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PREFACE

Early in the last war St. Hugh's College, Oxford, was
converted into a hospital for the treatment of Army per-
sonnel suffering from head injuries; since 1946 its work
has contlnued at the Military Hospital, Wheatley.

To begin with, the Military Hospital for Head Injuries
dealt mainly with closed head injuries due to road accidents,
but with the invasion of France in 1944 an increasing number
of men suffering from high velocity missile wounds of the
skull and brain were admitted. The majority of these men,
of whom there were some 900, made an adequate recovery and
returned to their homes. During the past two years this
series of cases has been added to by the return of brain-
injured personnel from Korea.

It was realised that the subsequent progress of these
men, the study of their injuries, and the effect such
injurles might have on their physical and mental capacilties
would provide an exceptional opportunity for investigatilng
brain function. In addition, it was foreseen that in the
years following the war these men would be faced with
difficulties and problems for which they would requlre
further help. Consequently, since that time an organization
has exlsted in Oxford to which these men might refer for
assistance (Russell, 1951). This consists of a small Head
Injury Advice Bureau attached to the Military Hospiltal for
Head Injuries, and a Rehabilitation Centre, run by the Joint

Organisation of the Red Cross and Order of St. John, situated
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at Headington Hill Hall, Oxford; to this Centre cases for
review can be admitted for in-patient supervision and study.
This organisation 1is under the direction of Dr. W. Rltchie
Russell, C.B.E., in his joint capacity as Consultant
Neurologist to the Army and to the Minlstry of Pensions.

I joined this organisation in October, 1951, with a
Beit Memorial Research Fellowshlip, to examine psychological
changes 1in those men who had sustained wounds penetrating
the brgin. Part of my enquiry has been directed towards
studying alterations in intellectual functioning as deter-
mined by intelligence tests, and this thesls describes the
method of investigatlon used, its standardlsation, and the
results of 1its application in 70 cases.

It is with gratitude that I acknowledge the asslstance
recelved from Dr. Ritchle Russell in extending to me the
full facillities of his Department. I am also indebted to
him for much encouragement and guidance.

I wish to thank the Officer Commanding the Mlilitary
Hospital for Head Injuires, Wheatley, and hils staff for
facilitles received in that hospital; and Mr. Walpole Lewin,
F.R.C.S., Consultant Neurosurgeon, for permitting me to
examine cases under his care. I am in@ebted to the Army
Medical Department and the Directorate of Man-power Planning,
the War Office, for permitting access to pre-wounding
mental test results and to the confldential Dominoes Test.

Finally, I should like to pay a tribute to the excell-
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ence of the case records contributed to by the many who
warked at the Mllitary Hospital for Head Injuriles and in
the fleld during the late war, and to the American neuro-
surgeons responslble for the treatment of the Korean cases

upon whose notes I have freely drawn.

Hugh F. Jarvie.

Department of Neurology,
Radcliffe Infirmary,
Oxford.

December, 1953.
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I. INTRODUCTION

Historilcal.

With the demonstration of the excitability of the motor
cortex by Fritsch and Hitzig in 1870, and the prior assign-
ment of speech faculty to the posterlor end of the third
frontal convolutlon by Broca in 1861, it was inevitable
that further attempts should follow to define separats
localisation of function withln the cerebral hemispheres.
From the investigation of the more obvlous sensori-motor
responses elicitable from the parts adjacent to the central
sulcus, it was but a step to seek, within the cortical area,
other parts where specifically mental functions would be
represented.

Hitzig was not long in directing his experimental skill
to the study of these higher functions, and eventually con-

cluded that abstract thinking (das abstracte Denken) was

dependent upon the frontal part of the brain. "According
to Munk", he wrote (lBé%), "there are no special organs for
these (higher intellectual functions), nor are they necessary.
I certalnly agree with him that intelligence - or, better,
the store of ideas - 1s to be sought for 1in all parts of the
cortex - or, better again, in all parts of the brain. But
I malintaln that abstract thought requlres special organs,
and I seek these provisionally in the frontal brain."

The significance of the frontal lobes as organs mediat-

ing higher intellectual functions was echoed by Ferrier (1886)



and Blanchi (1922). Ferrier, while believing that the
frontal lobes formed the basis of those psychical processes
which lay at the foundation of higher intellectual operations,
nevertheless thought it absurd to speak of a special seat
of intelligence in the brain. Blanchl, however, reasoning
from the psychic disintegration which, in his experimental
animals, followed the bilateral destruction of the frontal
lobes, saw in them a cerebral organ which "had the faculty
of utilizing the mental products of the sensory areas of
the cortex for the construction of mental syntheses, an
organ giving rise to reactions upon the world which, on the
basis of indivlidual and collective experience, permit a
higher adaptation of the individual to his psychical and
soclal environment, an organ which renders possible the
unfolding of a long process of logically connected thought."

From these early experiments, based upon the simple
observation of the behaviour of the animal after induced
injury, there was growing the idea that there were areas in
the brain where, to paraphrase the words used by Hughlings
Jackson (1873) in regard to the localisation of movement,
intelligence was "most represented"; and those areas were
in the frontal lobes. Not all investigators of this time,
however, were so convinced.

Goltz (1881), in his experiments with dogs, showed that
the greater the amount of cerebral tilssue removed, the

greater was the resulting dementla. His measure of the
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deficit was the amount of attention to stimuli shown by

the animal after injury and the degree of failure 1in this
respect indicated the degree of loss of integratlon and
consequently of intelligent behaviour. If anything, the
gnimal was less "intelligent' after removal of the posterior
quadrants of the brain, and this was presumably so because
of their greater mass.

If a constant relation could be established between the -
amount of brain tissue destroyed and the resulting dementia,
then this would indicate that intelligence was dependent
upon an inherent property of the cerebral substance which
was equally distributed throughout the braln or, at least,
throughout the cortex, the quantitative loss of tissue
determining the quantitative loss of intellectual function.

Munk (1890), on the other hand, regarded intelligence
less as an innate property of the cerebral substance, but
rather as the resultgnt of a group of dlecrete cerebral
activlities; it was the summation of the separate functioning
of specific sensory fields. This view was 1n essence the
same as that of Ferrier when he said: "There are centres
for special forms of sensation and ideation, and centres
for special motor activities and acquisltions, in response
to and in association with the activity of the sensory
centres; and 1n these in their respective cohesions, actlions
and inter-actions form the substrata of mental operations

in all their aspects and all their range."



It can be seen, therefore, that three principal trains
of thought were developing on the part played by the brain
in the psychic life: (a) Intelligence was mental activity
whose physical basis was more or less strictly locallsed
in the brain and in the main the frontal lobes were the
place of choice. (b) Intelligence was a property of
nervous substance, a function of the whole brain, destruction
of part of which would lead to a corresponding diminution
in intelligent behaviour. (c) Intelligence was the result
of the Integrated activity of certailn sensory and motor
fields.

These experlmentalists, however, varlously interpreted
the nature of the function which they each described as
intelligence: to Hitzlg it was abstract thought; to Goltz
the ability to attend to extraneous stimull; and to Munk

and Ferrier a sort of sensory eplphenomenon.

Modern Developments.

Since the beginning of the century several factors
have enhanced our understanding of the nature of nervous
organisation in intelligent behaviour. In the fleld of
animal psychology experimental methods, using the latch-box
and maze, originally devised by Thorndike (193l1) to study
learning in the brain-intact animal, were adapted, notably
by Franz (1907) and Lashley (1929), to investigate the
effects of cerebral excision on the ability of the animal

to learn or to reproduce previously learned behavliour.



Developments in neurosurgery, the aftermath of two wars,
and the introduction of cerebral surgery as a treatment
for mental disease (Moniz, 1936}, have all made human
material available for study; while a sclentific assessment
of intellectual deficit after brain injury in man has becone
possible since the first objective tests to measure intellig-
ence were designed by Binet and Simon 1in 1905.

In animal research the outstanding contribution has
been that of Lashley which he has recently summarised (1950).
His work has many facets, but the one which mainly concerns
us here 1s that dealing with the effect of cerebral injury
on the formation and retention of the complex maze hablt
in the rat. Lashley used rats because they were readlly
obtainable in large numbers and so hls results could be
given statistical validity. He demonstrated that rats
trained in the maze completely lost the habit 1f more than
50% of the cortex were removed and that re-learning required
aslmany times as much practice as did initlal learning.
_ His evidence also indicated that the more difficult the task
the greater was the relative effect of larger leslions. He
obtained similar results, also in the rat, in experiments
using the latch-box. No matter what part of the cerebral
hemispheres was destroyed, the amount of loss of habit from
a given extent of cortical destruction was about the same,
provided the destruction was roughly similar in both hemi-

spheres. Although loss of sensory cues due to the Invasion



of various sensory flelds by the lesion played a part in
the hablt deterioration, it could not account for all of
it; while destruction of the primary visual cortex in blind
animals trained in the maze produced a severe loss of the
habit with serious difficulty in re-learning, although the
animals could have used no visual cues during the initial
learning.

Similar results have been obtalned from studies of the
assoclative areas in the monkey. Visual and tactile habits
were not disturbed by the destruction, singly, either of
the occipital, parletal, or lateral temporal regions, so
long as the primary sensory flelds remained. Cvmbined
destruction of these regions, however, produced a loss of
the habits with retarded re-learning. Higher level
activities, such as the condltional reaction, delayed re-
actlion, or the solution ogﬁgultiple stifk problem, showed
deterioratlion after extensive damage in any part of the
cortex. The capacity for delayed reaction (e.g., to
remember in which of two boxes food was placed) was seriously
reduced or abolished by removal either of the prefrontal
lobes or of the occipital assoclative area or of the temporal
lobes. Small lesions, therefore, embracing no more than
e single assoclative area, did not produce loss of any
habit; large lesions produced deterioration which affected
a variety of habits, irrespective of the sensori-motor

elements involved.



In man, clinical studlies on the effect of brain injury
in producing intellectual deficit have resulted 1in the
accumulation of a considerable amount of evidence, much of
it contradictory. The absence of consistently gross
functlonal disturbance after removal has made the prefrontal
areas sultable for extensive excislon, whille thelr assocla-
tion with emotlonal reactions makes them the centre of attack
in the surgical treatment of psychological illnesses. Con-
sequently, most of the studies have been concerned with the
frontal lobes. Some of these must now be consldered briefly.

Men with injuries sustained 1n the 1914-18 war were
examined by Kleist (1934) and Goldstein (1942). Kleist
carried out a major investigation into the results of injury
to different parts of the brain, but did not use objective
tests 1in assessing intelligence; he came to the conclusilon,
however, that Intellectual losses were assoclated mainly
with lesions of the supero~lateral aspeet of the frontal
lobes.

