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Abstract

Differentiating balance disorder patients who are malinger-
ing from those with organic balance disorders is difficult and
costly. We used trunk sway measured during several stance
and gait tasks in 18 patients suspected of malingering in or-
der to differentiate these from 20 patients who had suffered
unilateral vestibular loss 3 months earlier, 20 patients with
documented whiplashinjuries, and 34 healthy controls. Clas-
sification results ranged from 72 to 96% and were equally
accurate for task or criteria variables based on 90% sway val-
ues. The tasks yielding the best discrimination were: stand-
ing with eyes closed on a foam and firm surface; standing
with eyes open on a firm surface; standing on 1 leg; and
walking tandem steps. The criteria yielding the best discrim-
ination were: standing with eyes open on a firm surface; the
difference between standing with eyes closed on foam and
firm surfaces; the difference between walking tandem steps
and standing on 1 leg with eyes open; and the difference
between roll and pitch velocity when walking 8 tandem
steps. We conclude that discriminating suspected malinger-
ing balance disorder patients is possible using variables or
criteria based on objective measures of trunk sway during

several stance and gait tasks. Copyright © 2009 S. Karger AG, Basel

Introduction

When a patient complains of balance problems, the
examining physician is faced with the task of assessing
the patient’s problems and associating these with a cor-
responding diagnosis. In addition to organic balance dis-
orders such as those associated with a unilateral periph-
eral vestibular loss (UVL), patients with non-organic ae-
tiologies form a large majority of patients presenting with
balance problems. Non-organic vertigo has been cited as
the most common cause of the subjective symptoms of
vertigo [Nedzelski et al., 1986] with some forms improv-
ing under therapy [Querner et al., 2000]. Among those
within the non-organic spectrum, ‘malingering’ patients
are those deliberately fabricating or aggravating a bal-
ance deficit with the goal of achieving a financial benefit
from their ‘disorder’ which is almost always ‘connected’
with an automobile accident. The incentive for financial
gain differs across Europe, depending on the local legal
requirements to prove incapacitating balance problems
after an automobile accident [Committee of European
Assurances, 2004]. Thus it is important to judge whether
patients with apparently debilitating balance problems
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are consciously mimicking a balance deficit, especially
when there is a possibility of financial gain [Binder and
Rohling, 1996; Gianoli et al., 2000].

Distinguishing organic and malingering symptoms is
difficult because traditional vestibular function tests,
such as the caloric test and rotating chair test, normally
only provide information on the functional status of the
peripheral horizontal circular canal system and the ves-
tibular ocular reflex [Hain, 1995]. Other standard clinical
tests, examining vestibular-spinal function, exist but are
limited to the neck musculature [Colebatch et al., 1994].
One aspect of vestibular ocular reflex tests on patients
with a possible organic base to their balance problems is
that they may aggravate their symptoms, worsening the
clinical picture, by failing to cooperate and follow in-
structions. This complicates the differentiation of pa-
tients who are malingering from those with organic
symptoms.

Several techniques have been suggested to identify ma-
lingering patients. One of these, dynamic posturography,
has the advantage that vestibular and proprioceptive con-
tributions to balance control can be measured if a toe-up
tilt of the support surface is used [for a review, see Allum
and Shepard, 1999; Allum et al., 2001]. Thus it has been
argued that tilt responses of dynamic posturography can
be used to determine objectively whether someone is con-
sciously influencing their balance performance [Allum et
al., 1996]. Another form of dynamic posturography, as
manufactured by Neurocom™ (www.equitest.org), uses a
sway-referenced support surface (i.e. one that moves with
centre of foot pressure variations). The malingering or
aphysiologic pattern for this system was initially described
by Hamid [1990]. This qualitative description used the
following criteria: an abnormally high sway score on sim-
ple test conditions, significant intertrial changes within
the same tasks, voluntary control of posture, and finally
a relatively better balance when being confronted with
more difficult circumstances. Cevette et al. [1995] tested
3 different patient groups using the same equipment: pa-
tients with aphysiologic patterns who demonstrated un-
usual symptoms of imbalance, gait unsteadiness, or ver-
tigo; age-matched patients with vestibular dysfunction
patterns; and healthy age-matched patients with normal
patterns. They established, based on a discriminant anal-
ysis, 3 mathematical formulas which differentiated be-
tween these 3 groups. These 3 formulas were based on:
standing on 2 legs with eyes open on a firm support,
standing on 2 legs with eyes open on the sway-referenced
support surface, and standing on 2 legs with visual sur-
round and support surface sway-referenced together.
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These formulas obtained a noteworthy overall classifica-
tion rate of 95.5% between the 3 study groups. Rey-Mar-
tinez et al. [2007] applied 7 criteria based on sway-refer-
enced dynamic posturography, including the 3 formulas
determined by Cevette et al. [1995], to a patient group of
7 malingerers. This group complained about different de-
grees of instability, but after follow-up examinations were
classified as malingerers. The 3 formulas of Cevette et al.
[1995] produced the best results; 88% of the malingerers
were correctly classified. Mallinson et al. [2005] devel-
oped a new set of criteria to identify malingering patients
which included those of Cevette et al. [1995], Gianoli et al.
[2000], and Goebel et al. [1997]. The new criteria which
differed were: scoring a patient’s performance when the
patient is unaware of being assessed, a rhythmic sway pat-
tern throughout all tasks, and finally exaggerated or er-
ratic responses which could not be reproduced. Mallinson
and Longridge [2005] were able to detect all 3 malingering
patients, who were diagnosed as malingerers based on
clinical tests, out of their total research group of 109 pa-
tients with balance and/or dizziness complaints. Other
scoring systems (those of Cevette et al. [1995] and Giano-
li etal. [2000]) detected the 3 malingerers as well, but also
raised suspicions in patients who were not originally as-
sessed in clinical tests as being malingerers.

