
1. Introduction

Stroke is the primary cause of disability and vascular death

worldwide.1 Patients who have had a stroke may require rehabilita-

tion to participate in social activities and return to work. Depending

on their condition, these patients are known to face difficulty re-

suming daily and social activities,2 and commonly experience a loss

of social opportunities, relationship changes, and social isolation.3

Evidence suggests that such patients who can continue to drive a car

can continue to work, pursue hobbies, and engage in other impor-

tant daily activities.4 There are policies in many countries that re-

quire a physician’s report and subsequent assessment prior to driv-

ing again.5 More specifically, the physician issues a recommendation

for resuming driving after referring to medical data, including neuro-

psychological examinations, brain imaging scans, and driving apti-

tude evaluations (actual road tests).6 However, since the myriad of

physical and cognitive impairments following a stroke may affect

motor vehicle driving,7 many patients face difficulty resuming driv-

ing after stroke.8

Approximately 35% of patients with stroke require driving-

related rehabilitation before they can safely resume driving.9 Fur-

thermore, approximately 46% of patients who experience a stroke

are unable to return to driving owing to residual visual or cognitive

impairments.10 Therefore, the importance of driving rehabilitation

and establishing definitive criteria for propriety judgment in the re-

acquisition of driving among such patients is high.

Vision is the most important source of information in driving

and many driving-related accidents are associated with visual im-

pairment.11,12 Visual functions related to driving include visual acu-

ity, visual field, contrast, and many other factors.13 In addition, driv-

ing is a complex task that involves not only visual function, but also a

wide range of cognitive skills and multisensory perception.14 For ex-

ample, controlling a vehicle takes place in a visually cluttered envi-

ronment and involves the simultaneous use of central and periph-

eral vision and the execution of primary and secondary tasks (both

visual and non-visual).13 However, patients with cerebrovascular dis-

ease may have a variety of impairments that may affect their ability

to drive, including decreased visual field, visual scanning, attention,

information processing speed, physical performance, and visuo-

spatial skills.15–20

Post-stroke driving assessments usually emphasize visual and

cognitive assessments more than physical function assessments.21,22
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Background: This study aimed to investigate the relationship between driving skills and cognitive func-
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Results: MMSE scores were extracted as a factor influencing actual vehicle driving performance. Fur-

thermore, the MMSE scores were entered into a stepwise multiple regression model, which revealed

that MMSE scores were an important predictor of actual vehicle driving performance. Driving rehabili-

tation resulted in improved actual vehicle driving performance. Moreover, the number of participants

who passed the test increased from two to 11 (p < 0.001).

Conclusions: Driving rehabilitation was found to have some positive effects, such as an increase in the

pass rate for actual vehicle driving. However, it is necessary to consider the possibility that this effect

could be due to the repetition of two driving sessions conducted on the same day.
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According to previous reports on the relationship between post-

stroke driving skills and cognitive function, the decline in executive

function predicts poor driving outcomes and fitness to drive follow-

ing a stroke.9,23 Stroke survivors with impaired attention demon-

strate worse on-road driving skills and are less likely to resume driv-

ing.24,25 Driving mistakes due to cognitive impairment are major ob-

stacles toward driving safely for patients with stroke;26 therefore,

continuous consideration is required in the future.

Post-stroke driving rehabilitation can be categorized into basic

training consisting of perceptual, cognitive, physical, and/or visual

skills, and driving-focused approaches such as driving simulators and

on-road training.27 Although there have been several reports of on-

road training using actual vehicles in studies with older adults,28,29

there have been few reports and no randomized controlled trials for

patients who have experienced a stroke.30 In addition, the results

indicated no improvement in roadway driving assessments imme-

diately or 6 months after intervention for either the driving simula-

tor or the basic approach.30 We conclude that there is insufficient

evidence regarding rehabilitation for improving roadway driving

ability after stroke, and further verification is necessary.

This study aimed to investigate the relationship between driving

skills and cognitive function in patients with cerebrovascular disease

and provide driving rehabilitation strategies based on actual vehicle

driving training that support the resumption of driving, which is es-

sential for health, well-being, social interaction, productivity, and

quality of life.

2. Materials and methods

2.1. Participants

The enrolled participants (n = 25) were recruited from among

patients who had visited the Saga University Hospital due to cere-

brovascular disease (those who had experienced a cerebrovascular

disease) and wanted to resume driving. The study was conducted in

Saga Prefecture, Japan, from April 2020 to March 2022.

