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Driver Rehabilitation

Si-Woon Park, M.D., MSCR

Department of Rehabilitation Medicine, Myongji Choonbey Rebabilitation Hospital

Driver rehabilitation is a component of rehabilitation medicine that specifically focuses on the evaluation
and retraining of drivers who have medical conditions that may affect driving capacity. Automobile driving
is an instrumental activity of daily living and driver rehabilitation needs a comprehensive approach guided
by rehabilitation specialist. Drivers who need evaluation include brain damaged drivers, such as stroke
and traumatic brain injury; older drivers, especially those who are suspicious as having dementia; and
drivers with psychiatric illnesses. Driver evaluation is constituted of pre-driving (in-clinic) evaluation and
behind-the-wheel evaluation. In-clinic evaluation includes history taking and physical examination that
focuses on visual, motor and cognitive function. Details of in-clinic evaluation are discussed. Driving
performance can be evaluated during simulated or on-road driving or both. Driver retraining can also
be done using driving simulator or real automobile equipped with adaptive devices. It is predicted that
increasing aged population raises the need for driver evaluation and rehabilitation in the near future.
Concerns and participation for rehabilitation specialists in driver rehabilitation is requested. (Brain &

NeuroRehabilitation 2011; 4: 73-82)
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Table 1. Medical Conditions That May Affect Safe Driving

Category

Examples

Diseases affecting vision
Neurologic disease
disease, peripheral neuropathy
Cardiovascular disease
Respiratory disease
Metabolic disease
Musculoskeletal disease
Psychiatric disease

Diabetes mellitus, hypothyroidism
Arthritis, amputation

Cataract, diabetic retinopathy, macular degeneration, glaucoma, visual field defect, low visual acuity
Stroke, transient ischemic attack, traumatic brain injury, seizure, dementia, multiple sclerosis, Parkinson’s

Coronary artery disease, arrhythmia, congestive heart failure, cardiomyopathy, valvular heart disease
Chronic obstructive pulmonary disease, sleep apnea

Mood disorders, anxiety disorders, psychotic illness, personality disorders, alcohol or substance abuse

Table 2. Medications That May Affect Safe Driving

Category Effects
Anticholinergics Blurred vision, sedation, confusion, ataxia, tremulousness, myoclonic jerking
Anticonvulsants Recurrent seizure during medication withdrawal or change, sedation
Antidepressants Sedation, headache, anxiety, restlessness, blurred vision, tremor, palpitation
Antiemetics Sedation, blurred vision, headache, confusion, dystonia
Antihistamines Sedation
Antihypertensives Lightheadedness, dizziness, fatigue, sedation, confusion, nervousness
Antiparkinsonians Sleepiness, lightheadedness, dizziness, blurred vision, confusion
Antipsychotics Sedation, extrapyramidal side effects
Benzodiazepenes Impairments in vision, attention, motor coordination
Muscle relaxants Sedation
Narcotic analgesics Sedation
Stimulants Euphoria, overconfidence, nervousness, irritability, anxiety, insomnia, headache, rebound effects
= B Algrolty. ¥E FF A= WA, T4 (confrontation test)& ©]-§3to] AJof o o] o RE w}of
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Fig. 1. (A) Optec® (B) Optec test slides for visual acuity, color
perception and contrast sensitivity.
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Fig. 2. Adaptive driving devices.

Table 3. Suggested Cognitive Tests to Predict Driving Performance

Category Tests

Mini-Mental State Examination (MMSE)
Clinical Dementia Rating (CDR)
Trail-making test B
Clock drawing test
Cognitive Behavioral Driver’s Inventory
(CBDI)

Cognitive-Perceptual Assessment for
Driving (CPAD)

Depth perception

Sustained attention

Divided attention

Stroop test

Digit span test

Field dependency

Trail-making test A and B

General cognitive
screening tests

Cognitive test
batteries developed
for driver
evaluation

(Wechsler Memory Scale)9] visual reproduction 5],
<+ AlEgolH el Aol A& HAF B AlALY7]
(clock drawing), UFOV, ¥&& A5 HAHWechsler Adult
Intelligence Scale; WAIS)9] picture arrangement, 7+o]%
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2F Lo AT, CDR 0.5~182 H9 =2FYA
Aol 2= 7HsAdo] 27 CDR 189 A% 058 2
oFt ¥ & ALo= UEHAY, CDR 0.5~17 9] &4
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Fig. 3. Driving simulator.

