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c UPHF, LAMIH, F-59313 Valenciennes, France
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Background: Multiple sclerosis (MS) causes balance and walking disorders. Gait initiation is the complex tran-sition between standing and walking and is 
characterized by two distinct phases: the anticipatory postural adjustment (APA) phase followed by the execution of the first step phase.
Research aim: To determine alterations in the APA during gait initiation in patients with MS.

Methods: A systematic search was conducted in May 2018. The search was carried out by the use of the following databases: PubMed, Web of Science and the 
Cochrane Library. The following keywords were used: MS, gait initiation, step initiation, and postural adjustment(s). Outcomes of interest were the variables 
generally used to assess APA, including electromyography, force-plate data, or video-based data, duration of APA, and length of first step. The Ottawa scale was used 
to assess the quality of the studies.
Results: Eight case-control studies were included; one was a transverse study. A total of 215 MS patients and 116 healthy subjects were included with ages ranging 
from 22 to 76 years old. In MS patients, Expanded Disability Status Scale (EDSS) scores ranged from 0 to 7. APA CoP displacements were smaller in the 
anteroposterior axis. Four studies evaluated muscle activation during APA. The latencies of all muscles were delayed, and smaller magnitudes of muscle activity 
during APA were found, even in the early stage of disease. The first step was shorter in MS patients than in healthy patients. No previous study has reported joint 
movement or trunk in-clination during gait initiation.
Significance: This review illustrates the gap in knowledge of APA alterations in MS patients. APA assessment in the early stage of MS could be an interesting measure to 
characterize balance, dynamic control and risk of fall for such patients.

1. Introduction

Multiple sclerosis (MS) is an autoimmune inflammatory chronic

disease of the central nervous system that affects young and middle-

aged adults. The pathological and clinical presentations of MS are

heterogeneous and include muscle weakness, somatosensory loss,

ataxia, visual disturbance that impairs coordination, postural control

and gait. Balance disturbance is often described as one of the initial

consequence of these symptoms of the disease [1]. This balance dis-

order increases the risk of falling, contributes to a fear of falling, and

reduces activity and social participation in MS patients [2,3]. A recent

meta-analysis reported that the fall risk peak may be at the expanded

disability status scale (EDSS) score of 4.0 [3]. At this EDSS, patients had

also a reduction in walking distance. However, MS patients present

postural instability and gait impairments before this stage of the disease

[4,5]. Clinical measures of postural instability to determine the pre-

dictive value or validity in identifying risk of fall are poor [4,6]. In

addition, quantification of orthostatic balance through posturography

does not allow to highlight balance disorders at a such early stage of the

disease [7]. However, the exploration of the mechanisms of postural

instability in MS at early stage of the disease with objective measures is

necessary to contribute to prevent fall and to improve rehabilitation of

such patients.

Standing on unstable surfaces [8] or under induced somatosensory

deficits [9] are means to assess the risk of falling. However, gait in-

itiation is more challenging because of the dynamic postural control

necessary to achieve the first step from quiet standing [10]. Gait in-

itiation is characterized by two distinct phases: the anticipation phase

⁎ Corresponding author.

E-mail address: Massot.Caroline@ghicl.net (C. Massot).

T

1



followed by the execution phase to achieve the first step from a quiet

standing posture, presented in Fig. 1 [11,12]. The anticipation phase

corresponds to Anticipatory Postural Adjustments (APA) that establish

the dynamic conditions to move the body forward by specific motor

activations. This necessary and daily repetitive destabilizing task re-

quires the integration of multiple sensory systems (visual, vestibular

and somatosensory systems) to develop a specific motor command [13].

Because falling is more common during transition movements [14], gait

initiation is often used as an objective measure to evaluate postural

instability and risk of fall. Gait initiation, especially APA is commonly

used to assess postural instability in other populations such as older

people or people with neurologic disorders, as Parkinson’s disease (PD).

Hence, evaluation of APA can be an objective measure to assess the

postural instability of MS patients [15,16]. Currently, APA are still

poorly investigated in the MS population, although MS is also a de-

generative central nervous system disease characterized by balance and

gait troubles. In the present study, the results described in Parkinson's

patients will be compared with those found in MS patients.

APA are characterized by muscular patterns and spatiotemporal

characteristics that are well identified. During quiet standing, the centre

of mass (CoM) vertical projection and the CoP trajectories move to-

gether and are phased [17]. Gait initiation programmes induce dis-

sociation of these trajectories through specific motor patterns, creating

a disequilibrium torque in the sagittal plane. APA are characterized by a

basic motor pattern that induces dissociation between the CoM and CoP

trajectories. The motor pattern begins with a bilateral inhibition of the

soleus followed by the activation of the tibialis anterior, which gen-

erates the posterior CoP displacement towards the initial swing heel

[11,12], whereas the CoM moves towards the stance leg. This shift is

associated with activation of the swing lower limb hip abductors.

