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Abstract
Complaints on cognitive functioning are often reported in patients suffering from whiplash syndrome, although
objective neuropsychological test results do not always support these. In addition, radiological abnormalities and
anatomical lesions are found only in a minority of these patients. This has led to a controversy about its existence in
the literature. In this systematic review, the results of 22 neuropsychological studies on whiplash were quantitatively
analyzed, focusing on working memory, attention, immediate and delayed recall, visuomotor tracking, and cognitive
flexibility. Our findings suggest that a consistent overall pattern of cognitive dysfunction can be demonstrated after
whiplash injury through neuropsychological testing, both compared to healthy and to asymptomatic controls. Six
months after the accident, improvement is found in working memory, attention, immediate recall, and visuomotor
tracking. The results are discussed in the light of recent findings on the effect of cerebral dysfunction, malingering,
pain-related factors, and the role of coping strategies and posttraumatic stress on neuropsychological test
performance. (JINS, 2000, 6, 271–278.)
Keywords: Whiplash, Meta-analysis, Neuropsychological tests, Review

lems), cognitive (i.e., attention and memory disturbances),
and psychological in nature, such as emotional lability
(Radanov & Dvorak, 1996; Sturzenegger et al., 1994).
A major problem in diagnosing whiplash syndrome is the
lack of objective data to support this diagnosis (Pearce,
1999). Imaging techniques such as CT or MRI often fail to
demonstrate cerebral damage, whereas lesions in the ligaments or other soft-tissue sites are found only in a small
subgroup of these patients. Generally, these techniques do
not have a high prognostic value (Ronnen et al., 1996;
Voyvodic et al., 1997). The standard neurological examination reveals no dysfunctions in most cases (Spitzer et al.,
1995). This lack of objective data gave rise to the idea that
the complaints seen in late whiplash patients are a result of
neurosis (Hodge, 1971) or related to psychological disorder
(Gargan et al., 1997). Other studies concluded that outcome
expectancies (Radanov et al., 1993a; Schrader et al., 1996)
or litigation status (Obelieniene et al., 1999; Swartzman et al.,
1996) are important determinants of the symptoms seen after whiplash injury, although brain injury cannot be fully
excluded (Alexander, 1998).

INTRODUCTION
Whiplash injury can occur after hyperflexion, hyperextension, or hyperlateroversion of the neck, often caused by rearend car accidents. This can lead to a number of complaints,
if there is no external head injury or loss of consciousness,
known as the whiplash syndrome (Fischer et al., 1995, 1997).
Since most patients diagnosed with whiplash fully recover
after 2 to 3 months, it is regarded as a benign disorder (Barnsley et al., 1994). However, in a number of patients the complaints still exist 6 months after the accident, resulting in a
fairly high disability rate (Spitzer et al., 1995). Estimates of
the proportion of patients that will develop long-lasting
symptoms, usually referred to as the late whiplash syndrome, vary from 14 to 88% (Barnsley et al., 1994). Whiplash patients show various complaints, which can be physical
(such as neck and shoulder pain, dizziness, and visual prob-
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A considerable amount of research has been done in the
field of neuropsychology with respect to the cognitive problems after a whiplash injury. Some of these studies found
attentional dysfunction—mainly disorders of divided attention—or memory disturbances (Ettlin et al., 1992), while
others did not always find abnormal neuropsychological
functioning in chronic whiplash patients (Radanov et al.,
1993b). The aim of this study was to examine the precise
pattern and magnitude of cognitive impairment after whiplash injury by meta-analytically combining quantitative data
from previous studies. More specifically, we focused on
whiplash patients compared to healthy individuals, symptomatic versus asymptomatic individuals, and the course of
cognitive function in time. By summarizing all the evidence on whiplash-associated cognitive malfunctioning, this
quantitative review may prompt future research elucidating
the mechanisms underlying such disturbances.

