chapter

The Frontal Lobes

E. L. was a professor of botany at a college in tgis New York. Known for his organiza-
tional skills, E. L. had developed a large herbamiuat the college and truly enjoyed having
students working with him on various research prcie. Late in the spring semester when
he was 60 years old, E. L. began to have headached felt as if he had the flu; after a few
days bed rest, however, he was not getting any eetHe eventually visited his physician,
who determined that E. L. had an infection, althbutye source was difficult to identify.

Meanwhile, E. L. began to develop cognitive sympsaimat his wife found very worri-
some. He seemed disorganized, showed little emotiand, although a chapter of his un-
published book was due and he was never late inrpsuch things, he said that he just
could not think of anything to write.

The most striking thing about E. L. when he arrivied his neuropsychological as-
sessment was his flat affect and the virtual absenof facial expressionbsymptoms typ-
ical of left-frontal-lobe patients. This lack of &ct was not associated with a lack of
effort on the tests, however, because the assessitmamked his intelligence and general
memory scores in the superior range. He did, neweless, register significant impair-
ments on tests sensitive to frontal-lobe functions.

Talking with E. L. and his wife of more than 30 ysanade it clear that E. L. was hav-
ing difficulty not only with his academic work bulso with his social interactions with
colleagues, friends, and his family. He found itfficult to interact even with close

friends, and his wife was concerned that her huslobwas 2not the man | married.®

I n a real sense, all neural roads eventually leadthe frontal lobes. As is ap-
parentin E. L.'s case, when some of the roads leadwhere, people can have
major problems in generating appropriate behavioin this chapter, we con-

sider the anatomical organization of the frontal Ibes, including the neural

roads for information flow to and from them, beforelooking at a general

theory of frontal-lobe function, the various symptens associated with frontal-
lobe injury, and diseases that affect the frontabbes.
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Anatomy of the Frontal Lobes

Children are notorious for their social faux pas lwause they do not recognize that
the rules of behavior change with the social and @nonmental circumstances.
Indeed, controlling our behavior in response to theocial or environmental situ-
ation that we are in requires considerable skillnd we can all relate examples in
which we goofed and behaved inappropriately. Fortately, most of us do not err
often, because our frontal lobes control our behasi with respect to time and
place. Yet the frontal lobe can perform such a fution only if it is provided with
all the relevant sensory and mnemonic (that is, mery) information available.

Subdivisions of the Frontal Cortex
In the human brain, the frontal lobes comprise athe tissue in front of the cen-
tral sulcus. This vast area, constituting 20% of # neocortex, is made up of
several functionally distinct regions that we shaljroup into three general
categoriesbmotor, premotor, and prefrontal (Figuresl6.1 and 16.2).

The motor cortex is area 4. The premotor cortex inkides areas 6 and 8,
which can be divided into four regions:

lateral area 6: premotor cortex

medial area 6: supplementary motor cortex

area 8: frontal eye field

area 8A: supplementary eye field

In humans, the lateral premotor area expanded asd8a's area (area 44)
developed.

(A) Lateral view (C) Ventral view

(B) Medial view (D) Functional zones

Premotor and supplementary motor
Frontal eye Motor

fields{' Face sensory

Face motor

Dorso- [ i
Iateraiﬁ\f
Figur@l6. Tetrides and 4 gy
Pandya's cytoarchitectonic map of Orbit
the frontal lobe. Approximate
Broca area

boundaries of functional zones of the
frontal lobe are shown in part D.
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(A) Lateral view (C) Ventral view

Olfactory

(B) Medial view (D) Major sulci

cortex sulcus
Principal

Prefrontal cortes a peculiar name that derives from Jersey Rosedan
Clinton Woolsey's observation that the frontal lobe of all the mammalian
species that they examined have a region that rees projections from the
dorsomedial nucleus of the thalamus. They saw thisalamic projection as be-
ing parallel to the projections of the lateral andanedial geniculate nuclei to the
visual and the auditory cortex, respectively, anadrcluded that the dorsome-
dial projection could be used to define a similaregion in different animal
species. They termed this region the prefrontal céex.

In primates, the prefrontal cortex can be dividednio three regions (refer
to Figures 16.1 and 16.2): (1) dorsolateral prefroak cortex (areas 9 and 46);
(2) inferior (ventral) prefrontal cortex (areas 1112, 13, and 14); and (3) medial
frontal cortex (areas 25 and 32). The inferior frotal cortex is sometimes re-
ferred to as theorbital frontal cortex because of its relation to the orbit (eye
socket). The medial frontal area is sometimes codsired part of the anterior
cingulate region rather than part of the prefrontalcortex, even though it may
receive dorsomedial projections.

As in the temporal lobe, many areas in the frontdbbe are multimodal.
Cells responsive to combinations of visual, auditgrand somatic stimuli are
found in the lateral premotor cortex (area 6) anchiarea 46. In contrast, cells
responsive to taste and olfaction are found in arés. The latter cells likely
produce our perception of flavor in foods.

Connections of the Motor and Premotor Areas

The motor and premotor areas are part of a functical system to control move-
ments directly. Several groups of connections binap this system:

- The motor cortex projects to the spinal motor neurons to control limb,
hand, foot, and digit movements and to the appropaie cranial nerve
motor neurons to control facial movements. It alsprojects to other
motor structures such as the basal ganglia and treal nucleus.

