


























FRONTAL LOBE WOUNDS CAUSING DISINHIBITION
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FIG. 12.-Mental test results in Case 5. No pre-
traumatic scores were available in this case.

Apart from the foregoing, an adequate picture of his
previous personality could not be obtained.
The results of the intelligence tests are of interest

(Fig. 12). His scores on both the matrices (40) and the
H.R.T. (13) are rather low for the vocabulary level
reached (33). When he did the Army dominoes, however,
he produced a high score (41). It is perhaps significant
that this test involves a calculating element which is not
present in the matrices. In view of his tendency to ob-
sessional counting, it is probable that he did much
better in this test because of this. In this case there
would appear to be no evidence of intellectual impairment.

In this case disinhibition was not immediately
obvious. There were no attacks of tactlessness
which are upsetting to all around, no disturbance
in the control of sexual behaviour, merely a tendency
to be rather more forward in his personal relations
and to express himself rather more freely than one
suspects he normally would. Irritability and
explosiveness were a feature of his personality
before wounding, although they had increased in
intensity since injury. There is, however, a marked
loss of drive and initiative, and he showed the
simple and emotionally flat approach to his problems
characteristic of certain types of frontal lobe loss.

Case 6 (M.R.C. No. 973).-This 19-year-old private
was wounded in Korea on November 19, 1951, sustaining
a penetrating wound of the left frontal region (Fig. 13).
He was admitted to an American neurosurgical field
unit within three and a half hours of being found
wounded. He was then stuporous, but fairly rational.
There was a 4 cm. stellate laceration in the left frontal

region anterior to the hairline, and through this defect
cerebral herniation was present. At frontal craniectomy
the scalp laceration was debrided and the craniectomy
extended into the left frontal sinus. Many embedded
bone fragments and liquefied cerebral tissue were removed.
The post-operative course was uneventful, but radio-
graphs revealed four retained intracranial bone fragments
at a depth of approximately 7 cm. as measured from the
anterior left frontal bone. A second left frontal craniec-
tomy was performed on November 25, and the retained
bone fragments were removed (Lt. Col. Meirowsky).
His course after this was uneventful.
On admission to the Tokyo Army Hospital on

December 8, 1951, he was alert, rational, and well
orientated. Cranial nerves were intact, fundi normal,
and there was no facial weakness. There was good
strength in the upper and lower limbs, and sensation
was intact. Deep tendon reflexes were equal and active.
On admission to the Military Hospital for Head

Injuries in January, 1952, he had no complaints and
was fully orientated. Retrograde amnesia was a few
seconds, post-traumatic amnesia three days. There was
no neurological deficit on examination, and an air
encephalogram was normal.
When examined in September, 1952 (H. F. J.) he was

mildly euphoric. He said he felt quite normal, but that
other people had remarked on his " high spirits
especially his friends.

Before the injury he was rather shy and easily em-
barrassed, especially with girls, with whom he found it

N

Fic;. 13.-Tracings of air encephalograms in
Case 6 showing penetration into left frontal
lobe only. No ventricular deformity.
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hard to make friends. When he approached girls he
would become tongue-tied and feel worked up inside,
but now he was " as good as the next man ". When the
men at work pulled his leg he would " blush and that
sort of thing" and " keep his mouth shut rather than
answer back". He felt that he was more shy than the
average boy. He had quite a few friends, but did not
make them easily and had to get to know them well
first. He was rather self-conscious, yet when he was
with a gang of boys he was always the ringleader in
escapades; when approached by an older person,
however, he would dry up and be unable to speak. He
was especially shy of talking to older people.

After injury, when he returned to his old job as a
house-painter (which he has held since leaving school),
he shocked his old foreman by answering back-an
unheard-of thing before his injury. Now he is devil-
may-care and has done one or two foolhardy things like
jumping off a bridge into a river and trying to ride his
bike along the bridge wall.