Participant selection was based on the dispensation of the at-

tending physician in charge of the current study. Patients with de-

mentia, severe cognitive impairment, or physical disability were ex-

cluded as these conditions were considered to interfere with driv-

ing ability at the time of diagnosis by the attending physician (Table

1).

2.2. Driving rehabilitation

The driving rehabilitation consisted of two actual vehicle driv-

ing sessions and verbal instructions given by a driving school in-

structor. Participants drove on a designated course at a driving

school while following the instructions of the driving school in-

structor (first driving session). An interval of about 1 hour was pro-

vided after the first driving session. During the interval, partici-

pants received verbal instruction from the driving school instructor.

The content of the verbal instruction was based on the results of

the evaluation of the first driving session, in which participants

were given advice regarding driving errors (e.g., steering, missing

signs and stop lines, adjusting speed, etc.) that were different for

each participant. A second actual vehicle driving session was per-

formed after the end of the interval. The second driving session

was the same as the first one at the driving school, where the stu-

dents drove on the designated course while following the driving

school instructor’s instructions. After the second driving session,

the driving school instructor gave feedback on the actual driving

again to complete the entire process (Figure 1). The actual vehicle

driving included multiple checkpoints (driving in a straight line,

curves, cranks, signals and signs, temporary stops, railway crossing,

how to start and stop, etc.). The time required for one actual vehi-

cle driving session was approximately 30 minutes. Although the

driving courses for the first and second driving sessions were on dif-

ferent routes, the checkpoints were the same (Figure 2).

Cerebrovascular Disease and Driving Skills 37

Table 1

Participants’ baseline characteristics (n = 25).

Variable

Sex, n (%)

Male 18 (72.0)

Female 07 (28.0)

Age, mean (SD) 55.6 (9.6)

Type of disease, n (%)

Cerebral infarction 11 (44.0)

Cerebral hemorrhage 08 (32.0)

Subarachnoid hemorrhage 2 (8.0)

Cerebral contusion 2 (8.0)

Other 2 (8.0)

Neuropsychological tests, mean (SD)

MMSE 27.6 (2.2)

FAB 15.0 (1.9)

TMT-A (seconds) 055.5 (29.7)

TMT-A (errors) 0.08 (0.2)

TMT-B (seconds) 133.7 (77.8)

TMT-B (errors) 0.52 (0.9)

MMSE: Mini-Mental State Examination; FAB: Frontal Assessment Battery;

TMT: Trail Making Test.

Figure 1. Driving rehabilitation protocols.



2.3. Evaluation items

2.3.1. Evaluation of actual vehicle driving

The actual vehicle driving conducted as part of the driving reha-

bilitation program was evaluated by a driving school instructor who

was certified as a skilled tester and rode in the passenger seat. All

evaluations in the current study were conducted by the same driving

school instructor. The evaluation method is based on quantified

point deductions and the total points deduction increases when a

participant makes an error corresponding to a point deduction item

while driving. The points deductions were classified into 20, 10, and

5-point deductions. In addition to those point reduction items, there

were also serious errors (test-discontinuation items) resulting in fail-

ure if they occurred even once (Supplementary Material).

Those with total points deduction of 30 points or less at the end

of driving with no test-discontinuation items were considered to

have passed the session. This evaluation method is the evaluation

scale used in the skill test for obtaining a Japanese automobile li-

cense and is based on the Japanese National Police Agency. For ac-

tual vehicle driving, an automatic transmission vehicle equipped

with an auxiliary brake for the passenger seat was used, and similar

vehicles were provided to all participants.

2.3.2. Neuropsychological examinations

2.3.2.1. Mini-Mental State Examination

The Mini-Mental State Examination (MMSE) is the most widely

used international neurological screening test, with a total possible

score of 30 points. The test assesses multiple cognitive functions, in-

cluding orientation, memory, attention, calculation, language, ver-

bal command action, and figure copying.31,32

2.3.2.2. Frontal Assessment Battery

The Frontal Assessment Battery (FAB) can be performed rela-

tively easily as a screening test for assessing frontal lobe dysfunc-

tion.33 It consists of six test items classified into similarity, vocabulary

flexibility, motor programming, interference instruction execution,

behavior suppression, and forced grasp domains, with a total possi-

ble score of 18 points.