During the APA, the flexion of the stance knee is favoured by bilateral

inhibition of the soleus and greater ipsilateral tibialis anterior activity,

whereas hip flexion is associated with activation of the stance rectus

femoris. Finally, from its posterior position, the CoP shifts laterally

towards the stance leg. Functional roles are allocated to the displace-

ments of the CoP during APA: displacement along the anteroposterior

axis is predictive of motor performance, whereas displacements along

the mediolateral axis are linked to postural stability of gait initiation

[11,13,18,19].

The literature review of specific impairments in displacements of

the CoP during APA in MS patients could allow us to understand and

assess balance control in the early stage of the disease. Several studies

have assessed APA in MS patients, but to date, no review about APA in

this population has been published. The aim of this systematic review is

to assess APA during gait initiation of MS patients.

2. Methods

2.1. Search strategy

This review was performed in accordance with PRISMA Guidelines

PRISMA (http://www.prisma-statement.org/) Table 1. A systematic

search was conducted in May 2018. The search was carried out using

the following databases: PubMed, Web of Science, and the Cochrane

Library. The following keywords and medical subject headings were

used: multiple sclerosis AND gait initiation OR step initiation OR pos-

tural adjustment(s). Only articles published in the English language

were considered. There was no limit to the year of publication. Articles

were excluded if the article was a case report or if the article was not

peer reviewed.

2.2. Study identification

The population of interest was MS patients with a definitive diag-

nosis of MS or clinically isolated syndrome (CIS). Outcomes of interest

were the variables of APA including electromyography, CoP and CoM

spatiotemporal parameters, kinematics, duration of APA, and ground

reaction force. Additionally, the step length of gait initiation was re-

ported to supplement previous data and illustrate the overall gait in-

itiation process.

2.3. Data extraction

An eligibility assessment was performed by screening the title and

reading the abstract (Fig. 2). Due to methodological study hetero-

geneity (differences in procedures to induce gait initiation), there was a

lack of comparative data and the meta-analysis could not be performed;

therefore, data are presented descriptively. The following data were

extracted from selected studies: study design (case-control study, cohort

study), population characteristics (gender, age, EDSS, MS form), in-

strumentation used, devices and procedures for gait initiation assess-

ment (electromyography (EMG), force platform, instruction for gait

initiation), reported outcome parameters, study results (CoP and CoM

spatiotemporal parameters including displacements, velocity, and ac-

celeration), kinematics, duration of APA, EMG results, and ground re-

action force and step length.

Fig. 1. Gait initiation phases according to Brenière at al.; Remelius et al. and Galli et al.

Abbreviations: APA Anticipatory Postural Adjustment; APA1 the first translation of the Center of Pressure in lateral and posterior directions together toward the

swing foot heel; APA2 followed by a predominantly lateral Center of Pressure shift toward the stance foot. LOC locomotor phase; LOCu unidpodal phase; LOCd

double support phase.
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2.4. Quality assessment

The Newcastle-Ottawa Scale for case-control studies was used to

assess the quality of included studies. Each study could obtain a max-

imum of nine stars: 4 stars for the selection of the study groups, 2 stars

for the comparability of the groups, and 3 stars for the exposure or

outcome of interest. Two reviewers used the Newcastle-Ottawa Scale

checklist to rate the methodological quality. Any disagreements in

ratings were resolved through discussion.

3. Results

After a systematic search of the databases, we retrieved 180 articles

(Fig. 2). Nine articles were included in this review: 8 case-control stu-

dies and one transversal study [16,20–26]. A total of 215 MS patients

(132 women, 49 men, sex was not specified for 34 patients) and 116

healthy subjects (76 women, 25 men, sex was not specified for 15

subjects) were included. The sex ratio for controls was similar to that

for MS patients. For the 2 studies by Krishnan, the sample of MS pa-

tients and healthy subjects was the same; therefore, patients and

healthy subjects were counted only once [21,22]. For all the studies,

ages ranged from 22 to 76 years old. In MS patients, EDSS scores ranged

from 1 to 7. Thirty-seven patients had relapsing-remitting multiple

sclerosis (RRMS), 2 patients had secondary progressive multiple

sclerosis (SPMS) and 1 patient had primary progressive multiple

sclerosis (PPMS), 20 patients presented a Clinical Isolated Syndrome

(CIS). The form of MS was not described for 155 patients (72%). In one

study, MS patients were divided into 2 groups: fallers (patients with a

history of at least one fall during the previous 6 months), and non-

fallers [15].

Table 1

PRISMA checklist.

Section/topic # Checklist item Reported on page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions

and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. 1

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions,

comparisons, outcomes, and study design (PICOS).

2

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide

registration information including registration number.

2

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,

language, publication status) used as criteria for eligibility, giving rationale.

2

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify

additional studies) in the search and date last searched.

2

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be

repeated.

2

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,

included in the meta-analysis).

2

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any

processes for obtaining and confirming data from investigators.

2

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and

simplifications made.

2

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was

done at the study or outcome level), and how this information is to be used in any data synthesis.

3

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). NA

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of

consistency (e.g., I2) for each meta-analysis.

NA

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective

reporting within studies).