His mother tells him he is no longer serious but
"flippant ". In spite of the rather inhibited aspects of
his pre-wounding personality, in his schooldays he was
not afraid to fight. Now he feels more placid.

It has so far been impossible to get a good objective
account from this man's relations about the personality
change. The following is all that could be obtained
from his father:

" He was quite E
do amateur wrest
noticed since he ca
foolishly. I put it
worked regularly s
of headaches some
On intelligence t

H.R.V.

FIG. 14.-
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score of 43 on the matrices. His performance, however,
was erratic, and he showed a rapid, careless approach
when doing the test. This is to some extent revealed in
his sub-test scores (i.e., his individual scores on sets
A, B, C, D, E of the matrices) which were 12, 7, 10, 8, 6
(43). He was given an opportunity to correct this score,
and his corrected score was 52 (12, 12, 11, 10, 7). On
the H.R.T. he produced a score of 18, and on the Army
dominoes a score of 37. These scores are consistent with
the corrected score on the matrices and with the vocabu-
lary level reached (27). The vocabulary level is perhaps
a little lower than might have been expected from his
performance on the conceptual tests, but is not incon-
sistent with his cultural background. His pre-traumatic
score on the Army dominoes at Army entry two years
previously was 34. There is therefore no evidence of
intellectual impairment in this man's case.

In this case the patient has become mildly dis-
inhibited. He is fully aware of the change in the
normal pattern of his behaviour, and this change
has been noted by his parents. There is also some
evidence that the tendencies which appear on
disinhibition in his case were present beneath the
surface in his pre-wounding personality.

Analysis of Case Material
Personality and Disinhibition.-In these case

iealthy before his wound and used to records great care has been taken to assemble avail-
ling at the lads' club, but I have able information as to both the pre-traumatic
tme back that at times he acts rather personality and the nature of the post-traumatic
t down to nerves or worry. He has
since he started, but has complained disorder of behaviour. From this it has become
times, otherwise he seems all right." apparent not only that there was evidence of
testing (Fig. 14) he produced a basic over-inhibition before wounding in these cases,

but that there were present in the pre-wounding
Matrices H.R.T. Dominoes personality tendencies which appear frankly in the

60 20 48 disinhibited behaviour after injury.
Case 1 was externally modest and prudish, not

-. / \ interested in sex, while in fact reading books of a
so /- sexual type and indulging in intermittent physical
3/5315 --36 sex activity. His pre-injury conflict about sexual

Pre- matters appears in his talk protesting about sex
40' traumatic activity, while the remnants of the inhibiting

process can still be seen in his violent reaction to
any simple expression of normal sex activity.

30 _ 10 -24 Case 2 had a temper which he could control
24 before injury, was probably always sexually demand-

ing, and had feelings of inferiority. He is now

20 garrulous where he had been quiet, boastful where
he had been modest. His mother regards the talk

_5 -12 and boasting as a cover for the feeling of inferiority
which she maintains still lies behind it all. The

10lo remnants of the inhibiting process can be seen in his
case also, as he still becomes panic-stricken when
faced with anyone in authority.

0 0 0 Case 4, who " wouldn't say boo to a goose ",
-Mental test results in Case 6. would nevertheless get his own way even at the
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FRONTAL LOBE WOUNDS CAUSING DISINHIBITION

expense of losing his friends. He is now tactless
and shows a considerable driving force in his new
temperament.

Case 6, beneath the inhibited personality, was a
ringleader of a gang of boys, a feature well related to
his foolhardy escapades since injury.
The evidence presented by these cases therefore

suggests that where disinhibition occurs after
frontal lobe damage it appears in those aspects of
the personality where continued inhibition was
necessary before injury.