Thus despite some doubts [see Morgan et al., 2002],
sway-referenced dynamic posturography appears to be
able to objectively determine a malingerer’s balance per-
formance. Nonetheless, this technique has some disadvan-
tages. First of all, it only uses values obtained during nor-
mal and sway-referenced stance tasks, whereas many pa-
tients with balance problems complain ofinstability during
walking. Secondly, sway-referencing tasks can be per-
formed more cheaply on a foam support surface [Weber
and Cass, 1993; Allum et al., 2002]. Thirdly, for adequate
identification of a patient’s instability due to propriocep-
tive loss during stance, roll (sideways) sway measures are
required [Horlings et al., 2008]. Sway-referenced dynamic
posturography is restricted to measures in the pitch (fore-
aft) direction which is adequate to identify vestibular loss
[Allum and Adkin, 2003; Horlings et al., 2008].

In this study, a portable measurement system (Sway-
star™) attached to the trunk was used to measure trunk
sway in the pitch and roll directions during several stance
and gait tasks, in order to differentiate patients who are
suspected of malingering from healthy controls and pa-
tients whose unilateral peripheral vestibular loss was in
the 3-month stage of compensation. We also included
whiplash injury patients who also suffer from specific
balance problems [Sjostrom et al., 2003] and are difficult
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Table 1. Malingering patient characteristics

Subject Age Sex CP 20 RCA OKN ETT Saccades ~ VEMPs Accident Skull fracture
MRI/CT

1 46 m normal normal normal normal normal normal present no fracture

2 30 \4 path. path. path. normal normal path. present no fracture

3 46 w normal normal normal normal normal normal present possible fracture

4 32 w # # # # normal normal present no fracture

5 40 m normal normal normal normal normal * present no fracture

6 48 m normal normal normal normal normal normal not present #

7 48 m normal normal normal normal normal normal present no fracture

8 46 w * normal * * normal * not present no fracture

9 43 m normal normal normal normal normal normal present no fracture
10 49 m path. normal # # # normal present no fracture
11 48 w * normal normal normal normal normal not present no fracture
12 30 m normal normal normal normal normal normal present no fracture
13 42 m # normal # # # # present *
14 59 w * * * * * normal not present *
15 47 m normal normal # # normal * not present no fracture
16 38 m normal normal # # # normal present no fracture
17 53 m normal normal normal normal normal * present no fracture
18 53 w path. normal normal  normal normal normal not present no fracture

CP = Canal paresis (pathological >30%); 20 RCA = 20°/s? rotating chair asymmetry (pathological >30%, normal with 2 SD of nor-
mal range); OKN = optokinetic nystagmus; ETT = eye tracking test; VEMPs = vestibular evoked myogenic potentials; path. = patho-
logical (borderline or outside normal range); * = not tested because of a medical/technical reason; # = could not test (patient anxiety

as a cause or lack of cooperation).

to diagnose [Pearce, 1999]. Thus our main goal was to
obtain a selection of balance parameters and criteria to
objectively differentiate between malingering patients
and those with a UVL; between malingerers and patients
with whiplash-associated balance deficits; and between
malingerers and normal control subjects using measures
of trunk sway. Our secondary goal was to determine if the
same criteria could also be used efficiently to separate
malingerers from the other populations in one, rather
than several separate discriminations. Previous studies
have examined differences between UVL patients and
controls and between patients with whiplash and con-
trols [Allum and Adkin, 2003; Sjostrom et al., 2003; Jo-
hansson et al., 1994; Karlberg et al., 1996]. Thus, we have
not readdressed these differences here.

Materials and Methods

Participants

Eighteen patients who demonstrated unusual symptoms of
imbalance, gait unsteadiness, or vertigo and who were diagnosed
as suspected malingering patients (mean age = SEM, 44 £ 1.9
years) were compared with 34 age-matched healthy subjects (46

Differentiation Malingering Balance
Performance

+ 1.5 years), 20 age-matched UVL patients 3 months after onset
of their acute symptoms (54 * 3.1 years) and 20 chronic whiplash
patients (40 * 2.8 years).

