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Distracting attention in phobic postural

vertigo normalizes leg muscle activity and
balance

ABSTRACT

Objective: To examine the triggering causes of inadequate neuromuscular regulation of posture
and subjective imbalance in patients with phobic postural vertigo (PPV), a subtype of functional
dizziness.

Methods: Postural performance was assessed by center-of-pressure displacements and surface
EMG of lower-limb muscles (the tibialis anterior and soleus) in 10 patients with PPV and 10
healthy controls under 4 stance conditions: standing with eyes open or closed and with or without
an additional cognitive dual task. The level of muscle cocontraction and the characteristics of
open- and closed-loop postural control were analyzed.

Results: At baseline (i.e., standing with eyes open without dual task), patients exhibited increased
muscle cocontractions (p = 0.003), which were further associated with increased open-loop
diffusion activity (o = 0.022) and a lowering of the primary feedback threshold for closed-loop
control (p = 0.003). However, postural performance of patients improved considerably and
normalized to that of healthy controls when performing an additional dual task.

Conclusions: PPV is characterized by a dissociation of subjective postural instability and objec-
tively maintained balance capabilities. The dual-task effects on balance in patients with PPV indi-
cate that this dissociation might result from an increased attention to postural adjustments at
baseline, which is normally required only during demanding balance situations. This internal focus
on balance control promotes an inappropriate neuromuscular regulation of posture, with
increased muscle cocontractions, higher short-term body sway, and an oversensitivity to external
stimuli. However, if patients are distracted, muscle cocontractions and balance control normalize.
Such distraction may therefore be an effective coping strategy for preventing PPV attacks in
susceptible patients. Neurology® 2017;88:284-288

GLOSSARY
HC = healthy control; PPV = phobic postural vertigo; RMS = root mean square; SDA = stabilogram diffusion analysis.

Phobic postural vertigo (PPV), a subtype of functional dizziness, is characterized by dizziness
and subjective imbalance during stance and gait despite normal performance in otoneurologic
and clinical balance tests." PPV, a highly prevalent cause of chronic vertigo/dizziness, signifi-
cantly compromises functioning and quality of life. Symptoms either arise spontaneously or are
triggered by specific perceptual stimuli or social situations. Consequently, patients report an
increased fear of falling despite having a normal fall prevalence.?

The apparent dissociation between subjective imbalance and objectively maintained balance
capabilities in PPV is thought to result from an inadequate but nevertheless functioning postural
control strategy.' Accordingly, patients exhibit characteristic alterations in postural control, i.e.,
a constrained mode of standing with high-frequency postural sway and elevated muscular energy
consumption.” It was speculated that this inadequate mode of balance regulation possibly
originates from an anxiety-driven increase of attention to postural adjustments, which is accom-
panied by a stiffening of the musculoskeletal system.'-
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The aim of this study was to elucidate these
hitherto hypothetical causes of inadequate
balance regulation in patients with PPV to
improve the diagnosis and therapeutic options
for this prevalent form of chronic dizziness.
We therefore examined the differential effects
of attention on balance control in patients

the

cocontraction occurring during their stance

and amount of antigravity muscle

performance.

METHODS Standard protocol approvals, registrations,
and patient consents. The study protocol has been approved
by the Ethics Committee of the University of Munich and was
registered (DRKS00010113). All procedures were in accordance
with the Helsinki declaration, and patients gave their written

informed consent.

Participants. Ten patients with PPV (age 43.5 * 6.2 years, 6
female, no indication for prior vestibular disorders) and 10
healthy controls (HCs; age 40.3 * 4.6 years, 3 female) partici-
pated in the study. The diagnosis of PPV was based on the
established criteria," which have been proven highly reliable in
a long-term follow-up (5-15 years) in 106 patients.*

Procedures. Postural performance of patients and HCs was eval-
uated under 4 conditions (each 30-second duration): single-task

standing with eyes open and eyes closed and dual-task standing

with eyes open and eyes closed. The cognitive dual task
consisted of naming items from a given category. Cognitive
performance during the dual task was compared to that during
the cognitive single task while the participant was sitting
quietly. The number of items was documented for each test.

