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Background: Although previous studies have investigated postural adjustment mechanisms in patients with 
multiple sclerosis (MS), it seems that no study has yet investigated the relationship between anticipatory 
and compensatory postural adjustments (APAs and CPAs, respectively) and falls.

Methods: Seventeen MS fallers, 17 MS nonfallers, and 15 controls were exposed to a series of expected and 
unexpected backward pull perturbations applied at the trunk level. The electrical activity of 12 leg and 
trunk muscles as well as center of pressure displacement were recorded.

Results: The MS fallers had delayed muscle activity onsets compared with MS nonfallers and controls. In 
addition, a significantly lower level of muscle activity during APAs was detected in MS fallers compared 
with controls. Moreover, in the unexpected condition of perturbation, significantly smaller CPA was 
observed in MS fallers compared with controls. Both groups of patients with MS required more time to sta-
bilize their center of pressure after both types of perturbations compared with controls.

Conclusions: The inability to produce efficient APAs and CPAs during perturbations may explain the high 
rates of postural instability and falls in patients with MS. Findings from this study provide a background 
for the development of perturbation-based training programs aimed at balance improvement and fall pre-
vention by restoring mechanisms underlying balance impairments. Int J MS Care. 2018;20:164-172.

Impaired balance is a major feature of multiple scle-
rosis (MS) disease.1 Almost three-quarters of patients 
with MS experience some degree of postural insta-

bility even at the initial stage of the disease.2 Moreover, 
poor balance control has been identified as a significant 
risk factor for falls in patients with MS, leading to lower 
engagement in physical activity.3,4 Hence, comprehen-
sive evaluation of the mechanisms underlying balance 
control in these patients is of great value because it can 

lead to improving balance control strategies and prevent-
ing falls.

Balance in patients with MS has been commonly 
assessed through performance-based clinical tests such as 
the Berg Balance Scale (BBS) and the Timed Up and Go 
(TUG) test and through patient-reported questionnaires 
such as the Activities-specific Balance Confidence (ABC) 
scale.5,6 These tools are generally used to monitor disease 
progression and to assess the efficacy of a proposed treat-
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between patients with a history of falls and those with-
out falls. A better understanding of the APAs and CPAs 
between MS fallers, MS nonfallers, and controls may 
help improve fall prevention and management strategies, 
because postural adjustments represent the ability of the 
CNS to respond to postural disturbances and prevent 
loss of equilibrium and falls.17 Therefore, the present 
study aimed to investigate the main strategies of postural 
adjustments (APAs and CPAs) in patients with MS with 
and without a fall history and controls during a series 
of external expected and unexpected postural perturba-
tions. Based on the previous literature, we hypothesized 
that muscle activations will be delayed in both groups 
of patients with MS compared with controls and that 
the delays in activations will be greater in patients with a 
fall history. Moreover, we predicted that the magnitude 
of compensatory muscle activity will be less in patients 
with MS, especially in those with a fall history. Informa-
tion obtained from this study may assist clinicians in 
developing rehabilitation protocols aimed at improving 
balance control and reducing the risk of falls in patients 
with MS.

Methods

Participants
A total of 49 participants were divided into three 

groups: 17 MS fallers, 17 MS nonfallers, and 15 age- 
and sex-matched controls. Patients were recruited from 
the MS Society of Khuzestan (Iran). The inclusion crite-
ria were 1) a confirmed diagnosis of relapsing-remitting 
MS as determined by a neurologist, 2) the ability to 
stand independently without any aids for at least 3 
minutes, and 3) normal or corrected-to-normal vision. 
Patients were divided into two groups of fallers and non-
fallers based on fall history. Patients with a history of at 
least one fall during the previous 6 months were known 
as fallers.18 A fall was characterized as an event in which 
the participant unintentionally came to rest on the 
ground or a lower level.4,19 Participants were excluded if 
they had any impairments in lower limb extremities that 
compromise their balance; also, those who were unable 
to perform the experimental procedure were excluded. 
All the participants signed an informed consent form 
approved by the internal review board of Ahvaz Jundis-
hapur University of Medical Sciences.