The results of the different measurement tasks (see below) for
each suspected malingering patient were judged by an experi-
enced researcher (J.A.), who decided whether to classify the pa-
tient as suspected malingerer. Criteria used for inclusion were in-
consistencies between subjective symptoms, and between symp-
toms and measurement task outcome performance, clinical
history and results of the clinical tests. A malingering perfor-
mance was determined as better or equal performance on more
difficult tasks compared to easier ones. Subjects with phobic pos-
tural vertigo (PPV) were excluded based on sway for tandem
walking and difficult stance tests (standing with eyes closed on
foam) being normal [Querner et al., 2000]. Non-organic patient
characteristics are shown in table 1.

The UVL patient data were obtained from a previously pub-
lished follow-up study [Allum et al., 2003]. Some characteristic
features of the UVL patients in comparison with healthy controls
were recovery to normal for stance tasks 3 weeks after onset of
acute symptoms. More difficult standing tasks, such as standing
on foam with eyes open, or standing on 1 leg with eyes open were
within normal limits after 3 months (defined as sway less than
mean +2 SD of normal). Some gait tasks, such as walking 3 m
while rotating the head, however, still showed abnormal sway pat-
terns 3 months after onset. Overall, the patients were considered
recovered 3 months after the acute onset of their balance deficit.

Audiol Neurotol 2010;15:261-272 263

8:49 PM

Medizin Basel
2017




The original acute status was based on the presence of spontane-
ous nystagmus, caloric response asymmetry greater than 55%,
and asymmetric vestibular ocular responses to 20°/s> whole body
rotations about the vertical axis.

The whiplash patient data were also obtained from a previ-
ously published study [Sjostrom et al., 2003]. The main goalin this
study was to obtain a quantified screening battery for the balance
deficits in chronic whiplash injury patients with clinical evidence
of a trauma. Typical features for this group of patients were a
greater sway while standing on 2 legs with eyes open on foam or
on a normal surface compared to healthy controls. One-legged
stance tasks showed a significantly lower duration in comparison
to the controls. For the simple gait tasks, such as walking while
rotating the head, whiplash patients showed less trunk sway.

Control subjects were randomly selected but age-matched out
of an already existing database of normal controls [Hegeman et
al., 2007]. On average, there were no height or weight differences
between the sample populations. All normal subjects were free of
orthopaedic, vestibular, or somatosensory disorders.

Measurement System

Trunk sway was measured with the Swaystar system (Balance
International Innovations GmbH, Switzerland) which consists of
two angular velocity transducers mounted on the hardened part
of an elasticised motorcycle belt, strapped to the lower back at the
level of L,-L;. One transducer was oriented to measure angular
velocity deviations in the roll plane (side-to-side) and one trans-
ducer was oriented in the pitch plane (fore-aft). Angular devia-
tions were calculated online by using trapezoid integration of an-
gular velocities sampled every 10 ms.

Measurement Tasks

The battery of tasks used was derived from the Tinetti perfor-
mance-oriented assessment of mobility [Tinetti, 1986] and the
clinical test of sensory interaction in balance [Shumway-Cook
and Horak, 1986]. It also features in several other studies [e.g. Al-
lum and Adkin, 2003; Sjostrom et al., 2003; Hegeman et al., 2007;
Adkin etal., 2005]. Each patient was asked to complete the battery
of 14 gait and stance tasks in order of increasing difficulty. All
tasks were performed without shoes to avoid the effect of different
shoe types affecting the data. Table 2a lists stance and gait tasks
used for the analysis and table 2b those not used as not all malin-
gering patients appeared to be able to complete these tasks. For all
stance tasks, the subject was asked to stand naturally for 20 s, or
until a near fall occurred, with the feet at shoulder width and arms
hanging beside the body. A near fall was defined as a loss of bal-
ance requiring assistance from spotters standing behind the sub-
ject. The foam support surface used had a height of 10 cm, alength
of 204 cm, a width of 44 cm, and a density of 25 kg/m>.

Data Analysis

The maximum peak-to-peak and 90% excursions of angle and
angular velocity in the pitch and roll directions were calculated
for each task. To derive the individual 90% values a histogram of
pitch and roll samples of each subject’s trial was developed by di-
viding the peak-to-peak range into 40 bins. The 90% range was
then established with the extreme 5% of values excluded in the
histogram.
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Table 2. Criteria and variables overview

a Analysed tasks, data used

s2eo0 standing on 2 legs, eyes open (20 s)

s2ec standing on 2 legs, eyes closed (20 s)

s2eof  standing on 2 legs, eyes open on foam (20 s)
s2ecf  standing on 2 legs, eyes closed on foam (20 s)
sleo standing on 1 leg, eyes open (20 s or less)
w8teo  walking 8 tandem steps, eyes open

w3mph walking 3 m, and pitching the head

w3mrh walking 3 m, and rotating the head

b Analysed tasks, data not used

slec standing on 1 leg, eyes closed (20 s or less)

sleof  standing on 1 leg, eyes open on foam (20 s or less)
w8teof walking 8 tandem steps, eyes open on foam

w3mec walking 3 m, eyes closed

Barriers walking over 4 low barriers 24 cm high, spaced 1 m apart
Stairs  walking up and down 2 steps

c Criteria

Crit. 1 (s2eo + s2ec) — (s2eof + s2ecf)
Crit.2  (w3mphRolVel - w3mhpPitVel)
Crit.3  (w3mrhRolVel - w3mhrPitVel)
Crit. 4  (w8teoPitAng — w8teoRolAng)
Crit. 5  (w8teoPitVel — w8teoRolVel)
Crit. 6 (s2ec - s2eo0)

Crit. 7 (s2ecf - s2eof)

Crit. 8  (w8teo - s2ecf)

Crit.9  (w8teo - sleo)

Crit. 10 (s2ecf - s2ec)
Crit. 11 (s2eo0)

Rol = Roll; Pit = Pitch; Vel = velocity; Ang = angle.