While Kleist's approach tended towards extreme localisa-
tion of function, Goldstein's was just the opposite. In
leslons of the frontal lobes, of other parts of the brain,
and those causing amnesic aphasia, there was a common defect,
as shown by the patient's natural performance and by speclally
devised tests; this defect was loss of the ablllity to
abstract with good retention of concrete behaviour. There

was a consistent difficulty in shifting from one aspect of



a performance to another, in making a cholce or finding
the essentlals of a situation; "a characterisation",
according to Lashley (1950), "too vague and general to give
a plecture of the functional disturbance.”

The effect of masslve removals of brain tissue has
been studied by Rowe (1937), Jefferson (1937), Rylander
(1939) and Hebb and Penfield (1940), among others. Rowe
describes a case 1n which complete removal of the non-
dominant hemisphere for braln tumour resulted in no loss
on tests of the Binet-Simon type after operatlon as com-
pared with before. Unfortunately he does not give detalls
of the testing. Jefferson's study was purely clinical
and he used no objective tests, but no obvious intellectual
deficit was apparent after removal of either the right or
left frontal lobe. Rylander's careful investigation of 32
cases of frontal lobotomy, usling a matched control group
from the normal population, showed, on the other hand,
significant losses on intelligence test scores; while Hebb
and Penfield describe a case in which the anterior one-third
of the frontal lobe was removed bilaterally in a man
suffering from post-traumatic epilepsy; his post-operative
gcores, mainly on tests of the Binet-Simon type, were con-
sistently higher than those obtained pre-operatively.

Studies of intellectual functioning following the
operation of pre-frontal leucotomy have shown similar
variatle results. Malmo (1948), and Petrie (1952), report

a fall in scores, while Carscallan (1951) and his associates



found, in cases of chronlc schizophrenia, that such scores
rose above the pre-operative level. Where, instead of
cutting the deep white fibres as in leucotomy, selective
partial ablation of the frontal cortex has been performed
(King, 1949), then no significant differences were observed.
A recent well-designed study (Struckett, 1953) deserves
detailed consideration. In this investigation 26 male
patients suffering from chronic schizophrenlila were used
and werevtested pre-operatively as well as after standard
pre-frontal leucotomy at intervals of 3 weeks, 3 months, 6
months and 1 year. In addition, pre-morbid test scores
(i.e., scores obtained before the onset of the schizophrenic
1llness) were availlable from Army sources 1in 11 of the cases.
The most important finding was the significance of the time
factor in testing intervals. Three weeks after opseration
a decrease in intellectual funectioning was apparent, but 1t
was followed by a gradual increase, until by the silx-month
period the intellectual functioning equalled or surpassed
the pre-operative level. Further increases in intellectual
functioning were demonstrated at the one-year period.
Impairment in these psychotic patients was exhibited com-
pared with their pre-morbid level, but after operation the
scores tended to approach it once more. Struckett con-
cluded that "after six months no adverse effects on
intellectual functioning were demonstrated by the objective

psychometric measures utilized in this study."



It is appafent that the use of convenﬁional tests to
eatimate intellectual deficit after different degrees of
cerebral (particularly frontal lobe) destruction has pro-
duced uncertain and often ambiguous results. Halstead
(1947) has applied a large battery of tests (mostly self-
designed), of doubtful validity and doubtfully controlled,
to a series of 50 cases of frontal lobectomy and considers
that in;ury to the frontal lobes gives rise to defects in
"biological 1ntelligence", a concept of his own which he
nowhere defines.

- The difflcult problem of intellectual change after

*ggﬁghgg};lﬁjnry will not be the more readlly resolved by

'd;sggiSing it in a new language. Intelligence may not

| be easy to define, but intelligence tests are measures of
a sort of mental function, the nature of which 1s generally
undgr§§add by psychologists and other workers 1n the fleld.
It is,important, therefore, that we shgﬁld continue to use,

ases of brain damage, standard psychometric tests which

yen adequately validated on large numbers of normal

, ‘a4 Intelligence Tests.

Intelligence 1s an innate capacity, varying quantitat-
ively from person to person, concerned With the development
of intellectual skills, with the solution of practical
problems, and with insight into complex situations. It

i8 not acquired ekperience, but is a means bvahlch”éucﬁ”;
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experience 1is bullt up, integrated, and understood. It
is a mental function which enters into everyday, as well
as into high-grade intellectual, tasks.

Whatever intelligence may be in practical life,
intelligence theory has based its concepts upon intellectual
performance as revealed by intelligence tests. On the
whole these tests have proved accurate predlictors of success
in activities requiring intellectual ability, however
remote these activities might be from the actual test situa-
tion. "It 1s incontestable", says Bartlett (1947), "that
the application of the tests has made it possible tp predict
successfully, in a statistical sense, certain forms of
success which are widely valued in present-day society."

It 1s therefore a valld assumption that such tests are
assesslng a mental function which bears at least a close
relation to what might be termed "natural"intelligence.

The original tests devised by Binet and Simon wmere
designed to differentiate degrees of intellectual capacity
in school-children. This they d4id by sampling the child's
performance in various sorts of ability (verbal, calculating,
space perception, memory, relational thinking) and by seeing
how far the performance exceeded or fell below the expected
average for the child's chronological age. Although these
tests worked remarkably well and are still widely used in
modifications such as the Stanford-Binet (Terman and

Merrill, 1937), it is now recognised that they depend too
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much upon mechanical remembering and not enough on the
ability to solve problems set in a novel situation. Tests
of this kind which depend to a large extent upon the re-
production of acquired experience - which may well be
mostly preserved - will be inadequate instruments by which
to judge the abillty of the patient to solve new problems
after brain injury. |

It 1s lmpossible, however, to avold some degree of
experient ial sophistication in the construction of an
intelligence test. A test 1s set in a medium conslsting
of symbols of a verbal, numerical or visual-spatial type;
such symbols are learned and are thus the product of
experience. A modern intelligence test, however, 1is not
merely bne of symbolic recognition, but one which involves
a new element in the "thinking-out'" of a problem. It
is therefore an essay in "problem-solving" set in a symbolic
medium and involving tasks of increasing degrees of com-
plexity.

Most of the present controversy on the structure of
intelligence centres round the nature of the factors
involved 1n this problem-solving activity. This contro-
versy can be stated simply as follows: Is intelligence
composed of a number of independent intellectual factors
one or more of which may come into operatlon in any
specific mental task, or is there a general factor which
enters into every mental task irrespective of the fleld

in whilich the task is set?
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It was Carl Spearman (1904) who first postulated a
central or general factor in intelligence. This factor,
called g (general potentiallty), he eventually identified
largely with the ability to see and use relationships.
"Everything intellectual can be reduced to some special
case or other of educing either relations or correlates."
(Spearman, 1923)

Spearman's approach was essentlally mathematical, and
it was by this means that he was concerned to study the
relation between one ability and another. He realised
that individual abilities were always positively correlated
with each other, although the correlation might be high or
low. The exact statistical method which he used to make
the raw correlations reliable indices of assoclation need
not concern us here; it 1s sufficient to say that the
degree df correlation between various types of test could
be accounted for by a slngle factor common to them all,
and this factor was g. Only memory tests did not fulfil
his criteria, and he concluded that retentivity was an
entirely different process from intellectilon. In the
solutlon of the intellectual tasks involved in the tests
two factors were at work: a general factor, g, and a
special factor, s, the latter varying with the specific
ability being tested.

The "two-factor" theory of intelligence has by no
means gained universal acceptance, and has been critlcised

6
by Thomson (19%Z) in this country and by Thurstone (1935)
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_in America. Thurstone has attempted to define certailn
"primary mental abilities". These primary abilities or
factors (inductive, deductive, memory, spatial, number,
word, perceptual) are autonomous, although - again with the
exception of memory - they all correlate highly with one
another. This suggests little more than a re-statement of
g, a fact which gives some point to the view (Vernon, 1950)
that it 1is both "psychologically foolish and mathematically
difficult to belittle g."

However intricate a function intelligence may be,
there can be no doubt that relating activity is one of 1ts
most fundamental attributes, and as Hearnshaw (1951) has
noted "test constructors have tacitly accepted the theory
thai iIntelligence consists of the grasping of relationships."
Such relating activity is by no means a human prerogative,
and the power to effect relevant generalisation by a process
of abstraction, so that objects can be classed as having a
common property, 1is characteristic of much simpler nervous
systems than our own. Indeed, Lashley (quoted by Adrian,
1947) regards generalisation as one of the primitive basic
functions of organised nervous tissue:

"For example, transposition of reactions has been
found in all organisms capable of a differential res-
ponse. That 1s, when an animal 1s trained to choose

the larger or brighter of two objects and 1s then
confronted with a sti1ll larger or brighter he chooses

on the basis of relative size or brightness. Such
generalisations are universal from the 1nsects to
primates."

An intelligence test is a test of relating activity.
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Such activity, however, can vary from the simple abstraction
of the common elements 1in a field occurring at little more
than the perceptual level to what Hearnshaw (1951) has
termed the "ordering of manifold and heterogeneous experience
through the grasp of abstract principles of order". Com-
plex processes of conceptualisation, upon which the develop-
ment of all the hlgher symbollic activities of man are based,
are not more than incidentally touched upon in the average
intelligence test. Moreover, as Bartlett (1947) has
pointed out, "practically all known intelligence tests lead
to bunching at the top end, Bo that alleged dilfferences
between the more highly intelligent, based upon test per-
formance, have very little importance." Nevertheless,
however 1imperfect an intelligence test may be in assessing
the more complicated aspects of human mental functioning,

it represents a standardised measure of a sort of mental
performance and as such can be used to provide an estimate
of the integrity or disintegration of that type of perform-

ance after brain injury.

Problems studied in this Thesis.

In this thesis the results are described of the
application of a group of problem-solving tests to 70 cases
of penetrating brain wounds, in all cerebral sites and of
all degrees of severity. Three tests have been used:
one verbal-numerical (Hartford Retreat Test), one largely

visual-spatial (Raven's 1938 Progressive Matrices), and
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one numerical-visual-spatial (Dominoes Test), each belng
concerned with the apprehension of a serlies of relatlons
which increase 1n complexity throughout the test. It has
been assumed, therefore, that, where the subject falls to
perform on these tests at his expected level with regard
to his pre-injury intelligence, such failure 1s due to his
inability to see through the more complex relations. The
main problem studied in this thesis, therefore, has been
to find out what kinds of injury produce a loss in thils
relating activity.