2.3.2.3. Trail Making Test

The Trail Making Test (TMT) is a screening test used as an index of

visual scanning, writing speed, and executive function.34,35 The TMT

consists of two testing components classified as TMT-A and TMT-B

subsections. The TMT-A task is to connect randomly arranged num-

bers from 1 to 25 as quickly as possible. TMT-B is similar to TMT-A;

however, numbers and letters are arranged randomly, and it is neces-

sary to switch between numbers and letters as soon as possible (1-A,

2-B, 3-C, etc.). For both TMT-A and TMT-B, we measured the time from

the start of the test to the end of the test and the number of errors.

2.4. Statistical analyses

The analysis process involved several stages. First, the total re-

duction in points for the second driving session was used as the de-

pendent variable. Age, sex, MMSE, FAB, TMT-A, and TMT-B (sec-

onds, error) were used as independent variables in the univariate

regression analysis. Moreover, the stepwise multiple regression

analysis was conducted to investigate potential predictors of actual

vehicle driving. Next, to clarify the effects of driving rehabilitation,

the results of the first and second driving sessions were compared

by the paired t-test. McNemar’s test was used to compare the pro-

portion of participants who passed or failed their first and second

driving sessions. Third, to analyze the most important test-discon-

tinuation items among the point reduction items in detail, the

test-discontinuation items for all participants were aggregated

from the results of the first and second driving sessions (multiple

sessions were included as well). The significance level was set at

0.05. All p values < 5% were considered to indicate statistical signi-

ficance. All statistical analyses were performed using IBM SPSS Sta-

tistics 25.

2.5. Ethical considerations

This study was approved by the Research Ethics Review Com-

mittee of Saga University School of Medicine and the Research Ethics

Review Committee of the International University of Health and

Welfare (Approval numbers: R3-23, 21-Ifh-068). All participants pro-

vided written informed consent prior to participation.

3. Results

3.1. Neuropsychological tests and actual vehicle driving

performance

Univariate regression analysis was used to investigate neuro-
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Figure 2. Driving school course.



psychological tests related to actual vehicle driving performance.

The results of the univariate regression analysis showed that MMSE

scores had an effect on the actual vehicle driving performance (� =

-0.471, p = 0.017) (Table 2).

The stepwise multiple regression analysis showed an associa-

tion between age (� = 0.472, p < 0.004), sex (� = 0.591, p = 0.001),

and MMSE (� = -0.542, p < 0.001), with a significant regression co-

efficient (R2 = 0.606) (Table 3).

3.2. Comparative driving performance

We compared the results of the first and second driving ses-

sions to verify the effects of driving rehabilitation. We found a sta-

tistically significant improvement in all evaluated items of the re-

sults for the second session compared with the first session (Table

4). In terms of the pass rate, only two participants passed the first

session; in contrast, 11 participants passed the second session (p <

0.001) (Table 5).

3.3. Test-discontinuation items

The total types of errors counted from the first and second ses-

sions of the test-discontinuation item was six. The number of errors

for test-discontinuation items was 28 in the first session and 15 in

the second session. The error items were classified into three cate-

gories according to the type of error: Operation-related errors (Off-

wheel [large] and Contact [large]), Non-stop-related errors (Viola-

tion of temporary stop and Railway crossing non-stop), and other

errors (Right-hand traffic and Progress obstruction) (Table 6). The

number of errors decreased from the first to the second sessions,

with a particularly large decrease observed in stop errors (Violation

of temporary stop) (First session: nine, Second session: two).

4. Discussion

This study investigated the relationship between driving skills

and cognitive function in patients with cerebrovascular disease and

provided driving rehabilitation at a driving school to gather new evi-

dence for a driving rehabilitation program.

The results of the FAB, TMT-A, and TMT-B (seconds, errors) an-

alyses had no effect on actual vehicle driving. However, MMSE

scores were shown to affect actual vehicle driving. Furthermore, the

MMSE scores were entered into a stepwise multiple regression mo-

del, which revealed that MMSE scores was an important predictor of

actual vehicle driving performance.

A meta-analysis of predictors of patients returning to driving

after a cerebrovascular disease reported in 2023 found that MMSE
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Table 2

Univariate regression analysis with actual vehicle driving evaluation as the

dependent variable (n = 25).