Criteria

Based on previous literature (see Introduction) and our own
observations [Allum and Carpenter, 2005], we developed 11 dif-
ferent criteria, which could suggest a malingering performance
(table 2¢) based on performance inconsistent with the task or task
difficulty.

Criterion 1 compares the 2 relatively easy 2-legged stance tasks
with 2 more difficult tasks standing on foam. This criterion is
comparable with the criterion Cevette et al. [1995] and Gianoli et
al. [2000] used in their studies with dynamic posturography. Cri-
terion 2 examined whether trunk roll velocity was greater com-
pared to the velocity in pitch direction during walking while
pitching the head, whereas criterion 3 used the same comparison
for the task of walking while rotating the head from side to side.
Criterion 4 looked whether pitch angle was larger than trunk roll
angle during walking 8 tandem steps, whereas criterion 5 used the
same task to look whether pitch velocity was greater than roll ve-
locity. Criterion 6 compares the difference in task performance
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between standing on 2 legs with eyes open and standing on 2 legs
with eyes closed. Criterion 7 compares the difference between
standing on 2 legs with eyes open on foam and standing on 2 legs
with eyes closed on foam. Criterion 8 compares walking 8 tandem
steps with eyes open and standing on 2 legs with eyes closed on
foam. Criterion 9 compares standing on 1 leg with eyes open and
walking 8 tandem steps. Criterion 10 compares standing on 2 legs
with eyes closed on foam with measures for standing on 2 legs
with eyes closed. Criterion 11 looks at standing on 2 legs with eyes
open alone and is comparable to the criterion used by Goebel et
al. [1997].

The criteria 1, 7, 8, 9, 10 and 11 were calculated for each vari-
able separately; i.e. for roll angle, pitch angle, roll velocity and
pitch velocity. The other criteria combined different variables.

Statistical Analysis

Independent t tests were used to determine differences in the
variables for each task and the criteria based on the variables be-
tween malingering patients and 1 of the other 3 groups. A 4-group
ANOVA and post hoc Bonferroni analysis were performed as
well. Significance was set at 0.05.

Stepwise discriminant analysis was performed on all variables
and criteria that were significantly different between at least 2
groups. A separate discriminant analysis was performed for the
malingering versus control group, the malingering versus UVL
group and the malingering versus whiplash group, using the sig-
nificant variables and criteria determined from independent t
tests. Discriminant analysis including all 4 groups was performed
as well. The input for this analysis was based on the significant
outcomes of the ANOVA and post hoc Bonferroni tests. Stepwise
discriminant analysis first carries out an ANOVA of each variable
and then selects the variable with the highest F ratio for inclusion
in the discriminant function. The correlation of the remaining
variables (those that were not selected) to the variable selected to
enter into the group of entered variables is then removed. In the
next step, ANOVA is repeated on the remaining variables in order
to determine the next most significant variable to enter the dis-
criminant function. This stepwise procedure is repeated until all
non-entered variables have F ratios less than a set threshold of
F = 3.84. The set of variables entered into the discriminant func-
tion can then be used to classify all members of the specific groups
to the appropriate population and to assign a new test subject to
the appropriate population. A detailed description of this analysis
is given elsewhere [Allum et al., 2001; Allum and Adkin, 2003].

Results

Opverall, the malingering patients had a different per-
formance on the different stance and gait tasks compared
to the control, UVL and whiplash patient groups, which
was characterized by larger trunk sway than is typical in
patients with balance problems of organic origin. A typi-
cal record of a malingering patient during standing on
foam with eyes closed is shown in figure la. The malin-
gering patient has, in comparison with the other 3 sub-
jects, greater sway in both the roll and pitch directions.

Differentiation Malingering Balance
Performance

Because the 90% values gave a better differentiation be-
tween the different groups than the 100% range (peak-to-
peak) values, we will only report the results obtained with
the 90% values.

Stance Task Variables

For the simplest task of standing on 2 legs on a firm
surface with eyes open, roll angle and velocity were sig-
nificantly increased between malingering and control
patients. Pitch angle and pitch velocity were significantly
increased between the malingering versus control and
UVL patients (p < 0.05). This was the variable which fea-
tured directly as a criteria (criteria 11, see table 2¢).

For standing on 2 legs on foam with eyes open, a sig-
nificant increase was found between the malingering pa-
tients and the other 3 groups for the variables roll angle,
roll velocity and pitch velocity. Pitch angle showed sig-
nificant differences between the malingering versus con-
trol and UVL patients (p < 0.05).