For a more comprehensive assessment of the patients’ 
clinical status, we examined both MS groups using 
the following clinical balance scales: BBS, TUG test, 

ment plan.6 However, they do not always characterize 
the underlying balance impairments.6 Instead, laboratory 
measures of balance impairments can provide deeper 
insight into the underlying mechanisms of impairments, 
hence targeting fall interventions.6 Recently, it has been 
found that investigation of postural adjustment mecha-
nisms can provide important information regarding pos-
tural control and falls.7 Anticipatory and compensatory 
postural adjustments (APAs and CPAs, respectively) are 
two main postural mechanisms used by the central ner-
vous system (CNS) to maintain and restore balance dur-
ing perturbations.8,9 The APAs are associated with acti-
vation of the postural muscles in a feed-forward manner 
before the body perturbations.8,9 The CPAs are associ-
ated with postural muscle activation in a feedback man-
ner after a perturbation has happened.8,9 Small and/or 
predicted perturbations can only be counteracted with 
APAs.10 However, when perturbations are large and/or 
unexpected, CPAs are the main mechanism of balance 
restoration.10,11 These two types of postural adjustments 
interact to maintain equilibrium, and the availability of 
APAs determines the amount of compensatory muscle 
activity.10

Recent studies have shown that inefficient pos-
tural adjustment mechanisms in older adults can lead 
to accidental falls.12-14 Elderly individuals with a fall 
history demonstrated slow and inefficient APAs during 
the precrossing phase of obstacle walking.14 Similarly, 
the results of a recent randomized controlled trial sug-
gest that a 4-week APA-based balance training program 
involving ball catching activities resulted in improved 
postural control, functional balance, mobility, and 
quality of life in older adults.13 In contrast, studies of 
APAs and CPAs during external lateral perturbations in 
patients with Parkinson disease revealed that the mag-
nitude of CPAs, but not APAs, was reduced in these 
patients.15 Hence, it is of great value to determine the 
relationship between underlying balance impairments 
and falls in patients prone to fall injury.

Studies of postural adjustments in patients with 
MS have shown decreased magnitude and increased 
latency of muscle activations in APAs during voluntary 
load release tasks10,11 and also in response to external 
perturbations (ie, pendulum impact).16 Although these 
studies provide important information on the strategies 
of postural adjustments in patients with MS, it is still 
unknown whether there are differences in the impair-
ments of underlying mechanisms of postural control 
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ing of an upcoming perturbation and 2) unexpected 
perturbations were those applied without verbal warning 
of an impending perturbation. In the unexpected condi-
tion, participants were listening to music via earphones 
to prevent them from obtaining auditory information 
about the moment of the perturbations. According to 
the previous literature, patients with MS are dependent 
on their visual information to maintain their balance, 
and eliminating visual information results in higher pos-
tural instability.24-26 Thus, for controlling this confound-
ing effect, visual information was not manipulated in 

and ABC scale. The BBS and the TUG test have been 
reported to be valid and reliable tools for assessing bal-
ance in patients with MS.5,20 The ABC scale is a 16-item 
self-reported questionnaire that rates balance confidence 
in the performance of various ambulatory activities, with 
scores ranging from 0% (no confidence) to 100% (com-
pletely confident).21 Moreover, patients’ demographic 
data, including MS duration, age, sex, and disability 
status, were collected. The Self-administered Expanded 
Disability Status Scale was used in this study to assess 
the disability status of the patients.22 The descriptive 
statistics, including means (SDs) of demographic and 
clinical data of the MS groups, are reported in Table 1.

Experimental Set-up and Procedure
The type of perturbation used in this study was 

backward pull perturbation at the upper trunk level. 
Participants were instructed to stand barefoot on the 
force platform with their feet shoulder-width apart. All 
the participants wore an axillary belt connected to a sys-
tem producing backward pull perturbation via a piece of 
cable and pulleys. The cable was terminated to a mobile 
plate, which received a ball impact and consequently 
produced a force to pull the participant backward. The 
mobile plate had a downward inclination, which caused 
the ball to slip immediately after impact. The weight of 
the ball was approximately 4% of the participant’s body 
weight,23 and it was released by the same experimenter 
in each trial from the predefined distance. To determine 
the onset of perturbation (T0), a 
contact switch (foot switch) was 
situated into a compressive area 
between the axillary belt and 
the cable. Releasing the load 
resulted in pulling the cable, 
compressing the switch, and 
producing signal. For safety rea-
sons, all the participants wore a 
harness with two straps attached 
to the ceiling to keep them safe 
from accidental falls. Figure 1 
shows the schematic representa-
tion of the experimental set-up.

