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Introduction: Several studies have shown an association between panic disorder (PD)

and reduced balance abilities, mainly based on functional balance scales.

This pilot study aims to demonstrate the feasibility of studying balance abilities of per-

sonswith PD (PwPD) using computerized static and, for the first time, dynamic balance

measurements in order to characterize balance control strategies employed by PwPD.

Methods:TwelvePwPDand11healthy controlswere recruited. PDdiagnosiswas con-

firmed using the Diagnostic and Statistical Manual of Mental Disorders, fourth edi-

tion (DSM-IV), and the severity of symptoms was evaluated using the Hamilton Anx-

iety Scale (HAM-A), PD Severity Scales (PDSS), and Panic andAgoraphobia Scale (PAS).

Balancewas clinically assessed using the Activities-Specific Balance Confidence (ABC)

scale and physically by the Mini-Balance Evaluation Systems Test (Mini-BESTest).

Dizziness was evaluated using the Dizziness Handicap Inventory (DHI) scale. Postural

control was evaluated statically by measuring body sway and dynamically by measur-

ing body responses to rapid unexpected physical perturbations.

Results: PwPD had higher scores on the HAM-A (17.6 ± 10.3 vs. 3.0 ± 2.9; p < .001),

PDSS (11.3 ± 5.1 vs. 0; p < .001), and PAS (20.3 ± 8.7 vs. 0; p < .001) questionnaires

and lower scores on the balance scales compared to the controls (ABC scale: 156.2 ±

5.9 vs. 160± 0.0, p= .016;Mini-BESTest: 29.4± 2.1 vs. 31.4± 0.9, p= .014; DHI: 5.3±

4.4 vs. 0.09±0.3, p< .001). In the static balance tests, PwPDshowedanot-significantly

smaller ellipse area of center of pressure trajectory (p = .36) and higher body sway

velocity (p = .46), whereas in the dynamic balance tests, PwPD had shorter recovery

time from physical perturbations in comparison to controls (2.1 ± 1.2s vs. 1.6 ± 0.9 s,

p= .018).

Conclusion: The computerized balance tests results point to an adoption of a ‘‘pos-

tural rigidity’’ strategy by the PwPD, that is, reduced dynamic adaptations in the face

of postural challenges. This may reflect a nonsecure compensatory behavior. Further

research is needed to delineate this strategy.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. Brain and Behavior published byWiley Periodicals LLC

Brain Behav. 2022;12:e2411. wileyonlinelibrary.com/journal/brb3 1 of 12

https://doi.org/10.1002/brb3.2411

https://orcid.org/0000-0001-9744-4625
https://orcid.org/0000-0003-2637-3457
mailto:Revital.Amiaz@sheba.health.gov.il
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/brb3
https://doi.org/10.1002/brb3.2411


2 of 12 AMIAZ ET AL.

KEYWORDS

dynamic balance, panic disorder, perturbations, static balance, sway

1 INTRODUCTION

Panic disorder (PD) is a common psychiatric disorder with a lifetime

prevalence of 4.7% (Goodwin et al., 2005), characterized by recurrent

unexpected panic attacks (for review see Kessler et al., 2006).

1.1 Comorbidities between PD and vestibular and
balance control impairments

Many studies have shown an association between PD and vestibular

symptoms (e.g., dizziness, vertigo, or imbalance). Up to 10% of persons

referred to otolaryngology clinics suffer from psychogenic disorders,

including PD, who exhibit twofold greater prevalence than the general

population (Asmundson et al., 1998; Clark et al., 1994; Feldman et al.,

2019; Jacob et al., 1996; Perna et al., 2001; Simon et al., 1998; Staab,

2006; Staab&Ruckenstein, 2005; Stambolieva &Angov, 2010; Yardley

et al., 1995, 2001).

Some studies observed that persons with PD (PwPD) suffer from

objective otolaryngologic symptoms (Staab, 2013; Staab & Rucken-

stein, 2005; Teggi et al., 2007), and others reported that PwPD do not

have specific vestibular impairments but have minor signs of balance

abnormalities and impairments in balance reactivity to visual stimuli

(Asmundson et al., 1998;Caldirola et al., 2011; Jacob et al., 1997; Perna

et al., 2001; Staab, 2006).

1.2 Objective assessment of balance control

Balance control is a complex process that requires sensory-motor inte-

gration, for example, between vestibular, visual, proprioception, and

motor control systems (Angelaki &Cullen, 2008). Frequently used clin-

ical balance rating scales are susceptible to tester bias or to patients’

subjective self-report (Mancini & Horak, 2010; Stambolieva & Angov,

2010; Wood et al., 2015). Thus, in recent years, there has been a

notable advancement in several technologies used for objective and

precise measurement of balance control, including the one at the

focus of the present study, that is, posturography and moving surfaces

(Brauer et al., 2002;Mok &Hodges, 2013; Redfern et al., 2002).

Static balance is evaluated by measuring the postural sway (i.e.,

the slight body sway naturally occurring while standing), which is usu-

ally quantified by characterizing displacements of the center of pres-

sure (CoP), extracted from force plate sensors on the standing surface

(Lajoie &Gallagher, 2004; Perna et al., 2001). CoP ellipse area and CoP

velocity were both found to be indicative of balance control (Kim et al.,

2009; Tanaka et al., 2002).

Dynamic balance measurements require first to unexpectedly

destabilize the participant by physical perturbations applied on the

standing surface, that is, horizontal or vertical translations, rotations,

or tilts (Abboud et al., 2016; Porras et al., 2021;Wood et al., 2015). This

kind ofmethodology provides distinctive information about the partic-

ipant’s balance-recovery abilities.

1.3 Objective assessment of balance control in
PwPD and in healthy participants—The "rigidity"
strategy during anxiety and threatening conditions

Posturographic evaluation of PwPD has focused mainly on static bal-

ance indices. For example, it has been observed that PwPD have small

sway area and higher CoP velocity when standing on hard surfaces

(Lopes et al., 2009).Whenadding anonthreatening interference, PwPD

have larger sway area and higher CoP velocity (Caldirola et al., 2011;

Redfern et al., 2007; Stambolieva & Angov, 2010, 2009), Based on the

findings of Lopes et al. (2009), PwPD use a postural “rigidity” strategy

for maintaining balance, that is, preference to reducemobility.

In a related research, healthy participants were exposed to anxiety-

causing situation by instructing persons to stand on elevated surfaces,

while posturography was measured. Postural “rigidity” or “stiffening”

strategy was reported (Carpenter et al., 1999), by expressing smaller

CoP areas during static standing with the increase in the anxiety level

(Adkin & Carpenter, 2018), where the behavior can be interpreted as

cautious-related rigidity. An additional related recent body of research

specifically addressed postural (and emotional) behavior in healthy

participants in relation to anxiety induced by the threat of an immi-

nent physical surface perturbation. It was observed that when antici-

pating dynamic surface perturbations, a situation that is perceived as

a “threat,” static sway was actually increased (Bax et al., 2020; John-

son et al., 2019a, 2019b; Phanthanourak et al., 2016). It was argued

that although rigidity may be beneficial during static tasks, such postu-

ral control strategy may be detrimental during dynamic balance tasks

(e.g., in the case of fear of falling; for review, Young &Williams, 2015).

During dynamic perturbations, high anxiety levels were expressed

by faster reaction of the body as reflected by the CoP, center of mass

(CoM) (Brown & Frank, 1997; Carpenter et al., 2004; Cleworth & Car-

penter, 2016; Okada et al., 2001), or muscles activity (Adkin et al.,

2008; Cleworth & Carpenter, 2016; Okada et al., 2001). The CoP dis-

placement increased during the exposure to a perturbation in high anx-

iety conditions (Cleworth&Carpenter, 2016;Okada et al., 2001), while

the CoM displacement decreased (Brown & Frank, 1997; Carpenter

et al., 2004).