For the most difficult 2-legged stance task standing on
foam with eyes closed (fig. 1b), a significant difference
was found when comparing the malingering group with
each one of the other 3 groups for all variables (p < 0.05).
The task standing on 2 legs on a firm surface with eyes
closed showed a significant difference between the ma-
lingering patients and the other 3 groups for all variables
as well (p < 0.05).

For standing on 1 leg with eyes open, roll angle, pitch
angle and pitch velocity were significantly increased be-
tween malingering patients and the other 3 groups. Roll
velocity was significantly increased between the malin-
gering and control groups (p < 0.05).

Gait Task Variables

For walking 8 tandem steps with eyes open (fig. 1c), a
significant increase was found between the malingering
group and the other 3 groups for roll and pitch angle, as
well as for pitch velocity (p < 0.05). Roll velocity only
showed a significant increase between the malingering
group compared to the control group and whiplash group
(p < 0.05).

For walking 3 m while rotating the head, roll and pitch
angle were significantly increased between the malinger-
ing patients versus controls and whiplash patients. Pitch
velocity showed a significant difference between malin-
gering and whiplash patients (p < 0.05).

For walking 3 m while pitching the head, roll angle
was significantly increased in the malingering group
compared to controls and whiplash patients (p < 0.05).
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a Standing on 2 feet with eyes closed on foam

2.5 Control, 50-year-old man

Roll
K Malingerer, 48-year-old man

Angle (degrees)

Whiplash, 51-year-old man

-2.5
5 10 15 20
Duration (s)
b Standing on 2 feet with eyes closed on foam
%T 10 20
o 8 16 2
3 8%
g, 25
2 4 8 58
© (] E
c 2 ‘ 4 2
<, 7N 0
Flg..1..Balance perforl.nance. Trunk sway Roll angle Pitch angle Roll velocity Pitch velocity
deviations (a) of 4 typical patients, repre-
senting the 4 groups during standing on 2
legs with eyes closed on a .foam support c Walking 8 tandem steps with eyes open
surface. Note the larger ordinate scale for
the malingering patient. b, ¢ Population =
averages (and standard error of the mean) o 40 o
for trunk angle and velocity as measured _§ 30 59
for 90% ranges (see Methods) during o 0 89
standing on 2 legs with eyes closed on g ' 0 & _g'?
foam and while walking tandem steps. c 7 =
. . g 7.
Significant differences based on a one-way < 0
ANOVA and post hoc Bonferroni tests are Rollangle Pitch angle Roll velocity Pitch velocity
marked with ® p < 0.05 control vs. malin- Control Vestibular
gering, ®p < 0.05 malingering vs. UVL, El Malingering EZ Whiplash
and € p < 0.05 malingering vs. whiplash.
Criteria Criterion 9, which calculates the difference between

Criterion 1, which compares standing on 2 legs on a  walking 8 tandem steps and standing on 1 leg with eyes
tirm surface with eyes open and closed, with standingon  open (fig. 2a), showed a significant decrease for the ma-
a foam surface with eyes open and closed, showed a sig-  lingering group compared to the other 3 groups in roll
nificant increase between the malingering and the other and pitch velocity (p < 0.05).

3 groups in all 4 variables (p < 0.05).
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a Criterion 9, difference between tandem steps and standing on 1 leg

a-c a-c r25

Roll angle

Fig. 2. Criteria outcome. Population aver-
ages (and standard error of the mean) for
criteria 9 (a) and 10 (b) are depicted (90%
ranges). Significant differences based on a
one-way ANOVA and post hoc Bonferroni
tests are marked with ® p < 0.05 control vs.
malingering, ®p < 0.05 malingering vs.
UVL, and ¢ p<0.05 malingering vs. whip-
lash.

Roll angle

Pitch angle Roll velocity Pitch velocity

Criterion10, difference between standing on a foam
and firm surface both with eyes closed

Pitch angle Roll velocity Pitch velocity

Control
Il Malingering

Vestibular
B Whiplash

Criterion 10, which calculates the difference between
standing on 2 legs with eyes closed on foam versus on a
tirm surface (fig. 2b), showed a significant increase for
the malingering group compared to the other 3 groups in
roll angle, roll velocity and pitch velocity. Pitch angle
showed a significant increase between the malingering
and control groups (p < 0.05).

Criterion 11, which examines whether abnormally in-
creased sway patterns are measured for standing on 2 legs
with eyes open, showed a significant increase in roll angle
and roll velocity for the malingering versus control
groups. Pitch angle and pitch velocity were increased for
the malingering group versus controls and UVL patients
(p<0.05).

All remaining criteria not mentioned above did not
show any significant differences between the malinger-
ing and 1 of the other 3 groups.