Now it is recognised that failure to perform adequately
on a particular test may not be due to a failure in this
relational dunction at all but is rather the result of a
selectlive breakdown, due to the injury, in the appreciation
of the particular symbolism used in the constructlon of the
test. Thus, the breakdown of werbal symbolism in dysphasia/
dyslexia, may mean that the subject will do badly on a test
such as the Hartford Retreat Test because he can no longer
deal effectively with the verbal symbolism involved. Simi-
larly, a patient with topographical disorientation following
a parietal lesion (Patterson & Zangwill, 1944, 1945) may
find 1t difficult to deal with the visual-spatial ﬁatterns
of the Raven's Matrices. In the cases described in this
thesis, therefore, no unequivocal loss in relatlonal
funct ion has béen assumed unless there has been good evidence
of intact symbolic appreciation and unless the subject's

failure has occurred at approximately the same level on
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each problem-solving test used. In this material the
commonest symbolic dlsturbance has been verbal, and cases
with clinical evidence of dysphasia have been dealt with

a8 a Beparate group.
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METHOD OF INVEST IGAT ION

Most methods devised to demonstrate intellectual
impairment in organic cases are based upon groups of tests,
some of which show respectively some resistance or vulner-
ability to trauma. Thus, when a patient after brailn
injury is not dysphasic, his ability to reproduce vocabulary
is usually preserved, and this can be used as an Indlcatian
of hls pre-traumatic intelligence level, because it 1s
generally true that the higher an individual's vocabulary
(1.e., the greater the number of words he knows) the higher
is his general intelligence.

The method now described has been based on this prin-
ciple. The tests used are all well known, but they have
been re-standardised for the purpose of this investigation
against a group of normal controls. They are the 1938
Raven Progressive Matrices, the Hartford Retreat Vocabulary
(H.R.V.) and the Hartford Retreat Test (H.R.T.). These
tests have been administered to the normal controls to
estimate what levels of vocabulary on the H.R.V. are equi-
valent to what point scores on the Matrices and on the
H.R.T., the maximum score on each being: H.R.V., 40; on

the Matrices, 60; and the H.R.T., 20.

Control Tests.

The controls used were 50 Servicemen aged 18
to 35 (median age 19) who were thus in approximately

the same age-group as the men who had sustained
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the penetrating brain wounds. They were a sample of men
admitted to the general wards of the Military Hospiltal for
Head Injuries, suffering from medical and surgical con-
ditions, the only criterion in their setectlion being that
cases with brain damage and psychoneurosis were excluded.
The rank, age, unit, service,trade, civilian occupation,
and the results of mental testing, in each case, are given
in Appendix A.

In addition the results of testing have been plotted
on Figure 1, and the median score on each test for the
whole group has been superimposed as a thick line. The
median score on the Matrices in the controls 1is 4%, while
Raven's median score for this age-group is 44, calculated
from the natural scores of several thousand soldiers and
civilians (Raven, 1950). This indlcates that the control
group 1is a representative sample of the normal population
of this age-group. In this control group, theréfore, the
med ian score on the Matrices is 43, in the H.R.V. 26.5,
and in the H.R.T. 14.

The distribution of the results in these 50 normal
controls shown on the diagram demonstrates a wide scatter
between the ability to reproduce vocabulary and to perform
problem-solving tests, especlally in the lower and medium
intelligence levels. It can be seen, howe#er, that when
the higher vocabulary levels are reached the results on the

Matrices and H.R.T. tend to equate more conslstently with
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the vocabulary scores, as shown by the greater number of
lines golng almost straight across. In using a method
such as this, therefore, to estimate the presence or other-
wise of intellectual impairment, 1t 18 necessary to avolid
drawing conclusions which are not justified in view of the

range of the normal sample.

T eet Results before and in the Early Stages of Injury.

The injured men who were enlisted in the Army from
1942 to 1948 were given intelligence tests on entry as
part of the personnel selectlon procedure, and these results
are still avallable for some of the cases. In thls pro-
cedure the principal test used was the 1938 Raven Progress-
ive Matrices.

In addition, cases treated at the Milltary Hospital
for Head Injuries in 1944-45 were tested in the early stages
of brain injury by the late W.R.Reynell, who used a series
of tests of which the 1938 Matrices was one. It has thus
been possible in certain cases to demonstrate scores on
the same test (l.e., the Matrices) at different stages in
the man's history - at Army entry, in the early stages
after brain wounding, and several years after injury (when
tested by the author).

In the case of men recently wounded 1n Korea no com-
parison hae been possible between the Matrices score
before and after wounding. A comparlson has, however,

been possible on another test. Since 1948 the Army has
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used as part of its personnel selectlion procedure a test
called the Domlnoes Test. This is still a confidential
test, and detalls of it cannot be given; it is sufficient
to say, however, that 1t is based on the same general
principles as the Matrices (1l.e., it is a pattern test,
but with a counting element), and is graded like the
Matrices in the same percentile groupings: Grade I (S.G. I) -
at or above the 95 percentlle score for testees of his own
age-group (intellectually superior); Grade II (S.G. II) -
at or above the 75 percentile score (definitely above
average); Grade III (S8.G. III) - between the 75 and 25 per-
centile score (mentally average); Grade IV (S.G. IV) - at
or below the 25 percentile score (definitely below average) ;
and Grade V (S.G. V) - at or below the 5 percentile score
(intellectually defective). The maximum point score on
this test is 48.

In the above, the abbreviation S5.G. refers to the
YSelection Grade into which Army personnel are classed

according to theilr performance on this and other tests.

Test Recording Chart.

In order that some visual representation may be glven
of the presence or otherwise of intellectual 1impairment
as shown by these tests, a chart has been constructed
(Figure 2). For thls purpose the scores given on the
H.R.V. have been divided arbitrarily into 3 groups - i.e.,

scores lying between 11 and 20, 21 and 30, and 31 to 40.
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The median scores ln each of these 7 groups with the equl-
valent median scores on the llatrlces and H.R.T. have been
traced on the chart. On facslmlles of this chart the
results of intellligence testing in the brain wounded cases
can be recorded; the result of the Dominees Test, where

administered, 1s plotted on the 4th column.

The Effect of Re-testing in the Normal Controls.

It 18 of interest to compare the scores obtalned on
the present testing of the normal controls with those
obtained at Army entry. This procedure was carried out
with the Dominoes Test on 26 cases, and the results are
detalled in Appendix B. The interval between the testling
at the Army Primary Training Centre and when tested by
the author varied between 1 and 50 months, with a medlan
interval of 11. In 3 cases there was no change 1in the
test scores, in 17 cases the score on the Dominoes Test
increased in amounts varying from 1 to 13 points and in
6 cases the score decreased in amounts varying from 1 to
10 points. On the whole, therefore, the tendency on

re-testing was for the scores to rise.

Absolute and Functional Impailrment.

In all these tests, with the exceptlon of the Matrices,
the subject scored his own results. The Dominoes Test was
limited to 20 minutes, so as to repeat the condlitions under

which 1t was admlnistered on Army entry,; otherwlse none of
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the tests was strictly timed.

In the case of the Matrices, the author scored and
the subject read out his ahswer to each example. This
formed a valuable means of studylng test performance in
the brain wounded cases, and patlents taklng an abnormally
long time, experiencing difficultles, or showing careless-
ness in attempting the test, could be identlfied. In
every case the aim of the testing was to see how well the
pat ient could do, and not how badly.

Under these cilrcumstances of testing 1t became obvious
that two types of lmpalirment could be recognlsed. In
certaln cases there wasg an absolute lmpalrment which was
shown by the 1inabllity, even when the subject was trying
hard, to see through the more complex relations involved
in the problem-solving tests.

In other cases a functilonal impairment in test per-
formance was noted by a careless and erratic response.
When thls was apparent on the Matrices and the patlent was
producing a score lowdr than was thought justiflable, then
he was given an opportunity to correct hls mlstakes once

only, and a corrected score on the Matrices was obtalned.

This corrected score 1s also given in certain of the cases.



III. RESULTS.

Classification of Cases.

Cases which at the time of testing showed clinilcal
evidence of dysphasia (either expressive or in word-finding)
were treated as a separate group. Two groups were then
distlnguished among the cases without dysphasla - namely,
a group of cases 1in which a clear intellsctual deficilt
could be demonstrated; and a group in which all the evidence
suggested that the patient was functloning intellectually
at much the same level as before injury. The remalning
cases were those in which the results of mental testing
were equlivocal. The number of cases In each group 18 as
follows:

I With unequivocal deficit 7
II Without demonstrable deficit 38
III Doubt ful cases 15
Iv Cases with dysphasia 10

In no case was an unequivocal deficit assumed unless
the score on each problem-solving test administered was
much below that which would be expected in view of the
vocabulary level reached. Moreover, in doing the tests,
the subjJect had to be trying hard and to find the more
complex relations genuinely difficult; taking him over his
mistakes, or re-testing some time later, had not to result
in any appreciable increase in the scores. In certain

cases the pre~-injury scores on the Matrices or Dominoss
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were avallable for comparison. A spontaneous account of
difficulty with Intellectual tasks was sometimes given by
the patient which provided confirmatory evidence.

Thils investligation had begun before the Dominoes Test
became avallable to the author, but 1t has been adminlstered
to the majority of the patients. In certain cases the
only information which could be obtained from the man's
documents was not the actual score on the Matrices or
Dominoes Test but the S.G. into which he had been placed
on Army entry. This has been used as an indlcatlon of
the man's pre-injury intelligence level. This S.G., how-
ever, 1s a composite one based on an overall assessment
made from adminmstering a battery of tests (verbal, arith-
metic, etc.) of which eilther the Matrices or the Dominoes
Test wag one. Only an approximate estlimation can therefore
be made of the probable point scores obtalned in these
cases on either the Matrices or Dominoes, but the point
scores on these tests which are equivalent to different
S.G. levels are given for reference 1ln Appendix C. The
Medical Research Council (M.R.C.) case index number, the
rank, age at wounding, date of wounding, date of testing,
civilian occupation before wounding, site of wound, and
the results of mental testing after and before wounding
(wvhere available) are given for each of the 70 cases in
Appendix D. A general analysis of the sites of wounding

is given in Appendix B.
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Group I - Cases with Uneguivocal Deficit.

There are 7 cases in this group (Nos. 1, 5, 8, 12, 17,
31 and 56). In each case, with the exceptilon of No. 5,
tracings of the skull radilographs in both the lateral and
antero-posterior views are given (Figs. 3, 7, 9, 11, 13, 15).
In Case No. 5 no skull radiographs were avallable, but an
outline sketch of the head indicates the extent of the skull
defect and its position (Fig. 5). ' The results of mental
testing in each case have been recorded on a chart (Figs. 4,
6, 8, 10, 12, 14, 16). In the radlographs the site of
skull penetration 1s shaded; metalllc foreign bodles are
dense black. Bone chips in the brain appear as trilangles
(where pre-operation radiographs are avallable). An out-
line of the ventricles as seen by alr encephalography is
somet imes shown.

In the subsequent case records the detalls of the slte
of Injury may sometimes seem discrepant compared with the
skull radiographs. It should be remembered that the case
notes have been compiled from operation notes written in
the fleld under active service condltlons. The skull
defect on the X-ray forms the best gulde to the area of the
brain actually penetrated by the missile, while the depth
of the penetration is usually indicated by the surgeons'

findings at operation.
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Case 1 (M.R.C. No. 959).