METHODS
Only published studies were selected by means of a literature search in PsycLit (1967–1999) and MedLine (1966–
1999) using the keywords whiplash, cognitive, attention,
and memory. Additional studies were identified by examining the list of references of these studies. Several inclusion
criteria were applied in order to perform the quantitative
analyses. First, the paper was an original article. Second,
cognitive functioning was assessed using standard neuropsychological or reliable experimental testing methods.
Third, test scores were presented for the experimental and
control group (mean and standard deviation), or the exact p
values, t values, or F values were given.
It was determined for each study which type of control
group was used, healthy controls or other patient groups. In
addition, the postaccident time was determined for the patient group as an indication of the chronicity of the symptoms. Subsequently, effect sizes (d ) were calculated, that
is, the standardized difference between the experimental
group and the compared group. If no exact values were reported for nonsignificant results, these results were included as d 5 0.00 in the analysis, adopting a conservative
approach (Rosenthal, 1991). The direction of the effect size
was negative if the performance of whiplash patients was
worse than the control group. Calculations were performed
independently by two authors (R.P.C.K. and A.A.). Differences in calculations were resolved by discussion, resulting
in an interrater reliability of unity.
In the meta-analysis, a combined d value was calculated,
expressing the magnitude of associations across studies. This
d value was weighted for sample size, in order to correct for
upwardly biased estimation of the effect in small sample
sizes (Hedges & Olkin, 1985). In addition, Stouffer’s Z
weighting for sample size provided an indication of the significance of the difference in task performance between the
whiplash and the control group. A 95% confidence interval
was calculated on the basis of the standard error. Tests measuring the same cognitive construct were taken together in
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the analyses (as detailed in the Results section). Metaanalyses were performed separately for the difference between chronic whiplash patients versus healthy controls and
for the difference between symptomatic patients versus participants who did not report any symptoms after a similar
car accident (the asymptomatic group). In addition, metaanalyses were conducted on studies reporting follow-up data,
with d values reflecting the difference between baseline performance and follow-up performance after a period of 6
months. An overall d value, in which all cognitive constructs were pooled, was computed first as a general index
of differences in cognitive function. Hereafter, meta-analyses
were performed for the cognitive constructs separately. All
analyses were performed using the statistical package META
(Schwarzer, 1988).

RESULTS
The literature search identified 22 studies on neuropsychological functioning after whiplash injury. Of these, three
single-case reports were not included in the meta-analysis
(Bohnen et al., 1993; Fisher, 1982; Hofstad & Gjerde, 1985).
Other studies that were excluded did not report exact data
on the test results (Berstad et al., 1975; Schwartz et al., 1987;
Yarnell & Rossie, 1988) or did not have a control group
(Keidel et al., 1992; Smed, 1997). Tables 1 and 2 display all
studies that fulfilled the criteria, with corresponding effect
sizes for the difference in performance between the whiplash and the control group. Only the studies listed in Table 1,
comparing symptomatic whiplash patients to either an
asymptomatic control group or healthy volunteers, were
meta-analyzed. The study of Ettlin et al. (1992) was the only
paper in which healthy controls were compared to individuals who were included on the basis of the injury rather than
their symptoms. Moreover, these participants were tested
within 1 week after the accident. Thus, this study could not
be directly compared to studies that report data on symptomatic and chronic participants and was therefore excluded from the meta-analysis.
Other studies compared whiplash patients to other patient groups, such as patients suffering from rheumatism
(Radanov et al., 1992b), chronic pain or head injury (Taylor et al., 1996), lower cervical spine syndrome (a syndrome characterized by cervical and cervicobrachial pain;
see Radanov et al., 1992a), or “whiplash-like” symptoms
(Olsnes, 1989), or divided the whiplash group into disabled
and nondisabled patients (Radanov et al., 1993a). Chronic
pain patients or patients with other symptoms similar to those
reported by whiplash patients are appropriate control groups
if one wants to control for the possible effects of these symptoms. However, these control groups vary considerably with
respect to symptomatology and etiology. Moreover, a separate meta-analysis on these papers yielded a 95% confidence interval from 20.56 to 0.51. This also indicates that
the control groups of these studies are indeed very heterogeneous. Averaging the d values of these studies and interpreting the results would thus not be suitable, both from a
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Table 1. Summary of the neuropsychological studies that were included in the meta-analysis: post-accident time, type of control
group, size experimental (NE ) and control group (NC ), reported neuropsychological tests, and associated effect sizes (d )
Study (year)

