobe projectionhis series of parallel projections reaches from ¢h
association areas to the frontal lobe (see Figurg.4D).

These five projection pathways presumably subserdifferent functions,
which will become apparent in the next section. Befly, the hierarchical sen-
sory pathway probably subserves stimulus recognitiothe dorsal auditory
pathway may play some role in detecting the spatiakcation of auditory inputs;
the polymodal pathway probably underlies stimulusategorization; the medial
temporal projection is crucial to long-term memory;and the frontal-lobe pro-
jection is necessary for various aspects of moverheantrol, short-term mem-
ory, and affect.

A Theory of Temporal-Lobe Function

The temporal lobe does not have a unitary functionin that it houses the pri-
mary auditory cortex, the secondary auditory andsdal cortex, the limbic cor-
tex, and the amygdala and hippocampus. On the basfghe cortical anatomy,
we can identify three basic sensory functions oféhtemporal cortex: one con-

cerned primarily with the processing of auditory iput, another specialized for

visual object recognition, and still another assaatied with long-term storage of
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Figurel5 . 4/Iajor intracortical
connections of the temporal lobe.
(A) Auditory and visual information
progress ventrally from the primary
regions toward the temporal pole, en
route to the medial temporal regions.
Auditory information also forms a
dorsal pathway to the posterior
parietal cortex. (B) Auditory, visual,
and somatic outputs go to the
multimodal regions of the superior
temporal sulcus. (C) Auditory and
visual information goes to the medial
temporal region, including the
amygdala and the hippocampal
formation. (D) Auditory and visual
information goes to two prefrontal
regions, one on the dorsolateral
surface and the other in the orbital
region (area 13).






superior temporal sulcus (STH
region in the left (A) and right
(B) hemispheres during the
perception of biological motio
(After Allison, Puce, and McC{
2000.)







Tablel5.]Summary of major symptoms of temporal-lobe damage

Most probable

Symptoms
Disturbance of auditory sensation

Disturbance of selection of visual
and auditory input

Disorders of visual perception
Disorders of auditory perception

Disorders of music
perception

Impaired organization and
categorization of material

Poor contextual use

Disturbance of language
comprehension

Poor long-term memory
Changes in personality and affect

Changes in sexual activity

lesion site

sulcus, amygdala

Basic reference
gnolo, 196D
H!caen and Albert, 1974
AreasofE, superi  Sparks et al., 1970
temporal sulcus Dorff et al., 1965
Areas TE,rsppealor te Milner, 1968
Meier and French, 1l
son an&&atorre, 19§
Swisher and Hirsch, 19
Zat@nezt al.,

Areas 41, 42, 22

Areas 41, 42, 22

Superior temporal

gyrus
Areas TE, superior
temporal sulcus

Area TE
Area 22 left

andWitksesvitch,
Read, 1981

Milner, 1958
H!caert, dreiy &\lbe

Areas TE, TF, TH, 28 70 Milner, 19
Areas Tgdplas amy Blumer and Benson, 1
Pincus and Tucker, 197

Amygdala, plus? Biveiaarah@l75




Plane gf MRI section

Auditory

/ area

Broca®©s

area Speech zone
of posterior
temporal cortex

fMRI activation of auditory cortex duringtioadbizirea

schizophrenic subject. (After T. Dierks @fal., 199
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Figure . BGpeech sounds.
(A) Schematic spectrograms g
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syllables differing in voice ons
ime. (After Springer, 1979.)










Figurél.5 . 8’est_s for visual

in which the subject must ide

drawing that is different. (B) S
of the Gottschaldt Hidden-Fig
Test, in which the task is to dg
and trace the sample (upper

drawing) in each of the figureg
it. (C) Rey Complex-Figure Te
which the subject is asked to ¢
the drawing as exactly as pos:

Test, in which the task is to idd
the face within the ambiguous|
shadows.




Response (spikes/s)

Figuré.5.9|euronal sensiti

o direction of body movemen
(Top) Schematic representatig
ront view of a body. (Bottom)
histogram illustrates a greater
neuronal response of superio
emporal sulcus (STS) neuron|
ront view of a body that apprd
he observing monkey compa
he same body views when th¢
is moving away to the right an
he left or is static. (After Perrd

al., 1990.)

Figur@l 5 . 1 @chematic

representation of the columnal
organization in area TE. Cells
similar but slightly different
selectivity cluster in elongated
ertical columns, perpendiculd
he cortical surface.













Figurel5 i ]mpaired recal

geometric figures by Ms. C. In
set shown, the drawing at the
he original stimulus and the d
at the right is Ms. C.'s sketch

immediately after viewing eac
igure for 10 seconds. Note th
Ms. C.'s impairment is worse

more complex figures. Ms. C.
unable to recall even the simp
igure 10 minutes after viewing




Tablel D . Atandardized clinical neuropsychological tests ftemporal-
lobe damage

Function Test Basic reference
Auditory processing capacity Dichotic worddies\d meloSparks et al., 1970
VVisual processing capacity McGill Picture Anomalies ilner, 1958

Verbal memory Revised Wechsler Memory Milner, 1975
Scale; logical stories and
paired associates

Nonverbal memory Rey Complex Figure Taylor, 1969
Language Token de Renzi and Fagli
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