1.4 Study rational and objectives

In light of the relatively sparse literature describing objective pos-

tural control measures in dynamic conditions in PwPD, and in light

of the aforementioned findings that postural rigidity is observed in
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TABLE 1 Demographic and clinical data of panic disorder (PD) versus healthy participants

Type

Healthy

(mean± SD)

PD

(mean± SD) p-Value*

Demographic No. of participants 11 11** N.S. (1)

Age (y) 31.3± 6.3 36.9± 10.3 N.S. (.20)

BMI (kg/m2) 22.3± 3.3 25.4± 6 N.S. (.29)

Anxiety level HAM-A score (x/52) 3.0± 2.9 17.6± 10.3 <.001

PDSS score (x/28) 0 11.3± 5.1 <.001

PAS 0 20.3± 8.7 <.001

CGI score (x/7) 1.0± 0 3.4± 0.9 <.001

VAS score (x/10) 0.6± 1.1 1.3± 1.9 N.S. (.38)

Functional balance ABC score (x/160) 160.0± 0.0 156.2± 5.9 <.016

DHI score (x/25) 0.1± 0.3 5.3± 4.4 <.001

Mini-BESTest score (x/32) 31.4± 0.9 29.4± 2.1 <.014

Abbreviations: BMI, bodymass index; ABC, Activities-Specific BalanceConfidence; CGI, Clinical Global Impression scale; DHI, DizzinessHandicap Inventory;

HAM, Hamilton Anxiety Scale;Mini-BESTest, Mini-Balance Evaluation Systems Test; PAS, Panic and Agoraphobia Scale; PDSS, PD Severity Scale; VAS, Visual

Analog Scale.

*NonparametricMann–WhitneyU-test between panic disorder and healthy participants. ** One participant disqualified (see text).

PwPD during static tasks but not by healthy participants anticipating

the “threat” of physical perturbation, we propose to further study the

anxiety–postural control relation by focusing on dynamic postural con-

trol response (i.e., to physical perturbations) in PwPD.

It has been well established that deprived vision impairs balance

control e.g., as expressed by increased static sway (Cavalheiro et al.,

2009; Hideyuki et al., 2002; Woollacott & Shumway-Cook, 2002). In

addition, it has been shown that performing a secondary cognitive task

while maintaining balancemight have a detrimental effect (e.g., Brauer

et al., 2001; Brown et al., 1999; Woollacott & Shumway-Cook, 2002).

These effects havebeenhardly studied in the context ofPwPD (but see,

Perna et al., 2001; Redfern et al., 2007; Stambolieva & Angov, 2010).

The objective of the present study was to conduct a pilot trial to

test, for the first time, the feasibility of evaluating if potential postural

"rigidity" strategy employed by PwPD (Lopes et al., 2009) is expressed

during dynamic balance challenges in PwPD comparing to healthy con-

trols. Feasibility assurance was needed in order to ascertain whether

PwPD can tolerate repeated presentation of physical perturbations.

Further, in order to address the conflicting findings from static bal-

ance control in these cohorts (see above),wealsoevaluated static sway.

In particular, we tested the following predictions: (1) during static sway,

the CoP displacement of PwPD will be smaller compared to controls

and (2) in response tophysical perturbations, PwPDwill have increased

CoP displacement and velocity as compared to healthy controls.

2 METHODS

2.1 Participants

Weattempted to recruit 12PwPDand12healthy controls for this pilot

trial. Twelve PwPD (age: 36.9 ± 10.3 years, four men) and 11 healthy

controls (age: 31.8±4.3 years, sixmen)with similar physical anddemo-

graphic characteristics (see Table 1) participated in the study. Sample

size calculation was estimated using WinPepi (version 11.65). Com-

parison of means was used with CoP displacement during perturba-

tions in young healthy adults standing on low- and high-level platforms

(increasedanxiety condition) obtained fromthe studyofCleworthet al.

(2016), and an expected difference in CoP displacement of 2.8 [mm]

was postulated (Cleworth & Carpenter, 2016). Power analysis showed

that for effective detection in a two-group design with 80% power and

α= .05, a total sample size of 12 is required (six in each group). Basedon

this result, we decided to take a conservative approach and target sam-

ple size twice as big (i.e., 12 participants in each group). We also con-

sidered a dropout rate of ∼15%. However, this power calculation does

not address the multiple conditions in this pilot trial (see below and in

Section 4.4).

Participants were recruited from the Psychiatric Clinic of the Reha-

bilitation hospital of ShebaMedical Center, Ramat Gan, Israel. Patients

were stabilized for at least 1 month prior to the study (seven PwPD

took antidepressants, one patient took oxazepam in addition). Seven

patients were suffering from agoraphobia in addition to PD. Patients

who also suffered from cognitive dysfunction, neurological disorders,

vestibular disorders, or major psychiatric disorders in addition to PD

were excluded. One patient was disqualified from the study due to a

panic attack during the assessment. The protocol was approved by the

institutional review board at ShebaMedical Center.

2.2 Apparatus

Amovable circular platform (radius=2m),which is a part of large-scale

virtual reality system (CAREN-Base,MotekMedical, TheNetherlands),

was used. The platform canmovewith six degrees of freedom,with two
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F IGURE 1 (a) Participant sway on a platformwith two embedded force plates tracking her center of pressure displacement (Dcop); (b) Dcop
area in themedial-lateral (ML) and anterior-posterior (AP); (c) Amoveable platformwith six degrees of freedom illustration (x, y, and z axes). The
platform is synchronized with amotion capture system (Vicon, Oxford, UK), which collects kinematic positional data from 41 passive reflective
markers attached to the participant’s body (120Hz; 1mm resolution). Electrocardiography (ECG) was recorded as well. Kinematic and ECG results

are not presented here. The weighted Dcop was calculated by using the distance equationDCoP =

√
DCoP

2
AP + DCoP

2
ML

force plates embedded in it (120 Hz; 1 mm resolution). Synchronized

video cameras recoreded theexperiments. Aplus signwasprojectedon

the screen as a visual fixation point, located 2.3 m from the participant

(see Figure 1).

2.3 Procedure

After providingwritten informed consent, the participants were evalu-

ated with four types of assessments in the following order: psychiatric

questionnaires, clinical functional balance rating scales, and computer-

ized static and dynamic balancemeasurements.

2.3.1 Psychiatric questionnaires

Participants’ diagnosis was assessed using theMini International Neu-

ropsychiatric Interview (MINI) and was validated using the Structured

Clinical Interview for the Diagnostic and Statistical Manual of Mental

Disorders, fourth edition (DSM-IV; SCID-1). Severity of panic symp-

toms was evaluated using the Hamilton Anxiety Scale (HAM-A), PD

Severity Scale (PDSS), Panic andAgoraphobia Scale (PAS), and theClin-

ical Global Impression (CGI) scale. Severity of anxiety at the time of

evaluation wasmeasured using a visual analog scale (VAS).

2.3.2 Clinical functional balance rating scales

The participants’ subjective balance assessment was obtained using

the Activities-Specific Balance Confidence (ABC) scale and Dizzi-

ness Handicap Inventory (DHI). In addition, functional balance was

physically evaluated by the Mini-Balance Evaluation Systems Test

(Mini-BESTest). To simulate more every day like situation, we added a

test condition during which cognitive load was applied as a dual task

(DT) of serial 7-subtraction from randomized three-digit numbers (e.g.,

500, 493, 486, etc.). This cognitive taskwas chosen to simulate physical
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F IGURE 2 Center of pressure displacement (Dcop; blue) and absolute velocity (VCoP; green) during a left rotation perturbation with dual task
(DT) time segment, from a single session of a single participant. An “envelope” over the velocity signal is shown in red. A red star marks onset of the
perturbation (Pert), and a black star marks the participant’s recovery

effort during constant cognitive concentration (e.g., walkingwhile talk-

ing on the cellphone). Dual tasking was performed during both static

and dynamic measurements. Prior to starting the balance control tri-

als (static and dynamic), we recorded a baseline period per participant

in which they performed the counting task solely, which then served as

the reference.

