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Introduction — Cognitive complaints, such as poor concentration and
memory deficits, are frequent after whiplash injury and play an
important role in disability. The origin of these complaints is discussed
controversially. Some authors postulate brain lesions as a consequence
of whiplash injuries. Potential diffuse axonal injury (DAI) with
subsequent atrophy of the brain and ventricular expansion is of
particular interest as focal brain lesions have not been documented so
far in whiplash injury. Objective — To investigate whether traumatic
brain injury can be identified using a magnetic resonance (MR)-based
quantitative analysis of normalized ventricle-brain ratios (VBR) in
chronic whiplash patients with subjective cognitive impairment that
cannot be objectively confirmed by neuropsychological

testing. Materials and methods - MR examination was performed in 21
patients with whiplash injury and symptom persistence for 9 months
on average and in 18 matched healthy controls. Conventional MR
imaging (MRI) was used to assess the volumes of grey and white
matter and of ventricles. The normalized VBR was calculated.
Results — The values of normalized VBR did not differ in whiplash
patients when compared with that in healthy controls (F = 0.216,

P = 0.645). Conclusions — This study does not support loss of brain
tissue following whiplash injury as measured by VBR. On this basis,
traumatic brain injury with subsequent DAI does not seem to be the
underlying mechanism for persistent concentration and memory
deficits that are subjectively reported but not objectively verifiable as
neuropsychological deficits.
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Introduction

Common whiplash injury is a controversial dis-
order in most aspects. It usually results from an
acceleration/deceleration injury to the neck in car
accidents. Common whiplash injury excludes head
contact injury and loss of consciousness including
post-traumatic amnesia (1, 2). Although around
80% of patients suffering a whiplash injury
recover within 6 months, some patients develop
chronic somatic, psychological and cognitive
complaints, resulting in disability (1, 2). The
most frequently reported persistent symptoms
are neck pain, headache, attention and memory
deficits (2). In most cases, the origin of these

complaints is unknown, and detailed neurological
examination does not reveal any somatic dysfunc-
tions. The lack of objective signs has led to
various hypotheses regarding the origin of cogni-
tive complaints. Some authors mainly assumed
underlying psychological factors (3). Others have
argued that whiplash injury is a disorder mainly
caused by litigation and outcome expectancies
(4, 5). Furthermore, brain damage resulting from
whiplash injury has been discussed (6), but
conventional MRI or positron emission tomogra-
phy (PET) and single photon emission computed
tomography (SPECT) have not revealed any
consistent findings indicating brain damage after
whiplash injury (7).
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The cognitive symptoms of chronic whiplash
patients are similar to those of patients with mild
traumatic brain injury (MTBI). Even in the
absence of a head trauma, altered consciousness,
amnesia and structural lesions in cerebral MRI,
brain injury that is either diffuse or selectively
focal, e.g. in the cingulum, cannot be fully excluded
in whiplash patients (6). In acceleration—decelera-
tion injury, the mechanism of diffuse axonal injury
(DAI) is of particular interest. Animal experiments
have shown that pure acceleration forces on the
skull can cause DAI (8). DAI has also been shown
in humans after MTBI (9). DAI leads to brain
atrophy, particularly of cerebral white matter, with
subsequent expansion of the brain ventricles.
Ventricular expansion after MTBI has been
shown in several studies (10-13). The quantitative
MR-based measurement of brain and ventricle
volumes, resulting in the so-called ventricule-brain
ratio (VBR), has been shown to be a valid method
to detect changes in brain degenerative dementias
or due to DAI following MTBI (14, 15). In
addition, VBR correlated well with cognitive def-
icits (14), and both VBR and cognitive perfor-
mance correlated significantly with the severity of
brain injury (15). In this study, we used the method
of MR-based measures of VBR to test the
hypothesis of cerebral damage resulting in tissue
loss after whiplash injury in patients with persistent
symptoms.

Materials and methods
Subjects

Twenty-one patients with persistent symptoms
after having suffered a whiplash injury and 18
healthy controls were scanned according to the
same protocol at the same hospital-based MRI
unit.

