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Abstract
Twenty one unselected patients with an
acute whiplash injury of the neck had
neurological and neuropsychological
assessment, cervical x rays, EEG, BAEP,
MRI, and an otoneurological examination
within two weeks of the injury. Subjectively, 13 patients reported concentration deficits, 18 reported sleep
disturbances, 9 had symptoms of depression, and 7 female patients told of menstrual irregularities. Neuropsychological
examination revealed significantly lower
performance in tests related to attention
and concentration compared to sex, age
and educational matched control subjects.
Otoneurological examination showed
abnormalities in 9 of 17 whiplash subjects.
EEG showed questionable changes in 8 of
18 recordings. MRI and BAEP were normal in all patients. Repeat neuropsychological testing in 15 patients at three
months showed that attention deficits had
improved but were still shown in 12 of 14
and the concentration deficits in 8 of 13
patients. At one year all patients had
returned to work, 16 to full and 5 to part
time employment. In 4, cognitive dysfunction remained the only significant problem. These findings are discussed as being
compatible with possible damage to basal
frontal and upper brain stem structures
after whiplash injury of the neck.
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Patients and methods
Selection
Twenty six consecutive patients presented
between November 1988 and June 1989,
within one hour to one day following a typical
whiplash injury. Five patients (two females and
three males) dropped out of the study. Thus 21
patients were referred for the additional examinations described below. None had a history
of previous cervical injury. There were 18
females, ranging in age from 18 to 46 years,
and three males, from 24 to 35 years of age.
The average patient age was 28-8 years, 28-4
years for the females and 29-3 years for the
males. All had been involved in traffic accidents. The mechanism was a rear end impact
in 15 patients, head-on collision in three
patients and lateral impact in three patients.
None experienced direct head trauma. All were
actively employed before injury.

Methods
All patients had an immediate neurological
check up and had a full neurological examinaThe major symptoms reported after whiplash tion within three days. Each patient was asked
injuries are neck pain, upper back pain, head- for a description of the accident and the
ache and muscle spasms.' 2 A subgroup of present complaints. They were then led
whiplash victims develop a chronic debility through a structured interview with questions
with somatic complaints, affective alterations concerning their previous medical history and
and depressed cognitive performance with the exact time schedule the current symptoms
particular problems in concentration and had developed (see table 1 for the interview
memory.3-7
questions and results).
Whether whiplash injury can cause cerebral
A full cervical radiographic series was perdysfunction remains controversial. Only a few formed shortly after admission to the Emerstudies based on neuropsychological evalu- gency Room.
ation have attempted to describe the cerebral
EEG was performed within 3 to 8 days after
symptoms; these studies show evidence of the injury using a 16 channel system with 30
organic brain dysfunction.8 12 6These reports, minutes of recording including photostimulahowever, concern subjects who are in the tion and EEG mapping.
chronic postinjury stage; evaluation in the
BAEPs were recorded within 7 to 14 days
acute, early stages following whiplash injury is with a click of 85 dB SL. The interpeak latenlacking.
cies I-III, III-V and I-V were measured out.
This study was designed to test patients
Otoneurological examination was perduring the acute stages following whiplash formed within 14 days and included clinical
injury and continue prospective follow up testing of the vestibular system and a complete
( Neurol Neurosurg Psychiatry 1992;55:943-948)
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evaluations. Twenty one consecutive patients
who sustained an acute whiplash injury and
were seen in the Emergency Department,
University Hospital, Basel, had a full neurological and comprehensive neuropsychological
assessment, cervical x rays, EEG, BAEP, MRI,
and an otoneurological examination. Neuropsychological testing was repeated at three
months postinjury in 15 patients and again at
two years postinjury in 4 patients.
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Table 1 Structured interview. Questions and results

Headache
Neck pain
Brachialgia
Vertigo
Nausea
Visual symptoms
Irregular menstruation
Impaired concentration
Impaired memory
Depression
Sleep disturbances
Anxiety
Irritability
Employment disability N = 21
none
partial
full