W
10\{\{_/\ \
: 2 — i b gl §

Multimodal Arcuate Central sulcus

Figurel6.2

Petrides and Pandya's
cytoarchitectonic map of
the frontal lobe of the
rhesus monkey. The two
major sulci in the
monkey frontal lobe are
the principal sulcus and
the arcuate sulcus, as
shown in part D.
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connections to the frontal lobg
rhesus monkey (see Figure 14
(A) The connections to the
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projections from posterior pari
as well as temporal regions. (
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Connections from the insula a
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Tablel 0. JRelative frequency of defective performancg
on neuropsychological tests

PERCENTAGE OF GROUP SHOWIN(
Left hemisphere Right hemisphere
(%) (%) (%
70 38
Verbal learning 30 13
Block construction 10 50
Design copying 10 38
Time orientation 0] 0]
Proverbs 20 25

Sourcéifter Benton, 1968.







Activation of the orbital frontal cortex bystensatipn. (After
Frey and Petrides, 2000, and Frey, KostapPelnidesar200(




Tablel6.2§ummary of major symptoms of frontal-lobe damage

Most probable symptom Lesion site Basic reference
Disturbances of Motor Function

Loss of fine movements Area 4 Kuypers, 1981
Loss of strength Areas 4 and 6; dorsolateral et bkphaR8

Poor movement programming Premotor Rolar@d et al., 198
Dorsolateral Kolb and Milner, 1981

Poor voluntary eye gaze Frontal eye fields alGuifsa et

Poor corollary discharge Dorsolateral, premotor r, 196Zeube

Broca's aphasia Area 44 Brown, 1972

Loss of Divergent Thinking

Reduced spontaneity Orbital Jones-Gotman EidrMi
Poor strategy formation Dorsolateral? Shallice, 1988
Poor frequency estimate Dorsolateral Smith 488Milner
Environmental Control of Behavior

Poor response inhibition Prefrontal Milner, 1964
Impaired associative learning Dorsolateral 1Pefifides,

Risk taking and rule breaking Prefrontal Miller, 1985
Gambling Orbital Bechara et al., 2000
Self-regulatory disorder Orbital Levine et al., 1998
Poor Temporal Memory

Poor working memory Dorsolateral Petrides, 2000

Poor delayed response Dorsolateral FreedmaBesinth@scy
1986a

Other Symptoms

Impaired social behavior Orbital; dorsolateral an8lBereson, 1975
Altered sexual behavior Orbital Walker and®lumer, 1
Impaired olfactory discrimination  Orbital Jomesr@dtatarre, 199

Disorders associated with damage Face Taylor, 1979
to the facial area




used by Teuber The subject
locate a duplicate of the shapd
he central box by pointing to i
(After Teuber, 1964.)







Figurel O . Qvord fluency.
Subjects were given 5 minuteq

rite as many English words &
possible starting with the lette
and 4 minutes to write as man
letter words as possible starti
he letter 2c.°




Figure . Design fluency.
an analog to the word-fluency
subjects were allowed 5 minuf
draw as many nonrepresentat
doodles as they could.
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postures that constitute respo
the Petrides experiments. In t
studies, subjects had to learn
associate each hand posture
of nine different colors and to |
the movement in response to
presentation of the appropriatg




Lesion site Experimental task

) Control Frontal
(A) Passingham study

Food boxes

(B) Funahashi et al. study

(C) Mishkin and Manning study










Figurd.G . 13/hen Phineas

Gage died in 1861, no autops
performed, but his skull was |
recovered. Measurements fro
Gage's skull were combined
imaging techniques to reconst
the accident and determine th
probable location of the lesio
The image makes it obvious t
frontal cortex of both hemisph
was damaged. (Department o
Neurology and Image Analysis
Facility, University of lowa.)
















Tablel 6. tandardized clinical neuropsychological tests for
frontal-lobe damage

Function
Response inhibition

erbal fluency
Nonverbal fluency

Motor

Language comprehension

Test

Wisconsin Card Sorting

Stroop

Thurstone Word Fluency

Design Fluency

Hand dynamometry
Finger tapping
Sequencing

Token
Spelling
Phonetic discrimination
Self-ordering

Tower of London

Basic reference
6Milner, 19
Perret, 1974
Milner, 1964
Ramier and Hecaen, 197(
Jones-Gotmearilam
Taylor, 1979
Reitan and Davison, 14
Kolb and Milner, 1981
de Renzi arg¥&ag
Taylor, 1979
Taylor, 1979
Owen et al., 1990
Pouchon et al., 2001
Owen et al., 1995




Tablel6.4£xamples of functional imaging studies of frontabk function

Presumed function
Self-ordering
Conditioned learning
Spatial working memory
Visuomotor skill learning
Verbal memory retrieval

Encoding visual information

Encoding unpleasant auditory
information

Facial expression or recognition
or both

Locus of activation Basic referen
Dorsolateral Petrides, 2000
Dorsolateral
Dorsolateral; Ventrolateraén et al. Q4896
Dorsolateral Dog6eaéet al.

Dorsolateral
Tulving et al., 1994
Ventrolateral Petrides et al., 19

Orbital frontal Freaydasd20(
Orbital frontal al.,2eg@t

Inferiot prefronta Idaka et al., 2001
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