Patients

None of the patients with whiplash injury reported
a direct head trauma, altered consciousness, or any
amnesia during or after the accident. All patients
had suffered rear-end car collisions and were
classified as grade I or II according to the Quebec
Task Force (16). Patients were recruited from
primary care physicians by announcing the study
in a Swiss medical journal. All patients underwent
a detailed neurological examination and neuropsy-
chological testing. None of them had a major
medical illness. The average delay between accident
and recruitment for the study was 9.05 months (SD
3.26, range 5-16 months). All patients suffered
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from persistent head and neck pain and all
reported cognitive complaints (memory deficits
and difficulties in concentration) sufficient to
request medical treatment.

Controls

The healthy controls were recruited by announcing
the study in a newspaper. Controls were included if
they reported to be healthy, have no pain, had
never suffered a whiplash injury or a traumatic
brain injury or any other major neurological
disease and had the requested age, sex and educa-
tional level. Patients and healthy controls did not
differ significantly in age, gender or education (see
Table 1).

Methods

Magnetic resonance imaging — A localization series
in three planes was performed on a Magnetom
Symiphony 'SMI-5 Turbo Sparc/1.5T MRI
Siemens, Erlangen, Germany. Sagittal T1-
weighted, inversion recovery series (5 mm slice
thickness, 0.5 mm slice gap, TR (repetition time):
6000 ms, TE (echo time): 60 ms, TI (inversion
time): 350 ms, FOV (field of view): 260 mm, matrix:
256 x 198, one transmission, acquisition time:
1l min and 545s) and transversal T1-weighted,
three-dimensional MPRAGE  (magnetization
prepared rapid gradient echo imaging; three-dimen-
sional turbo gradient echo sequence; TR: 11.08 ms,
TE: 4.3 ms, flip angle: 15°, FOV: 200 mm, matrix:
256 x 190, one transmission, acquisition time:
10 min and 34 s) were obtained. The scans were
saved under a randomly assigned number. Images
were saved on optical discs and then transferred to a
Windows-based microcomputer.

Image analysis — Images were transferred to a
microcomputer on which they were analysed
quantitatively. Two trained observers, who were
blind to clinical data, performed the quantitative
MRI analysis. The measurement of brain tissue

Table 1 Demographic data of the whiplash patients and the healthy contrals

Age in years Education in Gender,
mean (SD) years mean (SD) % female /% male
Whiplash 35.7 (10.6) 121 (1.4) 71/29
patients {n = 21}
Healthy 382 (10.2) 11.9{0.8) 72/28
contrals (n = 18)
Statistics F= 056, F=0.18, Pearson 2 = 0.003,
P=046 P=0.68 P=096




and ventricle volumes was performed using the
software osiris version 4.11 (Digital Imaging Unit,
Radiology Department, University Hospital of
Geneva, Switzerland, online at: http://www.
expasy.org/www/UIN/htmll/projects/osiris/osiris.
html). In all subjects, transverse slices were used for
analysis. Brain tissue volume was measured by a
standardized semi-automated segmentation proce-
dure called ‘region growing’. With this procedure, a
polygon including the areas with similar grey scales
is created by the computer. For this purpose, we
defined a seed value of 80 and a tolerance of 30 in
every scan. If the computer included parts of the
head other than brain tissue (e.g. eye tissue), these
parts were cut away manually. The measurement
started in the most superior slice showing one or
both lateral ventricles. Measurements ended in the
first inferior slice showing the optic chiasm. To
obtain the brain volume, we first subtracted the
area of ventricles from the area of brain tissue. We
then added the brain tissue area of all slices and
multiplied the result by 5.5 mm (corresponding to

the sum of the gap between the slices and the slice °

thickness).

Figure 1 shows a measurement of brain tissue.
Ventricles were. also measured by a standardized
semi-automated procedure. In Osiris, this proce-
dure is called ‘intensity isocontours’. In this proce-

dure, the contours of a defined area are highlighted - -
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Brain volumetry in chronic whiplash patients

by the computer. In this way, the ventricles are
given a clearly defined contour. By following the
contour manually, we obtained a polygon includ-
ing the entire area of the ventricles. Ventricle
volume measurement started in the most superior
slice showing one or both lateral ventricles and
ended in the most inferior slice on which the
temporal horn was still visible in one or both
hemispheres. To obtain the ventricle volume, the
added ventricle areas of all slices were multiplied
by 5.5 mm (corresponding to the sum of the gap
between the slices and the slice thickness).

