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Abstract

To examine the features of automobile driving performance in patients with brain lesions, 17 patients with
a brain lesion (patient group) and 65 healthy adults (control group) were evaluated with a simple driving simu-
lator. The cognition-reaction time, predicted time, and collision risk index of the driving simulation were then
compared between the two groups, and the Pearson’s correlation coefficients were obtained between the
measurements and the results of neuropsychological tests and between the measurements and their driving
career. The patient group showed a significantly greater mean value in the cognition-reaction time than the
control group, while the patients who drove a car less than 100 km/month showed a significantly greater mean
value and the standard deviation than the other patients (t-test, p<0.05). The standard deviation had a signifi-
cantly negative correlation coefficient with the verbal IQ and full IQ of WAIS-R (p<0.05). The predicted time
demonstrated significantly positive correlation coefficients with the verbal IQ of WAIS-R, and the verbal and
visual memory of WMS-R, and PASAT (p<0.05). The simple car simulator may thus provide important infor-
mations regarding of driving an advice for patients with brain lesions.
(JJOMT, 56: 102—107, 2008)
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Introduction

Memory impairment, inattention, executive dysfunction, and other such mental deficits may be caused by
a traumatic brain injury, cerebrovascular damage, hypoxic encephalopathy, encephalitis, after brain tumor
surgery, and in addition to physical impairments. These higher brain dysfunctions are disincentives to return-
ing to the society. In particular, if patients are still at a working age, they most strongly wish to drive a car
upon returning to the society. So medical opinions regarding driving are often asked for by patients or their
family members at medical rehabilitation clinics, and it is often difficult to appropriately respond to these ques-
tions".

It is necessary to evaluate properly the ability to drive in order to give an advice on recommencing a car
driving, including a street driving test and a non-street driving test. Fox, et al? and Tamietto, et al.” recom-
mend a street driving test as an evaluation means that can most accurately predict driver’s aptitude. On the
other hand, a non-street driving test is advantageous in that the test can be repeated safely, even though the
evaluation is limited. For non-street tests, a test using a car driving simulator as an evaluation means”, a test
mainly using neuropsychological tests”, and a test using both® have been reported. In Japan, repeated instruc-
tions using a equipment that shows operation as scores on a monitor have been reported”, in addition to a
study carried out by investigating correlations between reaction times or incidence rates of accidents and neu-
ropsychological tests”. However, no standardized simple simulator tests have yet been established either inter-
nationally nor domestically.

Matsunaga has invented a KM driving safety test for the purpose of educating habitual drivers with traf-
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Table 1 Patients’ profile

No. Agel) Interval? Disease Paralysis Visual field Higher brain dysfunction

1 39 71 Traumatic brain injury Left hemiplegia * Full Amnesia

2 45 7 Traumatic brain injury None Full Inattention

3 20 14 Traumatic brain injury None Full Amnesia

4 31 53 Traumatic brain injury None Full Inattention

5 20 85 Traumatic brain injury Right hemiplegia * 1/4 blind on upper left Aphasia, Inattention

6 43 8 Traumatic brain injury None Full Amnesia

7 47 16 Encephalitis None Full Amnesia, Inattention

8 39 3 Brain infarction Left hemiplegia * Full Mental deficiency

9 64 2 Brain infarction Left hemiplegia * Full Dyscalculia
10 63 211 Brain hemorrhage None Full Aphasia
11 36 21 Brain hemorrhage None Full Dyscalculia
12 57 2 Traumatic brain injury None Full Inattention, Executive dysfunction
13 37 53 Traumatic brain injury None Full Amnesia, Executive dysfunction
14 69 13 Brain infarction Right hemiplegia * Full Amnesia, Executive dysfunction
15 41 4 Traumatic brain injury None Full Amnesia, Executive dysfunction
16 64 1 Brain infarction Left hemiplegia * Full Dyscalculia
17 21 6 Traumatic brain injury None Full Inattention

D: at the time of the measurement (years old), 2: months after the onset.
*: Brunnstrom Stage of upper and lower limbs is V or VI

fic accidents and has reported a high distinction rate between drivers with accidents and those without acci-
dents”. However, it is believed that this simple driving simulator is a non-street test for driver’s aptitude which
is practicable in the field of medical rehabilitation but that it has not been elucidated as to whether it can be
ground for giving an advice on car driving to patients with higher brain dysfunctions. Therefore, by evaluating
the driving characteristics of patients with brain lesions and normal subjects preliminarily using the present
simulator, the differences between patients and healthy subjects and the correlations between driving careers
and neuropsychological tests were also elucidated.