o -0
AL O XY

FAA 2ALS] A=stol]l 4 AlE@olHE o83 24
= AT A3 Aol A d2at 2R v
Fo FosHA W2 Aag Eiou A= F= AF
=3 o Zol7k e Mg B wE A
FAE AL TN E QA HEAS de

Hge= 7Had 7Rt A AlEEolgE
A Edo] RuEded, &9 Ao vis) A

It e

o
9

fo 1

d0 Ot o R B
o -f;

0 N oo o ¥

ot
2
é
oft
=
of
>
(e fot
N
4>
ojf
=
X
ot
o
file
b
2
=

SAAE 26 £9 A AX
43t 0|38 AT G AEIE
SAREANA
YEERE, BB PHolAYL ¥
I 92, A&TY, $5H BF, 9IF

o}

=2
)
N
o
1o
o}
2
N
N
o

2
rr o

PO
_O. O'l)l'

L fr ol Mo

o <t

S
lot
Ol
i
¢
i)

ofs

L

I

rO‘

D)

o

=

N

-~

32

rr

N
N
iz
Y
i)
<
Y

AL, AR el ofelem, A el q A
9% & AA FIHe Aol itk FuA o] goj}

£ SARE Wl LA L, A4 FHL shul, L
£ 252 %A W A5E Aol s £ 4 vk
eelo] Aol7} gl LA AT BFS s 4,
Appol g Lk wofo] oAtk FEA] Y £HA

= U2 WO ShH R5hu, AAA 4L st
o 1

w9l LAREY AA-A% 750 7 A ol
Hol 4 0550 AL BAT AT Do) n=
W, CPAD AAFE §A5HA £ 0l SRAAZA me)
A YIS AR gl 4
b 91 AR 0F, A4 W
ZFz} 3.54, 2.84), 6.54)7} &= 2
Has) v, AxBL ool AL &

A AEA A BFT oA )&l ol 1%

2]

¢

< o di fo
tle rlo
N
[o 2
oo I L

(A
fo
N
30
)
Ho
(N
>
ikl
fec)
o
i)
i
Mo
rzi
)
nich
2,
Al ok

&

vy

[o

<= N (= .

{tijrt
tlo
o
Y
fob
ri
>
i
o
to
fu
=
|
2
2
o
N
o
N
It
o

)
ofy
Y
2.
o
R
o
ok

P glonE w98 A
S itk B o)A REo] A7l el Way
[e]

W, 0 2 o> O o
i)

o
il
T
¢

u)

oA AT AFH LA FFL F




Brain & NeuroRehabilitation : 2011; 4: 73~82

AAASGE RO s R A QT AR o o8t ZLFQ
AZS da= gt 2345 317]-— Boz s LA}
Z A

o= Qg Aol £

AAL 2571584 A7 SHA & -
223 Wl AA T2z gris o}ﬂb} LA AEY o]
A

2 olg3t mol 24 HIAE AW 4 Yk 24 AT
dol Wadt LANSIAL Bad £ HEEPSS
A3t 34 oA B2 AR B2y FAS AN

= 3718 2 ?
e S 47 S48 Ase 49
& ool AN AT U2 AT A
e e s

=9l A7 —7}°h— 145_5 A v ‘3< =Y

g1 EY

1) Agnelli A. On- and off-road evaluations. In: Schultheis MT,
DeLuca J, Chute DL, eds. Handbook for the assessment of
driving capacity. San Diego, CA: Academic Press; 2009:5-20

2) van Zomeren AH, Brouwer WH, Minderhoud JM. Acquired

brain damage and driving: A review. Arch Phys Med

Rehabil. 1987;68:697-705

Schatz P, Hillary FG. Human factor considerations in motor

vehicle collisions. In: Schultheis MT, DeLuca ], Chute DL, eds.