3

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done,

indicating which were pre-specified.

NA

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions

at each stage, ideally with a flow diagram.

3

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period)

and provide the citations.

3

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 4

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

3-4

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. NA

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). NA

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). NA

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance

to key groups (e.g., healthcare providers, users, and policy makers).

4-5

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of

identified research, reporting bias).

4-5

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future

research.

6

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for

the systematic review.

6
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Population, procedures, outcomes and results are presented in

Table 2.

3.1. CoP displacement, velocity and acceleration during APA

All included studies reported CoP displacements in the ante-

roposterior direction, and only 3 studies assessed mediolateral direction

[20,23,24]. For MS patients, CoP displacements during APA were

smaller, especially in the anteroposterior axis. No modification of the

CoP displacement in the mediolateral direction was reported. Peak CoP

displacements were larger [21,22] and velocity was decreased during

APA.

3.2. CoM displacements and velocity during APA

CoM displacements were shorter and velocity was reduced in MS

patients [20]. The maximal lateral displacement of the CoM was not

significantly larger in MS patients compared to that in healthy controls

[20].

Kinematics during APA: no one of the evaluated studies reported

data about kinematics during the APA.

3.3. APA duration and APA phase

The duration of gait initiation was assessed in 4 studies [20,23–25].

APA were longer in MS patients. In the dual-task condition, the dura-

tion of gait initiation was longer than in the single-task condition [23].

The foot lift-off phase was delayed in the dual-task condition. APA were

divided into different phases only in 2 studies, as presented in Fig. 1

[16,20]. The duration of APA2 (i.e. lateral translation of the CoP to-

wards the stance limb), especially APA2b (i.e second part of CoP

translation during APA2), was increased [20] in the Galli et al. study

[16]. The velocities of APA1 (i.e posterior displacement of the CoP),

APA2b and LOC (i.e anterior CoP displacement during swing phase)

were decreased [16], and the double phase support was longer [20].

3.4. EMG during APA

EMG was reported in 4 studies [15,21,22,26]. The latencies of all

studied muscles were delayed, and the magnitudes of muscle activity

during APA were smaller. In the Krishnan study [21], subjects were

required to perform rapid bilateral shoulder flexion and extension

movements while standing on a force platform. MS patients did not

present specific patterns of activation of muscles during flexion exten-

sion movement for the rectus femoris, soleus and tibialis anterior

muscles when compared to healthy subjects (Table 2). In the Tajali

study [15], MS fallers presented delayed activities in several muscles

(rectus abdominis, erector spinae, biceps femoris and medial gastro-

cnemius) compared to MS non-fallers and healthy subjects.

3.5. Step length

The first step length was shorter for MS patients [20,23,24]. The

effect of the dual-task condition on step length was different between 2

studies [23,24]: Jacobs et al. reported a smaller step length in the dual-

task condition, whereas Brecl Jakob et al. did not find an effect of dual-

task on step length. Remelius et al. noticed that the first step was wider

for MS patients than for healthy subjects [20].

3.6. Testing procedures

Testing procedures were different for all the studies that evaluated

APA in MS patients. Procedures included visual and auditory cues,

external perturbation or dual tasks (cognitive task or motor task). Three

studies analysed APA with a concurrent cognitive tasks [23–25], such

as the auditory Stroop task, Brook’s spatial memory task, the 2-back

verbal working memory task or reciting alternating letters of the al-

phabet.

3.7. Quality assessment of studies

According to the Ottawa scale checklist, all the studies were of

moderate quality. A detailed overview of the quality of the studies is

Fig. 2. Flow chart.
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r
d
is
p
la
ce
m
e
n
t
w
a
s

d
e
cr
e
a
se
d
.
T
h
e
se

a
lt
e
ra
ti
o
n
s
co

u
ld

b
e
d
u
e

to
a
d
e
la
y
e
d
co

n
d
u
ct
io
n
o
f
in
fo
rm

a
ti
o
n
in

th
e
ce
n
tr
a
l
tr
a
n
sc
o
rt
ic
a
l
lo
o
p
.
A
lt
e
ra
ti
o
n

o
f
ce
re
b
e
ll
a
r
fu
n
ct
io
n
co

u
ld

b
e
in
d
u
ce

a

in
cr
e
a
se
d
o
f
m
a
g
n
it
u
d
e
o
f
A
P
A
.

1
1
h
e
a
lt
h
y
su
b
je
ct
s
(9

w
o
m
e
n
,
2

m
e
n
)
a
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e
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n
5
1
±
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4

K
ri
sh
n
a
n
et

a
l.

2
0
1
2

1
1
p
a
ti
e
n
ts

(9
w
o
m
e
n
,
2
m
e
n
)
w
it
h

R
R
M
S
m
e
a
n
a
g
e
5
2
±

1
3
E
D
S
S

m
e
a
n
2
.3

±
0
.9

T
h
e
su
b
je
ct
s
w
e
re

re
q
u
ir
e
d
to

p
e
rf
o
rm

ra
p
id

b
il
a
te
ra
l
sh
o
u
ld
e
r
fl
e
x
io
n
a
n
d
e
x
te
n
si
o
n

m
o
v
e
m
e
n
ts

w
h
il
e
st
a
n
d
in
g
o
n
a
fo
rc
e

p
la
tf
o
rm

;
5
tr
ia
ls

w
e
re

p
e
rf
o
rm

e
d
fo
r
e
a
ch

fl
e
x
io
n
a
n
d
e
x
te
n
si
o
n
ta
sk
.