Whiplash
group

Postaccident time

Control group

NE

NC

Radanov et al. (1990)
Kischka et al. (1991)

symptomatic 23.7 m (SD 5 20.3)
symptomatic not specified (“chronic”)

healthy
healthy

58
18

52
18

Radanov et al. (1993b)

symptomatic 7.3 d (SD 5 3.9)
1 follow-up at 6 m

asymptomatic 31

67

Di Stefano et al. (1995) symptomatic 7.0 d (SD 5 4.5)
asymptomatic 21
1 follow-up at 6 m 1 12 m

Di Stefano et al. (1996) symptomatic 7.3 d (SD 5 4.0)
1 follow-up at 6 m

asymptomatic 28

healthy

28

21

58

11

Gimse et al. (1997)

symptomatic 1– 4 y

healthy

23

23

Kessels et al. (1998)
Schmand et al. (1998)

symptomatic 1–5 y
symptomatic 24 m (SD 5 22)

healthy
healthy

24 21
108 46

Neuropsychological
test(s)
PASAT
Digit span, forward
Stroop
Corsi, forward
Story recall, immediate
Story recall, delayed
Rey figure recall, delayed
Digit span, forward
1 backward
Corsi
Trail Making Test, A
Trail Making Test, B
Number Connection Test
PASAT
Digit span, forward
1 backward
Corsi
Number Connection Test
Trail Making Test, A
Trail Making Test, B
PASAT
CVLT, immediate
CVLT, delayed
Digit span, forward
1 backward
Corsi
Trail Making Test, A
Trail Making Test, B
Number Connection Test
PASAT
CVLT, immediate
CVLT, delayed
Digit span, forward
1 backward
Corsi
Trail Making Test, A
Trail Making Test, B
Number Connection Test
PASAT
CVLT, immediate
CVLT, delayed
PASAT
Trail Making Test, A
Trail Making Test, B
AVLT, immediate
AVLT, delayed
PASAT
Stroop
Trail Making Test, A
Trail Making Test, B
AVLT, immediate
AVLT, delayed

d
21.13
0.00 a
20.57
20.57
20.57
0.00 a
0.00 a
20.63
20.33
20.43
20.14
20.69
20.51
20.36
20.36
20.99
20.29
20.38
20.74
20.45
20.53
20.44
20.27
20.23
0.00
20.47
20.20
20.12
20.18
21.28
20.37
20.14
20.60
20.89
20.79
20.32
20.31
20.47
20.23
20.39
20.85
20.91
20.85
20.67
20.65
20.82
21.23
21.17

Note. d 5 days; m 5 months; y 5 years; PASAT 5 Paced Auditory Serial Addition Task; CVLT 5 California Verbal Learning Test; AVLT 5 Auditory
Verbal Learning Test.
a
Exact data for this test were not reported, only that the p value was not significant. Following a conservative approach, a d value of 0.00 was used in the
meta-analysis.
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Table 2. Characteristics of studies on neuropsychological functioning after whiplash injury that were excluded from the meta-analysis
due to heterogeneity of the used control groups: postaccident time, type of control group, size of experimental (NE )
and control group (NC ), reported neuropsychological tests, and associated effect sizes (d )
Study (year)
Olsnes (1989)

Whiplash
group

Postaccident time

symptomatic 6–18 m

Control group

NE NC

whiplash-like symptoms 34

Radanov et al. (1992a) symptomatic 27 m (SD 5 23.8)

lower cervical spine
syndrome

30

Radanov et al. (1992b) symptomatic 24.6 m (SD 5 22.7)

rheumatism

54

Ettlin et al. (1992)

healthy

21

unselected

Radanov et al. (1993a) disabled

Taylor et al. (1996)

3–7 d

5.3 d (SD 5 1.5)
nondisabled whiplash
1 follow-up at 6 m

symptomatic . 4 y

6

chronic pain

15

head injury

15

conceptual and a statistical point of view; therefore, these
studies were not included in the meta-analysis. The effect
sizes for the studies that were excluded from the metaanalysis are listed in Table 2.
The neuropsychological tests used in these studies were
divided into a number of subgroups that measure approximately the same cognitive construct. The construct working
memory was measured verbally with the Digit Span (Wechsler, 1945, 1955) and nonverbally with the Corsi BlockTapping Test (Berch et al., 1998) or Visual Memory Span
(Wechsler, 1987). The construct attention was assessed with
the Paced Auditory Serial Addition Task (PASAT, described
by Gronwall, 1977) and the Stroop Color Word Test (Stroop,
1935), the first measuring divided and sustained attention,
while the latter can be seen as a measure of selective attention and susceptibility for interference. The construct immediate recall was tested with Story Recall of the Wechsler