In this study, two types of 
external perturbations were 
delivered8: 1) expected per-
turbations were those applied 
immediately after verbal warn-

Table 1. Demographic and clinical data of MS 
and control groups

Characteristic
MS fallers
(n = 17)

MS nonfallers
(n = 17)

Controls
(n = 15)

P 
value

Age, y 37.12 (9.21) 36.41 (7.66) 31.94 (11.52) .29a

BMI, kg/m2 24.64 (3.66) 24.08 (4.2) 22.21 (2.61) .17a

EDSSS score 3.79 (1.32) 3.81 (1.40) NA .96b

Disease 
duration, y

7.12 (4.39) 7.82 (4.14) NA .63b

ABC scale 
score

58.85 (25.24) 73.28 (23.95) NA .06b

BBS score 48.88 (3.60) 50.20 (4.44) NA .36b

TUG test, s 10.40 (2.40) 10.59 (3.40) NA .54b

Note: Data are given as mean (SD).
Abbreviations: ABC, Activities-specific Balance Confidence; BBS, 
Berg Balance Scale; BMI, body mass index; EDSSS, Self-administered 
Expanded Disability Status Scale; MS, multiple sclerosis; NA, not 
applicable; TUG, Timed Up and Go.
aOne-way analysis of variance.
bIndependent t test.

Figure 1. Schematic representation of experimental set-up
1, releasing a ball; 2, ball impact with mobile plate; and 3, the ball slipping after impact. 
EMG, electromyography.
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for at least 25 milliseconds. Muscle onsets were averaged 
across trials in each experimental condition.

The integrated EMG (IEMG) activity signals were 
measured within the following time windows: APA 
phase, –100 to +50 milliseconds; and CPA phase, +50 
to +350 milliseconds.8,29 They were corrected by the 
IEMG of baseline within a –1000 to –850-millisecond 
interval. Then the average of across-trial IEMG values 
was calculated for each muscle in each condition. At the 
end, IEMG values were normalized by the peak activity 
of muscle.

 10 
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where My is the moment in sagittal plane, Fz and Fx are 
the vertical and anterior-posterior components of the 
ground reaction force, and d is the distance from the 
origin of the force platform to the surface.12 Anticipatory 
displacement of COP was defined as the mean displace-
ment of COP 150 milliseconds before T0, and compen-
satory displacement of COP was the peak displacement 
of COP.11 Moreover, time to stabilization (TTS) in the 
COP signal was defined as the instant lasting for at least 
500 milliseconds when the COP signal reached to the 
stable boundary after perturbation (mean COP position 
across trials 7-10 seconds after T0).

Statistical Analysis
The IEMG values and the latency of bilateral leg, 

thigh, and trunk muscles as well as COP displacements 
(mean anticipatory COP displacement, peak compen-
satory COP displacement, and TTS) were analyzed 
using the two-way mixed-design analysis of variance 
(ANOVA) with one between-subject factor of group 
(three levels: MS fallers, MS nonfallers, and controls) 
and one within-subject factor of condition (two levels: 
expected perturbation and unexpected perturbation). 
Tukey post hoc analysis was used to determine the dif-
ferences between the pairs of groups with a level of sig-
nificance of P < .05. Statistical significance was set at P < 
.05 in all the tests.

this study. Instead, all the participants performed both 
experimental conditions with open eyes, and perturba-
tions were delivered from the back. Five trials were per-
formed in each condition, and the order of experimental 
conditions was randomized. Moreover, before data 
collection, two practice trials were given to all the par-
ticipants to familiarize them with the experimental pro-
tocol. Participants rested for at least 5 minutes between 
conditions, and they rested between trials as needed. 
The magnitude of the perturbations was adequate to 
evoke feet-in-place reactions.8

Instrumentation
Disposable self-adhesive electrodes (Skintact F-55; 

Leonhard Lang Plant, Austria) were placed bilaterally 
(right [r] and left [l]) on the following muscles: tibialis 
anterior (TAr and TAl), medial gastrocnemius (MGr and 
MGl), rectus femoris (RFr and RFl), biceps femoris (BFr 
and BFl), rectus abdominis (RAr and RAl), and erector 
spinae (ESr and ESl). Based on recommendations in 
the literature, the electrodes were attached to the bellies 
of the previously mentioned muscles, with an inter-
electrode distance of 20 mm.27 The electromyographic 
(EMG) signals were collected, filtered, and amplified 
(10-500 Hz, gain 2000) via an EMG system (ME6000; 
Mega Electronics Ltd, Kuopio, Finland) with a sampling 
frequency of 1000 Hz.8,28 A force platform (Bertec MIE, 
Leeds, United Kingdom) was used to record ground 
reaction forces and moments of forces. The signal of a 
foot switch (ME6000; Mega Electronics Ltd) was used 
to register the moment of perturbation.