Figure 2 shows the contours of the ventricles as
highlighted by the semi-automated procedure. The
randomly selected MRI scans of five subjects were
used to establish inter-rater reliability. For mea-
surement of cerebral tissue, inter-rater reliability
was r = 0.9997 (P < 0.05), and, for ventricular
measurements, inter-rater reliability was r =
0.9980 (P < 0.05). Brain tissue volume and ven-
tricular volume of the left and right hemispheres
were added separately resulting in a total brain
volume and a total ventricular volume for each
patient. VBR was calculated by dividing the
ventricular volume by the brain volume. To correct
for different brain sizes, the VBR was normalized.
The normalization procedure was performed by
measuring the horizontal distance between the
frontal and the occipital poles on the horizontal

Figure 1. Measurement of brain tissue: the outlined areas in these representative slices show the highlighted contours of brain tissue

as performed by the semi-automated procedure.
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Figure 2. Measurement ol ventricles: the outlined areas in these representative slices show the highlighted contours of the ventricles

as performed by the semi-automated procedure.

slice showing the largest distance. VBRs were then
normalized by using the average extension of the
entire study group between the frontal and the
occipital poles.

Neuropsychological tests — Various aspects of atten-
tion and concentration were tested in the whiplash
group. By using the computer-based ‘Test battery
for Attention Assessment’ (17), we assessed tonic
and phasic alertness, divided attention and work-
ing memory. The Stroop test was used to assess the
aspect of executive functioning (18).

Statistical analysis

Group differences of brain volumetry were assessed
by independent t-test. The Pearson r statistic was
used for correlations between continuous variables.
The threshold for statistical significance was set at
0.05. To compare nominal variables, we used
Pearson chi-squared test.

Results

The results of the VBR measurement in whiplash
patients and in healthy controls are summarized in
Table 2. The comparison of the two groups by
t-test showed no statistically significant group
difference (¢ = 0.218, P = 0.83).
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Table 2 Results of ventricle-brain ratios (YBR) measurement

Normalized  Correlation of Correlation of Gender

VBR, VBR and age, VBR and education,  differences
mean (SD)  Pearson r(P) Pearson r (P) in VBR, F(P)

Whiptash  0.030 (0.014)  0.360 (0.10) 0.545 (0.01) 8.730 (0.01)
patients ‘

(n=21)

Healthy ~ 0.031 (0.019) 0.764 {0.000) -0.096 {0.70) 5.879 (0.03)
controls

(n=18)

Entire 0.030 (0.016)  0.564 (0.000) 0.265 (0.10) 12.766 {0.001)
group

(n=39)

The correlations of VBR with age and education
are shown in Table 2. The VBR correlated signif-
icantly with age in the entire sample and in the
healthy controls (P < 0.05). In whiplash patients,
the correlation between VBR and age was not
significant (P = 0.10). VBR correlated signifi-
cantly with education in whiplash patients
(P < 0.05), but no such correlation was found in
the healthy controls or in the entire sample
(P = 0.10). For both groups and for the entire
sample, significant differences were found between
VBRs of males and females (P < 0.05).

Ventricle-brain ratios did not correlate signifi-
cantly with any neuropsychological test result in
the whiplash group (Table 3). We could, however,



Table 3 Neuropsychological test results in whiplash patients and correlation with VBR

Brain volumetry in chronic whiplash patients

Tonic alertness
{reaction time T-score)

Phasic alertness
(reaction time T-score)

Divided attention
{errars T-score)

Working memory
(errors T-score)

Stroop test
lerrors in trial C)

Whiplash patients (n = 21)
Correlation with VBR Pearson r (P)

47.33 (6.99)
0.334 (0.14)

50.86 (9.63)
-0.185 (0.42)

47.95 (7.79)
0.023 (0.2

4767 (9.23)
0.12 {0.61)

0.9 (1.38)
-0.28 (0.21)

Values are given as mean (SD).

not correlate with individual cognitive deteriora-
tion, as no pretraumatic tests were available. As
the average test scores of whiplash patients were
within the range of the test norms (Table 3), we did
not perform neuropsychological testing with the
healthy controls.