Independent variable B SE � p

Age 0.885 0.463 0.370 0.069

Sex 15.0 10.003 0.298 0.147

MMSE -4.868 1.899 -0.471- 0.017

FAB -2.923 2.449 -0.242- 0.245

TMT-A (seconds) -0.26 0.161 -0.330- 0.875

TMT-A (errors) -15.435 17.045 -0.186- 0.375

TMT-B (seconds) 0.059 0.06 0.198 0.342

TMT-B (errors) 6.538 4.8 0.273 0.186

MMSE: Mini-Mental State Examination; FAB: Frontal Assessment Battery;

TMT: Trail Making Test; B: unstandardized estimate; SE: standard error; �:

standardized estimate, p: p-value.

Table 3

Multiple regression analysis with actual vehicle driving evaluation as the

dependent variable (n = 25).

Independent variable B SE � p VIF R
2

Age 01.129 0.348 0.472 0.004 1.131

Sex 29.707 7.459 0.591 0.001 1.174 0.606

MMSE -5.592 1.469 -0.542- 0.001 1.079

MMSE: Mini-Mental State Examination; B: unstandardized estimate; SE:

standard error; �: standardized estimate; p: p-value; VIF: Varience Inflation

Factors; R
2
: coefficient of determination.

Table 6

Classification of the test-discontinuation items.

Test-discontinuation items

Classification First item Number (%) Second item Number (%)

Operation-related errors Off-wheel (large) 11 (39.3) Off-wheel (large) 09 (60.0)

Contact (large) 05 (17.9) Contact (large) 03 (20.0)

Non-stop-related errors Violation of temporary stop 09 (32.1) Violation of temporary stop 02 (13.3)

Railway crossing non-stop 0 (0.0) Railway crossing non-stop 1 (6.7)

Other errors Right-hand traffic 2 (7.1) Right-hand traffic 0 (0.0)

Progress obstruction 1 (3.6) Progress obstruction 0 (0.0)

Total 28 (100). 15 (100).

Numbers of errors are counted in duplicates.

Table 4

First and second results of actual vehicle driving (overall) (n = 25).

First
†

Second
†

p-value*
Effect

size (d)

Overall

Test-discontinuation items 1.12 � 1.70 0.56 � 1.00 0.013 0.40

Total points deduction 66.6 � 32.6 39.2 � 23.0 < 0.001 < 0.97

20 point deductions 07.2 � 14.0 1.6 � 5.5 0.032 0.53

10 point deductions 40.0 � 18.4 24.4 � 16.8 < 0.001 < 0.89

5 point deductions 19.4 � 12.1 13.2 � 7.60 0.006 0.61

Paired t-test.

* p value < 0.05 represents significant differences between 1st and 2nd.
†

Mean � SD.

Effect size: The standard of effect size was small (0.20), medium (0.50), and

large (0.80).

Table 5

First and second results of actual vehicle driving (Pass/Fail) n = 25.

Second (Pass/Fail)First

(Pass/Fail) Pass Fail p-value*

Pass -2 (1.4) 0-0 (-1.4)

Fail 11 (-1.4) 12 (1.4)
< 0.001

McNemar test.

* p value < 0.05 represents significant differences between 1st and 2nd.

Adjusted standardized residuals appear in parentheses.



scores were an important predictor of resumption of driving.36 Fur-

thermore, the driving rehabilitation conducted in this study con-

sisted of two actual vehicle driving sessions and verbal instruction

from a driving school instructor. This requires that the verbal instruc-

tion of the driving school instructor be immediately utilized in sec-

ond driving sessions. We think that participants with relatively high

cognitive function were able to understand the verbal instruction

appropriately and immediately apply it to the second driving ses-

sion. This result is also related to the results of the test-discontinua-

tion items. Comparing the test-discontinuation items of the first and

second driving sessions, especially the non-stop-related errors (Vio-

lation of temporary stop) were improved. We think that patients

with higher MMSE scores were able to understand the verbal in-

structions given by the driving school instructor and immediately

apply them to the second driving session, even if they missed the

stop line, etc., during the first driving session. Based on previous

studies, MMSE scores for patients who returned to driving after

cerebrovascular disease were 26.0 � 5.3 points in the study by Jee et

al.37 and 29.0 � 2.0 points in the study by Perrier et al.38 The MMSE

score of patients who passed the second driving session in this study

was 28.2 � 1.7 points, which is close to the score reported in previ-

ous studies. In actual clinical situations, we believe that patients with

MMSE scores in the high 20 s can be expected to benefit from re-

habilitation. Moreover, the results for age (young) and sex (male),

which were listed as predictors, as well as MMSE scores, were con-

sistent with those reported in a previous study.37 This suggests that

young people and male can benefit from driving rehabilitation.