2.3.3 Static balance measurement

Participants were instructed to stand comfortably on a platform in a

convenient posture, legs spread to the width of their shoulders and

feet in outward rotation of approximately 15◦ from the midline (Hof

et al., 2005). The initial feet placement of each participant was marked

on the surface using removable tape. Participants were instructed to

return and resume this placement if they have shifted during the exper-

iments. The computerized static balance measurements included 30 s

of quiet standing (i.e., “sway”) on the platform for four conditions, in a

random order: eyes open (EO), eyes closed (EC), and each during the

presence/absence of the DT (Yardley et al., 1999).

2.3.4 Dynamic balance measurement

The computerized dynamic balance measurements included two

standing trials during which physical perturbations were introduced,

with and without DT (NoDT). In each trial, the participant was asked

to stand on the platform while keeping their balance and eight sudden

perturbations were applied to the platform in succession and in a ran-

domorder: translated and tilted forward, backward, left, and right. Five

seconds after eachperturbation, theplatformslowly returned to its ini-

tial position, followed by a period of time randomly varied from 9 to 15

s, until the next perturbation occurred. Translation perturbations were

performed by a 10 cm platformmovement over 0.3 s, and tilt perturba-

tions were performed by a 5◦ platform tilt over the earth vertical axis

over 0.3 s. Participants returned to their initial marked position on the

platform in the case of a stepping response.

We also assessed static balance during the periods (5 s duration) of

standing prior to the introduction of each dynamic perturbation (John-

son et al., 2019b; Stins & Beek, 2011). This was done in order to assess

the potential effect of task performance in repose to the perturbation.

2.4 Analysis and outcome measures

The system extracts the CoP coordinates from the two force plates,

thus enabling calculation of a weighted CoP displacement (Dcop) from

both legs in the anterior-posterior (AP) and the medial-lateral (ML)

axes. The weighted CoP was calculated by using the distance equation

(Figure 1). Center of pressure velocity (VCoP), was defined as the Dcop

derivative over time (Figure 2). All parameters were analyzed using

custom developed algorithms applied inMATLAB (MathWorks, Inc.).

2.4.1 Static balance analysis

Participants’ postural stability, which was taken from the static bal-

ance measurement (during sway periods and standing periods prior to
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the introduction of perturbations), was evaluated using the Dcop, and

incuded: (1) Dcop area, measured as an ellipse area covering 95% of

the two-dimensional Dcop (Figure 1b), (2) average velocity (VCoP),mea-

sured during themiddle 20 s of each condition. Balance stiffness is usu-

ally reflectedbya smallDcopellipse area andhighVCoP duringdifferent

sway conditions.

2.4.2 Dynamic balance analysis

Participants’ balance abilities, which were taken from the dynamic bal-

ance measurement trials, were analyzed over separate time segments,

starting 5 s before and ending 4.5 s after each perturbation. The par-

ticipants’ postural responses to the perturbations were evaluated by

analysis of the Dcop, and included: (1) recovery time, calculated as the

time to return to a steady state after the perturbation, (2) Dcop maxi-

mal value, and (3) averaged velocity during the recovery time (Brauer

et al., 2001). Low balance abilities were found to be correlated with

slower recovery time after perturbations, stiffer body responses, and

the use of multiple steps for recovery. Representative output of a sin-

gle perturbation in an individual participant is shown in Figure 2.

2.4.3 Response strategy analysis

We differentiated between two strategies of balance-recovery from

perturbations: in-place and step responses. This differentiation was

performedbased on the pressuremagnitude recorded by the two force

plates and on visual cues from the videos. A recovery step was defined

as zero pressure from one foot, that is, the foot is in the air for at

least 50mswhile causing bodymovements that affected the size of the

body’s base of support (Brown et al., 1999). The step’s total displace-

ment was calculated similarly to the Dcop calculation, and the number

of steps needed to recover balance were counted.

2.4.4 Dual task cost

The cost of cognitive attention task on stability was analyzed in both

static and dynamic balance conditions. To quantify this, we calculated

the dual task cost (DTC) on balance performance, which measures the

percent change of balance performance on dual task from single task

performance (Bock, 2008).

DTC = 100 × (single − task score-dual-task score)∕

single − task score (1)

We also calculated cognitive dual task costs (C-DTC) as follows:

we computed the counting rate (CR) during the baseline (“reference”)

counting (see Section 2.3.2), during the 30 s long static sway mea-

surements, and during the dynamic perturbations (this period could

vary within participants, see Section 2.3.4). From these data, we could

extract the following C-DTC:

Sway C-DCT = 100 × (reference CR − Sway CR) ∕reference CR (2)

Perturbation C-DCT = 100 × (reference CR − Perturbation CR)∕

reference CR (3)

Sway vs. Perturbation DCT = 100 × (sway CR − Perturbation CR)∕

sway CR (4)

2.5 Effect of agoraphobia

In previous studies, agoraphobia has been highly correlated with bal-

ance disturbances (Jacob et al., 1996; Perna et al., 2001; Yardley et al.,

1995, 2001). Based on our clinical records, we identified an agorapho-

bia and nonagoraphobia subgroups within the PwPD group, and com-

pared their balance performances.

2.6 Statistical analysis

Due to relatively small sample sizes, we used a nonparametric Mann–

Whitney test to compare balance abilities between PwPD and healthy

controls across all assessments. Outliers were removed when values

were beyond 1.5 interquartile range from the median. Statistical sig-

nificance was defined at p< .05.

3 RESULTS

3.1 Clinical assessments

Table 1 depicts the participants’ demographic data, scores of the psy-

chiatric questionnaires, and functional balance rating scales. Partic-

ipants with PD had significantly higher scores on the anxiety level

evaluations (i.e., more anxiety) and significantly lower scores on the

functional balance assessments (i.e., less confidence in their balance,

dizzier, and less stable). The VAS score was recorded prior to the phys-

ical protocol, and the results showed that all participants, except one,

started the experiment at a low anxiety level.

3.2 Static balance

In the static balance assessment, significant differences were found

between the groups in a few CoP parameters while others pointed on

trends, although not statistically significant, as presented in Table 2.

The Dcop ellipse area tended to be smaller in the PD group for sway in
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TABLE 2 Computerized static and dynamic measurement results of panic disorder (PD) versus healthy participants

Parameter Healthy (mean± SD) PD (mean± SD) p-Value*

Sway Ellipse area of Dcop EO (mm2) 148.2± 116.1 105.8± 90.5 N.S. (.36)

EC (mm2) 161.4± 39.6ª 87.0± 50.7ª .004

EODT (mm2) 630.4± 531.3ª 405.5± 386.7 N.S. (.28)

ECDT (mm2) 279.4± 172.8ª 183.0± 146.1ª N.S. (.12)

DTC EO (%) −858.1± 1073.7ª −214.8± 224.7ª N.S. (.24)

DTC EC (%) −66.6± 119.9b −77.4± 109.7b N.S. (.60)

VCoP EO (mm/s) 9.1± 2.2ª 12.8± 8.3 N.S. (.46)

EC (mm/s) 10.8± 1.1b 11.7± 4.1ª N.S. (.90)

EODT (mm/s) 22.8± 9.7 15.5± 6.4b N.S. (.07)

ECDT (mm/s) 18.3± 6.6 13.1± 2.6b .040

DTC EO (%) −157.3± 91.9a −50.8± 39.6b .017

DTC EC (%) −62.1± 42.6 −27.5± 26.0 N.S. (.39)

Perturbations† In-place Recovery time (s) 1.24± 0.6 1.23± 0.6 N.S. (.95)

CoPmax (m) 0.13± 0.04 0.14± 0.05 N.S. (.94)

VCoP (m/s) 0.087± 0.04 0.10± 0.05 .015

VCoP (mm/s) 87.0± 43.1 99.2± 50.4 .015

Steps Step recovery type (%) 38.6± 22.0 36.4± 20.5 N.S.