Data Processing
All the signals were processed using MATLAB soft-

ware (version R2012a; The MathWorks Inc, Natick, 
MA). The EMG signals were rectified and filtered using 
a 50-Hz low-pass and zero-lag Butterworth filter, where-
as the force platform signals were filtered using a 20-Hz 
low-pass and zero-lag Butterworth filter.28

The onset latency of muscle activation/inhibition 
was detected in a time window from –250 to +250 mil-
liseconds in relation to T0 (the moment of perturbation) 
by a combination of computer algorithm and visual 
inspection of the trial.11 It was defined as the instant 
when the amplitude of EMG was larger (activation) or 
smaller (inhibition) than the mean ±2 SD of its baseline 
(measured from –1000 to –850 milliseconds) and lasted 
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across the two experimental conditions. The results of 
the two-way mixed-design ANOVA revealed a signifi-
cant interaction effect of group × condition for anticipa-
tory IEMG of RFl, BFr, BFl, and MGr. The interaction 
revealed that the magnitude of APAs was small and 
could be ignored in all three groups in the unexpected 
condition of perturbation. However, further analysis 
with one-way ANOVA revealed that in the expected 
condition of perturbation, the anticipatory activity of 
RFl was significantly smaller in MS fallers compared 
with controls (P < .01). The main effect of group was 
also significant for RFl, BFl, and BFr and was close to the 
level of significance for ESr and MGr (P = .06). The MS 
nonfallers had significantly smaller APA activity for RFl, 
BFr, and BFl compared with controls. Table 3 shows the 
ANOVA results with P values and F ratios.

IEMG in CPA Phase
Figure 2 demonstrates IEMG values of the right 

muscles in the CPA phase for all the studied groups 
and across the two experimental conditions. There was 
a significant interaction effect of group × condition for 
compensatory IEMG. Further analysis with one-way 
ANOVA revealed that in the expected condition of per-
turbation, both groups of patients with MS had greater 
compensatory activity for the RFl and TAl muscles com-
pared with controls (P < .05). Moreover, in the unex-
pected condition of perturbation, significantly smaller 
compensatory BFr activity was seen in MS fallers com-
pared with controls (P < .05). A significant main effect 
of group was also found for the RAr, RAl, TAr, TAl, and 
MGr muscles. The results of post hoc analysis with the 
Tukey test revealed that irrespective of the perturbation 
condition, the compensatory activity of the RAr, RAl, 
TAr, and TAl muscles was greater in both MS groups 
compared with controls. Table 3 shows the ANOVA 
results with P values and F ratios.

COP Displacement
With respect to COP variables, TTS was the only sig-

nificant variable in the two-way mixed-design ANOVA. 
Hence, a variance analysis result is described for this 
variable. Figure 3 displays TTS across experimental con-
ditions in all the studied groups. In addition, Figure S1 
displays mean anticipatory COP displacement and peak 
compensatory displacement across both experimental 
conditions. The variance analysis results revealed a sig-
nificant interaction effect of group × condition for TTS. 
Further analysis using one-way ANOVA revealed that 

Results

Latency of EMG Activity
The results of the two-way mixed-design ANOVA 

revealed a significant interaction effect of group by con-
dition for RAr, ESr, and ESl muscles. Further analysis 
with one-way ANOVA revealed that in the expected 
condition of perturbation, both ES muscles were sig-
nificantly delayed in both MS groups compared with 
controls (P < .05). With respect to RAr latency, a sig-
nificant difference was obtained between MS fallers and 
nonfallers in the unexpected condition. Moreover, there 
was a significant main effect of group for all the studied 
muscles except ESl, which was near significant (P = .06). 
The results of post hoc analysis with the Tukey test 
revealed that most studied muscles (RAr, RAl, ESr, RFl, 
BFl, MGr, and MGl) initiated significantly later in MS 
fallers compared with MS nonfallers and controls. Table 
2 shows the ANOVA results with P values and F ratios. 
In addition, Table S1, which is published in the online 
version of this article at ijmsc.org, shows onset of muscle 
activity in all the studied groups and across the two 
experimental conditions.

