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The Frontal Lobes: Movement and Morality 

Part I: Basic Anatomy and Function 


ARTICLE BY BOB CARUTHERS, CST, PhD 

I odern neuroscience has 
greatly enhanced our 
knowledge of brain 
physiology. A hint of the 
impending explosion of 
information appeared in 

the September 1979 Scientific American, 
with a note on the cover announcing a 
new era with two simple words: "The 
Brain." (The publishers select a "hot" and 
important topic to explore in some detail 
each September.) The September 1979 
issue included articles authored by 
world-renowned scientists that described 
much of what we knew and suggested 
where this information might lead us. 

Our expanded knowledge, 
which correlates with 

advancements in 
monitoring techniques and 
biochemistry, has allowed 
us to readdress many age- 
old philosophical issues. 

Our expanded knowledge, which 
correlates with advancements in monitor- 
ing techniques and biochemistry, has 
allowed us to readdress many age-old 
philosophical issues. (For instance, one 
can now confidently say that the philoso- 
pher Decartes was incorrect when he 
described a distinction between brain 
function and the mind.) While biological 
data cannot necessarily provide answers 
to philosophical questions, they may 
provide insights into the workings of the 
brain that lead to correction or adjust- 
ment of some theoretical positions about 
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ievelopmental psychology and / or 
>hilosophy. 

One philosophical issue that deserves 
mother look, based on our new insights, 
s moral thinking and behavior. It is to 
-his task that I have devoted a consider- 
ible amount of time during the past 
iecade. Working as a synthesist, I have 
!allowed a wide range of research in 
~euroscience, psychology, and philoso- 
phy in an attempt to pull these studies 
bogether into a meaningful whole. 

My interest in this field developed 
sequentially from my early experience 
working for a neurosurgical group as a 
surgical technologist and surgical first 
assistant. The ethical problems we faced, 
which resulted from the rapid advance- 
ment of technology, intrigued me. For 
example, our increasing ability to keep 
head-injury patients "alive" via technol- 
ogy often conflicted with our experience 
with long-term outcomes. Because little 
statutory help was available to guide us 
through the many confusing ethical 
questions we faced, I began work on a 
master's degree that focused on tradi- 
tional western ethics. Although no 
absolute answers resulted from my 
studies, my level of questioning im- 
proved. In the process, I became inter- 
ested in how people think about ethical 
issues and consequently pursued a 
doctorate in developmental psychology- 
which led to my curiosity about the 
neurological basis for moral thinking. 

While the theoretics involved in my 
personal project do not directly affect the 
day-to-day life of the surgical technolo- 
gist and surgical first assistant, the study 
of neuroanatomy and neurological 
functions that has supported my work 
can provide a basis for understanding 

...our increasing ability to 
keep head-injury patients 

"alive" via technology 
often conflicted with our 

experience with long-term 
outcomes. 

brain function, including the signs, 
symptoms, and postoperative effects 
surgical technologists often see. I took an 
initial foray into this subject in the 
January 1993 The Surgical Technologist 
where I presented an overview entitled 
"The Frontal Lobes: Key to Moral Think- 
ing." The current article covers a more 
reduced topic-the relationship between 
the basic activity of the frontal lobes, the 
control of movement, and the role of the 
frontal lobes in moral thinking and 
behavior. 

Comments on the Literature 
1have tried to select authors from the 
broad research field who are highly 
respected and whose summary works are 
available to you in a readable, meaningful 
format. All research credit goes to those 
authors. Any error in applying their 
insights to the broader psychological or 
philosophical theory is mine. 

In the article published previously in 
The Surgical Technologist, I provided a brief 
review of the literature concerning the 
relationship between the frontal lobes and 
moral development. In this section, I have 
commented only on works directly 
related to this article to offer readers a 
sense of how the theoretical concerns are 
approached. 
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Nobel laurete G.M. Edelman's Neural 
Darwinism: The Theory ofNeurona1 Group 
Selection provides a conceptual basis for 
visualizing how the brain selects and 
reinforces the pathways that respond to 
input and give it meaning. The elegant 
work of K.M. Heilman and E. Valenstein 
entitled Clinical Neuropsychology enhances 
understanding of the clinical features of 
neurological activity. The chapter on the 
frontal lobes provides an excellent 
overview. Readers seeking an in-depth 
study of the frontal lobes that includes 
discussion of the role of the frontal lobes 
in our humanity should consult D.T. Stuss 
and D.F. Benson's The Frontal Lobes. A 
precise, current, and fairly exhaustive 

...the study of 
neuroanatomy and 

neurological functions that 
has supported my work can 

provide a basis for 
understanding brain 

function, including the 
signs, symptoms, and 
postoperative effects 
surgical technologists 

often see. 

exploration is also found in H.S. Levin, 
H.M. Eisenberg, and A.L. Benton's Frontal 
Lobe Function and Dysfunction. Since 
actions cannot be deemed "moral" unless 
they are selected, a significant amount of 
the anatomical and functional informa- 
tion used in this article is taken from the 
detailed work of R. Passingham's The 
Frontal Lobes and Voluntary Action. 

