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Relationship between a three-month
physical conditioning “posture-balance-
motricity and health education” (PBM-HE)
program on postural and balance
capacities of sedentary older adults:
influence of initial motor profile
Pierre Louis Bernard1*, Hubert Blain1,2, Aurelie Gerazime3, Olivier Maurelli1, Jean Bousquet4 and Grégory Ninot3

Abstract

Background: The aims of this study were (i) to define the relationship between a physical reconditioning cycle
using balance exercises and muscular-articular stress and the balance capabilities of sedentary older adults and (ii)
to assess whether older adults with weaker equilibrium abilities have a significantly limited progression. Our sample
consisted of 338 people (263 women, 75 men) with an age, weight and height of 74.4 years (+/− 8.6), 67 kg (+/− 13.6)
and 161.4 cm (+/− 8) and with a body mass index of 25.6 (+/− 4.3). The functional evaluations consisted of individual
motor profile tests, monopodal eyes open and eyes closed for 30 s, a Timed Up and Go test (TUG) and stabilometric
measurements on hard ground with eyes open for a duration of 25.6 s. The physical repackaging protocol was based
on the 12-week Posture-Balance-Motricity and Health Education (PBM-ES) method with two 90-min weekly
group sessions.

Results: The evolution of the “posture” and “balance” variables was significantly associated with the equilibration
capacities (p < 0.001). For unipedal stance with open eyes on the dominant and non-dominant sides, respectively, the
progressions were significant for the profiles of middle (OR: 4.78 and 2.42) and low levels (OR: 4.34 and 1.66). Eyes-
closed progressions were non-significant for the low-level balance profiles. For the COP Surface and Length variables,
compared to those with high levels of balance, respectively, the progressions were significant for the middle- (OR: 1.41
and 2.98) and low-level (OR: 2.91 and 3.28) profiles.

Conclusions: After a 3-month bi-weekly PBM-HE program, we observed that sedentary older adults with the lowest
initial level of balance progressed significantly more than high-level individuals, but only for basic motor abilities. It
turns out that even among the most deconditioned people and older adults, very significant progress can be made.
This increase requires an individualized training content focused on initial mobilizable capacities.
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Background
The set of functions on which locomotion and balance
depend is influenced by aging. The mechanisms of aging
impact both the cognitive and sensory-motor spheres
[1–3] and disrupt the ability to adapt. The integrity of
the visual-vestibular and muscular-articular structures
responsible for the perception stage decreases with age
[4]. In addition, cognitive decline and lowering of execu-
tive functions contribute to the loss of efficiency of pos-
tural and locomotor functions and of skills in daily life
activities [5, 6].
In order to limit the effects of aging and optimize the

functional abilities of the elderly, the use of physical ac-
tivities is often mentioned [7–9]. Critical analyses were
conducted to define the respective effects of physical ac-
tivity programs on the balancing abilities of seniors. The
majority of reference programs to improve balance in-
clude static and dynamic motor exercises with regulation
of difficulty levels in order to optimize adaptive capabil-
ities [10, 11].
To achieve this goal and to increase posture and bal-

ance capacities, some programs used a specific physical
activity such as brisk walking [12, 13], balance training
[14, 15], serious gaming with or without force-plate [16,
17], muscular conditioning [18, 19], tai-chi or pilates
[20]. Other programs combined different motor activ-
ities [21–24].
Beyond the optimization of balance capacities, the pre-

vention of autonomy loss through physical activity pro-
grams is now one of the main objectives for older adults,
taking medical, social and economic consequences into
account. Some studies have shown that different pro-
grams are more effective in preventing and reducing falls
[25–27]. In addition, the practice environment, such as a
community or medical care organization, often charac-
terized by individuals older in age and suffering from
frailty, may justify the difficulty of reaching the fall pre-
vention target. The potential optimization of functional
capabilities in frail people is now considered a major
issue and constitutes the overall objective of this study.
It is considered that the improvement of state of health