Multiple steps episodes (#) 1/7 6/7 .02 (χ2)

Recovery time (s) 2.1± 1.2 1.6± 0.9 .018

Total displacement (cm) 9.3± 7.9 12.9± 12.0 N.S. (.17)

Standing prior Ellipse area of Dcop (mm2) 654.6± 528.9 699.3± 664.8 N.S. (.87)

VCoP (mm/s) 30.7± 16.5 38.5± 23.9 N.S. (.43)

Note: Dcop is the center of pressure displacement, VCoP is the averaged center of pressure velocity.

Abbreviations: DT, dual task; DTC, dual-task cost; CoP, center of pressure; EC, eyes closed; EO, eyes open.
aOne outlier removed.
bTwo outliers removed.

*NonparametricMann–WhitneyU-test between panic disorder (PD) and healthy participants.
†All types of perturbations were statistically tested separately; mean values presented are the values for all perturbations types together.

EO (N.S.) and EC (p= .004) conditions. The VCoP tended to be higher in

thePDgroup for sway in EOandEC conditions, butwith no statistically

significant group effect.

Interestingly, both Dcop and VCoP parameters of sway were

decreased in transition from EO to EC under both DT and NoDT con-

ditions in the PD group, whereas in the control group, similar behavior

was observed only under the DT condition (Table 2, Figure 3).

Adding DT increased Dcop and VCoP sway parameters in both

EO and EC conditions. This effect was generally smaller in the PD

compared to the control group, but a significant group effect was

found only for the VCoP in EC condition and for DTC of the VCoP
in the EO condition. One to two outliers were removed from the

analysis of static balance performances (see details in the legend of

Table 2).

Post hoc analyses to detect potential task prioritization effect as the

source of the differences in DT conditions based on C-DTC values (see

Section 3) revealed no between-group effects (p ≥ .53; see details in

Table 3).

3.3 Dynamic measurement

Small percentage of perturbations was discarded (2.0%) due to partic-

ipants’ failure to regain stability before the consecutive perturbation

took place and due to other technical problems.

In about a third of the perturbations, participants from both groups

reacted with a compensatory step (e.g., single step, double step, and

multiple steps). However, taking multiple steps to recover from a per-

turbation was significantly more frequent in the PD group than in

healthy controls (Table 2), reflecting a less stable and ineffective recov-

ery strategy (Brauer et al., 2002).

It was found that participants with PD deviated significantly faster

than healthy controls when an in-place response was used, and recov-

ered faster from the perturbations when a step response was used. No

significant DT effect was found regarding the ability to regain stability

following perturbations in either group. Likewise, Dcop and VCoP were

not significantly different between groups in the standing periods prior

to perturbations (Table 2).
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F IGURE 3 Box plots of Dcop ellipse area (left) and of velocity (right) in four sway conditions depicted for both groups (see color key).Within
each box, horizontal lines denotemedian values and “X” markers denotemean values; boxes extend from the 25th to the 75th percentile of each
group’s distribution of values; vertical extending lines denote adjacent values (i.e., themost extreme values within 1.5 interquartile range of the
25th and 75th percentile of each group). *p< .05; **p< .01

TABLE 3 Performance on cognitive task and cognitive dual task cost (C-DTC)

Parameter Healthy [mean±SD] PD [mean±SD] P value*

Counting rate (CR) [counts/min] Reference 17.5± 3.6 11.9± 3.6 0.0139

Sway (EO) 19.9± 4.5 12.9± 4.2 0.0085

Perturbations 16.3± 3.8 9.7± 4.8 0.0198

Percent Change C-DTC [%] BS vs. Sway −13.5± 9.8 −17.4± 21.4 N.S (0.6672)

BS vs. Pert 9.5± 7.6 9.9± 31.6 N.S (0.9601)

Sway vs. Pert 17.1± 12.7 24.0± 21.8 N.S (0.5287)

*Non-parametricMann-WhitneyU-test between panic disorder (PD) and healthy participants.
CR- counting rate; EO – eyes closed; C-DTC – cognitive dual task cost.

3.4 Effect of agoraphobia

In our pilot study, seven of 11 patients suffered from agoraphobia. No

differences were found in any of the balance parameters between the

agoraphobia and nonagoraphobia subgroups (data not shown).

4 DISCUSSION

4.1 Summary of the results

Evaluating balance control in PwPD using dynamic physical perturba-

tion is feasible and could provide objective balance measures. In our

assessment we used balance clinical rating scales to identify poten-

tial differences between the PD and control groups (e.g., DHI and ABC

scale) (Balaban & Thayer, 2001; Caldirola et al., 2011; Jacob & Furman,

2001; Vaillancourt et al., 2012; Yardley et al., 1995, 2001). Participants

with PD demonstrated lower scores on all tests (Table 1) in agreement

with previous results (Asmundson et al., 1998; Caldirola et al., 2011;

Jacob et al., 1997; Perna et al., 2001; Staab, 2006).

Further, and in agreement with earlier observations (Levitan et al.,

2012; Lopes et al., 2009), the present study observes that PwPD

adopted a rather stiff standing that was expressed in smaller sway

area, higher VCoP and faster reactions to perturbations compared

to healthy controls (c.f. Table 2 and Figure 3). This also corrobo-

rates the balance reactivity of healthy participants showing high anx-

iety levels (Adkin & Carpenter, 2018; Cleworth & Carpenter, 2016;

Okada et al., 2001). As expected, PwPD exhibited higher anxiety levels

(Table 1).

4.2 Balance control mechanisms adopted by
PwPD—Results from computerized assessments

4.2.1 Static sway tests with open and closed eyes

Overall, PwPD exhibit immobility and postural “rigidity.” This is implied

by their tendency to have smaller sway areas in all four conditions,

compared to controls. Furthermore, they reduce their sway area in the

transition fromopen to closed eyes state, while the controls responded

contrariwise (i.e., increase their sway area), as expected (Macedo et al.,

2015) (see Table 2). In addition, we also observed a tendency of PwPD

to have higher VCoP compared to controls, similar to what has been

shown in the literature (Caldirola et al., 2011; Perna et al., 2001). Sim-

ilar behavior, which was previously shown in the study of Lopes et al.

(2009), suggested that PwPD adopt a strategy of postural "rigidity”
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and attributed this “choice” to the increased background levels of anxi-

ety. Thus, whenPwPDclose their eyes, “freezing/halting” behavior pre-

dominates the natural tendency to increase sway (Lopes et al., 2009).

PwPD is not the only population with balance impairments to adopt

this behavior. Similar results were seen among children with autism

(Gepner et al., 1995), who exhibited smaller sway areas in the EC con-

dition. These results are also in agreementwith the conclusion ofAdkin

and Carpenter’s review (2018) that points to the same behavior by

healthy participants with high level of anxiety.

4.2.2 Static sway tests in the presence of cognitive
load (DT)

Our finding that PwPD adopt postural "rigidity” is further supported

by the results from the DT trials. During DT, both groups were

challenged by the need to divert attention to the subtraction task.

However, during EO conditions DTC was significantly smaller among

PwPD as compared to healthy controls with regards to the VCoP
parameter (Table 2). We speculate that due to the "rigidity" strategy,

governing the balance control function among PwPD DT effects is

attenuated. High anxiety level and "rigidity" strategy prevent PwPD

from modifying their balance behavior according to the challenging

situation, as done by healthy controls (i.e., controls have higher DTC).

It was hypothesized that an increase in sway and VCoP during DT in

healthy participants points to the fact that both cognitive and balance

controls are funneled through common neuronal resources (Tombu &

Jolicoeur, 2003; Yogev-Seligmann et al., 2008). It appears that the con-

trol system weighs out between the two congruent tasks and thus

compromises one (or both) to optimize its response. The fact that no

between-group task prioritization effect was found further supports

our speculations.