E
M
G
o
n
th
e
fo
ll
o
w
in
g
:
T
A
,
S
O
L
,
R
F
,
B
F
,
R
A
,
E
S

A
P
A
:
m
u
sc
le

a
ct
iv
it
y
,
C
o
P
d
is
p
la
ce
m
e
n
ts

in

a
n
te
ro
p
o
st
e
ri
o
r
d
ir
e
ct
io
n
,
C
o
P
p
e
a
k

T
h
e
su
b
je
ct
s
in

b
o
th

g
ro
u
p
s
sh
o
w
e
d

d
ir
e
ct
io
n
a
ll
y
sp
e
ci
fi
c
ch

a
n
g
e
s
in

th
e

a
n
ti
ci
p
a
to
ry

a
ct
iv
a
ti
o
n
o
f
m
u
sc
le
s.
D
u
ri
n
g

a
rm

fl
e
x
io
n
,
b
u
rs
ts

o
f
a
ct
iv
it
y
a
p
p
e
a
re
d
in

E
S
a
n
d
n
o
a
ct
iv
a
ti
o
n
in

R
A
.
In

a
rm

e
x
te
n
si
o
n
,
a
n
ti
ci
p
a
to
ry

a
ct
iv
a
ti
o
n
w
a
s

sh
o
w
n
in

R
A

w
h
il
e
th
e
re

w
a
s
n
o

a
ct
iv
a
ti
o
n
o
f
E
S
p
ri
o
r
to

th
e
o
n
se
t
o
f
th
e

m
o
v
e
m
e
n
t.
S
im

il
a
r
b
u
t
le
ss

p
ro
n
o
u
n
ce
d

p
a
tt
e
rn
s
w
e
re

o
b
se
rv
e
d
in

R
F
-B
F
a
n
d
T
A
-

S
O
L
m
u
sc
le
s.

N
o
d
ir
e
ct
io
n
a
l
sp
e
ci
fi
c

p
a
tt
e
rn
s
w
e
re

o
b
se
rv
e
d
in

R
F
,
S
O
L
,
a
n
d

T
A

in
M
S
p
a
ti
e
n
ts

w
h
e
n
co

m
p
a
re
d
to

h
e
a
lt
h
y
su
b
je
ct
s.

M
S
p
a
ti
e
n
ts

sh
o
w
e
d

sm
a
ll
e
r
m
a
g
n
it
u
d
e
s
o
f
A
P
A
.
M
S
p
a
ti
e
n
ts

sh
o
w
e
d
la
rg
e
r
C
O
P
p
e
a
k
d
is
p
la
ce
m
e
n
t
in

b
o
th

th
e
ta
sk
s
v
s
h
e
a
lt
h
y
co

n
tr
o
ls
.

M
S
p
a
ti
e
n
ts

w
it
h
m
o
d
e
ra
te

d
is
a
b
il
it
y

w
e
re

a
b
le

to
p
ro
d
u
ce

A
P
A
b
u
t
m
a
g
n
it
u
d
e

o
f
m
u
sc
le
s
a
ct
iv
a
ti
o
n
s
w
e
re

sm
a
ll
e
r,

a
n
d

d
ir
e
ct
io
n
a
l-
sp
e
ci
fi
c
a
ct
iv
a
ti
o
n
s
o
f
m
u
sc
le
s

w
e
re

re
d
u
ce
d
.
M
S
p
a
ti
e
n
ts

d
e
cr
e
a
se
d

th
e
ir

C
o
P
d
is
p
la
ce
m
e
n
ts

su
g
g
e
st
in
g
a

w
e
a
k
b
a
la
n
ce

co
n
tr
o
l.

1
1
h
e
a
lt
h
y
su
b
je
ct
s
(9

w
o
m
e
n
,
2

m
e
n
)
m
e
a
n
a
g
e
5
1
±

1
4

Ja
co
b
s
et

a
l.

2
0
1
2

1
3
M
S
p
a
ti
e
n
ts

(8
w
o
m
e
n
,
5
m
e
n
),

m
e
a
n
a
g
e
5
0
[4
3
-5
6
],

E
D
S
S
ra
n
g
e

2
.5

[0
-4
.5
]

S
u
b
je
ct
s
st
o
o
d
o
n
a
fo
rc
e
p
la
tf
o
rm

a
n
d
w
e
re

in
st
ru
ct
e
d
to

in
it
ia
te

w
a
lk
in
g
in

3
co

n
d
it
io
n
s:

cu
e
d
st
e
p
in
it
ia
ti
o
n
,
cu

e
d
fo
rw

a
rd

le
a
n
in
g
to

th
e
li
m
it
s
o
f
st
a
b
il
it
y
a
n
d
fe
e
t
in

p
la
ce

p
o
st
u
ra
l

re
sp
o
n
se
s
to

to
e
s-
u
p
ro
ta
ti
o
n
s.