requires a multifactorial approach. In non-medicated in-
terventions, the combination of physical activity and
health education would be a preferred approach in main-
taining and improving health. The combination of motor
activities and health education with active lifestyle and
quality nutrition leads to healthy behaviors [28, 29]. We
favored this approach within the PBM-HE method by as-
sociating 30 min of HE with 60 min of physical activity
within each session [30, 31].
In addition to the analysis of the potential improvement

of the balancing capacities, whatever the age, another con-
cern consists of the functional reserves available to the
person and which partially justify measured progress. This

present question in the field of learning and cognitive
science also applies to the aging sector and refers to
notions of adaptation and frailty [32, 33]. Some studies
describe the fragility of the elderly person in various
physiological, psychological or neuro-cognitive domains
and identify markers such as walking to determine the
health and future of the person [34–37]. However, in the
motricity domain, few studies quantify the influence of the
initial level, which can be considered as a significant low-
ering of functional reserves on the potential recovery cap-
acities and the measured benefits.
The purpose of this study was to observe the relation-

ship between:

1) a physical reconditioning program using static and
dynamic balance solicitations, some muscular-articular
exercises and information on health education and the
balancing capacities in older adults,

2) a physical reconditioning program and the ability of
people to progress with weaker balance capacities.

Method and procedure
This study was carried out within the “Preservation of the
Autonomy of Older Adults” program of the Regional
Health Organization of Languedoc-Roussillon. We ana-
lyzed the effect of the three-month PBM-HE training pro-
gram on sedentary older adults. Initial and terminal
functional evaluations were performed in geriatric and
gerontological settings engaged in this study. The study
was validated by the Internal Review Board n° 1711B of
the Euromov Research Center (University of Montpellier).

Design
We performed a prospective investigation study without
a control group. The participants were not randomized.
The data were collected before and after the program.
The participants were assigned to three graded groups
related to functional capacities.

Participants
The participants were recruited during a public meeting
dedicated to fall prevention. They were invited on the
basis of health, age and place of residence criteria by the
public health services in the region. Following the public
meeting, they were invited to participate in a functional
capacity assessment session to meet the inclusion cri-
teria. People were eligible if they met the following cri-
teria: (1) not diagnosed with osteoarthritis, rheumatoid
arthritis, ischemic heart disease, previous joint replace-
ment surgery, cerebrovascular disease affecting lower
limb function, (2) without pain and not taking medica-
tion known to alter physical performance. A medical
visit checked the criteria for non-inclusion and validated
a certificate of access to the practice cycle.
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Our population consisted of 338 people, 263 women
(78%) and 75 men (22%). They had an average age of
74.4 years (+/− 8.6), an average weight of 67 kg (+/− 13.6)
and an average height of 161.4 cm (+/− 8). The average
body mass index was 25.6 (+/− 4.3). The inclusion criteria
were: (i) age greater than 60 years, (ii) unipedal stance of
less than 5 s, (iii) complaint in balance, (iv) weekly phys-
ical activity of less than two hours and (v) a medical pre-
scription of non-indication to physical activity. The
exclusion criteria were motor impairment of the lower
limbs and neurocognitive impairment that disrupted un-
derstanding and exercise. Participation was voluntary,
with a newsletter and informed consent and without fi-
nancial reward.

Outcome measures
“Posture-balance-motricity” evaluation
The dimensions of posture, balance and motricity were
evaluated by ten specific motor exercises. Each dimen-
sion was tested on 30 points and the addition of the
three dimensions constituted the “individual motor pro-
file” (IMP), tested on 90 points [30, 31].

Unipedal stance
The unipedal stance was performed for 5 s in four condi-
tions with the eyes open on the dominant and non-dom-
inant sides. It was then performed under the same
conditions with eyes closed. Thirty seconds of recovery
were applied between each condition. Each person was
placed standing in front of the table and behind the inves-
tigator to prevent falling. The upper limbs were free of
movement and the lower limb was suspended [38].

Timed up and go test (TUG)
This dynamic balance test consisted of participants
standing up from a seated position and walking for 3 m
until they reached a landmark. Once the landmark was
reached, they were to turn around it and return back to
the initial starting point and seated position [39].

