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Objective: A follow-up of accident rate and driving patterns 
of patients 6–9 years after brain injury.
Design: Postal questionnaire sent to patients with brain inju-
ry who were assessed consecutively in the period 1997–2000 
and who were re-issued. 
Subjects: A total of 93 persons, 69 men and 24 women, mean 
age 57 years, average 9 years post-injury, 65 persons with 
brain injury after cerebrovascular accidents and 28 with 
traumatic brain injury. 
Methods: The questionnaire covered self-reported driving 
accidents pre- and post-injury, yearly distance driven, be-
haviour in traffic and self-reported care taken in driving. 
Results: The cerebrovascular accident group had reduced 
their driving significantly post-injury and had also changed 
their driving patterns. No significant changes were found 
in distance driven and driving patterns for the group with 
traumatic brain injury. Compared with normative data, re-
ported accidents post-injury in the cerebrovascular accident 
group showed no increased accident rate, while the accident 
rate in the traumatic brain injury-group was more than 2 
times higher.
Conclusion: Patients with traumatic brain injury represent 
a risk group for accidents post-injury, while those with brain 
injury after cerebrovascular accidents do not. Possible caus-
es for this difference are discussed.
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INTRODUCTION

The need to identify safe drivers among persons with brain injury 
has been an issue for the last 3 decades (1–8). Today, there is 
considerable agreement to use multidisciplinary assessments in 
order to determine whether a person with brain injury should 
drive, including medical evaluations, neuropsychological assess-
ments, driving simulators and on-road evaluations (3, 6, 9–11). 
The most valid outcome measure is accident rate. Accident rates 
for patients not cleared for driving are reported to be high in 

several studies (12–14). Patients who are permitted to resume 
driving after thorough assessment, however, show more normal 
accident rates (3, 15, 16). The aim of the present study was to 
investigate the accident rate and changes in driving fitness and 
driving patterns 6–9 years post-injury for patients with traumatic 
brain injury (TBI) and cerebrovascular accident (CVA) who have 
been found suited to continue holding a driver’s license. 

METHODS 
Subjects
Subjects were selected from all patients with CVA and TBI who had 
been assessed for driving fitness at Sunnaas Rehabilitation Hospital 
between 1997 and 2000. The assessment included a medical evaluation 
focusing on cardiovascular diseases, diabetes, seizures, vision/visual 
field and medication that influenced driving ability and motor control. 
If no medical contraindications were found, the patients were neuro-
psychologically assessed, focusing on visual field, visual attention, 
auditory attention, simple reaction time, motor speed, psychomotor 
speed, verbal function, visuospatial and visuoconstructive functions 
and executive function (for description, see Schanke & Sundet (9)). 
The majority also underwent a practical driving test. From a total of 
287 patients assessed, 158 (55%) were found suited. By July 2006, 
23 had deceased, reducing the group to 135.

Data collection
Data were collected by postal questionnaire, 100 (74%) patients 
agreed to participate, 7 had stopped driving and were dropped from 
the study, leaving 93 subjects for analysis. The 26 non-responders did 
not differ from the study group with regards to mean age or medical 
characteristics. Medical characteristics are described in Table I. There 
were significantly more men with multifocal lesions in the TBI group, 
16 out of 28 (57%) were injured in motorcycle or car accidents, and 
risk behaviour was also a component in many of the other subject’s 
accidents. Anamnestic data on psychiatric disorders were not collected. 
The CVA group were significantly older and had held their driver’s 
licenses longer. Only 5 persons had new diseases affecting driving (3 
with CVA and 2 with TBI). The study was approved by the Regional 
Committee for Medical Research Ethics, East-Norway.

Measures
A 51-item questionnaire was developed, covering data pre- and post-
injury of reported (to police or insurance companies) and unreported 
accidents, yearly driving distance, driving patterns, self-perceived 
traffic behaviour and information from close relatives about driving 
skills. The questionnaire was an elaborated version of the question-
naires used by Mosberg et al. (16) and Schultheis et al. (3). Not all 
data are included in this short-form presentation.
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Statistical analysis
Data were analysed using SPSS for Windows (14.0). A p-value of 
less than 0.05 was considered statistically significant. Comparisons 
between the TBI and CVA group were made using independent samples 
t-tests, Mann-Whitney U-tests or Pearson’s χ2 tests, dependent on the 
data distributions. Comparisons of CVA and TBI pre- and post-injury 
were made using paired sample’s t-tests, Wilcoxon signed-rank tests 
and McNemar’s tests. Associations between ordinal data were analysed 
by Spearman’s correlation coefficient. The accident rate (AR) was 
calculated as the sum of all accidents in the group (a) divided by the 
total distance driven in the same group (e, exposure). Self-reported car 
accidents and weekly driving distance were used, reducing the original 
sample to 65 persons, 39 CVA and 26 TBI. Confidence intervals (95% 
CI) for AR were calculated according to Bjørnskau (17), taking into 
account the standard deviation of accident numbers (Sa) and exposure 
numbers (Se): . 