Muscle activity was measured via surface EMG (Telemyo
2400; Noraxon, Scottsdale, AZ) at 1,500 Hz. Bipolar surface elec-
trodes were placed on the tibialis anterior (flexor) and the soleus
muscle (extensor) of the dominant leg side. Raw EMG signals were
band-pass filtered at 20 to 500 Hz. EMG muscle activity was addi-
tionally recorded during maximal voluntary contraction of the
soleus (during maximal isometric plantar flexion) and tibialis ante-
rior (during maximal isometric dorsiflexion of the ankle at 90°).°
Body sway was measured on a stabilometer platform (Kistler
9261A; Kistler Group, Winterthur, Switzerland) ac 100 Hz. The
center-of-pressure trajectories in the anterior-posterior and medio-
lateral planes were filtered with a second-order low-pass Butter-
worth filter with a 10-Hz cutoff frequency.

Data analysis. EMG signals were normalized by maximal vol-
untary contraction activity. The relative level of leg muscle cocon-
traction was calculated by the cocontraction index according to
the approach of Falconer and Winter as described by Nagai
et al’ (figure 1A).

Balance control was studied by the root mean square (RMS) of
postural sway and stabilogram diffusion analysis (SDA)® that pre-
viously revealed specific balance alterations in patients with PPV.?
SDA plots the mean squared center-of-pressure displacement (Ar?)
as a function of the time interval (At, a moving time window). SDA

plots exhibit 2 regions (short-term and long-term diffusion) divided

[ Figure 1 Neuromuscular regulation of balance in PPV ]
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(A) Representative EMG plots of tibialis anterior and soleus muscle activity (rectified, filtered, and normalized with respect
to EMG amplitudes during maximal voluntary contraction [MVC]) of one healthy control (HC) and one patient with phobic
postural vertigo (PPV) while standing with eyes open; (B) corresponding center-of-pressure trajectories (in anterior-posterior
[AP] and mediolateral [ML] plane) and stabilogram diffusion plots of the 2 participants during the same stance trial. Balance
control of the patient with PPV is characterized by enhanced cocontraction of leg antigravity muscles (cocontraction index
of 51% vs 5% in the HC). This corresponds to an increased short-term diffusion activity (Ds), indicating abnormal open-loop
control, and a shortened critical time interval (CP), implying a precipitate intervening of closed-loop feedback control into the
postural control scheme. Ar? = mean squared center-of-pressure displacement.
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by the coordinates of the critical point (critical time [At] in seconds
and critical displacement [Ar?]. in millimeters squared), which are
defined by the intersection of the regression lines fitted to these
regions (short- and long-term diffusion coefficients [Dg and Dy ] in
millimeters squared per second). Accordingly, SDA indicates that
open-loop feedforward control, which determines the steady-state
activity of antigravity muscles, governs balance behavior over short-
term intervals, whereas long-term intervals are regulated by closed-
loop sensory feedback control that corrects drifts away from the

desired posture (figure 1B).

Statistical analysis. Data are reported as mean = SE. The effects
of each dependent variable were analyzed by repeated-measures
analysis of variance and Bonferroni post hoc analysis with group
(HC/PPV), vision (eyes open/eyes closed), task (single/dual task),
and plane (anterior-posterior/mediolateral) as factors. Pearson
correlations were performed between cocontraction and SDA

outcomes. Results were considered significant at p < 0.05.