Stabilometric evaluation
The environment satisfied the norms for postural evalu-
ation regarding dimensions, brightness and environmen-
tal noise. The experimental situation respected the
norms for static postural evaluation on a hard floor [40].
Participants had to maintain quiet stance conditions
while standing on a 530x460x35-mm force platform
(Medicapteurs SFP® “40 Hz/16b”) equipped with three
pressure sensors (hysteresis < 0.2%). Signal processing
was accomplished with a 16-bit A/D converter at 40 Hz.
Feet were oriented at the angle of 15° from the sagittal
midline, with heels 4 cm apart. Arms were held along-
side the body and participants were asked to focus on a
visual reference mark fixed 100 cm in front of them.

The recordings started 5 s after the beginning of each
test, and lasted for 25.6 s.
Participants were assessed in eyes-open (EO) condi-

tions. The main dependent variables were the surface
(Surf ) and the length (Lg) of the stabilogram, the mean
along the x-axis (Xm) and the mean along the y-axis
(Ym). Surf was taken to represent the area of the ellipse
that best fitted the COP displacement at the 95% confi-
dence interval. Lg represented the total length of the
COP path, defined as the sum of the distances between
all consecutive points on the COP path.

Adapted physical activity program (APAP)
The APAP was based on the “Posture-Balance-Motricity
and Health Education” (PBM-HE) program [30, 41, 42].
This program consisted of motor activities and health
information focusing on the health and quality of life
goals for people with a loss of autonomy. The PBM-HE
training consisted of two 90-min weekly sessions for
three months. The sessions were divided into 30 min of
health education and 60 min of motor exercises. The
first two sessions and the last two sessions focused on
evaluation. Each session was composed of 10 min of
warm-up, 40 min centered on functional capabilities
(IMP) and 10 min of recovery.
The exercises focused on the sensorimotor dimensions

of balance centered on cutaneous and proprioceptive
factors and on the muscular-articular factors engaged in
perception as well as on motor adaptations. For planning
sessions and exercises, PBM follows the main dimen-
sions of:

� Physical: static/dynamic, single-articular/multi-articular,
concentric/eccentric, unipedal/bipedal,

� Sensorial: hard/soft ground, rough/smooth ground,
open/closed eyes, shod/barefoot, flat/varied floor,
forwards/backwards,

� Cognitive: with/without temporal constraints, with/
without spatial constraints, single multiple tasks,

� Relational: individual/group exercises, collaboration/
opposition exercises,

� Physiological: with/without cardiac constraint (heart
rate greater than 20/30 beats/min to resting heart
rate value), with/without ventilatory constraint,

� Psychological: with/without uncertainty, with/
without encouragement, with/without constraint
(temporal/spatial).

The Health Education (HE) part of the PBM-HE pro-
gram is based on the social-cognitive behavior change
theory applied in the heath sector [43]. The main mes-
sage is individual health appropriation. It was carried
out in an appropriate balance between the health pro-
motion behaviors already applied by some of the people
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in the group and the information provided by scientific so-
cieties [44], scientific collective assessments and health au-
thorities [45, 46]. The main topics related to health and
the prevention of falls were (1) nutrition, (2) health prac-
tices (3) drugs (4) habitat and environment adaptations (5)
physical and psychological resources against sedentariness.
Twenty-four sessions were organized in the form of a
workshop and only one message was delivered at each ses-
sion. During the workshop, people individually reformu-
lated and contextualized the information in everyday life.