Next, driving rehabilitation consisted of two driving sessions

and verbal instruction from the driving school instructor between

the first and second driving sessions. Driving rehabilitation resulted

in improved actual vehicle driving performance. Additionally, the

number of participants who passed the test increased from two in

the first session to 11 in the second session. We think that this result

is based on two principles. The first is based on the principle of expe-

rience-dependent plasticity, and since the principles of experience-

dependent plasticity include “Use It and Improve It,” we think that

this also resulted in improved driving ability by driving a real car.39

The second is based on the principle of motor learning, where more

positive learning occurs when a skill is trained in situations similar to

those in which the skill is performed.40 Furthermore, in addition to

the two driving sessions, we think that the verbal instruction from

the driving school instructor between the first and second driving

sessions was also effective. This allowed us to provide immediate

feedback on the results of the first driving sessions and to make the

participants aware of driving problems. Previous studies have pro-

vided insufficient evidence of rehabilitation for improving driving

ability after cerebrovascular disease.30 In contrast, this study can aid

in establishing an evidence-based driving rehabilitation intervention

for patients with cerebrovascular disease to support their resump-

tion of driving.

Regarding the results of the test-discontinuation items evalu-

ated in this study, which were classified into operation-related er-

rors, non-stop-related errors, and other errors, showed that there

was a decrease from the first to the second driving sessions, espe-

cially in the category of non-stop-related errors (Violation of tem-

porary stop). Since stop-related errors can be prevented by the

driver paying attention to signs, etc., it is thought that the feedback

from the driving school instructor was reflected in the driving per-

formance in the second driving session, leading to an improvement

in performance. Conversely, we did not observe much improve-

ment in operation-related errors. Since correcting driving opera-

tion errors requires the acquisition of important skills, such as ste-

ering wheel operation, it is likely that greater improvement in per-

formance was not observed in this short period. Based on these re-

sults, future studies should analyze long-term progress to deter-

mine whether repeated training changes errors related to driving

maneuvers over time. It is also important to verify whether these

improvements can be sustained in the long run, even though this

study improved compliance with traffic laws; for example, the tem-

porary stop was violated less frequently.

4.1. Limitations

There are several limitations to this study. The first is the lack of

information on the region of cerebrovascular disease, medication

status, and psychiatric symptoms that may affect driving ability. Sec-

ond, there is no control group in this study. Another limitation is that

the actual vehicle driving was conducted twice on the same day due

to issues such as participants’ mobility. Therefore, although driving

rehabilitation improved the actual vehicle driving performance, we

cannot rule out the possibility that this is simply an effect of repeti-

tion. Future research should take these limitations into account and

address them using randomized controlled trials, as well as examin-

ing the long-term effects of driving rehabilitation.

5. Conclusions

Herein, we investigated the relationship between neuropsycho-

logical tests and driving skills in patients with cerebrovascular dis-

ease and verified the effectiveness of driving rehabilitation at a

driving school.

The results showed a relationship between MMSE scores and

driving skill, indicating that MMSE scores are an important predictor

of actual vehicle driving performance.

Driving rehabilitation at the driving school was found to have

some positive effects, such as an increase in the pass rate for actual

vehicle driving. However, it is necessary to consider the possibility

that this effect could be due to the repetition of two driving sessions

conducted on the same day.

This study can aid in establishing evidence-based driving reha-

bilitation interventions in patients with cerebrovascular disease to

support their resumption of driving, which is critical to health, well-

being, social interconnectedness, productivity, and quality of life.

Funding statement

This study was funded by the International University of Health

and Welfare as an intramural research grant.

Data availability statement

The data used for this study, though not available in a public re-

pository, will be made available to other researchers upon reason-

able request.

Declaration

The authors report that there are no competing interests to de-

clare.

Supplementary materials

Supplementary materials for this article can be found at

http://www.sgecm.org.tw/ijge/journal/view.asp?id=28.

40 W. Matsushita et al.



References

1. Turana Y, Tengkawan J, Chia YC, et al. Hypertension and stroke in Asia: a

comprehensive review from HOPE Asia. J Clin Hypertens (Greenwich).