4.2.3 Responses to perturbations—Dynamic
assessment

Similar to the static measurement, the computerized dynamic balance

results showed that PwPD had higher VCoP than controls during the

in-place response. When stepping response was used, PwPD recov-

ered faster from perturbations, as compared to controls. Both groups

demonstrated similar prevalence of stepping responses; however, it

appears that when doing so, PwPD more often generate a multiple

steps response, perhaps indicating more hesitative behavior and lack

of confidence that “one” step is sufficient to recover their balance.

Unlike static sway, dynamic conditions such as those imposedduring

the perturbation trials challenge the body balance and increase anx-

iety and fear (Horslen et al., 2013). Therefore, possibly due to their

backgroundanxiety, PwPDrecover even faster thancontrols,mainlyby

using higherVCoP andmultiple stepping responses (Table 2). This strat-

egy may reflect a nonsecure compensatory behavior of PwPD (Miller

et al., 1989). Studies performedonhealthy participants exposed tohigh

anxiety terms show faster response of the body and higher VCoP as

anxiety levels increased (Carpenter et al., 2004; Cleworth et al., 2018;

Okada et al., 2001).

It is worth noting that both groups performed similarly during the

standing periods prior to the introduction of perturbations anddemon-

strated larger Dcop compared to static sway (Table 2), corroborating

previous results that show larger Dcop when anticipating perturba-

tions (Bax et al., 2020; Johnson et al., 2019a, 2019b). However, we sug-

gest that higher VCoP in response to perturbations seen among PwPD

can still be interpreted as reflecting "rigidity" strategy (Caldirola et al.,

2011;Redfernet al., 2007; Stambolieva&Angov, 2010). This pointwar-

rants further investigation since the prior perturbations standing peri-

ods used in this study were rather short (5 s).

Interestingly, the DT condition showed no group effect in the mea-

surements of the dynamic balance performance. It was previously sug-

gested by Redfern et al., who has observed similar results, that since

recovery from perturbation is a relatively strong automated postural

adjustment, the response is not evidently affectedby simultaneous, rel-

atively simple, and cognitive tasks (Redfern et al., 2002).

4.3 Evaluating the computerized balance tests’
results in light of the functional tests

More pronounced group effect was seen in the comparisons related to

the functional tests, as compared to the computerized tests. This out-

come points to the different perspective of postural control, objective

computerized technology and clinical balance rating scales, providing

additional subtleties when attempting to understand balance control

mechanisms (Mancini &Horak, 2010).

Someof thesedifferences canbeattributed topsychological factors.

For example, PwPD tend to subjectively complain more about balance

impairments than normal controls, as shown by Teggi et al., who com-

pared two groups’ chronic dizziness, with and without PD (Teggi et al.,

2007). In thepresent study, thePDgroup complainedmore about dizzi-

ness symptoms and had higher DHI scores, maybe due to the underes-

timation of self-abilities.

In this regard, of relevance is a recent study that has found that

experimentally-induced anxiety leads to distorted perceptions of sub-

jective instability (Ellmers et al., 2021), which may lead us back to

adopting over all "rigid" postural behavior.

Taken together, the results of this study suggest that PwPD have

different balance characteristics than healthy controls. In addition to

the psychological effects that draw individuals suffering from anxiety

towards choosing amore “rigid” strategy formaintaining balance, it has

been suggested that physiological functions are also involved in these

differences, such as vestibular function (Feldman et al., 2019).

4.4 Conclusions, study limitations, and future
work

The main limitation of this pilot study is that it was underpowered

(see Section 2). Furthermore, there was a small number of data points
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for both groups due to missing data. For instance, DT effects, which

are more variable, may have been harder to detect. Another limita-

tionwas that ninePwPD took psychotropicmedications,which have an

adverse effect of dizziness. On the other hand, these medications can

also reduce dizziness. Four patients took medications that are known

to have relatively high prevalence of dizziness (e.g., oxazepam10mg or

clomipramine), and five patients tookmedications with low prevalence

of dizziness (e.g., mirtazapine or escitalopram). These psychiatric med-

ications have a long-term effect; thus, assessing PwPDwith the bias of

medication effects is unavoidable.

In addition, unlike previous studies, our sample of PwPD included

patients from our psychiatric clinic without inclusion criteria of dizzi-

ness or balance disturbances. In fact, we did not obtain clinical informa-

tion about their vestibular function from otolaryngology clinics, while

earlier studies have contrasted their results with this factor (Clark

et al., 1994; Jacob & Furman, 2001; Staab & Ruckenstein, 2003).

With regards to our findings, it is also worth noting that in the

present protocol we did not assess within-task anxiety levels (i.e., state

anxiety). This limits our ability to draw conclusions about the adoption

of "rigidity" strategy among PwPD. It has been previously described

that persons traits influence the postural control strategies adopted

under height-induced postural threats (Zaback et al., 2015). Comple-

mentary work is warranted to assess the state of anxiety simultane-

ously with the postural tasks.

ACKNOWLEDGMENTS

We would like to thank Yotam Bahat from the Center of Advanced

Technologies inRehabilitation at ShebaMedical Center for his valuable

contributions to this study, IftahBiran for psychiatric-neurological con-

sultations, and Amihai Gottlieb for technical support.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

Data will be available by the corresponding author upon reasonable

request.

PEER REVIEW

The peer review history for this article is available at https://publons.

com/publon/10.1002/brb3.2411

ORCID

Revital Amiaz https://orcid.org/0000-0001-9744-4625

Meir Plotnik https://orcid.org/0000-0003-2637-3457

REFERENCES

Abboud, J., Nougarou, F., Lardon, A., Dugas, C., & Descarreaux, M. (2016).

Influence of lumbar muscle fatigue on trunk adaptations during sudden

external perturbations. Frontiers in Human Neuroscience, 10, 576. https:
//doi.org/10.3389/fnhum.2016.00576

Adkin, A. L., Campbell, A. D., Chua, R., & Carpenter, M. G. (2008). The influ-

ence of postural threat on the cortical response to unpredictable and

predictable postural perturbations. Neuroscience Letters, 435(2), 120–
125. https://doi.org/10.1016/j.neulet.2008.02.018

Adkin, A. L., & Carpenter, M. G. (2018). New insights on emotional contri-

butions to human postural control. Frontiers in Neurology, 9, 789. https:
//doi.org/10.3389/fneur.2018.00789

Angelaki, D. E., & Cullen, K. E. (2008). Vestibular system: Themany facets of

a multimodal sense. Annual Review of Neuroscience, 31, 125–150. https:
//doi.org/10.1146/annurev.neuro.31.060407.125555

Asmundson, G. J., Larsen, D. K., & Stein, M. B. (1998). Panic disorder and

vestibular disturbance: An overview of empirical findings and clinical

implications. Journal of Psychosomatic Research, 44(1), 107–120. https:
//doi.org/10.1016/S0022-3999(97)00132-3

Balaban, C. D., & Thayer, J. F. (2001). Neurological bases for balance-anxiety

links. Journal of Anxiety Disorders, 15(1–2), 53–79. https://doi.org/10.
1016/S0887-6185(00)00042-6

Bax, A. M., Johnson, K. J., Watson, A. M., Adkin, A. L., Carpenter, M. G.,

& Tokuno, C. D. (2020). The effects of perturbation type and direc-

tion on threat-related changes in anticipatory postural control. Human
Movement Science, 73, 102674. https://doi.org/10.1016/j.humov.2020.

102674

Bock, O. (2008). Dual-task costs while walking increase in old age for some,

but not for other tasks: An experimental study of healthy young and

elderly persons. Journal of NeuroEngineering and Rehabilitation, 5, 27.
https://doi.org/10.1186/1743-0003-5-27

Brauer, S. G., Woollacott, M., & Shumway-Cook, A. (2002). The influence

of a concurrent cognitive task on the compensatory stepping response

to a perturbation in balance-impaired and healthy elders. Gait & Posture,
15(1), 83–93.