RESULTS During the single task, patients exhibited
increased leg muscle cocontractions for standing with
eyes open or closed (p = 0.003). However, during

the dual task, cocontractions in patients normalized
to those in HCs. Visual deprivation did not have any
effect on cocontractions in patients or HCs. SDA dur-
ing the single task revealed increased RMS (p = 0.007)
and short-term diffusion activity (Ds) (p = 0.022) in
patients compared to HC:s for standing with eyes open
or closed. Increased Ds was accompanied by
a shortened At. (p = 0.003) and increased (Ar?).
(p = 0.001). However, during the dual task,
differences between patients and HCs disappeared.
Visual deprivation resulted in higher RMS (p <
0.001), Ds (» = 0.025), and (AP). (» < 0.001).
Correlation analysis revealed an association of
increased leg muscle cocontractions with higher Dg
(R = 0.52, p = 0.001) and shortened At. (R =
0.44; p = 0.004) (figure 2 and table).

Cognitive performance counts did not differ
between HCs and patients or between cognitive sin-
gle- and dual-task conditions.

[ Figure 2 Cocontraction of leg antigravity muscles and analysis of body sway behavior ]
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(A) Cocontraction indexes of the examined leg muscle pair (i.e., tibialis anterior and soleus muscle) and (B) root mean square
of postural sway, (C) short-term (open-loop) diffusion coefficients, and (D) critical time intervals in healthy controls (HCs) and
patients with phobic postural vertigo (PPV) for the 4 studied stance conditions: standing with eyes open (EO) vs standing
with eyes closed (EC) (single task) and standing with EO vs standing with EC while performing a cognitive dual task. During
a single task, patients exhibited an inadequate neuromuscular regulation of balance, characterized by enhanced cocontrac-
tions of antigravity muscles, increased root mean square of postural sway, and short-term diffusion activity (indicating
abnormal open-loop control), as well as a shortened critical time interval (implying that the primary sensory feedback thresh-
old of the postural control system is lowered). Balance regulation, however, normalized when patients were distracted by

performing a cognitive dual-task. *Significant difference.
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EO ST
HC
PPV

EC ST
HC
PPV

EO DT
HC
PPV

EC DT
HC

PPV

EMG
Leg CI
Body sway
RMS
Ds
Do
At

(Ar3),

Leg Cl, %

96 + 26

38.2 = 8.6

109 + 2.2

422 =81

206 = 5.2

208 £ 7.2

18.3 + 4.5
249 + 72

Group (HC|PPV)

Fi1s = 4.9, p = 0.040°

Fi36 = 7.2, p = 0.0112
Fi36 = 6.0, p = 0.020%
Fi36 = 3.1, p = 0.088
Fi36 = 1.0, p = 0.329

Fi36 = 12.4, p = 0.001?

RMS, mm

2.7 + 0.3

51+08

3.0+0.2

6914

32+03

3.6 +04

39+04
53+ 0.8

Plane (APML)

Fi36 = 5.4, p = 0.026
Fi36 =22, p = 0.147
Fi36 = 4.2, p = 0.057
Fi36 = 0.8, p = 0.382

Fi36 = 16.3, p < 0.001?

Ds, mm?/s

51 +0.7

47.0 =15.0

102 + 1.5

49.0 =133

16.7 + 2.3

156.3 + 2.9

247 + 58
299+ 71

Vision (EO|EC)

Fiis = 1.4, p = 0.247

Fi36 = 14.6, p = 0.001*
Fi36 = 5.5, p = 0.025%
Fi36 = 0.3, p =0613
Fi136 = 0.1, p =0.733

Fi36 = 24.2, p < 0.001%

Descriptive statistics (mean = SE) and repeated-measures analysis of variance for the EMG and body sway measures

D, mm2/s

0.8 +0.3

11 +06

02 +01

1.3x1.0

0.6 +0.2

09 +0.3

0.8 +0.2
12 + 0.5

Task (ST|DT)

Fi1s = 1.1, p = 0.308

F136 = 7.5, p = 0.336
Fi136 = 1.2, p = 0.276
Fi36 = 0.2 p = 0.658
Fi36 = 10.0, p = 0.003?