Differentiation Based on 90% Task Variables

Figure 3 gives the classification results for the discrim-
inant analysis for the 3 separate 2-group comparisons
(fig. 3a) and the 4-group comparison (fig. 3b). Table 3a

Differentiation Malingering Balance
Performance

gives the details for each discriminant analysis. When
differentiating the control group from the malingering
group (fig. 3a), the overall classification was 96%, all con-
trols were correctly classified and 89% of the malingering
patients were correctly classified. The differentiating
variables are given in table 3a. The discriminant analysis
between the malingering group and UVL group (fig. 3a)
gave an overall correct classification of 76%; 56% of the
malingering patients were correctly classified and 95% of
UVL patients were correctly classified (table 3a for dif-
ferentiating variables). The discriminant analysis be-
tween the malingering and whiplash group (fig. 3a) gave
an overall classification of 84.2%; all whiplash patients
were correctly classified, and 67% of the malingering pa-
tients were correctly classified (table 3a).

The discriminant analysis between the 4 different
groups (fig. 3b) gave an overall correct classification of
72%; 94% of the controls, 67% of the malingerers, 50% of
UVL and 60% of the whiplash patients were correctly
classified (table 3a). None of the subjects belonging to
either the control, vestibular or whiplash groups were
incorrectly classified as belonging to the malingering
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a 90% task variables b 90% task variables
6
5 6 Correctly classified
CO =94%
10/18
4 12/18 . ML =67%
3 s T UVL = 50%
WP = 60%
2 . ¢ ~ 2
=
1  § $ =
g
0 ’—g g 0-
A &
> 19/20 20/20 =2
-3 34/34
—4
-4 T T T T T L
-4 -2 0 2 4 6
Function 1
C 90% criteria d 90% criteria
6
15/18 6 1
1 e
15/18 14/18
4 ‘ L 2 ‘ 4 4 i
3 b 4 s
S
HIE N
s R
Fig. 3. Classification results. Discriminant 1 ’ g
plots, showing the differentiation obtained 0 2 0+
by the discriminant analysis between the $ R e
. . -1 3 ¢ Correctly classified
patient groups, are illustrated. a, ¢ The re- 24 co —es%
sults of the 3 discriminant analyses be- 2 A ML = 67%
tween malingering versus controls, malin- S UVL= 55%
gering versus UVL and malingering ver- -3 34/34 19/20 A -4 4 WP =60%
sus whiplash patients are provided based 4 19/20 ' ' ' ' ! j
on 90% range variables (a) and 90% crite- -4 -2 0 . 2 4 6
Function 1

ria (c). b, d The results of the discriminant
analyses between the 4 groups based on
the 90% variables (b) and 90% criteria (d)
are depicted. For b and d, only the first 2
out of 3 functions are used to plot the sub-
jects.

Control

@ Malingering © Vestibular

Subjects and sample population centroids:

I Malingering (ML) UVL
%2 Control (CO) E Whiplash (WP)

A Whiplash

group. The classification function coefficients and Fish-
er’s linear discriminant functions enabling classification
of a new patient can be found in table 4a.

Differentiation Based on 90% Criteria

Figure 3c provides the classification results of the 3
comparisons separately, and figure 3d of the 4-group
comparison, based on the details given in table 3b. The
discriminant analysis for the 90% criteria gave similar
results to those of the 90% task variables. The discrimi-
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nant analysis for controls versus malingerers (fig. 3¢c) gave
an overall classification of 94%, thereby correctly classi-
fying all controls and 83% of the malingerers (table 3b).
The discriminant analysis between the malingering and
UVL groups (fig. 3c) gave an overall classification of 90%;
83% of the malingering patients and 95% of the UVL pa-
tients were correctly classified (table 3b). This was con-
siderably better than for the 90% task variables. The dis-
criminant analysis between the malingering group and
whiplash group (fig. 3¢) gave an overall correct classifica-
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Table 3. Outcome discriminant analysis

a Variables 90%

Groups Variable Test Significance! F (d.f. 1, d.f.2) Overall result, %
CO/ML 90% Pitch velocity sleo a-c 31.5(2,49) 96
Roll angle sleo a-c 25.9 (3, 48) 96  (cross-val.)
Pitch angle s2eof a,b 22.6 (4,47)
Pitch velocity s2ecf a-c 20.0 (5, 46)
Pitch velocity s2eo a,b 22.0 (5, 46)
Pitch angle w8teo a,c 24.3 (6, 45)
ML/VL 90% Roll velocity s2ecf a-c 20.5 (1, 36) 76
76 (cross-val.)
ML/WP 90% Roll velocity s2ecf a—c 24.9 (1, 36) 84
Pitch angle w3mrh C 17.1 (2, 35) 84  (cross-val.)
CO/ML/VL/WP Roll velocity s2ecf a—c 27.7 (3, 88) 72
(ANOVA) Pitch velocity s2eo a,b 16.2 (6, 174) 66  (cross-val.)
Pitch velocity sleo a—c 12.6 (9, 209)
Roll angle sleo a-c 10.7 (12, 225)
b Criteria 90%
Groups Variable Criteria Significance! F(d.f. 1, d.f. 2) Overall result, %
CO/ML 90% Pitch velocity Crit. 9 a-c 30.0 (2, 49) 94
Pitch velocity Crit. 11 a,b 29.7 (3, 48) 90  (cross-val.)
- Crit. 5 ab 25.4 (4, 47)
Pitch velocity Crit. 10 a—c 23.4 (5, 46)
ML/VL 90% Roll velocity Crit. 10 a-c 17.2 (1, 36) 90
Pitch velocity Crit. 9 a-c 15.1 (2, 35) 90  (cross-val.)
Pitch velocity Crit. 11 a,b 14.7 (3, 34)
ML/WP 90% Roll velocity Crit. 10 a-c 18.3 (1, 36) 87
Pitch velocity Crit. 9 a-c 15.7 (2, 35) 87  (cross-val.)
CO/ML/VL/WP Roll velocity Crit. 10 a-c 21.5 (3, 88) 62
(ANOVA) Pitch velocity Crit. 11 a,b 13.6 (6, 174) 51  (cross-val.)
Pitch velocity Crit. 9 a-c 11.4 (9, 209)