Awareness of Change: Insight.-In all but one of
these cases (Case 5) the patients were fully aware of
the change in the personality due to disinhibition
and were able to describe the alterations which had
taken place. There is thus insight into the disin-
hibition, but in spite of this these patients are on the
whole unable to exert adequate control over the new
behaviour. Case 1 would not begin his sex talk
immediately with strangers, but the latent period
before he did so was very short. Case 3, even after
several prison sentences for indecent exposure, was
reported to be exposing himself again within a few
days of his discharge from prison. Nevertheless,
although he strongly wished to do so, he refrained
from exposing himself when being interviewed by a
female member of the staff.

Initiative and Spontaneity: Other Changes.-It can
be clearly seen from these cases that disinhibition
is quite separate from the other disturbances
of function which have been described as part of the
frontal lobe syndrome. Thus, loss of initiative was
only a feature in four of these six cases, and in
these four its intensity varied.
The social incompetence which is sometimes a

feature of frontal lobe damage would seem to be
due to a variable admixture of factors and not
solely to be dependent on the overall reduction of
emotional drive which is presumably the cause of
the loss of initiative. Thus, distractability, rest-
lessness, and the domination of the patient's
personality by the new adverse behaviour (as in
Cases 1 and 3) all play their part in making directed
activity impossible or difficult.
A severe disturbance of spontaneity is a feature of

the early stages of frontal lobe wounding in certain
cases, and in this series it is most strikingly shown in
Case 2. The period of disturbance in the early
stages of severe frontal lobe damage may be very
prolonged, consequently much of this lost spontane-
ity is recoverable, although it may be several months
before the patient attains his new basic level.
c

Affective Changes.-Whatever may be the role
of the frontal lobes in the control and development
of the emotions, the appearance of disinhibition
does not mean that all varieties of affective
experience are abolished.
Of these six cases, perhaps only Case 1 showed

a substantial loss of feeling. It was almost impossible
to make him angry, and, as his father said, " He has
no resentment about his injury. No feelings about
war. No feelings at all, I don't think ". In his case
there were no episodes of irritability, no outbursts of
temper or violence. Outbursts of anger were a
feature of Cases 2, 4, and 5. Case 3 was ashamed and
blushed when recounting his sexual delinquencies.
Case 4 was depressed for several months after
injury, afflicted with feelings of guilt, and wondered
whether his wound was a punishment for past sins.
Case 5 was subject to well organized ritual obsessions.
The development of excessive orderliness after
brain injury has been described by Goldstein (1942),
but there was some evidence of obsessional behaviour
before wounding in this case. Case 6 was mildly
euphoric.

Intellectual Changes.-In five of these six cases
the wounds, to all intents and purposes, were
restricted to the frontal lobes, although in Case 3 a
metal fragment had entered the anterior parietal
region. With the exception of Case 1, no intellec-
tual impairment, in the sense in which it has been
carefully defined in the early part of this paper,
could be demonstrated even when the frontal lobe
destruction was extensive, as in Case 2. No definite
opinion could be given about Case 1, although some
impairment is probable.

Case 4, in which there was a through-and-through
wound causing much destruction in the left parietal
and right fronto-parietal region, showed a severe and
unequivocal loss in conceptual ability. The exact
part played by the destruction of frontal lobe
tissue in producing this deficit cannot of course be
established on the basis of this single case alone. The
case is of interest, however, in its own right, as it
shows that a considerable loss of abstract and
relational thinking may occur with the complete
preservation of everything pertaining to the under-
standing and use of verbal symbolism.

Anatomical Deductions.-In spite of the excellent
radiological and surgical evidence available, it is not
possible to be dogmatic about the exact site and
extent of the lesion in each case. Nevertheless,
there is evidence that three of these wounds were
unilateral only-namely, in Cases 1, 4, and 6. In
Cases 1 and 4 the left frontal lobes were probably
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left intact, while in Case 6, although the injury
was near the midline, the right frontal lobe was
probably undamaged. No relation between the
appearance of disinhibition and any particular site
within the frontal lobes can be established in
these cases; in every case, however, the wound
penetrated deeply into at least one frontal lobe.

Cerebral Dominance.-No association could be
found with handedness and cerebral dominance: all
six patients were right-handed.

