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Neuropsychological evaluation of mild head injury
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SUMMARY Neuropsychological deficits following mild head injury have been reported recently in
the literature. The purpose of this study was to investigate this issue with a strict methodological
approach. The neuropsychological performance of 50 mildly head injured patients was compared
with that of 50 normal controls chosen with the case-control approach. No conclusive evidence
was found that mild head injury causes cognitive impairment one month after the trauma.

Effects of head injury on mental functions have usu-
ally been studied in patients with severe trauma.
Studies on the consequences of mild injury are much
rarer, in spite of the fact that these patients fre-
quently complain of difficulties in concentration and
memory and poor intellectual efficiency.

Gronwall and Wrightson' found reduced effi-
ciency in 10 patients with mild head trauma and
subjective post-concussion syndrome as revealed by
the PASAT test (which requires the patient to sum a
series of numbers given at a rapid rate) in compari-
son to the performance of a patient group with head
injury of the same degree but without the subjective
syndrome. Altered PASAT scores were found in the
initial phase, and returned to normal within 30-35
days. In 1981 Rimel et a12 published an exhaustive
analysis on 538 patients with mild head injury
defined on the basis of the following parameters:
loss of consciousness for less than 20 min, Glasgow
Coma Scale (GCS) values ranging between 13 and
15, length of hospitalisation less than 48 hours.
Follow-up was performed on 424 patients 3 months
after the trauma: of these 79% complained of per-
sistent headaches, 59% had memory loss, and 34%
had not resumed occupational activities. More pre-
cise results on a subgroup of 70 patients from this
group were subsequently reported by Barth et al,3
who used the Halstead Neuropsychology Battery,
the Wechsler Scale of Intelligence and Memory, and
the Wide Range Achievement Test. The Halstead
Battery showed moderate to severe impairment in
22 patients, a mild deficit in another 22, and a mini-
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mal impairment in 26. Cognitive deficits did not
seem related to the duration of loss of conscious-
ness, post-traumatic amnesia, and the presence of
sensory and motor deficits. The correlation between
Halstead index, psychological disturbances, and
difficulty in resuming occupational activities were
significant, but at a low level. However, an adequate
control group was not used in the comparison.
The purpose of this study was to evaluate neuro-

psychological deficits in a population of patients
whose head injuries were defined as mild according
to precise criteria and whose performances were
compared to those of a control group closely
matched for age, educational level, and socio-
economic status with the study group.

Methods

Fifty consecutive mild head injury cases, referred to the
Division of Neurosurgery of the Policlinic of Modena from
November 1982 to September 1983, were studied. Criteria
for admission to the study were loss of consciousness for
less than 20 min, an initial score on the Glasgow Coma
Scale4 of 13 to 15, hospitalisation less than 3 days, negative
neurological examination upon admission and discharge,
and no medical complications. Patients younger than 13 or
older than 75 years were excluded. Fifty controls were
chosen one by one by each patient from his/her spouse,
relatives, friends, and schoolmates (case-control pairing).

Table 1 Demographic features of the two experimental
groups

Sex Age (yr) Education

£ SD x SD

Patients 19f + 31 m 35-38 19-11 7-60 3-46
Controls 27 f + 23 m 33-78 17-12 7-96 3-13
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In the patients tests were always performed one month
after trauma. Demographic features of the experimental
groups are reported in table 1.
The neuropsychologic battery consisted of six tests

evaluating attention, memory, and intelligence.
(1) Selective attention test: The subject was presented with
a matrix of 13 lines with 10 numbers each (from 0 to 9 in
random order) and was asked to mark as fast as possible
the number corresponding to that indicated at the top of
the matrix. The test was repeated again twice, reproposing
the same matrix and asking the subject to mark two and
then three digits. The score took into account the number
of correct answers provided in the three matrices in a

maximum time of 45 sec per matrix.
(2) Digits forward test: The subject was asked to repeat
progressively longer lists of digits. For each length, begin-
ning with that of two numbers, two lists were administered;
1 point was given for the first list of each length correctly
repeated and an additional 0-5 point if the second list was
also repeated correctly.5
(3) Word recognition test: The subject was presented with
60 words, one at a time (30 words with a high associative
value and 30 words with a low associative value), written
on a card to be read by the subject. Immediately after-
wards the same words were presented again one at a time
in a random order, intermingled with an equal number of
distractor items, and subjects were asked to say which
words they had already seen (yes-no recognition proce-

dure). Retention performance was measured by calculating
the d, an unbiased estimate of discriminability6 using the
percentage of hits (correct 'yes" responses) and false
alarms (incorrect 'yes" responses).
(4) Buschke's test:7' This is a verbal learning test on a list
of 15 words, according to the technique of "selective
reminding" proposed by Buschke. The list was first read
once at the speed of one word every 2 s and the subject was
asked for an initial partial recall. In each of successive trials
the examiner repeated only those words not recalled from
the previous trial. This procedure continued until the sub-
ject gave two consecutive recalls of the entire list or for a

maximum of 10 trials. For each subject the learning curve,
plotted as number of words recalled on successive trials,
was examined. These curves were found to be fitted by a

linear regression of the type y = a + bx, where y is the
number of words correctly recalled, x is the number of the
trial, b is the regression coefficient, and a is the intercept on

the ordinate at x = 0. This line being obtained, the theoret-
ical number of trials required to recall the entire list (N)
was calculated for each patient by the formula
N = (15 - a)/b. N values constituted the score by which

the performance of each single subject was evaluated.
(5) Working memory test: Four cards corresponding to the
four suits (hearts, diamonds, clubs, and spades) were layed
down on a table. The subject was told to draw cards one by
one as quickly as possible and to place them face up below
the corresponding suit, while naming the number and suit
of the card classified immediately before. The test was pre-

ceded by warming-up trial with 10 cards. The score took
into consideration the number of cards correctly classified
in one minute.
(6) Raven test: Raven Progressive Matrices9 were used.
The score was the number of correct answers within the
time limit of 30 min.