Statistical analysis
First, we analyzed the influence of the training program on
the functional capacities of the 338 participants. The nor-
mality of the distribution was tested by the Kolmogorov-
Smirnov test. A t-test for paired series was used to compare
the values of initial and terminal functional evaluations.
The level of statistical significance was set at p < 0.05. The
analyses were performed with Statview 5.0. Then, we tested
the hypothesis that older adults with lower balance are
characterized by a significant limited evolution. The balance
parameter was created with the data obtained by the initial
measurement in the TUG test. Those with good balance
(considered as the baseline) had a TUG of less than 14 s
and accounted for 74% of the total sample. Twelve percent
had an average TUG test of between 14 and 20 s, while the
remaining 14% had a bad balance status with a TUG of
more than 20 s.
Some explanatory variables were also created with the

differences between initial and terminal evaluations for the
PBM, unipedal stance and stabilometric tests. A polyto-
mous logistic regression was used to estimate the odd ratio
(OR) and a 95% CI. A qualitative response variable using 3
modalities (high, middle and low levels of balance) was cre-
ated to evaluate the means of other variables. A bootstrap-
ping method was used to overcome the limits of the
p-value and the confidence interval was significantly zero.
This is a resampling method for making a statistical infer-
ence by drawing lots with repeat delivery [47, 48]. This
made it possible to increase the sample size, and to refine
the meaning of the analysis. Univariate and multivariate
analyses were performed using the Cox’s proportional haz-
ards model. Results from the Cox regression were internally
validated using the bootstrap procedure, generating a total
of 100 replicates. We used a method of internal validation
of the results obtained following the polynomial logistic re-
gression. Initial proportions have been preserved [49, 50].
The analysis was performed with SAS 9.1 software.

Results
Influence of the training program
We observed a significant positive evolution of all parame-
ters measured (Fig. 1). The three dimensions of “Posture-
Balance-Motricity” increased significantly (p < 0.001) and

the time taken in the TUG test decreased significantly
(p < 0.001). Unipedal time analysis showed significant
evolution in both of the eyes-open conditions (p < 0.004)
and both of the eyes-closed conditions (p < 0.001). For
stabiometric evaluation with eyes open, we observed a
significant decrease of the surface (p < 0.02) and the length
(p < 0.001) of the COP.

Influence of the initial level
PBM evaluation
The progression of the “posture” parameter was signifi-
cantly associated with the sedentary older adult’s balan-
cing abilities (p < 0.001). Compared to people with a
high level of balance, people with low and middle levels
showed an increase in this parameter (OR: 11.65 and
8.83 respectively). For the “balance” parameter, progres-
sion was also significantly associated to balance capaci-
ties (p < 0.001). People with a middle level of balance
showed a significant increase compared to the high-level
group (OR: 2.49), whereas we did not observe any in-
crease for people with a low level of balance. For the
“motricity” parameter, for the low- and middle-balance
subgroups, we did not observe a significant difference
with the high-level group. The decrease of the “motri-
city” parameter (Mtm <Min) affected 10% of the people
with a middle level of balance and was a minor trend
(OR: 1.95, IC: 1.68–2.28). For the IMP, we observed a
significant increase only for the high-level balance group
(OR: 1.49, CI95%: 1.28–1.74) (Table 1).

Unipedal stance
For the four experimental conditions of the unipedal stance
test, evolution was significantly associated with balance cap-
acities (p < 0.001) (Table 2). For the eyes open on the domin-
ant side (EOD) test, 51% of those with a middle level of
balance increased their stance (OR: 4.78), as did 49% of those
with a low level of balance (OR: 4.34). For the eyes open on
the non-dominant side (EOND) test, 43% of those with a
middle level of balance increased their stance (OR: 2.42), as
did 30% of those with a low level of balance (OR: 1.66).
For the eyes closed on the dominant side (ECD) test, 53%

of those with a high level of balance improved after train-
ing. Forty-one percent of people with a middle level of bal-
ance improved (OR: 2.13), whereas no significant increase
was observed for the low level of balance group (OR: 0.60,
IC: 0.55–0.66). For the eyes closed on the non-dominant
side (ECND) test, 56% of people with a high level of balance
improved. The other two balance profiles showed no sig-
nificant evolution in the unipedal stance.