I year
post injury
N 17

Immediate
post injury
N 21

3 days
post injury
N = 21

3 months
post inury
N = 19

3
2
0
1
0
0
0
0
0
2
0
3
0

14
16
9
8
10
3
0
5
1
3
3
0
2

18
20
15
16
3
9
5
13
10
9
18
10
7

11
12
6
8
4
7
3
10
9
8
10
7
11

7
6
2
4
0
0
0
5
4
2
1
1
3

21
0
0

5
0
16

8
0
13

12
2
7

16
5
0

history
N = 21

Figures indicate number of patients.

electronystagmography test battery (eye tracking test, optokinetic nystagmus test, rotating
chair test, caloric test) and BAEPs.'8 Peripheral vestibular deficit was suggested by either
horizontal spontaneous nystagmus, canal paresis of more than 30% following caloric irrigation, or asymmetry in the rotating chair test.
Central vestibular deficit was suggested by
vertical, rotatory or dissociated spontaneous
nystagmus, low gain or saccades in the eye
tracking test, low gain in optokinetic nystagmus testing, deficient fixation suppression
or pathological but symmetrical brain stem
auditory responses. Nystagmus with decres-
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cendo in the cervical ocular reflex test was
labelled as cervicogenic nystagmus.'8
MRI of the brain was performed within 14
days on a Siemens System using a 1*5 Tesla
magnetic field strength. Images were obtained
in continuous 6 mm and 8 mm-slices in the
transaxial coronal planes using the spin-echo
sequences TI and T2. The entire brain including the brainstem was imaged.
Neuropsychological evaluation was performed within 3 to 7 days. Abridged versions
of several formal tests'9 were used to probe a
broad range of neuropsychological functions.
Attention was tested with simple motor reaction time,20 Wechsler's mental control and
digits forward,2' Corsi's block tapping forward,22 Stroop Test 11.23 Concentration was
tested with Brickenkamp's "d2".24 Verbal and
visual memory was tested with Wechsler's
digits backward, associate learning and recall
of a story;2' additional tests included Corsi's
block tapping backward,22 Benton's labyrinth25 and recall of the Rey-Osterreith complex figure.26 For higher cognitive functions we
selected mental arithmetic, Wechsler's picture
arrangement and picture completion,27 Stroop
Test 123 and two tests of visuospatial integration (LPS 9 and LPS 10) from the "Leistungspruefsystem".28 (Fig 1 and table 2 lists the
tests used and the results).
For comparison of the neuropsychological
test results each of the patients was matched
with a healthy volunteer without any history of
whiplash injury or other neurological dysfunction according to sex, age, education and
professional level. The mean age of this control
group was 27-8 years, 28&7 years for the
females and 25 6 years for the males. The point
score of each subject test was compared with
the corresponding score of each pair-matched
control test and the statistical significance of
the score differences calculated using the
Wilcoxon Statistic Test with Bonferroni-correction for multiple comparisons. The patients
results of the additional examination (cervical
x ray, EEG, BAEP, otoneurological examination and MRI of the brain) were compared
with reference data from the literature.
Follow up examinations included a neurological examination and interview at 3, 6, 12
and 24 months postinjury. Neuropsychological
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Table 2 Neuropsychological test results. Initial evaluation. Raw point scores. N = 21
mean

Attention and Concentration
1 Simple motor reaction time
2 Mental control 20 to 1
3
ABC
4
count by 3
5 Digits forward
6 Corsi's block tapping forward
7 Stroop test time I
8
II
9
III
10 Stroop test errors III
11 d2

Memory
12 Digits backward
13 Corsi's block tapping backward
14 Associate learning I
15 immediate recall II
16
17
18
19
20
21
22

III
Labyrinth immediate recall
immediate recall
Story
Associate learning delayed recall
Labyrinth delayed recall
Story delayed recall
Rey complex figure delayed recall

Higher Cognitive Functions
23 Arithmetics
24 Picture arrangement
25 Picture completion
26 LPS 9
27 LPS 10

(SD)

Patients
mean

(SD)

0.19 (0.02)
2.95 (0.21)
2.57 (0.81)
2.17 (1.0)
7.85 (0.91)
5.95 (0.74)
11.62 (1.59)
13.95 (1.39)
22.0 (6.07)
0.52 (0.51)
457.2 (71.6)