P
a
ti
e
n
ts

p
e
rf
o
rm

e
d
th
e
p
o
st
u
ra
l
ta
sk
s
a
lo
n
e
o
r
w
h
il
e

a
ls
o
v
e
rb
a
ll
y
re
sp
o
n
d
in
g
to

a
n
a
u
d
it
o
ry

S
tr
o
o
p

ta
sk
.

M
a
rk
e
rs

w
e
re

p
la
ce
d
to

d
e
fi
n
e
th
e
h
e
a
d
,
tr
u
n
k
,

u
p
p
e
r
a
rm

s,
fo
re
a
rm

s,
th
ig
h
s,
sh
a
n
k
s,
a
n
d
fe
e
t.

C
o
P
d
is
p
la
ce
m
e
n
ts

(a
n
te
ro
p
o
st
e
ri
o
r,

m
e
d
io
la
te
ra
l)
,
C
o
P
p
e
a
k
,
v
e
lo
ci
ty
,
st
e
p
le
n
g
th
,

A
P
A

d
u
ra
ti
o
n

T
h
e
o
n
se
t
la
te
n
ci
e
s
o
f
th
e
p
o
st
e
ri
o
r

co
m
p
o
n
e
n
t
o
f
th
e
A
P
A

w
e
re

si
g
n
ifi
ca
n
tl
y

m
o
re

d
e
la
y
e
d
in

th
e
d
u
a
l-
ta
sk

co
n
d
it
io
n
v
s

th
e
si
n
g
le
-t
a
sk

co
n
d
it
io
n
fo
r
M
S
p
a
ti
e
n
ts
.

T
h
e
o
n
se
t
o
f
th
e
la
te
ra
l
co

m
p
o
n
e
n
t
o
f
A
P
A

w
a
s
si
g
n
ifi
ca
n
tl
y
la
te
r.

A
P
A

d
u
ra
ti
o
n
s

w
e
re

si
g
n
ifi
ca
n
tl
y
lo
n
g
e
r,

a
n
d
fo
o
t
li
ft

o
n
se
t
la
te
n
ci
e
s
w
e
re

si
g
n
ifi
ca
n
tl
y
la
te
r
in

th
e
d
u
a
l-
ta
sk

co
n
d
it
io
n
th
a
n
in

th
e
si
n
g
le
-

ta
sk

co
n
d
it
io
n
in

M
S
p
a
ti
e
n
ts
.
S
te
p
le
n
g
th
s

in
cr
e
a
se
d
fr
o
m

th
e
si
n
g
le
-t
a
sk

to
th
e
d
u
a
l-

ta
sk

co
n
d
it
io
n
fo
r
th
e
su
b
je
ct
s
w
it
h
M
S
,

b
u
t
st
e
p
le
n
g
th
s
d
e
cr
e
a
se
d
fo
r
th
e
h
e
a
lt
h
y

su
b
je
ct
s.

R
e
g
a
rd
in
g
d
iff
e
re
n
ce
s
b
e
tw

e
e
n
g
ro
u
p
s,

M
S
p
a
ti
e
n
ts

e
x
h
ib
it
e
d
si
g
n
ifi
ca
n
tl
y
lo
n
g
e
r

A
P
A
d
u
ra
ti
o
n
s
a
n
d
si
g
n
ifi
ca
n
tl
y
la
te
r
fo
o
t

li
ft
o
n
se
t
ti
m
e
s
th
a
n
th
e
h
e
a
lt
h
y
su
b
je
ct
s.

S
e
n
si
ti
v
it
y
o
f
A
P
A

d
e
p
e
n
d
e
d
o
n
th
e

m
e
th
o
d
o
f
re
co

rd
in
g
th
e
m
.
A
P
A

m
e
a
su
re

m
a
y
b
e
m
o
re

se
n
si
ti
v
e
th
a
n
th
e
cl
in
ic
a
l

a
ss
e
ss
m
e
n
t
in

M
S
p
a
ti
e
n
ts

w
it
h
lo
w

d
is
a
b
il
it
y
.
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e
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b
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s
(8

w
o
m
e
n
,
5

m
e
n
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m
e
a
n
a
g
e
5
0
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3
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7
]
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o
n
ti
n
u
ed

o
n
n
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t
p
a
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)
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T
a
b
le

2
(c
o
n
ti
n
u
ed
)

R
e
fe
re
n
ce

P
o
p
u
la
ti
o
n

In
te
rv
e
n
ti
o
n
/
P
ro
to
co

ls
O
u
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o
m
e
m
e
a
su
re
s

R
e
su
lt
s

D
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cu

ss
io
n

W
a
jd
a
et

a
l.