Handbook for the assessment of driving capacity. San Diego,

CA: Academic Press; 2009:59-70

Pierce SL. Driving. In: Gillen G, Burkhardt A, eds. Stroke

rehabilitation: A function-based approach. St. Louis: Mosby;

1998:385-406

Shin OS, Jang S], Kim UH, Lee BS, Hong BJ, Kim JH, Kim

BS. A study on driver training program for the handicapped

at the national rehabilitation center. | Korean Acad Rehabil

Med. 2000;24:618-623

Hopewell CA. Driving and traumatic brain injury. In:

Schultheis MT, DeLuca J, Chute DL, eds. Handbook for the

assessment of driving capacity. San Diego, CA: Academic

Press; 2009:71-94

Schultheis MT, Fleksher C. Driving and stroke. In: Schultheis

MT, DeLuca ], Chute DL, eds. Handbook for the assessment

of driving capacity. San Diego, CA: Academic Press; 2009:

117-130

8) 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

Griffen JA, Rapport L], Bryer RC, Scott CA. Driving status

and community integration after stroke. Top Stroke Rehabil.

2009;16:212-221

3

=

4

~

N

=

6

~

7

~

9

=

80 »

10) Wang CC, Kosinski CJ, Schwarzberg JG, Shanklin AV.
Physician's guide to assessing and counselling older drivers.
Washington, DC: National Highway Traffic Safety Admini-
stration; 2003

11) ROTA. Road traffic accidents in korea 2009. Seoul, Korea:
Road Traffic Authority; 2010

12) Odenheimer GL. Driver safety in older adults. The physician's
role in assessing driving skills of older patients. Geriatrics.
2006;61:14-21

13) Park SW, Yoo HC, Lim MH, Hwang SI, Kim EJ, Choi ES,
Choi KI, Lee KJ, Kim DJ. Driving status, habits and safety
of older drivers. | Korean Acad Rehabil Med. 2010;34:570-576

14) Park SW, Choi ES, Lim MH, Hwang SI, Kim EJ, Choi KI,

Yoo HC, Lee KJ. Evaluation of driving ability in older

drivers. | Korean Acad Rehabil Med. 2010;34:458-464

Fox GK, Hopewell A, Rosenman E, Schultheis MT. Driving

and the dementias. In: Schultheis MT, DeLuca J, Chute DL,

eds. Handbook for the assessment of driving capacity. San

Diego, CA: Academic Press; 2009:85-116

Kalmar JH, Deluca J. Driving and other neurological and

psychiatric disorders. In: Schultheis MT, DeLuca ], Chute

DL, eds. Handbook for the assessment of driving capacity. San

Diego, CA: Academic Press; 2009:131-158

Koh ES, Lee JI, Park SJ, Park SW, Han JH, Roh S.

Application of cognitive perceptual assessment for driving in

patients with schizophrenia. Korean ] Schizophr Res. 2010;13:

133-140

18) Cook CA, Semmler CJ. Ethical dilemmas in driver reeducation.
Am | Occup Ther. 1991;45:517-522

19) Mathias JL, Lucas LK. Cognitive predictors of unsafe driving

15

-

16

=

17

-~

in older drivers: A meta-analysis. Int Psychogeriatr. 2009;21:
637-653
20) NHTSA. Driver fitness medical guidelines. Washington, DC:
National Highway Traffic Safety Administration; 2009
21) Bedard M, Weaver B, Darzins P, Porter MM. Predicting
driving performance in older adults: We are not there yet!
Traffic Inj Prev. 2008;9:336-341
Engum ES, Pendergrass TM, Cron L, Lambert EW, Hulse
CK. Cognitive behavioral driver's inventory. Cognitive
Rehabilitation. 1988;6:34-50
23) Heo AN, Park SW, Lee BS, Shin OS, Lee ES, Rha IS, Kim
BS. Evaluation of driving ability of stroke patients using

22

~

cognitive behavioral driver's inventory. | Korean Acad Rehabil

Med. 2003;27:7-13

Kay LG, Bundy AC, Clemson LM. Predicting fitness to drive

in people with cognitive impairments by using drivesafe and

driveaware. Arch Phys Med Rehabil. 2009;90:1514-1522

Rees J, McKenna P, Bell V, Skucek E, Nichols E, Fisher P.