a:p <0.05 CO vs. ML; b: p < 0.05 ML vs. VL; c: p < 0.05 ML vs. WP.
CO = Controls; ML= malingering; VL = vestibular loss; WP = whiplash patient; cross-val. = cross-validated classification result.

Each F value had a p value <0.05.

! Significance for t tests, except for the 4-group comparison where significance values are given for ANOVA and Bonferroni tests.

tion of 87%; 78% of the malingering patients and 95% of
the whiplash patients were correctly classified (table 3b).
This was slightly better than for the 90% task variables.
The discriminant analysis between the 4 different
groups (fig. 3d) based on the selected criteria gave an
overall classification of 62%; 65% of the controls, 67% of
the malingerers, 55% of the UVL patients and 60% of the
whiplash patients were correctly classified. The same cri-
teria were used as with the differentiation between ma-
lingering compared to UVL patients (table 3b). The Fish-
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er’slinear discriminant function and the unstandardized
canonical discriminant function coefficients enabling
classification of a new patient can be found in table 4b.

Discussion
Our results showed clear differences in balance con-

trol during several stance and gait tasks between suspect-
ed malingerers and controls, UVL and whiplash patients.
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Table 4. Fisher’s linear discriminant function (for the different subject groups) and unstandardized canonical discriminant function
coefficients (for functions 1-3)

a Task variables 90%

Subject group Function

CO ML UVL WP 1 2 3
Standing on 1 leg EO, roll angle -0.033 0.165 0.013 -0.096 0.070 -0.056 0.028
Standing on 1 leg EO, pitch velocity 0.083 0.335 0.209 0.179 0.071 0.047 0.140
Standing on 2 legs on foam EC, roll velocity 0.060 0.614 0.067 -0.064 0.196 -0.094 -0.172
Standing on 2 legs EO, pitch velocity 0.642 0.715 0.642 1.722 -0.080 0.795 -0.195
Constant -1.934 -9.000 -2.756 -4.240 -1.342 -1.290 -0.122
b Criteria 90%

Subject group Function

CO ML UVL WP 1 2 3
Criteria 9, Pitch velocity 0.219 0.029 0.212 0.220 -0.070 0.021 0.098
Criteria 10, Roll velocity 0.075 0.684 0.109 0.034 0.226 -0.102 0.191
Criteria 11, Pitch velocity 0.252 1.180 0.353 1.134 0.281 0.683 -0.185
Constant -3.379 -5.958 -3.451 -5.128 -0.091 -1.348 -1.623

EO = Eyes open; EC = eyes closed; CO = Controls; ML= malingering; UVL = unilateral vestibular loss; WP = whiplash patient.

When combining the best discriminant analysis out-
comes, an overall correct classification of 86% was ob-
tained. The exaggerated responses of the malingerers can
be explained by the expected financial gain under the
Swiss Invalidity Insurance programme. Costs per case in
Switzerland are the highest in Europe [Committee of Eu-
ropean Assurances, 2004].

Trunk pitch velocity featured in several of the vari-
ables and criteria from stance tasks used to distinguish
malingerers from other patients. Derived pitch angle was
used by other authors [Goebel et al., 1997; Hamid et al,,
1990; Mallison et al., 2005] employing sway-referenced
dynamic posturography to identify malingerers. We
found that roll velocity was particularly useful for sepa-
rating malingerers and whiplash patients. More impor-
tantly, we demonstrated that using differences between a
gait task (walking tandem steps) and a stance composite
of that task (standing on 1 leg with eyes open) improved
classification accuracy over that obtained for stance vari-
ables alone. The variable employed to focus on these dif-
ferences was pitch velocity. It is indicative of malingering
if pitch velocity is greater than roll velocity during tan-
dem walking because usually the greatest motion is in the

270 Audiol Neurotol 2010;15:261-272

roll direction for organic disorders of balance [Allum and
Carpenter, 2005; Allum and Adkin, 2003]. Generally
though, gait tasks failed to provide improved classifica-
tion accuracy over stance tasks even though there were
significant differences between the malingerers and con-
trols as well as whiplash injury patients for gait tasks.
Only the walking 3 m while rotating the head task en-
tered into the discrimination between malingerers and
whiplash patients. Whiplash injury patients are charac-
terized by low values of trunk sway variables for this test
[Sjostrom et al., 2003].