This 23-year-old corporal was wounded in Korea by a
shell fragment on 24th Aprll, 1951. The misslle entered
the left parletal =mrea, passed through and through, leaving
by the right frontal area (Fig. 3). On admission to a U.S.
Field Hospiltal on 25th April he:was stuporous, but could be
roused. There was dlvergence of the eyes, dilation of
the 18ft pupil, and left lower facidlweakness, extensor
rigidity of both legs, which he withdrew from pin-prick,
and no movement in the left upper limb. Depp tendon re-
flexes were Increased on the left side.

Skull films revealed a fracture of the left occipito-
parietal region, with indriven bone fragments. A cranial
defect was also seen in the right frontal region.

At operation on 25th April (Lt-Colonel Meirowsky) left
ocelpital and right frontal cranliectomies were performed.

Left occilpital craniectomy: A moderate-sized bone
defect was revealed in the left parieto-occipital region.
There was marked comminution and depression, and when all
extracranial pieces of bone were removed a moderate-sized
dural tear was exposed from which liquefied brain was
exuding. All ligwefied brain tissue and a massive intra-
cerebral haematoma were removed. Innumerable pieces of
bone wemencountered intracranially and removed. The track
was followed to the falx, which was well visualised.

Right frontal cranilectomy: Inspection revealed massive
shattering of the right frontal bone. The dural tear was
irregular and somewhat larger than that found at the slte
of the wound of entry. An enormous intracerebral haematoma
was dellvered. Following 1lts evacuation a large amount of
liguefled brain tissue presented itself and had to be
removed by suction. A small number of comminuted bone
fragments was encountered intracerebrally and these were
removed. Digital palpatlon revealed two tracks: one
leading directly to the perforation 1n the falx, and the
other to the right occinital lobe. The latter apparently
represented the cavity which had been occupied by the
massive intracerebral haematoma.

On admission to the American Army Hospital on 8th May
he was alert and ratlonal but poorly orientated, but by
30th May he was completely orientated. He was admitted
to the Military Hospital for Head Injuries on 3lst July,
1951. On admlssion neurological examination revealed the
presence of a left hemiplegia, with some facial weakness
on the left slide involving both upper and lower muscle
groups. The pupils were equal and reactive. There was
a spastic weakness of the left upper limb. Tone and
power were normal in the right upper limb. Tendon reflexes
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were markedly Increased on the left. There was a 8pastic
weakness of the left lower limb, with severe clonic spasm;
the tone and power of the right lower limb were normal.

There was a left extensor plantar response. He was subject
to occaslonal focal sensory attacks affecting the right arm
and leg, but no general convulsions. In the early stages

of his injury he showed some difficulty in spatial orientation
but thils gradually improved and was not apparent on specific
testing. He was right-handed.

He was first seen by the author in October 1951. The
last thing he remembered before the wound was the manmext
to him being shot and the enemy all around them (retrograde
amnesia a few minutes). He d4id not remember actually
being hit. His first clear memory subsequently was of
being in the American Hospital in Tokyo (post-traumatic
amnesia 3 weeks). He complained of slowness in thinking
and found d4ifficulty in doing the anagrams 1n the crossword
puzzles. He also complained that he could not calculate
as well as before the injury and could not remember 1if there
were 10 or 12 pennies in a shilling.

Intelligence testing, which was first carried out on
20th March, 1952, almost a year after injury, revealed a
severe and absolute intellectual loss (Fiz. 4). His
scores were: H.R.V. 33, Matrices 34, H.R.T. 7 and Domilnoes
20. It is significant that he failed on all three problem-
solving tests at the same level, whether such tests involved
visual patterns (Matrices) or the manipulation of verbal
material (H.R.T.). He was unable to see through the more
complex relationships and solve the more difficult problems.
In all tests he tried very hard, and his disappointment and
frustratlon were obvious when he reallised his ability to
perform these tests was much below hils own expectatilon.
This contrasted with the rapidity with which he was able to
do the vocabulary test. His score on the Matrices (34)
was well below that which he had produced on Army entry 4%
years previously(48).

His present scores on the Matrices and Dominoes Test
placed him in S.G. IV in each case. His score on the
Matrices on Army entry in September, 1947, placed him in
S.G. III 4. His scores in the battery of tests (Matrices,
arithmetic, verbal, etc.) then administered gave him an
overall S5.G. of II. He was regarded as above average in
educatlon and intelligence. Before Jjoining the Army he
was a draughtsman and had taken a Natilonal Certificate in
mechanical science.

In splite of this decrease in his ability to perform
problem-solving tests, his ability to read and use verbal
material was quilte intact. He was able to give a full
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account in words of anything he might wish to communicate,
with no apparent defect. Indeed, his descriptive powers
were excellent and had a graphic quality: when describing
his experiences in Korea, he spoke of the "plasticine
Tlgures lying wounded on the battle-field, with thelr heads
turned to one side, and not belng able to get at them, as
the ground was strafed with machine-gun fire".

Case 5 (M.R.C. No. 966).

This 36-year-old fusilier was wounded in Korea by
shrapnel on 3rd January, 1951. He remembered the shell
exploding above his head, being hit and then falling to
the ground. He was dazed for about filve minutes, but did
not lose consciousness (no R.A. or P.T.A.). His right eye
became red and painful and the vision in it was completely
lost in three days.

He was admitté@d to a U.S. Fleld Hospital on 6th January,
1951. On admission there was a stellate laceration in the
mid-portion of the right frontal area. Skull films
revealed a comminuted depressed fracture with four slzeable
bone fragments within the frontal lobe tissues, as well as
a small plece of shrapnel, all situated at a depth of 4 cm.

At frontal craniectomy performed on the same day (Lt-
Colonel Meirowsky) the perforation in the outer table of
the frontal bone measured 0.5 cm. In diameter, while the
inner table was heavily comminuted and the underlying dural
perforation measured 1.5 cm. in dlameter. Exuding through
this dural laceratlion were necrotic braln tissue and clots.
In front of the dural tear there was extenslve maceration
and liquefaction of the frontal lobe tlssue. The shrapnel
canal was filled with necrotic brain, blood clot, four
comminuted bone fragments, and a small plece of shrapnel,
all of which were removed. The canal measured 4 cm. 1n
depth and 2 cm. in width.

He was admitted to the Military Hospital for Head
Injuries on 30th March, 1951. He was left-handed by
preference, using the left hand for chopping and throwing
a cricket-ball, while he was right-handed for writing, by
practice. He was alert and fully orientated and had no
complaints. There was a skull defect 5 cm. 1in diameter
In the right posterior frontal region, 7 cm. above the
external audltory meatus and 8 cm. behind the root of the
nose (Fig. 5). There was no anosmia. This vision in
the left eye was normal, but the pupll of the right eye
was obllterated by scarring (this eye was eventually
enucleated). There was a slight emotlonal left facial
weakness, but no weakness of the limbs apart from a slight



Figure 6o

H.R.V. MATRICES HRT
40 _ __60 20
35 -
__— Lo
30 — /5
1 %o
25 _
20 _] .30 L_/0
/5 _
70 _|
5 -
0 g 0




30.

left hypotonia. There was no sensory deficit.

He was discharged from hospital in May, 1951, and
returned in March, 1952 for a repair of the skull defect.
An air encephalogram was then carried out which showed
good filling of the ventricular system, without a significant
shift, but there was a localised dilatation of the right
ventricle anteriorly. Traumatlic epllepsy had not developed.

Intelligence testing was carried out on 24th March, 1952,
fifteen months after injury (Fig. 6). His approach to
testing was good, although he obviously found it difficult.
His scores were: H.R.V. 32, Matrices 26, H.R.T. 3. The
Dominoes Test was not done. No pre-injury scores could be
obtained in his case. Before entering the Army he had been
employed as a heavy transport driver. He left school at 14;
according to his own statement, he was an average, but by no
means a poor, scholar.

Case 8 (M.R.C. No. 928).

This 34-year-old sergeant sustained a self-infllcted
wound in Germany on 5th March, 1948. The bullet entereé
the right frontal region 3 cm. behind the right eyebrow,
passed through and through, and made its exlt by the right
parietal region, superiorly.

On admission to a Military Hospital in Germany he was
comatose, with the right pupil larger than the left. There
was a left lower facial weakness, otherwlise the cranial
nerves were normal. The left extremities were flaccid,
and there was a general hyporeflexia with flexor plantar
responses. There was no sensory deficit.

At operation 8 hours after wounding the wounds were
Jolined across the parlietal bone, which was widely exposed.
In the area of the exit wound there was a tear in the dura
" the slze of a shilling, through which brain was pouring.

Two days later an equivocal left extensor plantar res-
ponse was elicited, and his course proceeded steadily down-
hill. However, from 13th March he began to improve, and
by 31st March he was stated to be rational.

He was admltted to the Military Hospital for Head
Injuries on 23rd April, 1948. He remembered everything
up to oing to bed the night before the injury (R.A. 13 hours);
his next memory was of waking up in hospital in Germany
(P.T.A. 2-3 weeks). There was no visual field defect, and
his taste and smell were normal. His speech was normal and
he gave a good account of himself, but was slow in expression;
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he was also slow in performing simple mental tasks. The
puplls were equal and reacted to light. There was a
slight lower facial weakness. He had a severe left
flaccid hemiplegla becomling spastic, most severe in the
arm, with cortical sensory loss on the left. There was
an extensor plantar response on the left, and sustained

- clonus. He was right-handed.

Skull films taken on 4th May, 1948, showed a wound of
entry in the right temporo-parietal region, and a wound of
exit in the right parletal bone. There were numerous
fracture lines on the right side, and numerous intracranial
bone chips in the region of the right Sylvian fossa.

There were no metallic foreign bodies (Fdg. 7). An A.E.G.
performed on 23rd July, 1948, showed both ventricles con-

taining‘air, the right more than the left. The right
ventricle appeared larger than the left, but the left
posterior horn only was shown. Both lateral ventricles

showed a slight shift to the right.

During his progress in hospital hils sveech was noted
to be explosive at times, but there was no dysphasia. He
developed attacks of traumatic epilepsy which began with
focal twitching in the left leg, followed by loss of con-
sciousness. His wife stated that he was definitely changed
mentally and was slower and more childish. He spent most
of his time reading novels. In March, 1949, he was trans-
ferred to Headington Hill Hall.

Intelligence testing was carried out on 10th April,
1952, four years after injury (Fig. 8). He showed a
gsevere loss in the ability to do problem-solving tests.
His scores were: H.R.V. 34, Matrices 15, H.R.T. 2, and
Dominoes 18. No pre-injury scores could be obtained in
his case. He left school at 14 and he was considered to
be a good scholar. He was a regular soldier. -

Mentally he appeared very simple, and it was with some
surprise that it was noticed that he continually kept a
supply of all the best current books on his bedside table,
books such as Churchill's Memoirs and novels by Graham
Greene. He was able to discuss the books he had read
recently and could relate their contents with surprising
accuracy. Yet in the occupational therapy department he
was wholly unable to work out for himself small problems
which occurred in the course of his work. He was unable
to do anything really constructive, and his activities
were confined mostly to repetitive tasks.