Discussion

This quantitative MR-based study does not show
any statistically significant difference between the
VBRs of patients suffering from persistent symp-
toms following a whiplash injury and healthy
matched controls. Furthermore, the test results of
attention and executive functioning did not corre-
late with VBR in the whiplash group. Interestingly,
all average neuropsychological test results of
whiplash patients were within the normal range
according to the test norms despite subjective
symptoms. However, VBRs in both groups were
related to demographic variables, such as age,
gender and education, a well-documented finding
from previous studies in healthy people (19). The
method used has been shown to be sensitive in the
detection of brain atrophy in several conditions
such as early primary degenerative dementias (14)
or mild-to-moderate traumatic brain injury (15).
Our findings do not support the hypothesis of
cerebral damage, cerebral trauma or DAI resulting
from whiplash injury and suggest that cognitive
complaints in whiplash injury, even if persistent, do
not have the same underlying mechanisms as in
traumatic brain injury (TBI).

This study, however, has several limitations
preventing final conclusions: (i) the MR method-
ology used to evaluate brain tissue loss may not be
sensitive enough to detect very mild diffuse atrophy
or selective focal atrophy, e.g. in the prefrontal
cingulum; (ii) the method certainly will not detect
functional (not structural) defects such as defective
activation of certain brain areas; (iii) the neuro-
psychological test battery used may not be ade-
quate for the complaints, yet these tests are well
established and validated in this setting; (iv) the
patients analysed may not be representative of the
whole group of whiplash patients as they represent
only the very mildly injured; however, we selected

patients with long-term symptoms; v) the sample
size was rather small.

The results of this study are in line with previous
structural and functional imaging investigations
where no evidence for a traumatic brain injury
after whiplash injury was found (7, 20). The results
of these studies suggest again that the origin of
cognitive complaints in whiplash patients cannot
be attributed to traumatic cerebral damage caused
by the accident. In previous research, the role of
various other factors causing cognitive distur-
bances was discussed. Some authors argued that
the intensity of pain (1) or the use of .centrally
acting medication. such as analgesics (1, 21) is
primarily responsible for cognitive impairment of
whiplash patients. Regarding pain symptoms pre-
vious research showed that the intensity of head-
ache was significantly related to focused attention
in whiplash patients. (22). Other authors rargued
that psychological factors, such as anxiety and
depression, the patient’s expectations and also
litigation may contribute significantly to the
subjective perception of cognitive deficits (23).
The recently published study by Robinson et al.
confirms the importance of these factors and
demonstrates equal performance on neuropsycho-
logical testing in patients with or without cognitive
symptoms after whiplash. Based on these results
cognitive complaints were attributed to heightened
somatic vigilance (24).

Although this study included whiplash patients
who complained of subjective loss of concentration
and memory deficits, all patients scored within the
normal range on neuropsychological testing. This
may indicate the mainly subjective nature of
cognitive complaints of whiplash patients the
basis of which, as discussed previously, may be
that they are suffering pain (1, 22) or psychological
problems (23) and, consequently, organic brain
failure in whiplash cannot be assumed. Therefore,
taken strictly, our conclusion cannot be applied to
whiplash patients who demonstrate deficits on
neuropsychological testing,

In conclusion, our quantitative analysis of VBR
provides evidence that whiplash injury without
direct trauma to the head, without loss of con-
sciousness and without post-traumatic amnesia,
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even when symptoms are persistent over months,
does not cause brain damage in the form of a diffuse
axonal loss, for example. However, these results
certainly must be confirmed with a larger patient
sample, with patients demonstrating cognitive defi-
cits and also using more sensitive imaging method-
ology to detect diffuse or focal brain damage.
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