Kinematic stabilometric parameters
For the COP Surface, 58% of the people with a middle
level of balance (OR: 1.41) and 64% of those with a low
level of balance (OR: 2.91) improved compared to people
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with a high level of balance (Table 3). For the COP
Length, we observed an improvement in 67% of the
people with a middle level (OR: 2.98) and in 60% of people
with a low level of balance (OR: 3.28).
For the projection of COP in the medio-lateral plan,

for the middle level of balance group, 40% improved but
49% declined. This trend was confirmed also for people
with a low level of balance. In addition, the training pro-
gram did not favorize optimizing the postural regulation
of COP in the antero-posterior plane in people with low
and middle levels of balance.

Discussion
The study investigated two assumptions of aging effects and
the potential optimization of functional capacities following

an adapted physical activity program. In a chronological
approach, age could be considered as a limiting factor of the
balance function, contrary to a biological approach that
envisions adaptable functions whatever the age. The func-
tional profile analysis, after three months of adapted physical
activities, showed the benefits of this type of kinesthetic,
postural and muscular-articular solicitation program on bal-
ance capabilities. These data confirm studies that demon-
strated positive sensitive-motor adaptations in older adults
after a training program [21, 51–53]. As far as postural and
equilibration functions are concerned, we have compared
our results to certain populations, to close training protocols
and to similar measured parameters. Cadore et al. [54] ana-
lyzed the effect of multicomponent exercises for the muscle
capacity of a group of institutionalized people aged 91.9

Fig. 1 functional capacities measured during initial (In) and terminal (Tm) evaluations. P: Posture, B: Balance, M: Motricity tests. TUG: Timed Up
and Go test. DEO: dominant side eyes opened, NDEO: non-dominant side eyes opened, DEC: dominant side eyes closed, NDEC: non-dominant
side eyes closed. Surf: surface of the center of pressure, Lg: length of the center of pressure

Table 1 Evolution, odd ratio (OR) and significance for the Posture (P), Balance (B), Motricity (M) and Individual Motor Profil (IMP) of
PBM method for the low, middle and high levels of balance groups

High balance (n = 250) Middle balance (n = 40) Low balance (n = 48) P-value

% % OR (IC 95%) % OR (IC 95%)

Posture Ptm < Pin 7 3 1.55 (1.25–1.91) – < 0.001

Ptm = Pin 55 14 11

Ptm > Pin 38 83 8.83 (8.05–9.70) 39 11.65 (10.55–12.86)

Balance Etm < Ein 9 7 1.91 (1.59–2.30) 6 0.60 (0.52–0.70) < 0.001

Etm = Ein 11 5 14

Etm > Ein 80 88 2.49 (2.15–2.88) 80 0.82 (0.74–0.89)

Motricity Mtm <Min 6 10 1.95 (1.68–2.28) 13 1.03 (0.92–1.17) < 0.001

Mtm =Min 11 9 23

Mtm >Min 83 81 1.11 (0.99–1.25) 64 0.34 (0.32–0.38)

IMP PMItm < PMIin 7 5 7 < 0.001

PMItm > PMIin 93 95 1.49 (1.28–1.74) 93 0.94 (0.83–1.07)

in Initial evaluation, tm Terminal evaluation
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(+/− 4.1) composed of 70% females. They participated in
12 weeks of re-training, twice a week, with 40-min exercises
focusing on leg extension and upper limb exercises. Exercise
training significantly improved the time spent on the TUG.
These data were confirmed by Kim et al. [55] for 131
women aged 80.7 (+/− 2.8) living in a community dwelling
and following a physical comprehensive training program of
12 weeks with 2 sessions of 60 min per week. These data
are also confirmed by other studies [15, 16, 19]. El-Khoury
et al. (2015) reported significant effects of a 12- and
24-month physical activity program for 706 people. In their
randomized-controlled trial study, they observed a signifi-
cant improvement of TUG after 12 months (p = 0.03) and
24 months (p = 0.02). For the time in single leg stance, they

also observed a significant improvement after 12 months
(p = 0.006) and after 24 months (p < 0.001). These recent
studies confirmed the numerous other studies about the
ability to progress on these two postural and dynamic balan-
cing capacities. Our results corroborated data and do not
provide original information. However, the use of health
education questions the specific place of this issue in the
progress observed. Within a future RCT, a specific group
benefiting only from health education could measure its im-
pact. In addition, various studies quantified the effects of
physical training on postural control tested by stabilometric
method [8, 14]. In our study, we highlighted a significant im-
provement of surface and length of the COP. These data
were regularly observed following various protocols [15, 56,