0.27 (0.1)
2.8 (0.41)
2.3 (0.86)
2.15 (0.98)
6.42 (1.26)
5.84 (0.83)
13.2 (3.25)
15.7 (4.67)
25.6 (7.39)
0.4 (0.6)
389.2 (72.0)

6.71
5.48
8.09
9.52
9.95
2.83
12.91
9.81
1.19
11.69
12.31

(1.3)
(0.6)
(1.09)
(0.68)
(0.22)
(1.2)
(2.4)
(0.51)
(0.51)
(3.09)
(2.81)

5.33 (1.19)
4.89 (0.9)
7.95 (1.57)
9.3 (1.13)
9.84 (0.5)
2.81 (2.04)
11.26 (3.4)
9.14 (1.35)
1.32 (0.95)
8.93 (2.78)
11.18 (1.9)

14.86
13.09
9.91
25.52
32.33

(1.35)
(1.51)
(0.3)
(6.55)
(5.49)

15.0 (1.58)
13.76 (1.26)
9.48 (0.6)
23.1 (6.54)
25.2 (7.48)

The numbers in tests 5, 6, 11-16, 18, 19, 21, 22, 24-27 signify correct answers. The numbers in tests 10 and 17 denote errors. The
numbers for tests 1, 7, 8, 9 stand for seconds. For tests 2-4 a score was calculated from times and errors (a higher score means a
better result).

assessment (a parallel version), was repeated at
3 months in 15 patients and at two years in 4
patients.
As both neuropsychological performance
and response to electrophysiological testing
may be vulnerable to centrally acting analgesics and muscle relaxants, medication during
the period of testing was avoided when possible. Fourteen patients received no medication
at all during the testing. The medication of the
remaining seven is presented in detail below.

Results
Table 1 summarises the complaints and symptoms the patients reported in the structured
interview on the pre-traumatic, immediate,
three days, three months and one year postwhiplash injury and the frequency of employment disability. Though none of the patients
apparently had direct head trauma, 12 could
not give a precise description of the movement
of their body and head at the moment of
collision. Intensity and frequency of most of
the reported symptoms were highest at 3 days
post-injury. Immediately after the injury five
patients were aware of decreased concentration. Within three days, 13 patients had noted
concentration or memory problems. Sleep
disturbance was reported by 18 patients within
three days and 9 patients reported symptoms
of depression including depressed mood, loss
of energy and decreased motivation; only 2 of
the 9 had a previous history of depression.
Interestingly, 7 of the 18 female patients
reported menstrual irregularities; one had
irregular menstrual bleeding the day following
the injury and 4 more within three days; one
reported an interruption of menstrual bleeding
and one a delay in the menstrual cycle.
On neurological examination all patients