Traumatic Epilepsy.-Attacks of traumatic epi-
lepsy occurred in Cases 2 and 4 only. They were
reported to have begun in the early weeks after
injury. In the other four cases no attacks have been
reported. Traumatic epilepsy is certainly not a
prominent feature of these six cases. Fits were
reported in Cases 2 and 4, but in Case 2 only
occurred early in association with intracranial
infection, and in Case 4, where the parietal lobes
were severely involved, only minor focal sensory
attacks occurred.

Post-traumatic Amnesia.-In the study of closed
head injury Russell (1932) emphasized that a
convenient method of classifying the severity of
the injury is by assessing the duration of the post-
traumatic amnesia. In four of these six cases in
which the post-traumatic amnesia had been
estimated, it varied in duration from 36 hours to
three weeks (Cases 2, 3, 4, 6). In the other two
cases it had not been accurately measured, but
the patient was reported to have been conscious,
rational, but disorientated in time in the one case at
the end of seven days, and in the other at the end of
nine. Full orientation was not noted in the records
until four and six weeks after injury respectively.
The significance of a long post-traumatic amnesia

in penetrating brain wounds, where the maximum
damage is more localized than in closed head
injuries, is not clear. Whether it indicates more
extensive and more remote trauma than would be
implied by the purely local injury due to concussive
effects, or is due to damage to specific (e.g.,
diencephalic) mechanisms concerned with con-
sciousness, is a matter of coniecture. It can only be
said that as far as these cases are concerned dis-
inhibition occurred whether the post-traumatic
amnesia was short or long, and that residual
intellectual impairment could not be demonstrated
even when there was evidence of a prolonged
disturbance of orientation after injury.

It seems reasonable to assume, therefore, that the
disinhibition which has occurred in these cases is
due to the main injury causing interference with

mechanisms which have their locale within the
frontal lobes and is not due to coincident or
associated involvement of other parts of the brain.
It can only be added from the experience of the
other wounds personally studied so far, of which
this short series forms a part, that disinhibition
has not been noted unless the frontal lobes have been
involved.

Discussion
The study of these six cases provides evidence

towards the understanding of the phenomenon of
disinhibition as it appears after frontal lobe damage.

Disinhibition results in a permanent alteration in
the temperament of the individual, in which the
control of behaviour in its social aspects is reduced.
It appears immediately after injury, but may be
masked in the early stages by other disturbances of
function, such as loss of initiative and spontaneity,
confusion, and disorientation. It may be un-
associated with other features which have been
described as part of the frontal lobe syndrome;
it may occur without loss of initiative, without
intellectual impairment. It can be present with a
variety of affective experience. Moreover, the
patient is generally aware of the change in his
personality caused by the appearance of the disin-
hibition and can describe the differences between
his previous and present attitudes and tendencies.
There is thus insight into the new pattern of be-
haviour but control over it is minimal or negligible.

All these points are fully illustrated by the cases
described above.

Disinhibition adds nothing new to the personal-
ity : it merely alters the external relation of the
personality to the environment and reveals ten-
dencies which were present before injury but which
were previously permitted only limited expression.
This would appear to be a reasonable conclusion
to draw from the personality studies presented
in this paper.

It is significant that in these cases there is no
regression to grossly primitive or infantile behaviour.
Presumably, in mental development certain aspects
of behaviour become so controlled that their
continued inhibition is no longer required, and it is
those aspects of behaviour in the above cases,
where continued inhibition before injury appeared
to be necessary, which become most prominent
after wounding. This apparent specific relation
between the previous personality and the features
which appear after wounding offers an explanation
why disinhibition is significantly observed only in
certain cases and, when it does occur, involves
different aspects of the personality in different
people.
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FRONTAL LOBE WOUNDS CAUSING DISINHIBITION

What are the anatomical conditions under which
disinhibition appears? There seems to be good
evidence from this- material that involvement of
only one frontal lobe is necessary. This confirms
the similar conclusions of Rylander (1939), based
on lobectomy material, that the removal of either
the right or the left frontal lobe was equipotential
in its effects.