This preservation of his abillty to use and understand
verbal material, in spite of a severe and otherwise
deteriorative injury, 1s further illustrated by two of his
product ions reproduced in Appendix F. The first is a
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transcript of an article which he wrote for "Neurone News",
the departmental newspaper. There are undoubted defects

in this article, both in style and construction, but ik
shows the retention of considerable verbal facility. The
gsecond 1is an account which he wrote on request after reading
a book called "One of Our Submarines”.

‘case 12 (M.R.C. No. 960).

This 30-year-cld corporal was wounded in Korea by a
shell fragment on 3rd January, 1951. On admission to a
U.S. Fleld Hospital on 5th January he was noted to have a
penetrating scalp wound, about 1.5 cm. in diameter, Just
behind the coronal suture in the right anterlor parletal

reglon. He was very lethargic, could be aroused, but was
~not well orientated. There was a left hemiparesis which
was most marked in the hand. Skull films showed a depressed

and comminuted fracture of the right parietal bone, with
several foreign bodies and bone fragments within the frontal
lobe.

At operatim performed on the same day (Lt-Colonel
Meirowsky) a small perforation in the anterior and inferior
portion of the right parietal btone was revealed 1 cm.
medially to the insertion of the temporal muscle. There
was a dural laceration 2 cm. in diameter underlying this.
When the edges of the laceration were debrided and the dural
openlng enlarged massive amounts of blood clot and liquefied
gerebral tissue exuded from the shrapnel canal under tre-
mendous pressure. Mixed with the necrotic braln and sub-
cortical haematoma were seven comminuted fragments of bone;
all these were removed. The shrapnel canal extended to a
depth of 6.5 cm. A rather extensive subdural haematoma
overlying the mid-portion of the right cerebral hemisphere
was then evacuated.

Post-operative X-rays showed a surgical defect in the
right parietal reglon measuring 4 x 5 cm. There were some
tiny forelgn bodles remaining in the scalp and one in the
midline of the brain. No pieces of bone remained (Fig. 9).

His post-operative course was uneventful. His left-
sided weakness, which had been most marked 1in the upper limb,
belng complete in the hand, improved slowly for the first
few days after operation, and then within a 24-hour period
made a dramatic and almost complete recovery. When he
left the American hospital on 15th January the only neuro-
logical deficit was a minimal left lower facial weakness,
very slightly increased tone and impailrment of coordination
in the left upper limb, and hypoactive abdominal reflexes.
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He was admitted to the Vilitary Hospital for Head
Injuries on 25th February, 1951. He complained of 4iffil-
culty in forming words, especlally when emotionally dis-
turbed, and stated that he had difficulty with speech in
the first 3 days after wounding; but when given specific
dysphasia tests he only misnamed one out of 20 objects.

He was right-handed, but left-footed. The R.A. was estimated
as a few seconds, the P.T.A. as 5 days. There was no anosmlia
or visual field defect, but some bilateral papilloedema,

which was subslding. There was a detectable loss of power

in the left arm in practically all movements, but most

marked distally; the degree was slight. Tone was slightly
increased and the deep tendon reflexes were exaggerated 1n

the left arm. Fine movements in the left hand were
definitely clumsy.

Sensation was normal to pin-prick and cotton-wool, but
there was impairment distally in the left arm to figure-
writing and two-point discrimination. There was astereog-
nogis of the left hand.

A few months after discharge from hospltal he reported
gseizures, with turning of the head to the left followed by
loss of consciousness and difficulty in speaking for half-
an-hour.after recovery. He returned to his former occupa-
tion as a clerk and found himself less efflcient at his work
than he used to be.

He came back to hospiltal for reviéew sixteen months after
injury (19th May, 1952), when intelligence testing was
carried out (Fig. 10). He experienced real difficulty
with the problem-solving tests, and his scores weret H.R.V.
35, Matrices 35, H.R.T. 1l. The Dominoes Test was not done.
No pre-injury scores could be obtailned in his case. He left
school at 16, after a secondary education, and was a clerk
before jolning the Army as a regular soldier at the age of
19. He had returned to civilian employment as a clerk at
the end of the 1939-45 war and was wounded in Korea after
he had been recalled to the peserve.

He was regarded as above average in ability at school
and in the Army had gained a first-class certificate in
education.

Case 17 (M.R.C. No. 963).

This 29-year-old corporal was wounded in the left
fronto-temporal region by a mortar fragment on 14th March,
1944, in TItaly. On admission to a C.6.S. 1} hours after
wounding he was conscious and remained consclous during
his stay, but he was dazed and speechless for several hours.
There was weakness and numbness of the right hand.
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Figure 1‘0
The stippled area represents the
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On admission to No. 5 K.N.S.U. on 17th March his general
condition was good, but he complained of headache and
mentally he was slightly confused. His right arm was
paretic with sensory change.

Skull films showed bone fragments indriven to a depth
of 5 em. (Fig. 11). At operation on the same day (Major J.
Schorstein) the skull defect was enlarged and bone fragments
and brain debris were removed.

He was evacuated to England and admitted to an E.M.S.
hospital in May, 1944. R.A. and PiT.A. were not estimated.
An A.E.G. was carried out in June, 1944; this showed all
four ventricles well filled, but the left lateral ventricle
was sllghtly dilated and the lateral part of the body ex-
tended slightly upwards and laterally towards the defect
in the skull.

He was discharged home in July, 1944, and resumed his
civilian employment as a sanitary inspector.

He was admitted to the Military Hospital for Head
Injuries in July, 1952, for a review of his case. The
neurologlcal signs which were observed in the early stages
of his injury were no longer present. He was right-handed.
There was no clinical evidences of #Qysphasia, but he tended
to stutter when emotionally excited and had occaslonal
difficulty in word-finding. He complained of headaches
and a severe inabillty to concentrate. He had been study-
Ing for the Meat Inspectors' Certificate since his wound
and found this relatively simple examlnation impossible to
pass. He had no difficulty in doing his routine work, but
was slow at "thinking-out" his reports or letters, and his
colleagues in the office would have their secretarial work
finished long before he had started. An A.E.G. showed
both ventricles a little larger than normal, the left larger
- than the right, with a shift to the site of the wound. THere
was no history of fits.

Intelligence testing was carried out on 7th July, 1952,
8 years after wounding (Fig. 12). He found considerable
difficulty with the problem-solving tests, and his scores
were as follows: H.R.V. 39, Matrices 35, H.R.T. 10, and
Dominoes 23.

He left school at the age of 16 with a School Certifi-
cate with passes in 6 subjects. He qualified in 1938 as
a sanitary inspector without difficulty. No pre-injury
scores could be obtained in his case.
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Case 31 (M.R.C. No. 100).

This 32-year-old sergeant was wounded in France on 13th
July, 1944. On admission to No. 6 M.N.S.U. 6n the same
day there was a penetrating wound in the right parietal
region about 2.5 cm. across. There was no loss of consclous-
ness at the time of injury, but he had become progressively
drowsy since. There was no dysphasia. He had a left
facial paralysis, a complete paresis of the left arm, and
a paresis of the left leg. The paresis was most marked
in the face and arm. There was gross cortical sensory loss
In the arm and leg.

At operation (Captain Turner), when the dura was exposed,
a large vein was seen to pass downwards and forwards across
the field, and this was considered to be the posterior
central or central Rolandlc. In front of the vein a track
passed downwards in three parts; the posterior was 5 cm.
deep, while the others were infero-anterior and less deep.
Metallic foreign bodles and bone chips were removed.

He was admitted to the Military Hospiltal for Head
Injuries on 15th July. He was conscious, but had severe
headache (no R.A., no P.T.A.). He gave his name, number,
and home address correctly, his civilian occupation, and
the year he Joined the Army. He was right-handed. There
was a general left-sided hemlanaesthesia involving the face.
There was gross left facial weakness, complete paralysis
of the left arm, with slight spasticity, and complete
flaccild paralysis of the left leg. No visual field defect.

-Skull films showed an operative defect in the lower
part of the right parietal bone measuring approximately
5.5 x 3 cm. There was no evidence of indriven bone, but
5 M.F.B.s remained, the deepest at approximately 4.5 cnm.
(Fig. 13).

He was admitted to Headington Hill Hall for review in
September, 1952. The lefteided weakness had much improved
and was now most marked in the arm. There was compléete
left hemlanaesthesia, involving the face, trunk, arm and
leg, and gross astereognosis of the left hand. In the early
months after injury he had attacks of traumatic epilepsy
beginning with difficulty in speech, tonic adversive turning
of the head and eyes to the left, and loss of consclousness;
there had been no attacks since 1946. :

Intelligence testing was carried out on 12th September,
1952, 8 years after injury (Fig. 14). His approach to
testing was good, but he did not find it easy - "I can't
make head or tail of the difficult ones". His scores were:
H.R.V. 35, Matrices 33, H.R.T. 10, and Dominoes 22.
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: No pre-injury scores could te obtained in hils case.
He complained that if he had something to do 1t took him
a long time to sort 1t out; he was not like thils before.
His wife had noticed that since his wound he was much
slower mentally, and she now had to accept responsibllities
which normally he would have taken in his stride. He left
school at 14, an average scholar, and took a technical
training in brick-laying; this involved studylng elementary
mathematics and science. He attended a technical college
from 16 to 19 and took the East Midlands certificate in
his trade.

Case 56 (M.R.C. No. 1004).

This 19-year-old private was wounded by mortar fire
In Korea on 10th April, 1953. On admission to a U.S.
Field Hospital on the same day he was comatose, with a
fungating wound behind the right ear measuring 4 x 1.5 cm.
and running coronally. The right pupil was widely dilated
and fixed;the left pupil was 5 mm. in diameter and filxed.
He was at first flaccid and non-responsive and subsequently
became decerebrate. Tendon reflexes were hyperactive
throughout, with absent superficial reflexes and bilateral
extensor plantar responses. He responded to pain through-
out with decerebrate activity.

Skull films showed a depressed comminuted fracture of
the right posterior temporo-parietal region, with a bone
fragment at midline directly 1n from the wound of entrance.
A large M.F.B. and a smaller one in the midline lay just
beneath the frontal skull at the beegma.

The patient was considered to be non-operable on
admisslion, but asg he continued to live he was operated on
the next day.

Craniectomy (Major A.F.Kingman): Bifrontal bturr-holes
were made just behind the halr-line, and a subdural haema-
toma approximately 50 c.c. in volume was found on the right.
The subdural space was clear on the left. The wound behind
the rlght ear was debrided and a scalp flap turned. The
underlying fracture -was found to measure 3 x 1.5 cm., with
linear fractures extending from it in all directions. The
dural tear measured 3 x 1 cm., and when the missile track
was. entered a large amount of necrotic brain, liquid blood
and clot was extruded. There were two tracks: one the
missile track which was directed through the hemisphere
towards the frontal lobe and was transventricular; and the
other, the track of the indriven bone, perpendicular to
the first, which was also transventricular. From this

track a large single bone fragment was removed from just
beneath the falx in the midline.
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Postoperatively the pupils began to react slightly,
but the general picture was unchanged.