showed tenderness over the cervical region
with some limitation of motion of the cervical
spine. Sensory loss was present and included
more than one dermatomal segment of the
upper extremities in most patients, but arm
weakness was more diffuse than radicular. In
three patients the deep tendon reflexes were
decreased on the painful arm. All other results
on routine neurological examination were negative.
Cervical spine x rays were obtained in 19 of
the 21 patients. Thirteen showed a loss of
cervical lordosis; two a sharp reversal of
lordosis at C4-5 or C5-6.
EEGs were obtained in 18 patients and were
focally slow in 8. Occipital focus was present in
4, temporo-occipital in 2, parieto-occipital in
one, and temporoparietal in one. One patient
had mild overall slowing and one showed
paroxysmal bifrontal theta waves. Eight had
normal EEGs.
BAEPs were obtained in 14 patients. No
abnormalities were noted.
Otoneurological examinations were obtained in 18 patients. Ten had abnormalities:
three showed findings consistent with central
vestibular dysfunction, one had findings consistent with a peripheral vestibular dysfunction, four showed a cervicogenic nystagmus. In
one there was a combination of central vestibular dysfunction and a cervicogenic nystagmus
and one had peripheral vestibular dysfunction
plus cervicogenic nystagmus.
MRI obtained in 15 patients were without
abnormalities except for one small, nonspecific
white matter lesion in a 36 year old female.
Table 2 shows the raw point scores of each
neuropsychological subtest for the patient and
control group. Figure 1 shows the performances of each patient compared with the
performance of the corresponding pair-
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functions.
Seven patients were on medication during
the period of different testings. They were
taking either a combination drug of the muscle
relaxant orphenadrine citrate and the analgesic
paracetamol, dihydroergotamine mesylate or
the non-steroidal antiinflammatory agents ibuprofen or diclofenac sodium. All four patients
taking medication at the time of EEG recording showed focal slowing. From the three
patients taking medication during otoneurological examination one showed a combination
of central vestibular dysfunction and cervicogenic nystagmus, one cervicogenic nystagmus
and one normal results. From four patients on
medication during neuropsychological testing
three showed lower results than their controls
in the subtests related to attention and concentration. The fourth patient, taking ibuprofen,
did not show a lower performance.
Nineteen patients returned for follow up
neurological examination and interview three
months and 17 one and two years after the
injury. Structured interviews (table 1) suggested that although cerebral symptoms, poor
concentration and subjective memory dysfunction, depression, anxiety and irritability had
improved in most, only 5 patients reported
complete recovery three months after the
injury. In addition, four reported late onset
symptoms including depression, anxiety, irritability and sleep disturbances.
Follow up examination two years postinjury
showed that the course of symptoms had been
stable since one year after the injury in all
patients. Thus from 17 patients re-examined
one year after the injury 10 reported complete
recovery. Seven patients had chronic or intermittent headache, 6 together with neck pain, 4
together with vertigo and 2 together with
depression. Additionally, five of these patients
had still poor concentration and subjective
memory dysfunction. One other had isolated
word finding problems and memory dysfunction.
Follow up neuropsychological assessment (a
parallel version) could be obtained from 15
patients at three months postinjury and a
second follow up testing from four patients
with persistent employment disability one or
two years postinjury. The test results showed

that of the 14 retested patients with initial
attentional deficits, two now had results equal
to their controls, 10 others had improved but
two actually had lower test results than before.
Of 13 retested patients with initial deficits in
concentration, 8 were improved, 4 unchanged
and one had poorer results.
Three patients were on medication at the
time of retesting. Two were taking diclofenac
sodium and ibuprofen, one showing poorer,
one improved and one unchanged scores compared to the initial evaluation.
At three months, 12 patients had returned to
full employment; three had been off work for
two days only and five had no employment
disability at all (table 1).
Nine had not returned to regular employment after three months; seven were still
disabled and 2 had returned to partial employment. The reason was chronic or intermittent
headache or/and neck pain or/and vertigo plus
cognitive dysfunction. Five of these patients
were adamant that cognitive disturbances
interfered with their performance at work
independently from intermittent or insignifiicant head and neck pain. At one and two year
post injury 16 patients had returned to full
employment. Five patients were still partially
disabled: Four of these belonged to the 5
patients with persisting cognitive dysfunction;
the fifth had isolated headache and neck pain.
Repeated neuropsychological testing at one
year in two and two year postinjury in the other
two patients with chronic cognitive dysfunction demonstrated that the test results were
unchanged compared to previous testings.

Discussion
The patient population in this prospective
study of whiplash injury patients is different
from most published studies that are attained
retrospectively with selected patients suffering
a chronic course. Only two studies of whiplash
patients in the acute stage are known: one
report focussed on EEG findings only;29 the
other, a recent follow up study on 78 patients,
demonstrated that initial neck pain intensity,
cognitive impairment as indicated on a selfrating questionnaire and age predicted the
outcome afterwhiplash injury but psychosocial
factors, negative affect and personality traits
did not.17
In our group dysfunction of attention and
concentration was more frequent than expected. When compared with pair-matched controls the patients showed a significant increase
in simple motor reaction time and significantly
decreased sustained attention, digit span and
concentration. In addition, the frequency for
emotional problems was high; 9 patients reported depression early in the course; 7 of these
individuals had never previously experienced

significant depressive reactions.
On cervical spine x ray loss of cervical
lordosis and sharp reversal of cervical lordosis
at C4-5 or C5-6 found in our patients can both
also occur in asymptomatic poeple and have
poor prognostic value.30
The EEG was abnormal in 10 of 18 acute