2021;23:513–521. doi:10.1111/jch.14099

2. Duncan PW. Stroke disability. Phys Ther. 1994;74:399–407. doi:10.1093/

ptj/74.5.399

3. Woodman P, Riazi A, Pereira C, Jones F. Social participation post stroke: a

meta-ethnographic review of the experiences and views of community-

dwelling stroke survivors. Disabil Rehabil. 2014;36:2031–2043. doi:10.

3109/09638288.2014.887796

4. Mackenzie C, Paton G. Resumption of driving with aphasia following

stroke. Aphasiology. 2003;17:107–122. doi:10.1080/729255215

5. Charlton JL, Koppel S, Odell M, et al. Influence of chronic illness on crash

involvement of motor vehicle drivers: 2nd edition. Monash University Ac-

cident Research Centre; 2010.

6. Bacon D, Fisher RS, Morris JC, Rizzo M, Spanaki MV. American Academy

of Neurology position statement on physician reporting of medical con-

ditions that may affect driving competence. Neurology. 2007;68:1174–

1177. doi:10.1212/01.wnl.0000259514.85579.e0

7. Motta K, Lee H, Falkmer T. Post-stroke driving: examining the effect of ex-

ecutive dysfunction. J Safety Res. 2014;49:33–38. doi:10.1016/j.jsr.2014.

02.005

8. Hitosugi M, Takehara I, Watanabe S, Hayashi Y, Tokudome S. Support for

stroke patients in resumption of driving: patient survey and driving simu-

lator trial. Int J Gen Med. 2011;4:191–195. doi:10.2147/IJGM.S17475

9. Akinwuntan AE, Feys H, DeWeerdt W, Pauwels J, Baten G, Strypstein E.

Determinants of driving after stroke. Arch Phys Med Rehabil. 2002;83:

334–341. doi:10.1053/apmr.2002.29662

10. Devos H, Akinwuntan AE, Nieuwboer A, Truijen S, Tant M, De Weerdt W.

Screening for fitness to drive after stroke: a systematic review and meta-

analysis. Neurology. 2011;76:747–756. doi:10.1212/WNL.0b013e31820

d6300

11. Lijarcio I, Useche SA, Llamazares J, Montoro L. Are your eyes “on the

Road”? Findings from the 2019 National Study on Vision and Driving

Safety in Spain. Int J Environ Res Public Health. 2020;17:3195. doi:10.

3390/ijerph17093195

12. Erdo�an H, Ozdemir L, Arslan S, et al. Prevalence of refraction errors and

color blindness in heavy vehicle drivers. Int J Ophthalmol. 2011;4:319–

322. doi:10.3980/j.issn.2222-3959.2011.03.23

13. Owsley C, McGwin G Jr. Vision and driving. Vision Res. 2010;50:2348–

2361. doi:10.1016/j.visres.2010.05.021

14. Apolinario D, Magaldi RM, Busse AL, Lopes LDC, Kasai JYT, Satomi E.

Cognitive impairment and driving: A review of the literature. Dement

Neuropsychol. 2009;3:283–290. doi:10.1590/S1980-57642009DN30400

004

15. Gilhotra JS, Mitchell P, Healey PR, Cumming RG, Currie J. Homonymous

visual field defects and stroke in an older population. Stroke. 2002;33:

2417–2420. doi:10.1161/01.str.0000037647.10414.d2

16. Fisk GD, Novack T, Mennemeier M, Roenker D. Useful field of view after

traumatic brain injury. J Head Trauma Rehabil. 2002;17:16–25. doi:10.

1097/00001199-200202000-00004

17. Fisk GD, Owsley C, Mennemeier M. Vision, attention, and self-reported

driving behaviors in community-dwelling stroke survivors. Arch Phys Med

Rehabil. 2002;83:469–477. doi:10.1053/apmr.2002.31179

18. Galski T, Ehle HT, Williams JB. Off-road driving evaluations for persons

with cerebral injury: a factor analytic study of predriver and simulator

testing. Am J Occup Ther. 1997;51:352–359. doi:10.5014/ajot.51.5.352

19. Lings S, Jensen PB. Driving after stroke: a controlled laboratory investi-

gation. Int Disabil Stud. 1991;13:74–82. doi:10.3109/03790799109166

688

20. Simms B. Perception and driving: theory and practice. Br J Occup Ther.

1985;48:363–366. doi:10.1177/030802268504801204

21. Ponsford AS, Viitanen M, Lundberg C, Johansson K. Assessment of driving

after stroke–a pluridisciplinary task. Acc Anal Prev. 2008;40:452–460.