Understanding the basic theory of the 
requirements for moral activity is essen- 
tial before one can suggest a correlation 
between the functional anatomical areas 
and morality, and then postulate on the 
relationship between movement and 
morality. The work of Thomist philoso- 
pher J. Piper, entitled The Four Cardinal 
Virtues,includes the requirements for 
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igure 1. Functional areos of  the frontal lobe cortex. 
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moral activity, which I summarized in my 
previous article for The Surgical Technolo- 
gist. A more detailed description appears 
in my dissertation Perceptions of Care 
Received During Childhood: A Constraint on 
Adult Moral Stage Attainment. 

Functional Anatomy 
The frontal lobe cortex is commonly 
divided into four broad sections (motor 
cortex, premotor cortex, prefrontal cortex, 
and paralimbic cortex), which differ in 
their cytoarchitecture and also have 
anatomical markers associated with them. 
(Figure 1on page 11.) While cytoarchitec- 
ture is the most reliable feature, it may 
fail to clearly distinguish the motor cortex 
and premotor cortex. Clinically, the motor 
cortex (Area 4 of the frontal lobe cortex) 

Most surgical technologists 
have been taught that the 
characteristic functional 
structure of the motor 
cortex is "HAL turned 

upside down," with HAL 
standing for Hand-Arm- 
Leg in opposite order. 

may be located through electrical stimula- 
tion. These areas may be designated by 
name or number: motor cortex (Area 4, 
note that it has a short medial aspect); 
premotor cortex (Areas 6 and 8, note 
lateral and medial aspects); prefrontal 
cortex (Areas 9 through 14); and 
paralimbic cortex (medial surface, Areas 
24,25, and 32). 

The motor cortex (often referred to as 
the "motor strip") may be the best-known 
area of the frontal lobes. Most surgical 
technologists have been taught that the 
characteristic functional structure of the 
motor cortex is "HAL turned upside 
down," with HAL standing for Hand- 
Arm-Leg in opposite order. Beginning at 
the medial and dorsal portion of the 
motor cortex and then moving laterally 
and ventrally, movement is controlled for 

A-Horizontal view 

B-Coronal view 

I Figure 2. Drawings of the frontal lobes with the frontal gyri each shown in a different color. Purple, 
orbital gyri; blue,~superior frontal gyrus; red, middle frontal gyrus; green, inferior frontal gyrus; 
yellow, precentral gyrus and medially the paracentral lobule. The cingulate gyrus was left unmarked. 



the leg, arm, and hand and then, the facial 
structures. 

On a relative basis, mechanisms for 
muscle control of the facial area require a 
disproportionate amount of space in the 
motor cortex if cortical areas attributed to 
muscle control are considered to be 
proportionate to the size of associated 
muscles. However, when one considers 
the features that make us uniquely 
human, this disproportionate relationship 
makes perfect sense. Awareness of this 
disproportionate relationship combined 
with knowledge of cerebrovascular 
anatomy have provided diagnostic keys 
to neurosurgeons and neurologists. 
Understanding the precise functioning of 
the motor cortex also yields excellent 
clues regarding how frontal lobe control 
affects movement (see Figure 1). 

A three-dimensional representation of 
the motor cortex can be achieved by 
comparing markers from line drawings 
that represent computed tomography 
(CT) scans. Cuts show characteristic gyri 
but are not intended to correlate directly 
to the areas mentioned above. Rather, 
they are intended to increase awareness 
of the three-dimensional nature of the 
structures. In both the coronal and 
horizontal views, the color indicators are 
the same: purple-orbital gyrus, blue- 
superior frontal gyrus, red-middle 
frontal gyrus, green-inferior frontal 
gyrus, yellow-precentral gyrus, and 
yellow (again)-medially the paracentral 
gyms (Figure 2). 

To understand function as it relates to 
anatomical structure, the reader must be 
aware that neuroscience questions have 
become increasingly complex. We are no 
longer restricted to gross movement 
questions; rather, we can ask about 
parallel events required for a movement 
to take place, the quality of the move- 
ment, and if the movement is learned. For 
example, the question "Does X move I?" 
would be replaced with "For movement 1 
under conditions A, what is the role of 
X?" These increasingly complex questions 
require the clinical scientist to use 
language as carefully as the philosopher, 
because the discovery of a wealth of new 

Learned "̂'P .on-learned 

Internal cue External cue 

Attend Not attend Attend Not attend 

igure 3. Possinghom S subdivisions of thought processes. 

)formation depends upon precise 
mguage usage. 

The subdivisions of the thought 
rocesses that lead to action, which are 
utlined in Passingham's book The Frontal 
obes and Voluntary Action, serve to 
nhance understanding of function as it 
dates to anatomical structure (Figure 3). 