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.55.10.943 on 1 October 1992. Downloaded from http://jnnp.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

matched control subject for each test. In the
subtests related to attention and concentration
the score differences were statistically significant. From 21 patients, 20 showed a higher
simple motor reaction time (p = 0-01) and 15
performed poorer inWechsler's mental control
subtest "ABC" (p = 0 05), digit span (p =
0 05), sustained attention test Stroop II (p =
0 05) and concentration test "d2" (p = 0 05).
Although 10 patients complained about
impaired memory, the only significant difference demonstrated in formal memory tests was
the poorer performance of the patients in the
delayed recall of a story (p = 0.05). As the
learning ability of both verbal and visuospatial
material was similar in both patients and
controls, the decreased ability to recall suggests
a retrieval dysfunction. No differences were
shown on subtests probing higher cognitive

Cerebral symptoms after whiplash injury of the neck: a prospective clinical and neuropsychological study of whiplash injury

dysfunction following whiplash trauma.35-37
Our results (10 abnormal out of 18 tested)

demonstrate that the number with vestibular
dysfunctions early in the course is high.
At one year postinjury 10 patients reported
complete recovery and 16 were back to full
employment. In one patient, however, word
finding problems and memory dysfunction
persisted and 4 patients remained partially
disabled mainly because of cognitive dysfunction.
The aetiology of cerebral symptoms following whiplash injury has been controversial.
Brain lesions have been produced in experimental animals,38-40 and cases of proven cerebral contusion and subdural haematoma have
been reported following whiplash injuries,4'
but many studies5 69 15 42 have interpreted
cerebral symptoms as indication of a neurotic
personality.
What causes, other than brain damage,
could explain the early findings?
Medication such as analgesics and muscle
relaxants often prescribed to treat the pain of
whiplash injury are known to influence neuropsychological and electrophysiological data. At
most, medication played only a minor role in
our patients as 14 had no medication at all
during the period of testing and those using
medication had no more positive findings in
any of the tests than those without medication.
Pain and distress can also cause inattention
and decreased concentration. In fact, these
conditions are difficult to measure independently and pain was probably a factor for
cognitive dysfunctioning in some of the
patients. Other patients, particularly the four
with persistent employment disability, showed
chronic attention and concentration problems
independent of pain intensity and one patient
reported word finding problems as the only
symptom.

Depression could impair attention and concentration and as 9 patients had symptoms of
depression the differentiation from other causes remains difficult. Only two of the patients
had previous episodes of depression; most
were psychiatrically healthy subjects and their
post injury depression deserves consideration
as an organic depression.
Finally, secondary gain is often thought to
contribute to post whiplash symptoms but can
most probably be excluded in our patients. The
neuropsychological impairments were limited

to psychomotor functions and it would be
expected that psychogenic causation would
produce inhomogeneous test results and also
affect higher cognitive functions.
The "post-concussion syndrome" lists similar cognitive, emotional and somatic symptoms and has been plagued by the same
organic/psychogenic controversy. The neuropsychological dysfunctions seen in our patients
with whiplash injury correspond to problems
noted in the early stage of recovery from
concussion." 4
Attention and concentration deficits, emotional changes, sleep disturbances and menstrual irregularities suggest possible damage to
basal frontal and upper brain stem structures,
sites of limbic and hypothalamic connections.
The reticular formation and its projections also
occupy this area and are known to play a major
role in the regulation of attention and concentration." " Electrophysiological studies35 37 38
also suggest that the functional abnormalities
following whiplash injury evolve from disturbances in the midbrain, reticular formation,
vestibular nuclei and the hypothalamus as well
as the basal orbital and septal frontal regions.
These areas are particularly prone to traumatic

brain injury.4
Although a wide range of other aetiologies
could be responsible for the cerebral symptoms
our findings may be due to organic brain
dysfunction after whiplash injury.
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The otoneurological examination is reported
as a sensitive method for detecting vestibular
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