On 19th April the right pupil was still larger than
the left, but both reacted well to light. Skull films
showed a 2 x 5 cm. surgical defect 1in the right mid-parietal
region. A large, thin, ragged plece of metal measuring
3 cm. in length lay in the midline of the frontal region,
just beneath thelnner table of the skull. There was a
smaller fragment in the left frontal area 2 cm. from the
midline and 2 cm. from the skull wall. There were no
retained bone fragments (Fiz. 15).

By 28th April he was beginning to move his right arm,
but was still sewmi-consclous. By 5th May his conscious-
ness had improved remarkably and he began to talk. He
began to walk with help. By 7th May he was much clearer
mentally and had a bilateral 3rd nerve palsy, but both
puplls were equal and reacted to light.

He was admitted to the Military Hospital for Head
Injuries on 10th June, 1953. He was left-handed. He
felt well, but had marked double vision. His speech was
slow and monotonous, but there was no dysphasia. He was
fully orientated, and his memory for past events was fair.
He remembered the whistle of the shell before he was hit,
nothing more until 3 or 4 weeks later (R.A. a few seconds;
P.T.A. 4 weeks). There was a bilateral hyposmia, and
the visual fiedds showed a lower left guandrantanopla.

Eyes were wldely divergent, with conjugate deviation to the
left, but with great limitation of other movements. There
was bllateral facial weakness which was gross on the left.
All four limbs were weak, with increased tone, the left

more than the right, and the upper limbs more than the
lower. A grasp reflex was present in the left hand.

There was diminished two-point sensibility and astereognosis
in the left hand, but no sensory change to pin-prick and
cotton-wool. There was no spatial disorlentation.

While in hospital he had an attack in which he suddenly
fell to the ground with loss of consciousness and general
convulsions.

Intelligence testing was carried out on 6th July, 1953,
three months after injury. His approach to testing was
good, and his scores were: H.R.V. 26, Matrices 21, H.R.T. 6,
and Dominoes 19 (Fig. 16). His score on the Dominoes Test
(19) was well below that which he had produced on Army
entry 2 years previously (29).

His present score on the Matrices placed him In S.G. V
and on the Dominoes in S.G. IV. His score on the Dominoes

on Army entry in July, 1951, placed him in S.G. III<4. His
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scores on the battery of tests (Dominoes, proverbs, arith-
metic, verbal, etc.) then administered also gave him an
overall S.G. of III 4. He was regarded as average in
education and intelligence. He left school at 15 and
before jolning the Army was a labourer in a saw-mill.

In view of the fact that mental testing was carried
out only 3 months after injury, it was repeated on 23th
October, 1953. He appeared rather more alert than on the
first occasion and now indulged in spontaneous talk. His
scores on the tests, however, showed no appreciable change:
H.R.V. 27, Matrices 19, H.R.T. 9, Dominoes 20.

When the nature of the injury 1s considered 1t can be
seen that, anatomically, these 7 cases fall into 2 groups:

(a) consists of 3 cases (1, 8 and 56) in which the
missile has produced an extensive destruction by passing
completely, or almost completely, through and through,
between the frontal and parietal areas.

(b) consists of 4 cases (5, 12, 17 and 31) in which
the missile has penetrated deeply, either laterally lnwards
or vertically downwards, in 3 cases Into the posterior
frontal region (5, 12 and 17), and in one case (31) into
the anterlor parietal reglon.

Certain relevant features of these 7 cases are

summarised 1n Table I.
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TABLE 1I. CERTAIN ANATOMICAL AND NEUROLOGICAL FEATURES IN
7 CASES SHOWING AN UNEQUIVOCAL DEFICIT TO
PROBLEM-SOLVING TESTS.

{ - Site & Hand- Trau-

. Case Direction Depth P.T.A. ed- matic . Neurologilcal

" No. of Wound (cm.) R.A. (days) ness Epilgsy Signs

Group (a). | | |

1 L.p?gmals T & T Few 21 R. 4 L. hemiplegia
R. frontal mins. : - including face
8  R.fromal T & T 1B 21 R. 4 L. hemiplegia;
to : f ‘ ; . L. cortfcal
R.parietal } - sensory loss
56 | R. pariet- T & T ' Few . : E ' Bilat. 3 N.pal-
- {al toR. : (in- seea 28 - L. = <4 8y; lower L.
& L. . com- ; ; . quadrantanopia.
frontal : plete) 1 . Bilat. facial
! { : : : weakness, L.
j | i ~slde gross.
§ : | 1 wkness, incr.
: ; é : tone all 4
; ; ] : limbs LYR,
P : % : ~upper ¥ lower.
§ ; i ‘ Cortical sen-
: . sory loss &
; g 2 3 . astereognosis
| S ! 'L hand. Early
2 ‘ ' ] :  grasp refl. L
§ : , ; - hand

= ; _ : :

broug (b). : : g : :

! S5|R.post.. 4 . O O  Lpre-! O L. facial wkress
frontal | ; : (dom* ¢ ' L-sided hypo-
(vertic- i % 1 ‘R.for . tonia (slight)

: ally down- | f ? ‘writing

: wards | ‘ ‘by mrec

! : : ; ‘tice

12 | R. post.! 6.5 Few 5 i R. +  Early express-
frontal ! secs (L- : - 1ve dysphasia
(later- - ; {foob- w. occ. difficy:

ally 5 ' L ed) persisting.L-
hwards | - s8lded wkness
' | “arm 4+, hand ++
: ~cort. sensory
§ "lces L.am; as-
‘ - tereognosis L.

| | : hand
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TABLE I Group (b) (cont.).

t 1 ; E
! Site & ' Hand- Trau-
' case Direction|Depth! P.T.A. ed- matic Neurologiical
| No. of Wound (em.) R.A. (days) ness Epilemy Signs
17 L.poster- : | : - Early express-
- lor Fromt~ 5 : - - | R. o ive dysphasia
cal (later-: f | ? w. occasional
‘ally in- i j . difficulty in
wards) § § i word-finding
; , : : § ' persisting. |
i | Weakness R. arm
: i and hand ‘
31 iR.anter- . ; . : Complete I..heml-
lor par- : E : anaesthesia. j
ietal -5 10 0 R + Astereognosis L.
(later- § : ‘ ~ hand. L-sided
all in- i ; . Weakness, arm ¥
! . wards) ; ; : ;

H i i 3 i |

.ll

Certaln points must now be commented upon. The wounds
in Group (a) are very severe; indeed, they form the most
exensively destructive in the series. They must have
caused a wide disruptlion of the fibres passing between the
frontal and parietal areas.

The wounds in Group (b) are more localised but have,

nevertheless, passed deeply into the hemisphere. In two
cases (12 and 17) they have passed laterally 1nto the
posterlor part of the pre-frontal area in the region of the
middle frontal gyrus near the motor cortex, 1n each case
causing an early (largely expressive) dysphasia, now per-

sisting only as an occasional difficulty, and minimal motor
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weakness, most marked in the arm and hand. In Case 5 the
wound has passed vertically downwards into the posterior
pre-frontal region causing a minimal hemiparesis; and 1n
Case 31 it has passed into the anterlior parietal region,
causing severe cortical sensory loss and motor weakness,
again marked in the arm.

These wounds must in every case have entered deeply
into areas where the white fibres of the long assocdation
tracts (especially those of the superior longitudinal
fasciculus) are concentrated in their passage between the
frontal and occipital poles, at least if the dilagrams in
anatomical text-books may be taken as a guide (Ranson, 1939;
Mitchell, 1953).

As has been pointed out (Meyer et al.,‘1947), com-
paratively little attention has been pald 1in recent years
to the anatomical and pathological aspects of the long |
association tracts, and they quote Bechterew (1899) as
saying that after destruction of the frontal cortex of
experimental animals degeneration can readily be demonstrated
in the superior longitudinal fasclculus. Mettler (1935%

describes the superilor lonéitudinal fasciculus as
poorly organlsed 1n the macaque but belleves its origin
lles in the middle and inferlor frontal gyri; some of its
fibres degeﬁerated following pre-frontal lesiong in this
animal.

Part of the difficulty in interpreting these results
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lies in the fact that when degeneration is found In these
tracts it 1s seldom traceable along their entire length,
and this has thrown doubt on whether the long associatlon
tracts contain long assocliation fibres at all. It seems
reasonably certain, however, from work using the method of
physiological neuronography in monkeys and apes (Balley et
al., 1943, 1944), that connections exist between Area 8
(Brodmann) of the pre-frontal cortex and Area 18 of the
occlipital lobe, and impulses travel presumably along the
superior longitudinal fasciculus (Meyer et al., 1947).

The position with regard to the long association tracts
in man 18 even less well-defined. In most anatomical text-
books a fronto-occipital fasciculus 1s described in relation
to the superior longitudinal fasciculus but lying on a
deeper plane; but the ultimate connections of these tracts
and the arrangement of the fibres within them 1is still
protiemat ical. In their human leucotomy material (in a
cut normally entering the white matter through cortical
areas 45 and 46) Meyer and his collaborators (1947) could
find no evidence of degeneration in the superlior longitudinal
fasciculus and only suggestive degeneration of some fronto-
occipital long association fibres.

In the absence of anatomical and physlological en-
lightenment, and with the lack, as yet, of objective
pathological evidence of the exact destruction caused by

these wounds, further speculation must be valueless.
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Nevertheless, it seems clear that the serious interference
with the fibres of these tracts which must have resulted
from these 7 wounds is an important factor in reducing the
capacity of the subject to perform problem-solving tests.
The unilateral nature of the wound in some of the

cases should be observed, and while no relation with cerebral
dominance can be seen the preservation of the functional
autonomy of speech (shown strikingly in Cases 1 and 8), in
spite of the diminished capacity to solve problems, should

be noted.

Group II - Cases without Demonstrable Deficit:

There are 38 cases in thils group (Nos. %, 4, 6, 7, 10,
13, 15, 18, 19, 23, 28, 34, 35, 37, 39, 40, 41, 42, 44, 45,
46, 47, 50, 52, 53, 54, 55, 58, 59, 60, 61, 63, 65, 66, 67,
68, 69 and 70).

When there was reasonable evidence, based on the test
performance, that the subject was functioning within his
normal intéllectual range, then he was placed 1n the group
showing "no deficit". Where the results of the intellig-
ence testing before injury were available, and the actual
scores had been obtained (and this Invariably meant on the
Dominoes Test), then the following criteria were used.
Cases 1n which the Dominoes score had remained the same,
had increased, or had fallen by not more than 3 points,

were placed in the "no deficit" group. Cases in which the
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Dominoes score had fallen by 4 cr more points were placed
in the "doubtful" group.

In 20 of the 38 cases pre-injury test results or
selectlon grades were available. The results of testing
before and after injury in these 20 cases are given in
Table II.