2
0
1
4

2
0
p
a
ti
e
n
ts
(1
5
w
o
m
e
n
,
5
m
e
n
)
a
g
e

m
e
a
n
5
8
.6

±
1
0
.9

1
6
R
R
M
S
,
2

S
P
M
S
M
S
,
1
P
P
M
S
,
a
n
d
1

in
d
iv
id
u
a
l
d
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n
o
t
re
p
o
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M
S
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p
e
.

E
D
S
S
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n
g
e
4
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5
[2
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.0
]

S
u
b
je
ct
s
st
o
o
d
o
n
a
fo
rc
e
p
la
tf
o
rm

a
n
d

in
st
ru
ct
e
d
to

in
it
ia
te

w
a
lk
in
g
in

re
sp
o
n
se

to
a
n

a
u
d
it
o
ry

cu
e
.
D
u
ri
n
g
th
e
co

g
n
it
iv
e
ch

a
ll
e
n
g
e

co
n
d
it
io
n
,
th
e
su
b
je
ct
s
si
m
u
lt
a
n
e
o
u
sl
y
re
ci
te
d

a
lt
e
rn
a
ti
n
g
le
tt
e
rs

o
f
th
e
a
lp
h
a
b
e
t
a
lo
u
d
w
h
il
e

p
e
rf
o
rm

in
g
th
e
g
a
it
in
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ia
ti
o
n
ta
sk

F
a
ll
h
is
to
ry

in
th
e
p
re
v
io
u
s
3
m
o
n
th
s.

K
in
e
m
a
ti
c
p
a
ra
m
e
te
rs

o
f
g
a
it
in
it
ia
ti
o
n
w
e
re

q
u
a
n
ti
fi
e
d
w
it
h
a
w
a
lk
w
a
y
w
h
ic
h
ca
lc
u
la
te

C
o
P
d
is
p
la
ce
m
e
n
ts
,
g
a
it
in
it
ia
ti
o
n
d
u
ra
ti
o
n
,

p
h
y
si
o
lo
g
ic
a
l
p
ro
fi
le

a
ss
e
ss
m
e
n
t

G
I
w
a
s
si
g
n
ifi
ca
n
tl
y
d
e
la
y
e
d
d
u
ri
n
g
th
e

co
g
n
it
iv
e
ch

a
ll
e
n
g
e
co

m
p
a
re
d
w
it
h

b
a
se
li
n
e
v
a
lu
e
s.

P
h
y
si
o
lo
g
ic
a
l
p
ro
fi
le

a
ss
e
ss
m
e
n
t
sc
o
re
s
h
a
d
a
p
o
si
ti
v
e

co
rr
e
la
ti
o
n
w
it
h
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g
n
it
iv
e
ch

a
ll
e
n
g
e
g
a
it

in
it
ia
ti
o
n
ti
m
e
.
C
o
g
n
it
iv
e
ch

a
ll
e
n
g
e
g
a
it

in
it
ia
ti
o
n
ti
m
e
w
a
s
p
ri
m
a
ri
ly

re
la
te
d
to

d
e
fi
ci
e
n
ci
e
s
in

th
e
le
g
st
re
n
g
th

a
n
d

p
o
st
u
ra
l
sw

a
y
co

m
p
o
n
e
n
ts

o
f
th
e

p
h
y
si
o
lo
g
ic
a
l
p
ro
fi
le

a
ss
e
ss
m
e
n
t.
P
o
si
ti
v
e

co
rr
e
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ti
o
n
w
a
s
o
b
se
rv
e
d
b
e
tw

e
e
n
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g
n
it
iv
e
ch

a
ll
e
n
g
e
g
a
it
in
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ia
ti
o
n
ti
m
e

a
n
d
fa
ll
h
is
to
ry

in
th
e
p
re
v
io
u
s
3
m
o
n
th
s.

M
S
p
a
ti
e
n
ts

w
it
h
m
il
d
to

m
o
d
e
ra
te

d
is
a
b
il
it
y
p
re
se
n
te
d
sl
o
w
e
r
g
a
it
in
it
ia
ti
o
n
,

a
n
d
co

g
n
it
iv
e
d
is
tr
a
ct
io
n
w
a
s
co

rr
e
la
te
d

to
fa
ll
s
a
n
d
ri
sk

o
f
fa
ll
.
T
h
e
se

re
su
lt
s

su
g
g
e
st
e
d
th
a
t
co

g
n
it
iv
e
ch

a
ll
e
n
g
e

re
p
re
se
n
t
a
fu
tu
re

ta
rg
e
t
fo
r
fa
ll
s

p
re
v
e
n
ti
o
n
p
ro
to
co

ls
.
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a
l.

2
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1
5

1
0
p
a
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e
n
ts

(8
w
o
m
e
n
,
2
m
e
n
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R
M
S
m
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e
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±
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E
D
S
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m
e
a
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0
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1
0
h
e
a
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h
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b
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s
(8

w
o
m
e
n
,
2
m
e
n
)
m
e
a
n

a
g
e
5
1
±

1
4

S
u
b
je
ct
s
w
e
re

in
st
ru
ct
e
d
to

m
a
in
ta
in

u
p
ri
g
h
t

st
a
n
ce

b
a
re
fo
o
t
o
n
th
e
fo
rc
e
p
la
tf
o
rm

.