Assuming a Poisson-distribution,  . The yearly variation in the 
exposure data is unknown, but comparisons with Norwegian norma-
tive data indicate similar measures and a value of less than 0.2. 
The AR measurement unit is accidents per million kilometres of driv-
ing. For reference numbers, accident rates in the normal population 
in Norway were adopted from Bjørnskau (17). To examine factors 
influencing accident rate, a negative binominal regression analysis 
was used. The following independent variables were included: gen-
der, diagnosis, mean age during the period, driving distance, cause 
of injury and accident rate pre-injury. Driving distance was included 
as the logarithm of kilometres driven. A total of 53 subjects were 
included in this analysis. 

RESULTS

Driving patterns pre- and post-injury are shown in Table II. The 
CVA group had reduced their driving distance and consistently 
changed their driving patterns. There were no such changes 
for the TBI group. There were no significant differences in 
perceived driving skills between the groups (p = 0.27). A 
negative correlation between age and perceived driving skills 
was found (p = 0.013). Evaluation of driving skills reported by 
relatives revealed no significant differences. Table III shows 

the results from the regression analysis. Unadjusted analysis of 
the impact of diagnoses on the accident rate showed significant 
differences between the groups. However, an adjustment made 
in multiple analysis showed that this result was due to strong 
confounders, namely gender, driving distance, age, cause of 
injury and accident rate pre-injury. None of the coefficients 
were significant. This indicates that the univariate significant 
difference in accident rate between the CVA and TBI group can 
be explained by other group differences. Reported accidents 
were compared with corresponding Norwegian normative data 
(17). There was no significant difference between the number 
of reported accidents in the CVA group post-injury and norma-
tive data (5.2 vs 6.49 accidents per million km driven). There 
was a significant difference between the number of reported 
accidents in the TBI group and normative data (15.0 vs 6.25 
accidents per million km driven). The unreported accidents rate 
post-injury was 3 times higher for the TBI group than for the 
CVA group (1.7 for 38 subjects in the CVA group and 5.8 for 
22 subjects in the TBI group). Comparisons with normative 
data could not be made. 

DISCUSSION

This study had methodological advantages in terms of a long 
follow-up period (6–9 years) and a fairly high response rate 
(74%) for patients being comprehensively assessed after 
brain injury. The statistical analysis revealed a surprisingly 
consistent response pattern for the 2 groups, strengthening the 
reliability of the study. The results show that the CVA group 
has consistently changed their driving behaviour and driving 
pattern post-injury. The results are in line with the study con-
ducted by Lundqvist et al. (10). The TBI group made no such 
changes, and took no precautions. This is in contradiction to 
the findings of Schultheis et al. (3), who found that the TBI 

Table I. Subject characteristics for persons with cerebrovascular accidents (CVA) and traumatic brain injury (TBI) who resumed driving after 
brain injury

Total
n = 93

CVA
n = 65

TBI
n = 28

t-test/χ2 for differences 
between CVA and TBI

Men/women, % 74/26 68/32 89/11 p = 0.03 
Age, years (mean, SD) 56.4 (13.5) 61.0 (10.0) 45.8 (14.8) p = 0.00
Duration of illness, years (mean, SD) 9.1 (1.6) 9.1 (1.7) 8.9 (1.4) p = 0.61 
Localization of lesion, % 
   Right hemisphere 30.1 35.4 17.9
   Left hemisphere 33.3 40.0 17.9
   Multifocal 29.0 18.5 53.6
   Brainstem 3.2 4.6 0.0 
   Uncertain 4.3 1.5 10.7
Education, %
   Elementary school 7–10 years 18.3 21.5 10.7
   High school, 1–2 years community college 34.4 33.8 35.7
   Graduates from high school 17.2 18.5 14.3
   College 16.1 12.3 25.0
   University 14.0 13.8 14.3
Driver’s license, years (mean, SD) 34.8 (13.5) 38.4 (10.9) 26.2 (15.2) p = 0.000 
Driving pre-injury, years (mean, SD) 26.3 (13.1) 29.5 (10.9) 18.4 (15.0) p = 0.02 
Driving post-injury, years (mean, SD) 9.1 (1.6) 9.1 (1.7) 8.9 (1.4) p = 0.82