Neuropsychological
test(s)

d
20.35

21 Digit span, forward
1 backward
Trail Making Test, A
Trail Making Test, B
15 Number Connection Test

0.08
20.07
20.57

PASAT
28 Number Connection Test
PASAT
21 Digit span, forward
Digit span, backward
Stroop
Corsi, forward
Corsi, backward
Story recall, immediate
Story recall, delayed
Rey figure recall, delayed
91 Digit span

21.05
1.01
20.02
21.30
21.11
20.53
20.14
20.77
20.56
20.94
20.47
20.16

Corsi
Number Connection Test
Trail Making Test, A
Trail Making Test, B
PASAT
24 Digit span, forward
Digit span, backward
Visual span, forward
Visual span, backward
PASAT
10 Digit span, forward
Digit span, backward
Visual span, forward
Visual span, backward
PASAT

21.06
20.99
20.90
20.27
20.10
20.74
20.75
20.39
20.05
0.53
20.78
20.50
20.20
20.07
20.11

Memory Scale (Wechsler, 1945), or by using word lists, such
as the California Verbal Learning Test (CVLT; Delis et al.,
1987) and the Rey Auditory Verbal Learning Test (AVLT;
Rey, 1964). The construct delayed recall was measured with
the delayed test performance on Story Recall, the CVLT and
the AVLT, and with the help of the Rey–Osterrieth Complex Figure Test (a test of nonverbal delayed memory functioning; Rey, 1941). The Number Connection Test (Oswald
& Roth, 1987) and the Trail Making Test part A were included in the construct visuomotor tracking, whereas the Trail
Making Test part B can be regarded as an index of the construct cognitive flexibility (see Corrigan & Hinkeldey, 1987,
for a description of the Trail Making Test).
Thus, the following cognitive functions were included as
variables in the meta-analysis: working memory, attention,
immediate recall, delayed recall, visuomotor tracking, and
cognitive flexibility. Table 3 shows the results of the meta-

Downloaded from https://www.cambridge.org/core. University of Groningen, on 10 Nov 2020 at 10:17:38, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/S1355617700633027

Cognitive functioning after whiplash injury

275

Table 3. Results of the meta-analyses on cognitive functioning in whiplash patients
compared to normal and asymptomatic control groups
Cognitive function

k

N

Chronic whiplash patients vs. healthy controls
Overall
6
430
Working memory
2
75
Attention
6
430
Immediate recall
4
275
Delayed recall
4
275
Visuomotor tracking
3
239
Cognitive flexibility
3
239

d

Z

95% CI

20.82
20.53
20.78
20.83
20.64
20.53
20.68

27.5****
22.0*
27.4****
24.4****
22.4***
23.7****
24.8****

21.03–20.60
21.04–20.01
20.98–20.57
21.20–20.46
21.16–20.12
20.81–20.25
20.96–20.40

22.69**
22.9**
23.0**
21.25
21.6
22.7**
20.96

20.66–20.10
20.68–20.13
20.72–20.15
20.60–0.13
20.66–0.07
20.67–20.11
20.41–0.14

Sub-acute symptomatic patients vs. asymptomatic controls
Overall
3
226
20.38
Working memory
3
226
20.41
Attention
3
226
20.43
Immediate recall
2
128
20.23
Delayed recall
2
128
20.30
Visuomotor tracking
3
226
20.39
Cognitive flexibility
3
226
20.13

Note. k 5 number of studies; N 5 total number of subjects; d 5 mean weighted effect size; 95% CI 5
95% confidence interval.
*p , 0.05; **p , 0.01, ***p , 0.001, ****p , 0.0001.