P
e
n
d
u
lu
m

p
a
ra
d
ig
m
:
A

lo
a
d
w
a
s
a
tt
a
ch

e
d
to

th
e
p
e
n
d
u
lu
m

a
n
d
im

p
a
ct

h
a
n
d
o
f
th
e
su
b
je
ct
s.

T
h
e
y
re
ce
iv
e
d
a
se
ri
e
s
o
f
p
e
rt
u
rb
a
ti
o
n
s
w
it
h

e
y
e
s
o
p
e
n
e
d
(A

P
A
)
a
n
d
e
y
e
s
cl
o
se
d
(C

P
A
).

A
P
A
E
M
G
o
n
ri
g
h
t
m
u
sc
le
s:
T
A
,
G
A
S
L
,
V
L
,
B
F
,

R
A
,
E
S
C
o
P
a
n
te
ro
p
o
st
e
ri
o
r
d
is
p
la
ce
m
e
n
ts

F
o
r
A
P
A

in
M
S
p
a
ti
e
n
ts
,
a
n
ti
ci
p
a
to
ry

m
u
sc
le
s
a
ct
iv
it
y
o
cc
u
rr
e
d
cl
o
se
r
to

th
e

m
o
m
e
n
t
o
f
p
e
rt
u
rb
a
ti
o
n
.
T
h
e

d
is
p
la
ce
m
e
n
t
o
f
C
o
P
w
a
s
le
ss
.

M
S
p
a
ti
e
n
ts

w
e
re

a
b
le

to
g
e
n
e
ra
te

A
P
A
in

re
sp
o
n
se

o
f
a
p
re
d
ic
ta
b
le

p
e
rt
u
rb
a
ti
o
n
,

b
u
t
th
e
o
n
se
t
o
f
a
ct
iv
it
y
m
u
sc
le

w
a
s

d
e
la
y
e
d
,
a
s
in

e
ld
e
rl
y
p
e
o
p
le
.

G
a
ll
i
et

a
l.

2
0
1
5
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p
a
ti
e
n
ts

(6
7
w
o
m
e
n
,
2
8
m
e
n
),

m
e
a
n
a
g
e
3
8
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±
9
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,
E
D
S
S
m
e
a
n

2
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4
±

1
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4

T
e
st
s
w
e
re

p
e
rf
o
rm

e
d
o
n
a
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e
p
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o
rm

.
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a
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e
n
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w
e
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ru
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e
d
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a
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w
a
lk
in
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o
w
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g
a
v
e
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a
l
in
p
u
t.

M
e
d
io
la
te
ra
l
a
n
d
a
n
te
ro
p
o
st
e
ri
o
r
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o
rd
in
a
te
s

o
f
p
o
in
ts

A
(i
n
it
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l
C
o
P
p
o
si
ti
o
n
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B
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a
x
im

a
l

p
o
st
e
ri
o
r
C
o
P
sh
if
t)
,
C
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a
x
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a
l
a
n
te
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o
r
C
o
P

sh
if
t
u
n
d
e
r
sw
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g
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o
t)
,
D
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a
x
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a
l
p
o
st
e
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o
r

C
o
P
sh
if
t
u
n
d
e
r
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a
n
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o
t,
a
n
d
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provided in Table 3. Total scores ranged from 5 to 6 stars out of a

possible nine stars. No study satisfied all the selection criteria. No study

reported information about the selection of a healthy population (se-

lection criteria 3), and no study described the manner in which MS

patient data were collected (exposure criteria 1), highlighting potential

selection bias.

4. Discussion

This systematic review aimed to report alterations in APA for MS

patients. Meta-analysis was not possible because of the heterogeneity

between studies in terms of populations, protocols, and outcome mea-

sures. This review highlights the fact that all MS patients were able to

produce APA. Moreover, alterations of APA were reported, even at an

early stage of the disease, and were more important in MS fallers than

MS non-fallers [15].

Anteroposterior displacements of the CoP, due to a bilateral in-

hibition of soleus followed by a bilateral activation of tibialis anterior

muscles [12,27], are predictive of motor performance in gait initiation

[28]. In MS patients, the posterior displacement of the CoP was reduced

at the initial phase of APA, suggesting a reduced motor performance in

gait initiation. Nevertheless, anteroposterior displacements of the CoP

are linked with the gait initiation speed [29] so the hypothesis of a

decrease in gait initiation speed in MS patients cannot be excluded as a

mechanical explanation of the altered CoP displacements during the

APA. Indeed, the contraction of the tibialis anterior during APA gen-

erates sufficient ankle moment to move the CoP behind the ankles and

create the disequilibrium required for gait initiation [11]. One can as-

sume that in MS patients, the reduced and delayed muscle activities

lead to a lesser ankle moment to move the CoP in the posterior direc-

tion. These alterations could explain the reduced initial forward pro-

pulsive force and step length in MS patients [20,25]. In 4 studies, the

authors attributed these observations to a compensatory strategy to

maintain the CoP trajectory away from the posterior stability boundary

[16,20,21,24]. Moreover, no study has discussed spasticity, muscle

weakness and somatosensory disorders, which are current phenomena

in MS [30]. This perturbation could also be due to alterations in joint

movements in the lower limb. Lesser and delayed activity of the tibialis

anterior muscle or a delayed inhibition of the soleus in MS patients

could decrease ankle moment and reduce posterior displacement of the

CoP. Moreover, reduced ankle movement could be compensated for by

an increase in the duration of APA to generate a sufficient movement to

propel the swing leg [31].