SD: standard deviation.
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group limited their driving in at least one respect compared 
with controls. The accident rate was high in the TBI group in 
this study compared with other studies where the subjects have 
been thoroughly assessed and cleared for driver’s license (3, 
15, 16), but the follow-up periods were shorter in other stud-
ies. The most likely explanation for the high accident rate in 
the TBI group was a lack of adequate compensation for their 
cognitive deficits because of deficits in executive functioning. 
Moreover, this group is also assessed to have different pre-
morbid characteristics. Executive deficits are more difficult to 
detect than focal deficits in medical and neuropsychological 

evaluations, and accident-prone behaviour may be suppressed 
in a limited driving test. Pietrapiana et al. (2) found that pre-
morbid personality and driving style accounted for 72.5% of 
the variance in the outcome measure.

Further research should include larger study groups (multi-
centre studies), 5–10 years follow-up period and accident rate 
as an outcome measure for subjects thoroughly assessed for 
driving fitness. Data on follow-up should include self-reported 
data, data from close relatives and data from official files. Ac-
cident rate post-injury should be compared with the national 
normative population. Detailed medical and demographic data 
should be collected, including computer tomography/magnetic 
resonance imaging scans and Glasgow Coma Scale scores, but 
also cause of injury, previous accidents and risk behaviour. The 
neuropsychological assessments should include tests sensitive 
for executive deficits. Metacognition and personality traits 
should be assessed by questionnaires, and qualitative observa-
tions should be part of the decision-making process. 
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Table III. Results from negative binomial regression analysis (n = 53): 
regression coefficients, standard deviations, and p-values. Dependent 
variable is number of reported accidents

Variable Coefficient SD p-value

Constant –3.365 2.2 0.13
Driving distance 0.207 0.18 0.24
Sex 0.926 0.62 0.14
Diagnoses 0.202 0.59 0.73
Accident ratio pre-injury 0.001 0.001 0.19
Corrected age –0.014 0.017 0.39
Cause of injury 1.022 0.62 0.10

SD: standard deviation.

Table II. Driving pattern pre- and post-injury for persons with cerebrovascular accidents (CVA) and traumatic brain injury (TBI) who have 
resumed driving

CVA,  n = 65 TBI, n = 28
t-test/ χ2 for differences 
between CVA pre–post 
and TBI pre–postPre-injury Post-injury p Pre-injury Post-injury

Km weekly (mean, SD) 289.1 (357.7)* 162.4 (125.5)† 0.04 203.6 (141.3)‡ 163.5 (128.3)§ 0.08
Driving frequency, %
Daily 93.4 82.0 88.9 81.5
Weekly 6.6 16.4 11.1 14.8
Seldom 0 1.6 0.02 0 3.7 0.26 

Limiting driving, % 13.3 43.3 0.00 22.2 40.7 0.12
Types of limitations, %
Driving more slowly 1.7 13.6 0.02 3.7 18.5 0.13 
Only in day-time 1.7 13.6 0.02 3.7 11.1 0.63 
With others 3.4 6.6 0.50 3.7 3.7 1.00 
Avoid highways 1.7 6.8 0.25 0 3.7 n.a.
Avoid cities 1.7 10.2 0.06 3.7 3.6 1.00 
Avoid rush-times 3.4 13.6 0.03 11.1 11.1 1.00 
Avoid unknown places 3.4 10.2 0.22 3.7 7.4 1.00 
Drive only when feeling well 5.1 23.7 0.003 7.4 3.7 1.00

Driving Friday and Saturday evenings, %
Weekly 55.4 41.1 48.0 40.0
Monthly 14.3 17.7 36.0 28.0
Seldom 30.4 41.1 0.02 16.0 32.0 0.08 

Place of driving, %
Highways 40.7 40.7 1.00 38.5 34.6 1.00
Cities 70.7 59.3 0.03 61.5 61.5 1.00
Small roads 58.6 55.6 1.00 65.4 61.5 1.00

Speeding tickets, % 29.3 18.3 0.47 42.3 39.3 0.78

*n = 37, †n = 42, ‡n = 25, §n = 26
SD: standard deviation; n.a.: not applicable.
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