F136 = 0.1, p = 0.883

Atg, s

12 +01

08 +0.1

12 +02

0.7x01

0.7 + 0.1

08 +0.1

0.7 +0.1
0.8 + 0.1

Group X vision

Fi1s = 2.3,p = 0151

Fi36 = 14.9, p = 0.042?
F136 = 1.3, p = 0.256
Fi36 = 0.9, p = 0.349
Fi36 = 0.4, p = 0.552

F136 = 1.3, p = 0.259

(Ar3),, mm?

109 = 1.5

316 £57

22.1 + 32

450 £ 6.5

19.5 = 3.2

319 +110

290 + 5.4
441 + 75

Group X task

Fi18 = 11.6, p = 0.003?

Fi36 = 6.0, p = 0.019°
F136 = 4.8, p = 0.034°
Fi36 = 1.0,p = 0.315
F136 = 19.8, p < 0.001°

Fi36 = 3.7, p = 0.062

Abbreviations: AP = anterior-posterior; Cl = cocontraction index; D| = long-term diffusion coefficient; Ds = short-term diffusion coefficient; DT = dual task; (Ar?). = critical displacement; At. = critical time; EC =
eyes closed; EO = eyes open; HC = healthy control; ML = mediolateral; PPV = patients with phobic postural vertigo; RMS = root mean square; ST = single task.

2 Significant effects.
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DISCUSSION During quiet standing, patients ex-
hibited increased cocontractions of lower-limb
antigravity muscles, causing a stiffening of the
musculoskeletal system that is a known phenomenon
in anxiety-related disorders such as acrophobia.” This
implies that patients apply an inappropriate postural
control mode of caution at baseline, which is usually
observed only in HCs when they consciously
concentrate on balance adjustments (because of
a complex balance task® or a postural threat®) or in
the elderly as a compensatory strategy to maintain
joint stability.” An active stiffening of the
musculoskeletal system constrains the flexibility of
postural adjustments (particularly causing a lower net
torque around the ankle) and compromises responses
to unexpected perturbations.

Increased muscle cocontraction had direct conse-
quences for the sway behavior of patients. Fluctuations
within the force output of skeletal muscles increase
with muscle activity, which results in enhanced
short-term, open-loop body sway as observed in pa-
tients. Furthermore, patients exhibited a shortening
of the transition interval between open- and closed-
loop postural regulation that reflects a lowered thresh-
old of postural motor responses to sensory feedback.
This agrees with the assumption that patients with
PPV may be afflicted by an oversensitivity to any affer-
ent input that indicates impending destabilization.’

Cognitive dual-task interference during standing
of HCs results in minor to moderate deterioration
of posture, depending on the balance condition.'
In contrast, muscle activity and body sway of patients
with PPV considerably improved and normalized to
that of HCs during the cognitive dual task, i.e., when
their focus of attention was distracted from con-
sciously monitoring balance adjustments. This obser-
vation is consistent with patients reporting an
improvement of their complaints when occupied with
sports or other distracting activities." Such effects of
distraction are clinically also well established for other
movement disorders not related to anxiety such as
psychogenic tremor or dystonia. The converse dual-
task effects in PPV imply that balance control in
patients at baseline is characterized by an exaggerated
attentional involvement. Our data further indicate
that patients’ preoccupation with conscious monitor-
ing of postural adjustments triggers their inadequate
mode of neuromuscular balance regulation. In con-
trast, withdrawal of visual feedback had only moder-
ate effects on patients’ posture, in agreement with
carlier findings.’
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Increased attention on postural control in patients
with PPV promotes a vicious circle of symptom emer-
gence by triggering an inadequate neuromuscular bal-
ance regulation that results in subjective imbalance,
which further enhances anxious control of posture.’
This cycle can be broken by distracting patients,
which may therefore present an effective coping strat-
egy for preventing or minimizing PPV attacks in sus-
ceptible patients.
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