Methods

The subjects consisted as followed: 17 consecutive patients (patient group, 43.3 = 15.3 years old) with brain
lesions, who had no motor paralysis or only mild motor paralysis (Brunnstrom Stage of upper and lower limbs
is V or VI), were hospitalized at our department during the period from April 2006 to January 2007, compared
with 65 healthy subjects (control group, 23.6 +1.6 years old). They were willing to cooperate with the test. The
details of the group of 17 patients with brain lesions are shown in Table 1. Higher brain dysfunctions were de-
termined using Mini-Mental State Examination (MMSE), Wechsler Adult Intelligence Scale-Revised (WAIS-R),
Wechsler Memory Scale-Revised (WMS-R), Trail Making Test (TMT), Paced Auditory Serial Addition Test
(PASAT), Behavioural Assessment of the Dysexecutive Syndrome (BADS), Japanese Standard Language Test
of Aphasia (SLTA), and similar evaluation modalities. Moreover, the presence or absence of a driver’s license,
the recent average driving distance, and a history of traffic accidents after the injury were investigated. How-
ever, among the subjects in this study, the subjects who drove after an injury had no accidents other than mi-
nor accidents when parking in the garage, so the history of traffic accidents was therefore not analyzed.

The simulator consisted of few components (a special software program, a personal computer, a monitor,
and a commercial steering wheel with operating buttons and game pedals,) and it conducted a cognition-
response time test, a timing test, and a driving test.

In the cognition-response time, a traffic light was displayed on the monitor, and the colors (red, green, and
yellow) were randomly presented. The subjects were instructed to continue pressing the accelerator when the
light was not illuminated, to quickly remove their foot from the accelerator and step on the brake when the red
light was illuminated, to recommence pressing on the accelerator when the green light was illuminated, and to
remove their foot from the accelerator when the yellow light was illuminated. The red light was displayed a to-
tal of 20 times, and the test duration was approximately 7 minutes. The passage of time from when the red
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Table 2 Measurements by simulator

Measurement Group with brain lesions (n = 14) Control group (n = 62)

Cognition-response time (sec)

Mean value 094=0.20 * 0.82+0.11
Standard deviation 0.12+0.06 0.09 +0.04
Predicted time (sec) 0.29+0.57 0.33+0.60
Rate of collision risk index (%) > 1 31.6+29.3 35.0+29.8

*: Group with brain lesions vs. Control group; t-test, p < 0.05
(Three patients were removed from the patient group and 3 from the control group, because they
had no driver's license.)

light was turned on until the subject stepped on the brake was determined as the cognition-response time, the
mean value was determined as an index of visual cognition and motor response, and variation (standard devia-
tion) was determined as an unexpected delay in the cognition-response time that could potentially lead to an
accident”.

In the timing test, a car that was parked on the upper left of the monitor began to travel toward the right
in response to the operation by the subjects and then hid behind a building once, so the subjects were in-
structed to predict the timing of the car appearing again and to press Button A. This was repeated 10 times,
and the mean of the difference between the timing at which the button was pressed and the actual timing at
which the car appears from behind the building was determined as the predicted time, which was an index of a
tendency to act before the proper time”.

In the driving test, the subjects was instructed to follow a car in front of them displayed on the monitor by
operating the steering wheel, accelerator, and brake without causing a collision or deviating from the road
while paying an attention to traffic lights and curves. The test duration was approximately Seven minutes, and
the value obtained by dividing the stopping distance estimated from the result of the cognition-response time
by the inter-vehicular distance while driving was determined as the collision risk index. When the collision risk
index exceeded a level of 1, the risk of collisions increased”, and therefore the rate of time in which this index
exceeded 1 while driving was used for evaluation purposes.

The measurements of both groups were compared using a t-test. Regarding the group with brain lesions,
correlations among the measurements and driving career or the results of neuropsychological tests (MMSE,
WAIS-R, WMS-R, TMT, PASAT) were analyzed using the Pearson correlation coefficient. The values in which
the P-value did not exceed 0.05 were determined to be significant.

Results

The mean value of the cognition-response time was significantly greater in the patient group than the con-
trol group (Table 2, t-test, p<0.05). However, the standard deviation of the cognition-response time and the pre-
dicted time and rate of collision risk index (> 1) showed no significant difference between the two groups.

The driving career and the measurements by simulator of the patient group are shown in Table 3. Three
patients had no driver’s license at the time and 14 had; Eight patients had less than 100 km/month of recent
driving distance and 6 had 100 km/month or more than 100 km/month. The measurements of patients without
a driver’s license showed a tendency to increase in the standard deviation of the cognition-response time and
the rate of collision risk index (> 1), and decrease in the predicted time, but the differences were not statisti-
cally analyzed because of a limited number of the patients. With regard to the driving distance (less than 100
km/month or at least 100 km/month), the mean value and standard deviation of the cognition-response time
were significantly greater in the patients with less than 100 km (p<<0.05, t-test) .