Furthermore, trunk inclination is not reported in these studies.

Trunk inclination changes the muscle activities in the soleus and tibialis

anterior muscles [32]. At an early stage of MS disease, the activity of

the rectus abdominis, internal obliques, and lateral flexor of muscles

trunk was reduced [33]. Moreover, trunk flexion in MS patients is

correlated with gait speed and gait activity [34,35]. Atypical inclination

of the trunk induced by motor deficit of trunk muscles could also

change APA and anteroposterior displacement of the CoP.

Mediolateral displacement was reported in only 3 studies, and no

alteration was found in MS patients. However, these studies included

patients at an early stage of disease. Mediolateral displacement predicts

the stability of gait initiation and the risk of lateral fall [18,19]. This

objective parameter could predict fall risk in MS patients. These re-

duced and delayed muscle activities in MS patients observed during

APA could change the mediolateral displacement of the CoP and the

movement of the hip, knee and ankle joints. Indeed, muscle synergy is

observed during APA. This synergy generates the disequilibrium torque

in the frontal plane. CoP displacement towards the swing foot is due to

tibialis anterior activity, which is greater in the stance leg, knee flexion

and hip abduction. Alteration of the mediolateral CoP could cause an

increased velocity during a medial fall from a single stance due to a

larger distance between the CoP and CoM during step execution. The

risk of fall could be increased in MS patients if mediolateral CoPT
a
b
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displacements are altered.

Similar changes in kinematic, kinetic and electromyographic para-

meters during APA have been found in the PD population. Reduced CoP

displacements (in both anteroposterior and mediolateral axes), delayed

muscle activities (especially for the tibialis anterior), longer duration of

APA and shorter step length have also been reported [36,37]. These

alterations can occur early in the evolution of PD [38] and are con-

sidered to be a major pathophysiological mechanism underlying im-

paired gait initiation. Given these similarities between PD and MS po-

pulations, one can reasonably assume that APA alterations significantly

contribute to step impairments in MS. This literature review suggests a

postural reeducation program, aimed at improving a forward body

posture while moving the CoP backward.

In the PD population [36], it has been shown that gait initiation can

be influenced by several factors. For example, Rogers et al. (2011) and

Nieuwboer et al. (2008) showed that external sensory cues (visual or

auditory) improve and facilitate gait initiation in PD patients [39,40].

Moreover, positive or negative emotions modulate gait initiation [41].

The reaction time of gait initiation was longer and step size was shorter

in PD patients when they took a step forward in response to an un-

pleasant image. To the best of our knowledge, external cues or emotions

were not evaluated in the gait initiation of MS patients. However, APA

tend to be impaired in MS patients when dual-task paradigms are

performed during gait initiation, such as in elderly fallers [42], whereas

this was not observed in PD [43]. This difference between MS and PD

for dual-task paradigms is explained by the cognitive decline of the MS

patients, especially in terms of cognitive processing speed, even in the

early stage [44], which suggests cognitive-motor interference in MS

patients. Cognitive processing speed evaluation during gait initiation

would be interesting to include in the assessment of APA at an early

stage, but there is no cognitive test recommended for this analysis

currently. Regarding these observations, rehabilitation programmes

should nevertheless include cognitive-motor tasks, especially at the

early stage of MS.

The present review revealed that all the included studies used dif-

ferent protocols to assess APA. This methodological heterogeneity made

the results incomparable. Indeed, MS patients had an EDSS score range

from 1 to 7, and no information on the form MS was recorded for half of

the patients. The Newcastle-Ottawa Scale was used to assess the quality

of the included studies. In addition, information about the recruitment

of the healthy subjects was not described in all the studies.

Consequently, a meta-analysis was not possible due to the different

protocols used to assess the APA and the small number of studies with

similar outcomes.

5. Conclusion

Alterations of APA are present in MS patients even at an early stage

of the disease, principally characterized by a decrease in the posterior

displacement of APA and reduced muscle activity of the lower limbs.

APA evaluation at an early stage of MS seems to be an interesting

measure to assess balance control and risk of fall in these patients.

Nevertheless, this literature review highlights some potential im-

provements to better understand the underlying mechanisms of gait

initiation in MS patients at the early stage of the disease. It would also

be relevant to better correlate the gait initiation impairments with the

risk of falling in MS patients to prevent falls and to adapt rehabilitation

programmes at the early stage of the disease.
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