To understand function as 
it relates to anatomical 

structure, the reader must 
be aware that neuroscience 

questions have become 
increasingly complex. 

Passingham indicates that action 
~volves. Initially, an action is either 
earned or not learned. Learned actions 
esult from internal or external environ- 
nental cues, which can either require or 
lot require attention. When attention is 
)aid to a cue, a comparison can be made 
or not made) to other possible actions or 
ues. 

Moral actions, which are always 
roluntary, require an even finer distinc- 
ion because they involve a go / no-go 
lecision. While these decisions can vary 
by type, moral actions usually require 
electing action 1 in order to achieve end 
lpha. 

Some general statements can be made 
bout the motor cortex, Area 4: 
I Primary activity involves control of 

facial and limb movement. 

Damage results in paresis and paralysis. 
Prognosis for recovery from injury is 
better in nonhuman animals. 
If damage is in the upper pyramidal 
tract, prognosis for recovery from 
injury is better in humans. 
Essential contributions of the motor 
cortex are related to its connections to 
the spinal cord. 
The motor cortex is not essential to 
control unlearned movements, such as 
walking. 
The motor cortex provides a means for 
executing f i e  movements selected in 
voluntary ac t i~n .~  

Functions of the Prima y Areas of the 
Premotor Cortex 
The following paragraphs summarize the 
functions of the primary areas of the 
motor cortex. Readers may compare the 
areas delineated in the anatomical 
drawings (see Figures 1 and 2) with the 
functions and/or deficits described. The 
data provided can also be used to analyze 
specific cases in which the reader has 
assisted. 

The lateral premotor cortex, which is 
part of Area 6, receives input from the 
parietal cortex and the thalamus. The 
lateral premotor cortex selects movement 
options and has demonstrated involve- 
ment with visually conditioned tasks. It 
performs recall tasks based on external 
cues; however, its ability to do so is 
decreased when lesions are presenL3 

The medial premotor cortex, found in 
Area 6, is also active in selecting move- 
ments. However, it differs functionally 
from the lateral premotor cortex in that it 
requires no external cues. Rather, the 
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medial premotor cortex selects move- 
ments based on internal (self-directed) 
cues. The medial area is most active when 
movement is repetitive, thereby allowing 
selection to be made from memory4 

In the human brain, premotor Area 8, 
which responds to external cues, is 

Moral actions, which are 
always voluntary, require 
an even finer distinction 

because they involve a go/ 
no-go decision. 

extensive and, along with the 
dorsomedial eye field, differs in both 
input and output from Area 6. As such, it 
is not involved with limb movement, but 
is associated instead with specialized 
control of eye movement when a visual 
target is available. In the absence of a 
visual target, the dorsomedial eye field 
controls eye m~vement.~ 

The areas discussed thus far deal with 
selection and control of movement. 
However, for voluntary action to translate 
into moral action, an evaluative mecha- 
nism (the go / no-go decision described 
previously) must be in place. The prefron- 
tal cortex, principally Areas 9 through 14, 
represents the source of the evaluative 
mechanism. The dorsal prefrontal cortex 
receives most of its input from the 
parietal lobes, which monitor information 
about the individual and the space in 
which the individual is moving. This area 
also plays a role in learning delayed 
responses. (When a delay occurs between 
a cue and the action required, the indi- 
vidual selects the action from memory.) 
Lesions in the dorsal prefrontal cortex 
decrease this ability. The ventral prefron- 
tal cortex receives input from the 
amygdala and hypothalamus and from 
the temporal lobe via the uncinate 
fascicle. It appears that this area is 
involved in goal-setting, which is perhaps 
based on experiences that predict the 
likelihood of success. Lesions in the 
ventral prefrontal cortex seem to impair 

learning of responses regardless of what 
cue is a~ailable.~ 

Exploring basal ganglia connections 
and activity and the finer aspects of 
information processing systems is not 
relevant to this discussion. Part 11 of this 
two-part article will focus instead on the 
neuropsychological literature as it applies 
to thought and voluntary action. From 
that, I will offer a brief argument for the 
evolutionary relationship between the 
selection and control of movement and 
the activity referred to as "moral behav- 
ior." To preface the argument, I will point 
out that the frontal lobes orient us in time 
and space; they also aid in the selection 
and control of movement within time and 
space, which provides the foundation for 
all overt behavior. Since we are social 
animals, our overt behavior receives 
social feedback. Over time, we incorpo- 
rate this feedback into the evaluative 
process by categorizing some behaviors 
as "moral" because of the "good results 
they produce. When we consider that 
brain function determines behavior, we 
come to the awesome realization that 
operating on the human brain is, in the 
most profound sense, operating on the 
self. 

Note: Part 11 ofthis article will appear in the 
April issue of the journal. 
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