With regard to correlations between the measurements by the simulator and the neuropsychological test,
the standard deviation of the cognition-response time had significant correlations with the verbal 1Q (r=
—0.729) and full IQ (r= —0.740) of WAIS-R, and the predicted time demonstrated significant correlations with
the verbal IQ of WAIS-R (r=0.296), verbal memory index (r=0.695) and general memory index (r=0.716) of



Matsuda et al.: Evaluation of a Simple Driving Simulation for Patients with Brain Lesions, and Its Features 105

Table 3 Driving career and measurements by simulator

Driving o Cognition-response time (sec) Predicted Rate of collision
riving career - time (sec) risk index > 1 (%)
Mean Standard deviation o
Driver's license Without (n = 3) 0.93+0.11 021=0.11 - 014+043 574+224
With (n = 14) 0.94+0.20 0.12+0.06 0.29+0.57 36.1+29.3
Distance Less than 100 km/month (n = 8) 097+027 * 0.14+0.07 * 0.31+£0.58 31.6+29.3
At least 100 km/month (n = 6) 0.91+0.03 0.09£0.02 0.25+0.60 256+27.1

*: Less than 100 km/month vs. at least 100 km/month; t-test, p < 0.05

WMS-R, and PASAT (r=0.713) (Pearson’s correlation coefficient, p<0.05) .
Discussion

The present study has some unsolved issues, because the causes of brain lesions in the group with brain
lesions varied, and the number of cases was low, the age composition of the group of patients with brain lesions
and the group of control subjects were different, and the history of traffic accidents could not be analyzed.
However, evaluating (and studying) the driving characteristics of patients with brain lesions before using the
present simulator for future clinical applications would be within the accepted range. Moreover, the control
group was biased toward a younger generation, but it is believed that this cannot be avoided in a preliminary
study, because we are planning this test for use in giving an advice mainly to patients with traumatic brain in-
juries from 20 to 30 years old, who intended to recommence car driving. It may be difficult to set standard val-
ues with middle-aged and elderly patients.

1. Mean value of cognition-response time

Hashimoto, et al” reported the reaction time of patients with a cerebrovascular disease to be later than the
standard value of healthy subjects of a similar age, and it moreover correlated with the evaluation results of
street driving on a driving school course. The results of our study revealed that the cognition-response time of
the group with brain lesions was later than the control group, and the cognition-response time of the patients
who did not drive more than 100 km/month after the accident was delayed. However, it is not clear whether
patients with the late cognition-response time refrained from driving or whether the late cognition-response
time did not improve after the traffic accident because they have few opportunities to drive. One may specu-
late that motor paralysis was one of the major causes of the delay in the cognition-response time. Although Six
patients with hemiplegia were included, the degree of hemiplegia was mild and no patients with hemiplegia
had a cognition-response time that was delayed by more than 1 standard deviation from the mean value.
Therefore, motor paralysis was not the major cause of the delay.

In association with the neuropsychological test, Mazer, et al.” pointed out a correlation between the results
of street driving tests and TMT B, but according to the results of our study, significant correlations were not
observed.

2. Standard deviation of cognition-response time

The group with brain lesions considerably varied regarding the cognition-response time in comparison to
the control group, and the patients with less driving distance for 1 month showed the significantly greater
standard deviation of the cognition-response time. Matsunaga has described that one of the causes of accidents
is an unexpected delay in the cognition-response time because of the prolonged information-processing and
cognition-response time induced by a decrease in arousal level and visual functions while driving”. It is neces-
sary to consider causes depending on age, but it is expected that patients with brain lesions tend to demon-
strate an unstable cognition-response time.

According to the neuropsychological tests, patients with brain lesions whose cognition-response time
largely varied tend to be low in verbal IQ and full IQ, and it is necessary to pay an attention to the fact that
their cognition-response is unstable at least when the IQ is low.
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3. Predicted time

The predicted time of the group with brain lesions was shorter than the control group, but no significant
difference was observed. This timing test is widely used at common driving schools as a speed anticipation re-
action test™"”, and it evaluates the sense of speed and feeling of haste. Many people who have had traffic acci-
dents tend to hurry, and their predicted time becomes shorter and is displaced to a negative value’. In this in-

10)11)

vestigation, BADS was not implemented for patients with a cerebrovascular disease who had no executive
dysfunction. A correlation between the measurements by the simulator and scores according to BADS was
not analyzed, but such measurements may decrease or become negative with disinhibition or impulsivity due
to a frontal lobe lesion.

According to the neuropsychological tests, the patients showed obvious negative correlations between the
tendency to hurry and the verbal memory index, general memory index, or PASAT, and therefore patients
with either memory disturbance or inattention may therefore have an inferior ability for predicting the speed
of cars.

4. Collision risk index

A higher rate of a collision risk index exceeding 1 increases the possibility of causing collisions more fre-
quently, but the group with brain lesions showed a nearly equal level to that of the control group, and no pa-
tients with brain lesions who showed a significantly dangerous driving ability were found in this study. How-
ever, in the patients with brain lesions, the rate of the collision risk index exceeding 1 was higher in patients
who rarely drove after their accident, so it is necessary to pay sufficient attention to their recommencement of
driving and their safety while driving.

The present study is a preliminary study which did not incorporate a simultaneous street driving test.
The results should not be generalized to all patients with brain lesions, and moreover, the recommencement of
driving cannot be determined based on these results alone. However, it is necessary to understand that the re-
sponse time of patients with brain lesions is delayed and varies considerably, the standard deviation correlates
with the IQ, and the predicted time correlates with memory and PASAT. Therefore, these results may pro-
vide important informations when giving an advice to patients with higher brain dysfunction on car driving. It
is required to continue to perform such studies after increasing the number of patients with traumatic brain in-
jury, while we continue to improve the software program corresponding to the features of higher brain dys-
functions, and also adding the results of street driving tests in the future.
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