Brauer, S. G., Woollacott, M., & Shumway-Cook, A. (2001). The interacting

effects of cognitive demand and recovery of postural stability in balance-

impaired elderly persons. Journals of Gerontology. Series A, Biological Sci-
ences andMedical Sciences, 56(8),M489–M496. https://doi.org/10.1093/

gerona/56.8.M489

Brauer, S. G., Woollacott, M., & Shumway-Cook, A. (2002). The influ-

ence of a concurrent cognitive task on the compensatory stepping

response to a perturbation in balance-impaired and healthy elders.

Gait & Posture, 15(1), 83–93. https://doi.org/10.1016/S0966-6362(01)
00163-1

Brown, L. A., & Frank, J. S. (1997). Postural compensations to the potential

consequences of instability: Kinematics.Gait & Posture, 6(2), 89–97.
Brown, L. A., Shumway-Cook, A., & Woollacott, M. H. (1999). Attentional

demands andpostural recovery: The effects of aging. Journals of Gerontol-
ogy. Series A, Biological Sciences and Medical Sciences, 54(4), M165–M171.

https://doi.org/10.1093/gerona/54.4.M165

Caldirola, D., Teggi, R., Bondi, S., Lopes, F. L., Grassi, M., Bussi, M., & Perna,

G. (2011). Is there a hypersensitive visual alarm system in panic dis-

order? Psychiatry Research, 187(3), 387–391. https://doi.org/10.1016/j.
psychres.2010.05.012

Carpenter, M. G., Allum, J. H., Honegger, F., Adkin, A. L., & Bloem,

B. R. (2004). Postural abnormalities to multidirectional stance per-

turbations in Parkinson’s disease. Journal of Neurology, Neurosurgery,
and Psychiatry, 75(9), 1245–1254. https://doi.org/10.1136/jnnp.2003.
021147

Carpenter, M. G., Frank, J. S., & Silcher, C. P. (1999). Surface height effects

on postural control: A hypothesis for a stiffness strategy for stance. Jour-
nal of Vestibular Research, 9(4), 277–286. https://doi.org/10.3233/VES-
1999-9405

Cavalheiro, G. L., Almeida, M. F. S., Pereira, A. A., & Andrade, A. O. (2009).

Study of age-related changes in postural control during quiet standing

through linear discriminant analysis. Biomedical Engineering Online, 8(1),
1–13. https://doi.org/10.1186/1475-925X-8-35

Clark, D. B., Hirsch, B. E., Smith, M. G., Furman, J. M., & Jacob, R. G. (1994).

Panic in otolaryngology patients presenting with dizziness or hearing

loss. American Journal of Psychiatry, 151(8), 1223–1225. https://doi.org/
10.1176/ajp.151.8.1223

https://publons.com/publon/10.1002/brb3.2411
https://publons.com/publon/10.1002/brb3.2411
https://orcid.org/0000-0001-9744-4625
https://orcid.org/0000-0001-9744-4625
https://orcid.org/0000-0003-2637-3457
https://orcid.org/0000-0003-2637-3457
https://doi.org/10.3389/fnhum.2016.00576
https://doi.org/10.3389/fnhum.2016.00576
https://doi.org/10.1016/j.neulet.2008.02.018
https://doi.org/10.3389/fneur.2018.00789
https://doi.org/10.3389/fneur.2018.00789
https://doi.org/10.1146/annurev.neuro.31.060407.125555
https://doi.org/10.1146/annurev.neuro.31.060407.125555
https://doi.org/10.1016/S0022-3999(97)00132-3
https://doi.org/10.1016/S0022-3999(97)00132-3
https://doi.org/10.1016/S0887-6185(00)00042-6
https://doi.org/10.1016/S0887-6185(00)00042-6
https://doi.org/10.1016/j.humov.2020.102674
https://doi.org/10.1016/j.humov.2020.102674
https://doi.org/10.1186/1743-0003-5-27
https://doi.org/10.1093/gerona/56.8.M489
https://doi.org/10.1093/gerona/56.8.M489
https://doi.org/10.1016/S0966-6362(01)00163-1
https://doi.org/10.1016/S0966-6362(01)00163-1
https://doi.org/10.1093/gerona/54.4.M165
https://doi.org/10.1016/j.psychres.2010.05.012
https://doi.org/10.1016/j.psychres.2010.05.012
https://doi.org/10.1136/jnnp.2003.021147
https://doi.org/10.1136/jnnp.2003.021147
https://doi.org/10.3233/VES-1999-9405
https://doi.org/10.3233/VES-1999-9405
https://doi.org/10.1186/1475-925X-8-35
https://doi.org/10.1176/ajp.151.8.1223
https://doi.org/10.1176/ajp.151.8.1223


AMIAZ ET AL. 11 of 12

Cleworth, T. W., & Carpenter, M. G. (2016). Postural threat influences con-

scious perception of postural sway. Neuroscience Letters, 620, 127–131.
https://doi.org/10.1016/j.neulet.2016.03.032

Cleworth, T. W., Inglis, J. T., & Carpenter, M. G. (2018). Postural threat influ-

ences the conscious perception of body position during voluntary lean-

ing. Gait & Posture, 66, 21–25. https://doi.org/10.1016/j.gaitpost.2018.
08.003

Ellmers, T. J., Kal, E. C., & Young, W. R. (2021). Consciously processing bal-

ance leads to distorted perceptions of instability in older adults. Journal
of Neurology, 268(4), 1374–1384. https://doi.org/10.1007/s00415-020-
10288-6

Feldman, R., Schreiber, S., Pick, C. G., & Been, E. (2019). Gait, balance, mobil-

ity andmuscle strength in people with anxiety compared to healthy indi-

viduals. Human Movement Science, 67, 102513. https://doi.org/10.1016/
j.humov.2019.102513

Gepner, B. M., Daniel; Masson, G., & de Schonen, S. (1995). Postural effects

ofmotion vision in young autistic children.Neuroreport,6(8), 1211–1214.
https://doi.org/10.1097/00001756-199505300-00034

Goodwin, R. D., Faravelli, C., Rosi, S., Cosci, F., Truglia, E., de Graaf, R., &

Wittchen, H. U. (2005). The epidemiology of panic disorder and agora-

phobia in Europe. European Neuropsychopharmacology, 15(4), 435–443.
https://doi.org/10.1016/j.euroneuro.2005.04.006

Hof, A. L., Gazendam,M.G., & Sinke,W. E. (2005). The condition for dynamic

stability. Journal of Biomechanics, 38(1), 1–8. https://doi.org/10.1016/j.
jbiomech.2004.03.025

Horslen, B. C., Murnaghan, C. D., Inglis, J. T., Chua, R., & Carpenter, M. G.

(2013). Effects of postural threat on spinal stretch reflexes: Evidence for

increased muscle spindle sensitivity? Journal of Neurophysiology, 110(4),
899–906. https://doi.org/10.1152/jn.00065.2013

Jacob, R. G., & Furman, J. M. (2001). Psychiatric consequences of vestibular

dysfunction. Current Opinion in Neurology, 14(1), 41–46. https://doi.org/
10.1097/00019052-200102000-00007

Jacob, R.G., Furman, J.M.,Durrant, J. D., &Turner, S.M. (1996). Panic, agora-

phobia, andvestibular dysfunction.American Journal of Psychiatry,153(4),
503–512. https://doi.org/10.1176/ajp.153.4.503

Jacob, R. G., Furman, J. M., Durrant, J. D., & Turner, S. M. (1997). Surface

dependence: Abalance control strategy in panic disorderwith agorapho-

bia. Psychosomatic Medicine, 59(3), 323–330. https://doi.org/10.1097/
00006842-199705000-00016

Johnson, K. J., Zaback, M., Tokuno, C. D., Carpenter, M. G., & Adkin,

A. L. (2019a). Exploring the relationship between threat-related

changes in anxiety, attention focus, and postural control. Psychologi-
cal Research, 83(3), 445–458. https://doi.org/10.1007/s00426-017-

0940-0

Johnson, K. J., Zaback, M., Tokuno, C. D., Carpenter, M. G., & Adkin,

A. L. (2019b). Repeated exposure to the threat of perturbation

induces emotional, cognitive, and postural adaptations in young and

older adults. Experimental Gerontology, 122, 109–115. https://doi.org/10.
1016/j.exger.2019.04.015

Kessler, R. C., Chiu, W. T., Jin, R., Ruscio, A. M., Shear, K., & Walters, E. E.