analysis of chronic symptomatic whiplash patients compared to healthy controls. Also reported is the meta-analysis
of subacute whiplash patients compared to participants
who did not report any symptoms after a rear-end collision
(asymptomatic controls). Table 4 lists the results of the metaanalysis on the course of the cognitive functioning between
subacute baseline testing and 6 months after the accident.
Compared to normal controls, the chronic whiplash group
demonstrated a significant overall lowered performance, as
well as impairments on all six cognitive domains separately. According to the nomenclature of Cohen (1988) most
effect sizes are in the moderate range (d 5 0.60). The effect
sizes for attention (d 5 20.78, six studies, 430 participants) and immediate recall (d 5 20.83, four studies, 275
participants) approach a large difference (d 5 0.80). Table 3

Table 4. Course in time of cognitive functioning in
symptomatic whiplash patients (6 months postaccident
compared to subacute stage)

also shows that symptomatic whiplash patients perform
worse than a group of asymptomatic participants after a rearend collision on tests of working memory, attention, and
visuomotor tracking when tested within 2 weeks after the
injury (subacute symptomatic patients).
Furthermore, cognitive functioning changed over time in
whiplash patients: Working memory, attention, immediate
recall, and visuomotor tracking showed significant improvement 6 months after the accident compared to a subacute
baseline testing. No improvement was found in delayed recall and in cognitive flexibility. Only in one study (Di Stefano & Radanov, 1996) was the whiplash group compared
to normal controls 6 months postonset. Here, attentional
functioning was still lower in the patient group than in
healthy controls (d 5 20.69, p , .04). This indicates that
although attention improved in the course of time, whiplash
patients performed worse than healthy controls.

DISCUSSION

Cognitive function

k

N

d

Z

95% CI

Overall
Working memory
Attention
Immediate recall
Delayed recall
Visuomotor tracking
Cognitive flexibility

3
3
3
2
2
3
3

160
160
160
98
98
160
160

0.36
0.26
0.62
0.41
0.18
0.47
0.13

2.2**
1.7*
3.8***
2.0*
0.9
2.9**
0.8

0.04–0.67
20.05–0.57
0.30–0.94
0.02–0.81
20.22–0.57
0.15–0.78
20.18–0.44

Note. k 5 number of studies; N 5 total number of subjects; d 5 mean
weighted effect size; 95% CI 5 95% confidence interval.
*p , 0.05, **p , 0.01, ***p , 0.0001.