TABLE II. RESULTS OF MENTAL TESTING BEFORE & AFTER INJURY

IN 19CASES IN WHICHAINTELLECTUAL DEFICIT COULD
BE DEMONSTRATED. NO

Matrices Dominoes

 Case Before After Before After  Plus (4) Minus (-)

No. ;. Injury Injury Injury Injury Diffnce. Diffnce.

T3 %s.e. I S.G. II
1o 5.G.III S5.G.III+
13 19 29 10
18 | 23 32 9
ER 24 24
- 28 5 S.G.III" S.G. IV S.G.III-
35 | Y, 37 3
a 38 38
42 f $.G. IV S.G.III+ 5.G.III-
44 i TS.6.1I_ 5.G. II
45 - 36 2
47 2 EE 31 1
50 26 35 E
53 14 21 7
55 | 24 29 5 i
60 | i 3 29 - 28 | 1
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TARLE II (cont.).

_ Matrices Dominoes ‘
Case |Before After Before After Plus () | Minus (-)
, In jury Injury Injury Injury | Diffnce. | Diffnce.
6% 23 28 5
67 11 15 4
69 | 22 24 2
70 14 16 2

The relevant anatomical and neurological detalls of
these 38 cases will be presented mainly in a series of
tables, but a few representative case histories will be
given in greater detall.

Many of the Korean cases are being deécribed within
2 years of injury, and the final position with regard to
the development of traumatic epilepsy cannot yet be assessed
(Russell & Whitty, 1952). Electroencephalographic find-
1ngs are now reported briefly where avallable, but their
significance 8hould not be overestimated.

The 38 cases can be classified into 3 groups, accord-
ing to the nature of the injury:

(a) Wounds penetrating the brain to a depth of less

than 1 cm. (15 cases).

(b) Wounds penetrating the brain to a depth of more

than 1 cm. and involving more than one cerebral
grea (3 cases).

(c) Wounds penetrating the brain to a depth of more
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than 1 cm. but more or less restricted, unilaterally
or bilaterally, to homologous cerebral areas (20

cases).

(a) Wounds penetrating the brain to a depth of less than lcm.

A'study of the detalls of the 15 cases in thils group
(Table III) will show that the majority of the wounds were
of the superficial cortical type; usually due to a depressed
fracture, caused by, but mostly without actual penetration
of, a missile, and occasionélly resulting in the depression
of a few bone fragments into the brain. In some cases the
dura had not been penetrated, but was incised at operation
where an underlying area of brain softening or contusion

was found.

In each case the position of the skull defect has been
plotted on a normal skull outline by the method described
by Russell (1947) and the centre of the skull defect is

indicated by the case number (Fig. 17).



Pigure 17.
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(b) Wounds_ penetrating the brain to a depth of more than

1l cm. and involving more than one cerebral area.

A study of the % cases in this group (Table IV) will
show that the wound in each case has beenvéaused by a small
metal fragment passing through one cerebral area to its
resting-place in another. The missile tracks, with the
final position of the metallic fragments, have been

represented diagrammatically on a normal skull outline

(Fig; 18).
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Figure 18.
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(c) Wounds penetrating the brain to a depth of more than

lvcﬁ; bﬁt méfe or less reétficted, unilaterally or

bilétefal;x, to_homologous cerebral areas.

There are 20 cases in this group. ‘Many of the wounds
were severe and In 16 cases were restricted to the frontal
lobes. The distribution of the 20 cases among dilfferent

cerebral sites is given in Table V.

TABLE V. DISTRIBUTION OF 20 CASES RESTRICTED TO HOMOLDGOUS
CEREBRAI, AREAS.

Cerebral Area Unilateral | Bllateral
: R. I
" Frontal 1 s 4 7
Parietal 1 |2 -
Temporal 1 - 11 -

The detalls of these cases and the references to the
flgures illustratling them are glven in Table VI. Four
of the cases indicated only'by thelr case numbers in

Table VI are later described in greater detalil.
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Figure 26.
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Figure 25.
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Figure 20 .
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The following 4 records are given in detail to illus-
trate cases of severe wounding in which no intellectual

deficit could be demonstrated.

case 3 (M.R.C. No. 188).

Thls 24-year-o0ld corporal was wounded on 4th August,
1944. The metallic forelgn body entered the left frontal
parasagittal region about 1.5 to 2 cm. to the left of the
midline and 5 cm. above the supraorbital margin, crossed
the midline and lodged in the floor of the right orbit,
severely damaging the right eye, which eventually required
enucleat ion. .

At operation on 6th August, (Lt. A.N.Guthkelch) the
bone defect in the left frontal region was enlarged to
3 x 4 em. and the dural tear was enlarged to the limits of
the defect. The cavity in the left frontal lobe was sucked

out and the falx was seen to be torn. A cavity in the
right frontal lobe was also sucked out. Five bone chips
were removed. An X-ray examination on 9th August showed

an operative defect in the upper part of the left frontal
bone 3.5 cm. in diameter, extending almost to the midline.
From this defect 3 bone fragments were indriven into the
midline, the lower to lie just above the genu of the corpus
callosum (Fig. 34).

An air encephalogram carried out on 28th September
showed the upper and central part of the frontal lobe to
be occupled by a series of large porencephalic cysts on
the right side, extending to the tip of the frontal pole.
The right lateral ventricle was filled and its outline was
within normal limits. In none of the plctures did there
appear to be any filling of the left frontal horn.

A further X-ray on 2nd November showed that the multiple
porencephalic cysts on the right had coalesced to form a
large aerocele which communciated with the ventricular
system.

An A.E.3. on 7th December showed air to be present in
the right lateral ventricle only. This communicated

anteriorly with a large cerebral cyst which lay above and
anterior to the frontal horn. The body of the ventricle

was normal in positilon, with no evidence of shift.

When admitted to the Military Hospital for Head
Injuries on 7th August he could give no history of his
wound and could not remember golng to France. He knew
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he was in hospital in Oxford, his name, age, and the year,
but said the month was November. He was drowsy and
slightly irritable. The right eye was exophthalmic, wilth
periosteal haematomas power was equal and good in the arms,
and he was able to move both legs. -

The next day he was restless and kept pulling the
dressing off his head. By 10th August he was less drowsy,
but now thought he was In France. He knew the month and
the year and said he felt better. By the 14th he lay
still in bed with his eyes closed, and was very drowsy and
apathetic. When roused he cooperated falirly well for a
minute or 8o and then relapsed.

By 5th September he was still drowsy, but cooperative
on examination. His memory for events before the injury
had come back to a point shortly before he was hit, and the
P.T.A. was about a week in duratilon. He answered questions
guickly and intelligently, but did not volunteer informa-
tion. He gave the impression of being a tired, bored man.

On 1lth September he was reported to have been drowsiler
during the preceding 3 days and lay in bed sleeping. He
anawered& reasonably when questioned, but slowly and after
hesltation. Two days before he had sat for an hour with
a thermometer in his mouth, owing to an oversight on the
part of the nursing staff, and made no objection.

By 5th October he was still wetting his bed at times.
He answered quickly and intelligently to questioning and co-
operated fully on examination, but with an air of bored un-
concern during the procedure. He had some weakness of
hand grip and wrist movements on the left but there were
no other abnormal signs.

By 28th October he was getting up again, and there was
no further incontinence of urine. He developed C.S.F.
rhinorrhoea, and on 7th November had an operation performed
for dural repair (Major Calvert), at which fascial grafting
of a large hole in the dura over the posterior wall of the
right frontal sinus, and a second large hole over the left
frontal sinus, was carried out. A scar in the left frontal
lobe containing 2 bone chips and possibly a third was
excised from the point of entry through the cortex down
through the remnants of the falx to the cystic area in the
right frontal lobe.

The following extracts from Major Calvert's operatlon
notes are given in detall so that an accurate picture may
be obtained of the amount of frontal lobe tissue destroyed
in this case:
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"A transverse incision was madein the dura over the
right frontal lobe. The frontal pole was found herniat-
ing down through a hole in the dura, and the cranial wall
of the right frontal sinus and anterior ethmoids. The
brain was here cut through at the base of the protrusion,
leaving the herniated portion in situ. The right frontal
lobe was occupied by a large cyst, communicating with the
right ventricle. This was opened, with the escape of a
large guantity of C.S.F. It was found that the cyst ex-
tended to the midline and was adherent to the left frontal
lobe through a large defect in the falx. The hole in the
dura on the right side measured 1.5 x 1.25 cm.

"A similar transverse incision was now made over the
left frontal pole. There was a hole in the dura overa
hole of similar size in the posterior wall of the left
frontal sinus through which brain was herniating.  The
protruding brain was cut off at its base, leaving the
herniated portion in situ. The left frontal scar was
dissected out from the cortex level down to thewll of the
cyst in the right frontal lobe and to, but not into, the
anterior horn of the left ventricle posteriorly."

His progress during the next 3 weeks was stormy, with
fluctuating temperature and increased clumsiness of the
left hand. He had periods of drowsiness, when he became
irrational and disorlentated, and incontinence reappeared.

On 3rd January, 1945, he had an epileptic attack, and
by then his general condition was improving. During the
morning he lay in bed, sleeping or doing nothing, but got
up in the afternoons. His wife stated that he tired
quickly in conversatlon, and after a short time would nlake
nonsensical remarks; she regarded his mental state as
greatly improved as compared with 2 weeks previously. He
was lnvalided home in February, 1945.

He was examined by the author at Headington Hill Hall
when he returned for review of his case in January, 1952.

In spite of the severe destruction of frontal lobe
tissue there is very little in the way of intellectual
impairment, if any at all (Fig. 35). When tested in the
early stages of his injury on 6th Septembeﬁ, 1944, by the
late W.R.Reynell, he was reported to be a "man of sgperior
intelligence, showing little evidence of impairment”. The
Matrices were not done at this time. On 9th January, 1945,
when recovering from his gsevere set-back, he produced a
point score of 31 on the Matrices. This score is an
indication of his poor intellectual functioning at this
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stage in hils recovery. When tested by the author on 19th
February, 1952, 73 years after injury, he was able to pro-
duce a score of 51 on the Matrices and 17 on the H.R.T.
These scores were within the expected range for the vocabu-
lary level reached (38). The only information about his
pre-traumatic mental testing which could be obtained from
his Army documents wase that he was graded as S.G. I. The
actual score on the Matrices was not given, but this in-
formation would indilcate that it was in the region of 55¢,
which 1s rather higher than his latest score. As has been
polnted out, the overall selection grade would have been
assessed on other tests as well as the Matrices, of which

a vocabulary test would have been one. It is a reasonable
conclusion ,' therefore, that he is functioning at much the
same level as before injury.

He was educated at a grammar school, which he left at
16. He took the general school certificate at 15, with
passes in 8 subjects, reaching matriculation standard in
all subjects except French. Before entering the Army he
was employed as a clerk with the G.P.O.

case 13 (M.R.C. No. 950).