(2006). The epidemiology of panic attacks, panic disorder, and agorapho-

bia in the National Comorbidity Survey Replication. Archives of General
Psychiatry, 63(4), 415–424. https://doi.org/10.1001/archpsyc.63.4.415

Kim, J. H., Jang, S. H., Kim, C. S., Jung, J. H., & You, J. H. (2009). Use of

virtual reality to enhance balance and ambulation in chronic stroke: A

double-blind, randomized controlled study. American Journal of Physical
Medicine&Rehabilitation,88(9), 693–701. https://doi.org/10.1097/PHM.

0b013e3181b3335000002060-200909000-00001

Lajoie, Y., &Gallagher, S. P. (2004). Predicting fallswithin the elderly commu-

nity: Comparison of postural sway, reaction time, the Berg balance scale

and the Activities-specific Balance Confidence (ABC) scale for compar-

ing fallers and non-fallers. Archives of Gerontology and Geriatrics, 38(1),
11–26. https://doi.org/10.1016/S0167-4943(03)00082-7

Levitan, M. N., Crippa, J. A., Bruno, L. M., Pastore, D. L., Freire, R. C., Arrais,

K. C., Hallak, J. E., & Nardi, A. E. (2012). Postural balance in patients with

social anxiety disorder.Brazilian Journal ofMedical andBiological Research,
45(1), 38–42. https://doi.org/10.1590/S0100-879X2011007500155

Lopes, F. L., Azevedo, T. M., Imbiriba, L. A., Freire, R. C., Valença, A. M.,

Caldirola, D., Perna, G., Volchan, E., & Nardi, A. E. (2009). Freezing

reaction in panic disorder patients associated with anticipatory anxi-

ety. Depression and Anxiety, 26(10), 917–921. https://doi.org/10.1002/
da.20593

Macedo, C., Gazzola, J. M., Ricci, N. A., Dona, F., & Gananca, F. F. (2015).

Influence of sensory information on static balance in older patients with

vestibular disorder.Brazilian Journal of Otorhinolaryngology,81(1), 50–57.
https://doi.org/10.1016/j.bjorl.2014.11.004

Mancini, M., & Horak, F. B. (2010). The relevance of clinical balance assess-

ment tools to differentiate balance deficits. European Journal of Physical
and RehabilitationMedicine, 46(2), 239–248.

Miller, P. M., Kreitman, N. B., Ingham, J. G., & Sashidharan, S. P. (1989). Self-

esteem, life stress and psychiatric disorder. Journal of Affective Disorders,
17(1), 65–75. https://doi.org/10.1016/0165-0327(89)90025-6

Mok, N.W., &Hodges, P.W. (2013).Movement of the lumbar spine is critical

for maintenance of postural recovery following support surface pertur-

bation. Experimental Brain Research, 231(3), 305–313. https://doi.org/10.
1007/s00221-013-3692-0

Okada, S., Hirakawa, K., Takada, Y., & Kinoshita, H. (2001). Relationship

between fear of falling and balancing ability during abrupt decelera-

tion in aged women having similar habitual physical activities. European
Journal of Applied Physiology, 85(6), 501–506. https://doi.org/10.1007/
s004210100437 https://doi.org/10.1007/s004210100437

Perna, G., Dario, A., Caldirola, D., Stefania, B., Cesarani, A., & Bellodi,

L. (2001). Panic disorder: The role of the balance system. Journal of
Psychiatric Research, 35(5), 279–286. https://doi.org/10.1016/S0022-
3956(01)00031-0

Phanthanourak, A. L., Cleworth, T. W., Adkin, A. L., Carpenter, M. G., &

Tokuno, C. D. (2016). The threat of a support surface translation affects

anticipatory postural control.Gait & Posture, 50, 145–150.
Porras, D. C., Jacobs, J. V., Inzelberg, R., Bahat, Y., Zeilig, G., & Plotnik,

M. (2021). Patterns of whole-body muscle activations following verti-

cal perturbations during standing and walking. Journal of NeuroEngineer-
ing and Rehabilitation, 18(1), 1–18.

Redfern, M. S., Furman, J. M., & Jacob, R. G. (2007). Visually induced

postural sway in anxiety disorders. Journal of Anxiety Disorders,
21(5), 704–716. https://doi.org/10.1093/S0887-6185(06)00142-

3[pii]10.1016/j.janxdis.2006.09.002

Redfern, M. S., Müller, M. L., Jennings, J. R., & Furman, J. M. (2002). Atten-

tional dynamics in postural control during perturbations in young and

older adults. The Journals of Gerontology Series A: Biological Sciences and
Medical Sciences,57(8), B298–B303. https://doi.org/10.1093/gerona/57.
8.B298

Simon, N. M., Pollack, M. H., Tuby, K. S., & Stern, T. A. (1998). Dizziness

and panic disorder: A review of the association between vestibular dys-

function and anxiety. Annals of Clinical Psychiatry, 10(2), 75–80. https:
//doi.org/10.3109/10401239809147746

Staab, J. P. (2006). Chronic dizziness: The interface between psychiatry and

neuro-otology. Current Opinion in Neurology, 19(1), 41–48. https://doi.
org/10.1097/01.wco.0000198102.95294.1f

Staab, J. P. (2013). Behavioural neuro-otology. Oxford Uneversity Press.

Staab, J. P., & Ruckenstein, M. J. (2003). Which comes first? Psychogenic

dizziness versus otogenic anxiety. Laryngoscope, 113(10), 1714–1718.
https://doi.org/10.1097/00005537-200310000-00010

Staab, J. P., & Ruckenstein, M. J. (2005). Chronic dizziness and anxiety:

Effect of course of illness on treatment outcome. Archives of Otolaryngol-
ogy – Head and Neck Surgery, 131(8), 675–679. https://doi.org/10.1001/
archotol.131.8.675

Stambolieva, K., & Angov, G. (2010). Balance control in quiet upright

standing in patients with panic disorder. European Archives of Oto-Rhino-
Laryngology, 267(11), 1695–1699. https://doi.org/10.1007/s00405-