The present meta-analysis shows that chronic, symptomatic
whiplash patients, compared to healthy controls, have significant problems on tests of working memory, attention,
immediate and delayed recall, visuomotor tracking, and cognitive flexibility. When comparing symptomatic whiplash
patients to subjects who do not report (cognitive) symptoms after a rear-end collision, the symptomatic group has
significantly lower scores on tests of working memory, attention, and visuomotor tracking when measured shortly after the accident. These results indicate that the subjective
complaints about cognitive deterioration, as reported by
many whiplash patients, can be consistently and objec-
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tively demonstrated with the help of standardized neuropsychological tests.
When looking at the pattern of dysfunction in chronic
symptomatic patients compared to healthy controls, an overall impaired test performance becomes apparent. After comparing symptomatic with asymptomatic subjects in the
postacute phase, lower scores on tests measuring working
memory, attention, and visuomotor tracking are found, although the differences are less significant than compared to
healthy controls. Analysis of the course of cognitive impairment in time shows that scores on tests for working memory, attention, immediate recall, and visuomotor tracking are
significantly improved in symptomatic patients 6 months
after the accident, compared to the subacute stage. Delayed
recall and cognitive flexibility test scores do not differ at
these two time points.
In sum, a general pattern of cognitive dysfunction can be
demonstrated in symptomatic whiplash patients, compared
to asymptomatic controls, as well as compared to healthy
participants. Six months after the trauma, significant improvement is found in tasks of working memory, attention,
immediate recall, and cognitive flexibility, whereas delayed recall and cognitive flexibility do not change in this
period of time.
This is the first meta-analysis on neuropsychological findings after whiplash injury. Our results corroborate and extend a previous narrative review (Radanov & Dvorak, 1996),
suggesting a nonspecific pattern of cognitive dysfunction
after whiplash injury. Although clear improvements can be
found over time, long-lasting cognitive complaints can still
be present. An advantage of a meta-analytical approach is
that it does not suffer from several shortcomings of traditional qualitative narrative reviews. In simply vote counting significant versus nonsignificant results, the subjective
role of the reviewer might be relatively strong. Also, the
precise magnitude of the effect is not specified, and the lack
of weighting by sample size might result in distortion of
overall trends in data across studies. A limitation of the
present study concerns the small number of studies included in some of the analyses, although we included more
studies than were used in previous reviews. Furthermore, it
should be mentioned that the classification of tests into specific cognitive domains remains arbitrary to some degree.
More research, including quantitative measures of possible
moderators of effect size (such as pain or psychological distress) is needed in this field, before an even more thorough
meta-analysis can be carried out.
The findings of the present meta-analysis do not address
the origin of the cognitive complaints seen after whiplash
injury. Although impairments on neuropsychological tests
do not have to be the result of neurologic deficits (Mathews
et al., 1966), cerebral dysfunction might be a possible explanation for the symptoms of whiplash patients. However,
convincing evidence supporting this has not been found, even
with the help of modern imaging techniques such as PET or
SPECT (Bicik et al., 1998; Radanov et al., 1999). Furthermore, the use of medication can influence test performance
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and thus cannot be excluded as a putative confounding factor (Radanov et al., 1993b). For example, Di Stefano and
Radanov (1995) found that in a group of subacute, symptomatic whiplash patients 80% of the participants used medication that could potentially have effects on the cognitive
test performance. However, there is only one study in which
medicated and unmedicated whiplash patients were directly compared (Gimse et al., 1997). Here, no differences
were found in neuropsychological test performance between these two groups.
In addition, damage to the cervical spine, for example the
zygapophysial joints, might be related to the complaints reported by whiplash patients, such as pain of the neck (Barnsley et al., 1995), but the exact impact of the flexion–extension
mechanisms is not clear (Gargan, 1995; Yoganandan et al.,
1999). However, although the absence of objective organic
signs precludes the treatment of possible neurologic consequences, assessment and perhaps treatment of psychological impairment is of course still important (Alexander, 1998).
Due to the lack of objective signs to support the diagnosis and because of financial gain (cf. Binder & Rohling, 1996;
Rohling et al., 1995), a high impact of malingering is suspected in whiplash patients. Recently, malingering has indeed been demonstrated in some whiplash patients, and was
more frequent in patients seeking financial compensation
(Schmand et al., 1998). However, it is very difficult to distinguish malingering from underperformance due to other
reasons, such as psychiatric problems (Schagen et al., 1997).
The presence of chronic pain might also contribute to impaired cognitive and psychological functioning, even in the
absence of brain damage (Iverson & McCracken, 1997; LeesHaley & Brown, 1993). High levels of pain are reported by
many whiplash patients (Wallis et al., 1996) and have been
linked to cognitive dysfunction in this group (Radanov et al.,
1992b; Schwartz et al., 1987). In addition, these patients
suffer from injury they do not feel themselves responsible
for, since the whiplash syndrome is most common after a
rear-end collision. This, in combination with the strain resulting from chronic pain (cf. Skevington, 1995), might interfere with normal coping strategies. Post-traumatic stress
(see Jaspers, 1998, for a review) or depression (Lee et al.,
1993; Taylor et al., 1996) could be the result, possibly leading to a lower performance on cognitive tests.
In conclusion, our quantitative analysis of the published
data from the literature provides strong evidence that cognitive complaints after whiplash injury are not limited to
subjective reports, but extend to malperformance on objective, standardized tests. This finding calls for future
research on the putative mechanisms underlying these dysfunctions. Pain and, in some individuals, malingering are
possible factors that may play a role in explaining the cognitive symptoms observed after whiplash injury. Moreover,
failure to use effective coping strategies may lead to posttraumatic stress-like symptoms or perhaps depression. The
precise interactions of these factors, however, remain unclear, since it was not possible to perform a meta-analysis
on these variables as well, due to the small number of stud-
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ies. Also, the clinical nature of the studies included in the
meta-analysis prevents ruling out pre-existing and unrelated problems as a contributing factor. Clearly, more and
certainly more detailed research is needed before strong
final conclusions can be reached about the underlying
mechanisms.
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