In the cases described in this paper no relation
could be seen between the appearance of the
disinhibition and any particular site within the
frontal lobes. There appears, therefore, to be no
obvious topographical correlate of the disin-
hibition. The missile had penetrated deeply into
at least one frontal lobe, although there were
obvious differences in the amount of cerebral
tissue destroyed. In this regard attention is drawn
to Case 8 of the Columbia-Greystone Associates
(Mettler, 1949), in which gross deterioration in
social behaviour due to disinhibition occurred
after a bilateral ablation of frontal cortex, mainly
of the middle frontal gyri, in which a total of 16 5 g.
of tissue was removed. This deterioration was
attributed to the removal of too much tissue.
Before operation this patient had, however, a well
preserved personality, his illness being one of
hypochondriasis with somatic delusions accom-
panied by considerable affect. After operation he
became carefree, garrulous and outgoing, less
conscientious in his work, and insulting in his
behaviour. This insulting behaviour was noted
especially towards his sister (a nun) for whom he had
previously had great respect. While the details
given of his background are inadequate to form a
conclusion, certain similarities can perhaps be
seen between his personality before operation and
that of the cases described above.

It would seem to be true also that even after
extensive excision of the frontal lobes, as in
lobectomy, the degree of disinhibition may be so
slight, if it occurs at all, as to escape ordinary
clinical assessment (Jefferson, 1937; Hebb and
Penfield, 1940).
There appears therefore to be no direct and

constant relationship between the amount of
frontal lobe tissue destroyed and the appearance of
disinhibition. In all these cases the loss of brain
substance has been severe, but the evidence presented
in this paper suggests that for such a loss to be
effective in producing overt disinhibition it has
to occur in people of a certain type of personality.
While it is true that the organism lives in a

milieu in which socially undesirable patterns of
reaction are being constantly inhibited and sub-
stituted by socially more appropriate ones, it is

also true that the organism brings to bear upon
the environment its own positive and definitive
patterns of behaviour which are the result of the
conditions existing within the organism itself and
which in human behaviour are determined by the
construction of the personality. The development of
the personality, however, is such that when it
reaches its completion in early adult life some
socially undesirable tendencies may persist, so that
social control can only be achieved by their
continual inhibition. It is these tendencies which
seem to come principally to the surface after
frontal lobe injury. The mechanisms which come
into play between the arousal of a desired but
socially inappropriate train of behaviour and its
expression or inhibition must be highly complex,
involving the integration of different parts of the
nervous system, and any attempt to explain them
satisfactorily must be premature in the present
state of our knowledge. Nevertheless, some
understanding of the factors involved may be
obtained from the evidence presented by these cases.

It can be seen that the inhibitory mechanism,
even in its relation to the special aspects of the
personality in which disinhibition appears, is not
completely destroyed; inhibition comes into
action but fails to be sustained (Case 1) or, although
the threshold of inhibition is lowered in regard to a
specific pattern of behaviour, inhibition is still
capable of acting in certain circumstances (Case 3).
It might be concluded, therefore, that the breakdown
in the control of behaviour after frontal lobe injury
is due less to the destruction of the actual inhibitory
process than to a failure to decide what appropriate
behaviour pattern should be assumed after the
initial inhibition has taken place.

Brickner (1939) regards the control of behaviour
as dependent upon planning which involves making
certain emotional sacrifices to achieve certain
emotional compensations, the formulation of
concepts necessary to a planned course of conduct
being based upon a capacity to make complicated
intellectual syntheses. The behavioural disturbance
after frontal lobe injury is due to a loss in the power
to synthesize simple thought processes into more
complex structures and is thus secondary to a kind
of intellectual defect. This view of Brickner's must be
critically assessed.