Results

Table 2 shows means and standard deviations of
patients and normal controls for the six tests. Mean
differences between pairs of patients and their
matched controls are also reported.

For all tests, except for the Buschke learning task,
the higher the score the better the performance.
These latter scores were therefore transformed into
their reciprocal values: in this manner performance
on different tests were more easily comparable and
furthermore the data spread more closely
approached a normal distribution. Multicovariance
analysis was performed on the standardised scores

of the six neuropsychological tests by means of
Hotelling t test. This gave a value of F = 1P1809,
that with 6 and 44 degrees of freedom was not
significant. Thus none of the multiple comparisons'"
proved to be significant.
These kinds of multicovariate analysis are particu-

larly suitable for analysing differences between
groups when subjects are examined by more than
one test, in that the same degree of protection
against type- I errors as that for the general analysis
is maintained for each comparison. However,
enhanced protection on the one hand, corresponds
to diminished power of the method. Thus we re-

peated the same comparisons by means of six uni-
variate analyses. In this manner the performance of
patients with mild head injury was found to be
significantly lower than that of controls on the selec-
tive attention test (F = 5-15, df = 1/49, p < 0-05).

Table 2 Mean and standard deviation (in parenthesis) ofpatients and controls in the six tests and difference from the mean

Test Patients Controls Mean difference (original scale)

x SD x SD

Selective attention 49-76 (9°00) 52 02 (5-61) 2-26
Digits forward 5-58 (1.34) 583 (1.48) 0-25
Word recognition (d') 1-34 (0-54) 1-43 (0-60) 0-08
Buschke's test 15-95 (16-67) 14-21 (14-38) 0-02
Working memory 14-70 (6 38) 15-38 (5-21) 0-68
Raven 29-30 (10-47) 30-82 (9-25) 1-52
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Discussion

Long term neuropsychological outcome of severe
closed head injury has become of increasing concern
to neurosurgeons as advances in management has
led to reduced mortality. A few recent publications
have emphasised social and economic drawbacks
caused by cognitive deficits following even mild con-
cussion.' 2 Indeed, in spite of the fact that most
patients who have suffered minor head trauma are
discharged with a negative neurological examination
after a short period in hospital, recover rapidly, and
soon return to work, some of them continue to com-
plain of symptoms such as headache, dizziness, loss
of memory and concentration, and behavioural
changes.
There are different opinions on the

physiopathological mechanisms underlying these
symptoms. Some authors, while emphasising the
striking similarity between complaints after minor
head injuries to those found in non-traumatic neur-
oses, seem to suggest that they represent a conver-
sion reaction to anxiety caused by the trauma,"
while others maintain that anxiety and neurosis may
follow cognitive deficits caused by a cerebral dam-
age.'
Experimental models'2 13 have shown that

acceleration-deceleration can provoke axonal tears
and degeneration especially in the brainstem. The
finding of altered brainstem-evoked potentials after
concussion can be considered as indirect evidence of
this mechanism,'4-'6 which is likely to be present in
all trauma from mild to severe." Axonal degenera-
tion in the brainstem would be expected to have a
disruptive effect on cortical arousal and hence on
cognitive performances.

Several neuropsychological investigations have
been carried out over the past few years to evaluate
cognitive functions in mild head injured patients,
but unfortunately not all of them took into consider-
ation the methodological constraints which are
implicit in these kinds of studies: namely the need
for a clear definition of which head injuries can be
considered mild, the precise timing of examination
after the trauma, and the criteria for selection of a
normal control group.

This study concerned a neuropsychological inves-
tigation of mild head-injured patients one month
after the trauma. Concussion was defined mild
according to the same criteria adopted in a group of
recent similar studies.2 3 18

Patients' performances were compared with those
of a control group chosen by means of a case-control
pairing. In this manner not only age and educational
characteristics were closely matched but possibly
also social habits and environmental factors (such as
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alcohol consumption), which may;weigh on neuro-
psychological scores and on the risk of head concus-
sions. In spite of a general trend toward lower per-
formances, head injured patients did not have
significant impairment when the two experimental
groups were compared with the appropriate statisti-
cal methods. It is still possible that a cognitive deficit
may be limited to a subgroup of patients, for
instance those complaining of subjective symptoms.
However from this study it can be reasonably con-
cluded that, if there is structural damage after mild
head injury, it generally recovers from the neuro-
psychological standpoint within one month after the
trauma.

We thank Professor P Faglioni and the "Centro di
Calcolo" of the University of Modena for their very
helpful advice. We are also indebted to Professor E
De Renzi for his advice in preparing this manuscript.
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