010-1303-2

https://doi.org/10.1016/j.neulet.2016.03.032
https://doi.org/10.1016/j.gaitpost.2018.08.003
https://doi.org/10.1016/j.gaitpost.2018.08.003
https://doi.org/10.1007/s00415-020-10288-6
https://doi.org/10.1007/s00415-020-10288-6
https://doi.org/10.1016/j.humov.2019.102513
https://doi.org/10.1016/j.humov.2019.102513
https://doi.org/10.1097/00001756-199505300-00034
https://doi.org/10.1016/j.euroneuro.2005.04.006
https://doi.org/10.1016/j.jbiomech.2004.03.025
https://doi.org/10.1016/j.jbiomech.2004.03.025
https://doi.org/10.1152/jn.00065.2013
https://doi.org/10.1097/00019052-200102000-00007
https://doi.org/10.1097/00019052-200102000-00007
https://doi.org/10.1176/ajp.153.4.503
https://doi.org/10.1097/00006842-199705000-00016
https://doi.org/10.1097/00006842-199705000-00016
https://doi.org/10.1007/s00426-017-0940-0
https://doi.org/10.1007/s00426-017-0940-0
https://doi.org/10.1016/j.exger.2019.04.015
https://doi.org/10.1016/j.exger.2019.04.015
https://doi.org/10.1001/archpsyc.63.4.415
https://doi.org/10.1097/PHM.0b013e3181b3335000002060-200909000-00001
https://doi.org/10.1097/PHM.0b013e3181b3335000002060-200909000-00001
https://doi.org/10.1016/S0167-4943(03)00082-7
https://doi.org/10.1590/S0100-879X2011007500155
https://doi.org/10.1002/da.20593
https://doi.org/10.1002/da.20593
https://doi.org/10.1016/j.bjorl.2014.11.004
https://doi.org/10.1016/0165-0327(89)90025-6
https://doi.org/10.1007/s00221-013-3692-0
https://doi.org/10.1007/s00221-013-3692-0
https://doi.org/10.1007/s004210100437
https://doi.org/10.1007/s004210100437
https://doi.org/10.1007/s004210100437
https://doi.org/10.1016/S0022-3956(01)00031-0
https://doi.org/10.1016/S0022-3956(01)00031-0
https://doi.org/10.1093/S0887-6185(06)00142-3
https://doi.org/10.1093/S0887-6185(06)00142-3
https://doi.org/10.1093/gerona/57.8.B298
https://doi.org/10.1093/gerona/57.8.B298
https://doi.org/10.3109/10401239809147746
https://doi.org/10.3109/10401239809147746
https://doi.org/10.1097/01.wco.0000198102.95294.1f
https://doi.org/10.1097/01.wco.0000198102.95294.1f
https://doi.org/10.1097/00005537-200310000-00010
https://doi.org/10.1001/archotol.131.8.675
https://doi.org/10.1001/archotol.131.8.675
https://doi.org/10.1007/s00405-010-1303-2
https://doi.org/10.1007/s00405-010-1303-2


12 of 12 AMIAZ ET AL.

Stins, J., &Beek, P. (2011).Organization of voluntary stepping in response to

emotion-inducing pictures.Gait & Posture, 34(2), 164–168.
Tanaka, H., Uetake, T., Kuriki, S., & Ikeda, S. (2002). Changes in center-of-

pressure dynamics during upright standing related to decreased balance

control in young adults: Fractional Brownian motion analysis. Journal of
Human Ergology, 31(1–2), 1–11.

Teggi, R., Caldirola, D., Bondi, S., Perna, G., Bellodi, L., & Bussi, M. (2007).

Vestibular testing in patients with panic disorder and chronic dizziness.

Acta Otorhinolaryngologica Italica, 27(5), 243–247.
Tombu, M., & Jolicoeur, P. (2003). A central capacity sharing model of dual-

task performance. Journal of Experimental Psychology. Human Perception
andPerformance,29(1), 3–18. https://doi.org/10.1037//0096-1523.29.1.
3

Vaillancourt, L., Belanger, C., Leger-Belanger, M. P., & Jacob, R. G. (2012).

Validation of the French version of the situational characteristics ques-

tionnaire in themeasurementof spaceandmotiondiscomfort.Encephale,
38(3), 248–256. https://doi.org/10.1016/j.encep.2011.06.001

Wood, S. J., Paloski,W.H., &Clark, J. B. (2015). Assessing sensorimotor func-

tion following iss with computerized dynamic posturography. Aerospace
Medicine and Human Performance, 86(12 Suppl), A45–A53. https://doi.

org/10.3357/AMHP.EC07.2015

Woollacott, M., & Shumway-Cook, A. (2002). Attention and the control of

posture andgait:A reviewof anemergingareaof research.Gait&Posture,
16(1), 1–14.

Yardley, L., Britton, J., Lear, S., Bird, J., & Luxon, L. M. (1995). Relationship

between balance system function and agoraphobic avoidance. Behaviour
Research and Therapy, 33(4), 435–439. https://doi.org/10.1016/0005-
7967(94)00060-W

Yardley, L., Gardner,M., Leadbetter, A., & Lavie, N. (1999). Effect of articula-

tory and mental tasks on postural control. Neuroreport, 10(2), 215–219.
https://doi.org/10.1097/00001756-199902050-00003

Yardley, L., Owen, N., Nazareth, I., & Luxon, L. (2001). Panic disorder with

agoraphobia associated with dizziness: Characteristic symptoms and

psychosocial sequelae. Journal of Nervous and Mental Disease, 189(5),
321–327. https://doi.org/10.1097/00005053-200105000-00009

Yogev-Seligmann, G., Hausdorff, J. M., & Giladi, N. (2008). The role of exec-

utive function and attention in gait.Movement Disorders, 23(3), 329–342.
https://doi.org/10.1002/mds.21720

Young, W. R., &Williams, A. M. (2015). How fear of falling can increase fall-

risk in older adults: Applying psychological theory to practical observa-

tions.Gait & Posture, 41(1), 7–12.
Zaback, M., Cleworth, T. W., Carpenter, M. G., & Adkin, A. L. (2015). Person-

ality traits and individual differences predict threat-induced changes in

postural control.HumanMovement Science, 40, 393–409. https://doi.org/
10.1016/j.humov.2015.01.015

How to cite this article: Amiaz, R., Naor, S. K., Caspi, A.,

Czerniak, E., Noy, S., Pelc, T., Mintz, M., & Plotnik, M. Responses

to balance challenges in persons with panic disorder: A pilot

study of computerized static and dynamic balance

measurements. Brain and Behavior, 2022;12:e2411.

https://doi.org/10.1002/brb3.2411

https://doi.org/10.1037//0096-1523.29.1.3
https://doi.org/10.1037//0096-1523.29.1.3
https://doi.org/10.1016/j.encep.2011.06.001
https://doi.org/10.3357/AMHP.EC07.2015
https://doi.org/10.3357/AMHP.EC07.2015
https://doi.org/10.1016/0005-7967(94)00060-W
https://doi.org/10.1016/0005-7967(94)00060-W
https://doi.org/10.1097/00001756-199902050-00003
https://doi.org/10.1097/00005053-200105000-00009
https://doi.org/10.1002/mds.21720
https://doi.org/10.1016/j.humov.2015.01.015
https://doi.org/10.1016/j.humov.2015.01.015
https://doi.org/10.1002/brb3.2411

	Responses to balance challenges in persons with panic disorder: A pilot study of computerized static and dynamic balance measurements
	1 | INTRODUCTION
	1.1 | Comorbidities between PD and vestibular and balance control impairments
	1.2 | Objective assessment of balance control
	1.3 | Objective assessment of balance control in PwPD and in healthy participants-The ”rigidity” strategy during anxiety and threatening conditions
	1.4 | Study rational and objectives

	2 | METHODS
	2.1 | Participants
	2.2 | Apparatus
	2.3 | Procedure
	2.3.1 | Psychiatric questionnaires
	2.3.2 | Clinical functional balance rating scales
	2.3.3 | Static balance measurement
	2.3.4 | Dynamic balance measurement

	2.4 | Analysis and outcome measures
	2.4.1 | Static balance analysis
	2.4.2 | Dynamic balance analysis
	2.4.3 | Response strategy analysis
	2.4.4 | Dual task cost

	2.5 | Effect of agoraphobia
	2.6 | Statistical analysis

	3 | RESULTS
	3.1 | Clinical assessments
	3.2 | Static balance
	3.3 | Dynamic measurement
	3.4 | Effect of agoraphobia

	4 | DISCUSSION
	4.1 | Summary of the results
	4.2 | Balance control mechanisms adopted by PwPD-Results from computerized assessments
	4.2.1 | Static sway tests with open and closed eyes
	4.2.2 | Static sway tests in the presence of cognitive load (DT)
	4.2.3 | Responses to perturbations-Dynamic assessment

	4.3 | Evaluating the computerized balance tests’ results in light of the functional tests
	4.4 | Conclusions, study limitations, and future work

	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT
	PEER REVIEW

	ORCID
	REFERENCES