IEMG in APA Phase
 Figure 2 demonstrates IEMG values of the right 

muscles in the APA phase for all the studied groups and 

Table 2. Results of two-way mixed-design 
analyses of variances for muscle onsets, 
differences between groups, conditions, and 
their interaction effects

EMG 
onset

Perturbation × 
group Group Condition

F ratio P value F ratio P value F ratio P value

RAr 4.127 .02a 9.985 <.01a 644.448 <.01a

RAl 0.749 .48 3.656 .03a 736.506 <.01a

ESr 3.295 .048a 6.523 <.01a 538.888 <.01a

ESl 3.374 .045a 3.119 .06a 1145.917 <.01a

RFr 1.291 .29 10.870 <.01a 4088.788 <.01a

RFl 0.003 .99 14.020 <.01a 1191.431 <.01a

BFr 1.100 .34 8.944 .01a 1552.334 <.01a

BFl 1.763 .18 6.764 <.01a 1184.402 <.01a

TAr 0.883 .42 9.242 <.01a 3039.572 <.01a

TAl 2.287 .11 11.240 <.01a 4901.089 <.01a

MGr 1.376 .26 7.025 <.01a 536.838 <.01a

MGl 1.575 .22 10.429 <.01a 564.542 <.01a

Abbreviations: BF, biceps femoris; EMG, electromyographic; ES, 
erector spinae; l, left; MG, medial gastrocnemius; r, right; RA, rectus 
abdominis; RF, rectus femoris; TA, tibialis anterior.
aSignificant differences between groups, conditions, and their inter-
actions (P < .05).
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Figure 2. Anticipatory and compensatory postural adjustments (APAs and CPAs, 
respectively) represented by integrated electromyography (IEMG) values of the muscles on 
right side compared between conditions (expected × unexpected) for the three groups
Data are given as mean (SE). BF, biceps femoris; ES, erector spinae; MG, medial gastrocnemius; MS, multiple sclerosis; RA, rectus 
abdominis; RF, rectus femoris; TA, tibialis anterior.

Table 3. Results of two-way mixed-design analyses of variances for anticipatory and 
compensatory integrated electromyography, differences between groups, conditions, and 
their interaction effects for each muscle

Muscle

APA activity CPA activity

Perturbation × 
group Group Condition

Perturbation × 
group Group Condition

F ratio P value F ratio P value F ratio P value F ratio P value F ratio P value F ratio P value

RAr 2.09 .14 1.93 .16 88.87 <.01a 0.11 .90 3.44 .04a 0.73 .40
RAl 0.09 .91 0.45 .64 71.41 <.01a 1.03 .36 4.12 .02a 0.22 .64
ESr 1.58 .22 2.97 .06 47.58 <.01a 0.26 .78 1.24 .30 10.81 <.01a

ESl 1.47 .24 1.22 .31 32.42 <.01a 0.35 .70 1.22 .31 27.46 <.01a

RFr 2.37 .11 2.17 .13 233.14 <.01a 4.3 .02a 0.68 .51 17.59 <.01a

RFl 4.73 .01a 4.43 .02a 202.26 <.01a 6.86 <.01a 0.72 .49 23.12 <.01a

BFr 8.1 <.01a 9.48 <.01a 213.1 <.01a 4.25 .02a 0.73 .49 13.87 .01a

BFl 10.09 <.01a 8.75 <.01a 101.94 <.01a 2.17 .13 2.83 .07 4.72 .04a

TAr 1.9 .16 2.38 .10 267.69 <.01a 2.64 .08 3.66 .03a 0.01 .95
TAl 1.98 .15 1.47 .24 277.59 <.01a 4.08 .02a 5.12 .01a 0.15 .70
MGr 6.85 <.01a 3.07 .06 65.75 <.01a 0.78 .47 6.44 <.01a 8.48 <.01a