The rookwood driving battery: Normative older adult

performance. Br | Clin Psychol. 2008;47:139-151

26) Klavora P, Heslegrave R], Young M. Driving skills in elderly
persons with stroke: Comparison of two new assessment
options. Arch Phys Med Rehabil. 2000;81:701-705

27) Jang SJ, Park SW, Kim DA, Lee JT, Lee JW, Jeong WK, Lee
JH, Kim SI. Cognitive perceptual assessment tool for

24

=

25

=



evaluation of driving ability of persons with brain injury. J
Korean Acad Rehab Med. 2006;30:128-134

28) Yoo JH, Jang SJ, Park SW, Kim DA, Lee JW, Jeong WK, Lee
JH, Kim SL Preliminary study on the standardization of the
cognitive perceptual assessment for driving. Korean | Stroke.
2004;6:68-72

29) Jeong WK, Jang SJ, Kim DA, Park SW, Lee JW, Lee JH, Kim
SI. Correlation between cognitive-perceptual assessment for
driving (cpad) and mvpt, mmse. Korean | Stroke. 2004;6:79-87

30) Lee JW, Jang SJ, Kim DA, Park SW, Jung WK, Yoo JH, Lee

JH, Kim SI. Development and application of cognitive

perceptual assessment for driving of people with brain injury

- comparison with cognitive behavioral driver's inventory. |

Korean Acad Rehab Med. 2004;28:523-531

Choi SW, Jang SJ, Park SW, Lee JT, Park OT. Application

of cognitive perceptual assessment for driving (cpad) for the

31

~

brain injured patients: A preliminary study. | Korean Acad
Rehab Med. 2008;32:273-279
32) Lee HC, Drake V, Cameron D. Identification of appropriate

33

34

35

36

)

~

)

=

HEA|

-

o e

(e
ML =2

Mo

assessment criteria to measure older adults' driving
performance in simulated driving. Aust Occup Ther ].
2002;49:138-145

Lee HC, Lee AH, Cameron D. Validation of a driving
simulator by measuring the visual attention skill of older
adult drivers. Am | Occup Ther. 2003;57:324-328

Yang HC, Park SW, Jang SJ, Kim KM, Park CW, Kim JH,
Kim HC, Yi SH, Lee YS. Rehabilitation of drivers with brain
injury using virtual reality based driving simulator. | Korean
Acad Rehab Med. 2009;33:271-275

Cox DJ, Davis M, Singh H, Barbour B, Nidiffer FD, Trudel
T, Mourant R, Moncrief R. Driving rehabilitation for military
personnel recovering from traumatic brain injury using virtual
reality driving simulation: A feasibility study. Mil Med.
2010;175:411-416

Park SW, Choi ES, Lim MH, Kim EJ, Hwang SI, Choi KI,
Yoo HC, Lee K], Jung HE. Association between unsafe
driving performance and cognitive-perceptual dysfunction in
older drivers. PM R. 2011;3:198-203

« 81



Brain & NeuroRehabilitation : 2011; 4: 73~82

Appendix 1. E2 5 A8 A4SZAEAE £70] B 449 7F)

L AH@RAES Eehe o 4 Bo Tl o AEE 2% A
7 AE LA
§ 2% BA0] mn A Ao 08 o] 4ol w
O AE S

[e)
TS ZAof i A A Ho] 0.5 o]AY A

% 3re] Aol 27 05 013U A

]

. shale] A Aol THsd 2
3. AHAIE AW Z o - Ssel g

sl 2218 5 5 9 A o RAS Agehe ARe wonAMel 4elE 5 4
4 ZAAG T kel ANE o2 249 glE 4449 4 8 5 gvka a4 A

4
4
4
4
N2

) A ok, 85 BA Bohs ARS g2 B 29 AFo] 0.6 o]4bolojok

2
2 7. vh, Ragtolu) Aol Axol Akl A% - £ ABAE Aol AAHY £AL T 5

He Z-relle 22fstA ofystet

Appendix 2. EZIEH A|3PTH Alesz A13d HE26 (EEFHAYR Y AF3E)

ook

]

QFlel 3 shel Holdy
SR 2o

Zejxe} Fhsge] Bzt
ez o w A4
A5 ol

F A QPaEel Eola
FUA7 A9

et S

Q7 Helo] 2L 1] A

f

RO
>

>
O
0,
N

FA AEApell FE Eol Y

AYEA S
A2 Al A wolF
A=A s ol
A=W FA
FH AEAF A
HFAS Az gl
azE 3 et
A2y St

FAFA} =

TE 5 Ay s
wHHelZ A
kA wEtE

SES

i)

82 »