Standing on 2 legs with eyes open is generally associ-
ated with the smallest amount of sway even for patients
with organic balance deficits [Allum and Carpenter,
2005; Allum and Adkin, 2003]. Thus, poor performance
on this test is immediately suspicious as others have
found.

Goebel et al. [1997] tested 3 different groups, consist-
ing of normal subjects, patients with balance disorders
and normal subjects instructed to feign a balance perfor-
mance. One abnormal sway pattern for the latter group
was the increase in sway during standing on 2 legs with
eyes open. Several authors [Hamid et al., 1990; Mallin-
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son et al., 2005; Endo et al., 2008] found that the same
task provided significantly different measures for their
malingering groups. In the current study, malingering
patients had a significant increase in sway for this task,
too. Pitch velocity for this task emerged as a discriminat-
ing variable for 3 out of 4 comparisons between the dif-
ferent patient groups, confirming our assumption that
every patient should be able to perform this task within
normal limits. Some caution is needed, because Allum et
al. [2003] found a significant increase with this task for
whiplash patients compared to controls, which might ex-
plain why this test was not useful for differentiating ma-
lingerers from whiplash patients in our discriminant
analysis.

Cevette et al. [1995] indicated that a relatively better
performance on difficult tasks compared to easier tasks
is a typical feature for malingering patients. Gianoli et al.
[2000] and Rey-Martinez et al. [2007] provided support
for this assumption. Krempl and Dobie [1998], who com-
pared the Cevette score, the Goebel criteria and blinded
subjective clinical scoring for the ability to correctly dif-
ferentiate the malingering patients, did not find the
above-mentioned Cevette criterion helpful for differenti-
ating the malingering group. One of their main conclu-
sions was that blinded clinical scoring gave comparable
differentiation results to the other 2 test methods. To de-
termine whether the Cevette criterion was able to differ-
entiate the malingering patients, we integrated this con-
cept into a number of criteria (1, 6, 7 and 10, see table 2c)
comparing a difficult and easy task. Although the criteria
were often significantly different between the malinger-
ing group and the other 3 groups, we did not find any
statistically significant evidence that the more difficult
tasks resulted in better performance, compared to the
easier tasks. Instead higher differences between the dif-
ficult task (foam) and easy task (firm surface) for the
trunk pitch and roll velocity in malingerers versus con-
trols and other patient groups were observed (fig. 2b).
Our results showed that a greater-than-expected differ-
ence between difficult and easy tasks is suggestive of a
malingering performance. The difference between stand-
ing with eyes closed on foam and on a firm surface
emerged as a significant variable in the discriminating
function for all analyses.

None of the control, UVL or whiplash patients were
falsely classified as belonging to the malingering group
when a 4-group differentiation was performed, either
based on the task variables alone or the criteria. It appears
that the discriminant analysis gave very specific results
in differentiating malingerers, resulting in no false-posi-
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tive results. This is desirable from the medical point of
view, because a clinician does not want to face the risk of
classifying a true organic patient as being malingering.
For this reason, a high specificity, as we obtained, is re-
quired. In fact, many of the falsely classified subjects were
healthy controls classified as UVL subjects and vice ver-
sa. Such a poor classification was expected, a priori, be-
cause UVL subjects 3 months after onset of their symp-
toms are generally symptom free [Allum and Adkin,
2003].

In the current work, we have considered all patients in
the malingerer group to be malingerers. Three of the pa-
tients had a pathological canal paresis indicating a pe-
ripheral vestibular loss and should strictly be assigned to
a group of aggravating patients. Future work will need to
consider differences between pure malingerers and those
aggravating an organic deficit. Another aspect which will
need to be considered is the differences between malin-
gerers, aggravations and those patients with PPV. PPV
patients have normal results on difficult stance tasks, but
abnormal results for the easier balance tasks [Querner
et al., 2000] unless the task is expected to be difficult
[Holmberg et al., 2009]. We excluded PPV patients based
on the criteria by Querner et al. [2000]. However, when
both stance and gait tasks are used for differentiation of
PPV from normal control, the question arises concerning
which tasks are the most difficult — stance or gait tasks or
a combination of both - to be used for identification of
PPV patients.

A remaining question arises, whether malingerers
who are aware of the above-mentioned criteria used to
identify a malingering performance would still be de-
tected as being malingering. Morgan et al. [2002] looked
whether dynamic posturography was able to detect in-
formed malingerers, based on the scoring method of
Cevette et al. [1995] and blinded subjective clinical scor-
ing. They investigated 2 groups of healthy subjects who
both were asked to simulate a balance deficit. The first
group, however, was informed beforehand about dy-
namic posturography and that a patient with a balance
disorder tends to do poorly only when the test becomes
more difficult. Despite additional information, the pa-
tients did not improve their ability to feign a balance
disorder. Comparable classification results were found
between both groups, with either the scoring method of
Cevette et al. [1995] or subjective blinded clinical scor-
ing.

Our work has focused on providing criteria based on
trunk sway measured during stance and gait tasks to
differentiate malingerers from controls, UVL and whip-
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lash patients and thereby provide an objective method
for identifying malingering patients. Future research
will need to determine how these techniques work in
prospectively identifying patients who are malinger-

ing.
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