MGl 2.23 .12 3.13 .05 65.33 <.01a 1.60 .21 1.74 .19 1.79 .19

Abbreviations: BF, biceps femoris; ES, erector spinae; l, left; MG, medial gastrocnemius; r, right; RA, rectus abdominis; RF, rectus femoris;  
TA, tibialis anterior. 
aSignificant differences between groups, conditions, and their interactions (P < .05).
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condition. In contrast, controls 
increased their compensatory 
activity during the unexpected 
condition. The inability to 
produce efficient APAs dur-
ing expected perturbations 
and CPAs during unexpected 
perturbations as the first line of 
defense against perturbations 
may explain the high rates of 
postural instability and falls in 
these patients.10,29

By inducing both predict-
able and unpredictable external 
perturbations in the present 
experiment, we were able to 
observe a sequence of events 
in the muscular activity, from 
APAs to CPAs. It has been 
shown that when the perturba-
tion is predictable, APAs act 

as the first line of defense, preparing the body for the 
upcoming disturbance, followed by CPAs if the pertur-
bation is large enough or poorly predicted.8 As expected, 
the use of robust APAs in controls in the present study 
considerably reduced the need for large CPAs. In con-
trast, patients with MS, particularly those with a fall his-
tory, were not able to produce APAs appropriately and 
tried to increase the compensatory muscle activity in the 
expected condition to confront with perturbation. Previ-
ous studies have shown that APAs are altered in patients 
with MS.16 Aruin et al.16 investigated APA and CPA 
onset timings during a pendulum impact task in a group 
of patients with MS and controls. They observed dif-
ferences in APA latency between patients with MS and 
controls16; their findings were in agreement with those 
of the present study. However, in their study they inves-
tigated the onset of postural muscles unilaterally only.16 
The present study aimed at investigating postural adjust-
ment mechanisms and their relations to falls in a sample 
of patients with MS. Hence, patients in this study were 
divided into two groups based on their fall history. 
Interestingly, more deficits in the postural adjustment 
mechanisms were observed in MS fallers; ie, MS fallers 
exhibited significantly more delays and smaller integrals 
of muscle activities compared with nonfallers. However, 
note that both groups of patients with MS had similar 

in the experimental conditions, both groups of patients 
with MS required significantly more time to stabilize 
their COP after perturbations compared with controls 
(P < .01). Furthermore, the results of a series of paired t 
tests revealed that in both MS groups the required TTS 
was greater in the unexpected condition than in the 
expected condition (P < .05).

Discussion
The present study investigated the APAs and CPAs 

during external predictable and unpredictable perturba-
tions in patients with MS with and without a history of 
falls and in controls. We hypothesized that muscle acti-
vations would be delayed in patients with MS compared 
with controls in response to both types of perturbations. 
We also predicted that the possible delays in muscle acti-
vations would be greater in patients with a fall history 
than in those without a fall history. These hypotheses 
were supported. Most studied muscles (RAr, RAl, ESr, 
RFl, BFl, MGr, and MGl) initiated significantly later in 
MS fallers compared with MS nonfallers and controls. 
Moreover, lower levels of muscle activity (RFl, BFr, BFl, 
and MGr) during the APA interval were seen in MS 
fallers compared with controls. In addition, patients 
with MS, particularly those with a fall history, were not 
able to scale up their compensatory muscle activity in 
the unexpected condition compared with the expected 
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Figure 3. Differences in time to stabilization across all groups 
and conditions
Data are given as mean (SE). *Significant differences between groups (P < .05).  
**, ***Significant differences between conditions (P < .05). MS, multiple sclerosis.
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information was not manipulated in this study.25,26 
Instead, postural perturbations of this study were deliv-
ered backwardly via a system of pulleys and loads that 
was independent of visual manipulation. A similar 
backward pulling system was used to apply unexpected 
external perturbation in children with hemophilia.23 The 
present results may help develop therapeutic interven-
tions aimed to reduce falls and improve balance through 
perturbation training. The need to develop evidence-
based interventions to effectively manage falls has been 
highlighted by the fact that most treatment protocols to 
date seem not to be effective in reducing future falls in 
patients with MS.32

Finally, some limitations of the present study need 
to be discussed. Although this study was the first to 
investigate the relationship between postural adjustment 
mechanisms and falls in patients with MS, fall status was 
determined based on patients’ fall history. Ideally, the 
best design for investigating fall risk factors is a prospec-
tive model with a future fall assessment. Future studies 
shall investigate patients’ postural and muscle responses 
to perturbations in a prospective design to better illus-
trate further association between the underlying mecha-
nisms of balance impairments and future falls. o
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