This 19-year-old private was wounded by a mortar frag-
ment in Korea on 17th November, 1951. On admission to an
American Neurosurgical Detachment 20 hours after injury he
was semi-conscious, opened his eyes on stimulation, but
made no response to commands. There was a scalp laceration
measuring 5 x 2 cm. in the left parietal region, with clotted
blood, bone fragments and cerebral tissue presenting. The
wound was grossly contaminated with leaves, dirt, and debris.
A skull film showed deeply indriven bone fragments.

At operation the same day (Lt-Colonel Meirowsky) the
huge fungating mass was resected to skin level. Inspection
revealed a large bi-parietal bone defect, with the medial
border of the large dural defect immedlately adjacent to
the sagittal sinus, which was not torn but may have been
thrombosed. A large amount of liguefied brain tissue, clots
and innumerable bone fragments were evacuated, and the left
slde of the falx was exposed widely. The left anterior
cerebral artery had to be clipped. All softened tissue
wag resected to a depth of approximately 7 em., where bone
fragments were encountered. The removal of one fragment
resulted in the escape of ventricular fluld from a tear in
the third ventricle, which may have been obstructed by a
comminuted plece of bone. There was one large vessel Just
posterior to this tear which had to be clipped. The surface
diameter of the wound after resection of all the devitaliged
tissue measured 4 cm. to the left of the falx, and the
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- antero-posterior diameter was also approximately 4 cm. The
depth of the wound was approximately 7 cm. and at that level
1ts dlameter was not larger than 2 cm.

Postoperatively the patient did well. There was a
right faclal paresis, complete right hemiplegia, and com-
plete motor aphasia, but he followed simple commands. The
left arm was spastic and paretic. Skull films taken on

4th December, 1951, showed a left anterior parietal craniectomy

site measuring approximately 6 cm. in length, with numerous
dural clips about the defect. No intracranial bone frag-
ments were noted (Fig. 36).

He was admitted to the Military Hospltal for Head
Injuries on 3rd January, 1952. He was completely orientated
and the R.A. was estimated as a few minutes, the P.T.A. as
10 days. He was no longer dysphasic. He had a right
spastic hemlplegia with corticsl sensory loss in the right
limbs. :

An A.E.G. showed some dilatation of both lateral ven-
tricles, particularly of the anterior horns and main part
of the body. The -left was more dllated than the right.

An E.E.G. showed a dysrhythmia confined to the left
parasagittal area, with no evidence of deeper damage.

Mental testing was carried out on 12th June, 1952,
seven months after injury (Fig. 37). On the Matrices he
produced a score of 39, a score of 12 on the H.R.T., and 29
on the Domlnoes. All these scores were consistent with the
vocabulary level reached (18). When tested on Army entry
on 20th November, 1950, his score on the Dominoes was 19,
giving him an S.G. of IV on this test, as compared with a
present grading of III+. His overall S.G. on the battery
of tests used on Army entry was IV. He was then regarded
as a youth with "below average intelligence and ability".

He left school at 14, was an average scholar, and had

held a series of simple labouring jobs until he entered the
‘Service.

Case 35 (M.R.C. No. 973).

This 19-year-old private was wounded in Korea on 19th
November, 1951, sustaining a penetrating wound of the left

frontal region (Fig. 38). He was admitted to an American
neurosurgical unit within 3l hours of being found wounded.
He was then stuporous, but falrly rational. There was: a

4 cm. stellate laceration in the left frontal regilon anterior
to the hair-line, and through this defect cerebral herniation
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was present.

At frontal cranlectomy (Lt-Colonel Meirowsky) the
scalp laceration was debrided and the craniectomy extended
into the left frontal sinus. Many embedded bone fragments
and ligquefied cerebral tissue were removed. The post-
operative course was uneventful, but X-ray revealed 4
retained intracranial bone fragments at a depth of approxi-
mately 7 cm., as measured from the anterior left frontal
bone. A second left frontal craniectomy was performed on
25th November, and the retained bone fragments were removed.
His course after this was also uneventful.

On admission to the Tokyo Army Hospital on 8th December,
1951, he was alert, rational and well orientated. Cranial
nerves were intact, fundi normal, and there was no facial
weakness. There was good strength ln the upper and lower
limbs, and sensation wae intact. Deep tendon reflexes
were equal and active.

On admission to the Military Hospltal for Head Injutiles
In January, 1952, he had no complaints and was fully
orientated. Retregrade amnesla was a few seconds; post-
traumatic amnesia 3 days. There was no neurological
deficit on examination, and an air encephalogram was normal.

Mental testing was carried out on 30th September, 1952,
almost a year after injury (Fig. 39). On the Katrices he
produced a tasic score of 43. His performance, however,
was rather 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 Dominoes
8 score of 37. These scores are consistent with corrected
score on the Matrices and with the vocabulary level reached
(27). The vocabulary level is perhapa a little lower than
might have been expected from his performance on the prob-
lem-solving tests, but is not inconsistent with his cultural
background. When tested on Army entry on 22nd July, 1950,
his score on the Dominoes was?®4{, giving him an S5.G. II on
this test, which is the same as hls present S.G. His over-
all S.G. on the battery of tests used on Army entry was III+
He was regarded as of falr educatlion and good average
intelligence.

He left school at 14, was an average scholar, and had
been a house decorator since then, having completed an
apprenticeship.
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Case 55 (M.R.C. No. 1003).

This 19-year-old private was wounded in Korea on 5th
March, 1953. On admission to an Amerilcan neurosurgical
unit a few hours after wounding he was drowsy, but orientated.
Skull films showed a complete small-arms bullet just to the
right of the midline in the posterior frontal region, with
many indriven fragments leading down to it. He had no neuro-
logical slgns apart from suggestive seventh and eighth
cranial nerve weakness.

At operation (Major A.F.Kingman) on the same day a 1.5 cm.

depressed fracture was revealed just at the coronal suture,
and clean dura was exposed right round the penetration. There
was a minimal subdural haematoma. The missile track was
debrided of all necrotic brain and palpable bone fragments.

" The anterlor horn of the right lateral ventricl had been
transected, and as the missile could not be found it was
presumed that it had fallen back into the ventricle. When
the patient was turned on his face the missile then gravitated
downward and could be felt. It was very difficult to extract
1t because of its large size and the depth at which it was
situated, but it was finally teased out with the forefinger,
considerable brain damage being done in the process.

After operation the patient had a left hemlplegia. He
gradually became more alert dnt slept most of the time.

On admission to the Tokyo Army Hospital on 10th March
he was conscious, but lethargic and somewhat confused, with
a right central facial paresis 1in addition to the left hemi-
plegla. Skull films showed a 3 cm. surgical defect in the
frontal region just to the right of the mldline near the
coronal suture without depressed bone fragments or foreign
bodies (Fig. 40).

On admission to the Military Hospltal for Head Injuries
‘on llth May, 1953, he had a spastic left hemiparesis, but
had been walking for 6 weeks. There was a left extensor
plantar response, but no sensory disturbance. The R.A. was
nil, and the P.T.A. was estimated as approximately a week.
No focal or paroxysmal activity was revealed by an E.E.G.

Mental testing was carried out on 29th May, 1953, three
months after injury (Fig. 41). On the Matrices he produced
a score of 26, a score of 5 on the H.R.T., and 29 on the
Dominoces. All these scores were consistent with the
vocabulary level reach&d(16). When tested on Army entry
on 11th July, 1951, his score on the Dominoes was 24, giving
him an S.G. of III- on this test, as compared with a present
grading of III4= His overall S.G. on the battery of tests
used on Army entry was V. He was regarded as a man of
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"little intelligence, with very poor education and very
little general ability."

He left school at 15, and was a poor scholar. He was
employed as a general labourer before entering the Army.

Certain points must now be summarised concerning the
nature of the injuries in the 38 cases described above.

Where the injury was represented by apparently little
more than an area of superficial cortical damage, as in the
15 cases in Group II (a), then no intellectual deficit could
be demonstrated. In this group, point scores on the
Dominoes Test obtained before injury were available in 10
cases for comparison with the scores obtained after injury.
In only 2 of these 10 was the score lower than that obtained
before injury, and 1in each case the difference was only 1
point. In the other 8 cases the score had remained the
same in 2 and had increased in 6 by amounts varying from 2
to 9 points. It can be seen, therefore, that as far as
re-testing on the Dominoes Test 1is éonoerned, in these cases
the effect is exactly the same as that obtained in the
normal controls - namely, that the scores tend to rise.

The passage of a small metallic fragment between one
cerebral area and another in 3 cases (Group II (b)) seemed
to have little effect on general intellectual functioning.

In the remaining 20 cases (Group II (c)) the wounds
extended deeply into homologous cerebral areas, and in 16
cases this meant the frontal lobes.

A study of these frontal lobe cases readlly Bhows that
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they were for the most part severe injuries 1involving one
or other frontal lobe or causing extensive bilateral des-
truct ion. In the main the injury was confined to the
anterior parts of the lobes, but it should be noted that

in certain cases it extended sufficiently far back to cause
motor signs. In none of these cases could intellectual
deterioration be dembnstrated. In view of the fact that

In the previous section of the results it has been shown
that wounds passing deeply into the posterior part of the
frontal lobe on either side (Group Ib) caused an unequi-
vocal intellectual deficit, it might be asked why the wounds
in the present section which pass far enough back to cause
motor slgns should not also produce some deficit. It is
imposeible to give a definitive answer to this qguestion, but
1t may partly lie in the direction of the wound.

In the posterior frontal wounds of the previous section
(Group Ib) the miseile or bone fragments had passed very
deeply inwards and downwards from the mid-lateral surface,
or very deeply into the centre of the»frontal lobe from
above, presumably into areas where the long associlation
tracts (superior longitudinal gasciculus) are concentrated.
In the present cases, where the wounds have passed posteriorly
the missiles have entered the frontal lobes 1n an antero-
posterior direction, usually through the supra-orbital region,
or obliguely from the supero-lateral or supero-medial

aspects.




67.

Group III - Doubtful Cases.

There are 15 cases in whilch intellectual functioning
‘appeared to be doubtfully impaired (Nos. 2, 9, 11, 14, 16,
22, 29, 30, 36, 43, 48, 51, 57, and 64).

In 5 of these cases pre-traumatic scores were avail-
able on the Dominoes Test and the fall in score since
injury had been 4 points or more. (Group IIIa)

In the other 10 cases no pre-traumatic scores were
avallable and elther the scores on the problem-solving
tests were low compared with the vocabulary levels or

there were inconsistencies in the levels reached on differ-

ent problem-solving tests. (Group IIIDb)

(a) cases showing a fall of 4 or more points on the Dominoes

Test since injury.

The details of mental testing with relevant comments
on the 5 cases in thls group are given in Table VII, while
the anatomical and neurological details are given in

Table VIII.
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Figure 43.




Figure 42.
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Figure 46.
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