In the first place, it extends beyond its legitimate
bounds the generally accepted interpretation of the
words " intellectual " and" intelligence ". Secondly,
as is shown in the cases described above, the ability
to make intellectual syntheses and form concepts
is not lost even when there is evidence of diminished
restraint in the control of behaviour. It would have
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to be assumed, therefore, that the intellectual
syntheses implied by Brickner were of a different
character from those involved in normal conceptual
processes.
The breakdown in the control of behaviour due

to disinhibition after frontal lobe injury would
hardly seem to be dependent, therefore, upon a

disturbance of intellectual processes in the generally
accepted sense. It is the facilitation of the undesirable
pattern of reaction which is the essential feature, the
necessary inhibition failing to be sustained long
enough to allow an alternative and socially more

appropriate behaviour pattern to take its place.
Inhibition in its ultimate analysis is concerned

with the prevention of motor behaviour either of
speech or action which at a given moment would be
socially undesirable. Such inhibitory processes are

not however rigid or fixed, and they are capable of
being released or more strongly applied as the
organism becomes aware of different factors in the
environment. The organism is thus involved in a

continuous process of adaptive scanning in which
tendencies to impulsive behaviour, arising in
relation to changing factors in the environment, are

being continually inhibited. The inhibitory processes
come into play so quickly that they can hardly be
regarded as the result of conscious deliberation,
although they produce the necessary brake on

impulsive action permitting the organism to decide
whether the intended behaviour may be allowed
total or partial expression, or none at all.

It might not be unreasonable to conclude
that in so far as the frontal lobes are concerned
with inhibition they are concerned with the actual
restraint of patterns of behaviour which are being
activated from other levels of the nervous system.

In this paper one aspect of the problem of frontal
lobe function has been dealt with; it must be
obvious, however, from the study of the above six
cases that many complex problems remain. Their
solution can only come from an intimate study of
the separate disturbances of function as they appear
in different cases of frontal lobe injury and in
avoiding any attempt to explain these disturbances
prematurely in terms of unitary theories. Differentia-
tion of function is always possible within the frontal
lobes, and even though apparently diverse distur-
bances of function may be more closely linked
than seems likely at present it is important that at
this stage the deficits which appear after injury
should be clearly studied and described in terms
which can be understood by other workers in the
field. It is only by clearly defining the deficits
which we are investigating, and demonstrating
their presence or absence in cases of frontal lobe

injury, while studying the conditions under which
they arise, that it will be possible to understand
better the part played by the frontal lobes in the
control and organization of human behaviour.

Summary
Six cases of penetrating brain wound are described

in which disinhibition appeared after involvement
of the frontal lobes. It has been shown that dis-
inhibition is a separate disturbance of function
which need not necessarily be associated with other
disturbances described as part of the frontal lobe
syndrome. In most cases the patients are aware
of the change in their personality due to the dis-
inhibition, but can only exert minimal control over
the new behaviour pattern.

Disinhibition can appear when only one frontal
lobe is involved, without any obvious anatomical
correlation with any special site within the pre-frontal
area, though, as has been pointed out, the extent of
frontal lobe injury was severe in all these cases.

Disinhibition can coexist with a variety of
affective experience and can occur without any
associated intellectual impairment. Much destruc-
tion of frontal lobe tissue appears to be possible
without producing intellectual loss in the conceptual
sense.
The relation between the appearance of dis-

inhibition and the pre-traumatic personality is
described in full, and reasons are given to explain
why disinhibition only occurs significantly in
certain cases and involves different aspects of the
personality in different people.

I wish to express my gratitude to Dr. W. Ritchie
Russell, C.B.E., to the Officer Commanding the Military
Hospital for Head Injuries, Wheatley, and his staff, and
to Mr. Walpole Lewin, F.R.C.S. I am indebted to
Miss Agnes Evemess, B.A., for home reports on Cases
1 and 2, and to the Army Medical Department and the
Directorate of Manpower Planning, the War Office.
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