doi:10.1016/j.aap.2007.07.015

22. Dickerson AE. Screening and assessment tools for determining fitness to

drive: a review of the literature for the pathways project. Occup Ther

Health Care. 2014;28:82–121. doi:10.3109/07380577.2014.904535

23. Mazer BL, Korner-Bitensky NA, Sofer S. Predicting ability to drive after

stroke. Arch Phys Med Rehabil. 1998;79:743–750. doi:10.1016/s0003-

9993(98)90350-1

24. Fisk GD, Owsley C, Mennemeier M. Vision, attention, and self-reported

driving behaviors in community-dwelling stroke survivors. Arch Phys Med

Rehabil. 2002;83:469–477. doi:10.1053/apmr.2002.31179

25. Lundqvist A, Gerdle B, Rönnberg J. Neuropsychological aspects of driving

after a stroke—in the simulator and on the road. Appl Cogni Psychol.

2000;14:135–150. doi:10.1002/(SICI)1099-0720(200003/04)14:2<135::

AID-ACP628>3.0.CO;2-S

26. Nouri FM, Lincoln NB. Predicting driving performance after stroke. BMJ.

1993;307:482–483. doi:10.1136/bmj.307.6902.482

27. Mazer B, Gelinas I, Benoit D. Evaluating and retraining driving perfor-

mance in clients with disabilities. Crit Rev Phys Rehabil Med. 2004;16:

291–326. doi:10.1615/CritRevPhysRehabilMed.v16.i4.40

28. Porter MM. Older driver training using video and global positioning sys-

tem technology--a randomized controlled trial. J Gerontol A Biol Sci Med

Sci. 2013;68:574–580. doi:10.1093/gerona/gls160

29. Bédard M, Porter MM, Marshall S, et al. The combination of two training

approaches to improve older adults’ driving safety. Traffic Inj Prev. 2008;

9:70–76. doi:10.1080/15389580701670705

30. George S, Crotty M, Gelinas I, Devos H. Rehabilitation for improving

automobile driving after stroke. Cochrane Database Syst Rev. 2014;

2014:CD008357. doi:10.1002/14651858.CD008357.pub2

31. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state.” A practical

method for grading the cognitive state of patients for the clinician. J

Psychiatr Res. 1975;12:189–198. doi:10.1016/0022-3956(75)90026-6

32. Nieuwenhuis-Mark RE. The death knoll for the MMSE: Has it outlived its

purpose? J Geriatr Psychiatry Neurol. 2010;23:151–157. doi:10.1177/

0891988710363714

33. Dubois B, Slachevsky A, Litvan I, et al. The FAB A frontal assessment bat-

tery at bedside. Neurology. 2000;55:1621–1626. doi:10.1212/wnl.55.11.

1621

34. Reitan RM. The relation of the trail making test to organic brain damage. J

Consult Psychol. 1955;19:393–394. doi:10.1037/h0044509

35. Llinàs-Reglà J, Vilalta-Franch J, López-Pousa S, Calvó-Perxas L, Torrents

Rodas D, Garre-Olmo J. The trail making test. Assessment. 2017;24:183–

196. doi:10.1177/1073191115602552

36. Hwang SJ, Song CS. Driving rehabilitation for stroke patients: a systematic

review with meta-analysis. Healthcare (Basel). 2023;11:1637. doi:10.

3390/healthcare11111637

37. Jee S, Sohn MK, Lee J, et al. Prediction of return to driving after first-ever

stroke in Korea: The KOSCO Study. J Rehabil Med. 2018;50:800–805.

doi:10.2340/16501977-2373

38. Perrier MJ, Korner-Bitensky N, Mayo NE. Patient factors associated with

return to driving poststroke: findings from a multicenter cohort study.

Arch Phys Med Rehabil. 2010;91:868–873. doi:10.1016/j.apmr.2010.03.

009

39. Kleim JA, Jones TA. Principles of experience-dependent neural plasticity:

implications for rehabilitation after brain damage. J Speech Lang Hear

Res. 2008;51:225–239. doi:10.1044/1092-4388(2008/018)

40. Magill RA. Motor learning: concepts and applications. 6th ed. McGraw-

Hill; 2001:204–210.

Cerebrovascular Disease and Driving Skills 41