Table 2 Evolution, odd ratio (OR) and significance for unipedal stance test on dominant side (D) and non-dominant side (ND), eyes
opened (EO) and eyes closed (EC) for the low, middle and high levels of balance groups

High balance (n = 250) Middle balance (n = 40) Low balance (n = 48) P-value

% % OR (IC 95%) % OR (IC 95%)

DEO DEOtm < DEOin 4 12 5.44 (4.83–6.13) 11 4.79 (4.25–5.39) < 0.001

DEOtm = DEOin 75 37 40

DEOtm > DEOin 21 51 4.78 (4.44–5.14) 49 4.34 (1.04–4.65)

NDEO NDEOtm < NDEOin 4 7 2.91 (2.53–3.34) 21 8.54 (7.72–9.46) < 0.001

NDEOtm = NDEOin 71 50 49

NDEOtm > NDEOin 25 43 2.42 (2.26–2.59) 30 1.66 (1.54–1.79)

DEC DECtm < DECin 14 4 5.24 (4.48–6.12) 9 1.83 (1.52–2.19) < 0.001

DECtm = DECin 33 55 63

DECtm > DECin 53 41 2.13 (1.98–2.29) 28 0.60 (0.55–0.66)

NDEC NDECtm < NDECin 11 14 0.81 (0.73–0.90) 14 0.60 (0.54–0.66) < 0.001

NDECtm = NDECin 33 51 67

NDECtm > NDECin 56 35 0.39 (0.36–0.43) 19 0.16 (0.15–0.18)

in Initial evaluation, tm Terminal evaluation

Table 3 Evolution, odd ratio (OR) and significance for center of pressure parameters of Surface (Surf), Length (Lg), mean medio-lateral
(X) and antero-posterior (Y) projections of COP during eyes opened test for the low, middle and high levels of balance groups

High balance (n = 250) Middle balance (n = 40) Low balance (n = 48) P-value

% % OR (IC 95%) % OR (IC 95%)

Surface Surftm < Surfin 51 58 1.41 (1.27–1.56) 64 2.91 (2.57–3.30) < 0.001

Surftm = Surfin 16 13 7

Surftm > Surfin 33 29 1.08 (0.97–1.21) 30 1.95 (1.71–2.23)

Length Lgtm < Lgin 43 67 2.98 (2.67–3.34) 60 3.28 (2.91–3.69) < 0.001

Lgtm = Lgin 19 10 8

Lgtm > Lgin 38 23 1.18 (1.04–1.33) 32 32 1.99 (1.76–2.26)

medio-lateral projection Xtm < Xin 41 40 1.66 (1.49–1.85) 47 1.73 (1.57–1.91) < 0.001

Xtm = Xin 20 12 13

Xtm > Xin 39 49 2.10 (1.89–2.34) 40 1.54 (1.39–1.71)

antero-posterior projection Ytm < Yin 47 52 0.94 (0.84–1.04) 51 1.11 (0.99–1.23) < 0.001

Ytm = Yin 11 13 11

Ytm > Yin 42 35 0.71(0.63–0.79) 38 0.93 (0.83–1.03)

in Initial evaluation, tm Terminal evaluation
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57], although authors have shown the limits of the COP to
quantify progress [58, 59]. On the basis of the COP, the use
of other treatment methods and other parameters could
provide additional information [60, 61]. In addition, these
data also confirmed the validity of the PBM-HE program to
optimize the balance capacities of sedentary older adults
who are at risk of falling [41, 42].
Beyond this longitudinal analysis of the total popula-

tion, the main originality of this study was that people
with lower balance capacities would have significantly
limited progression compared to people with higher bal-
ance capacities. This assumption is partially invalid. In-
deed, the analysis of the influence of the training
program has shown a significant increase in balance cap-
acities in older adults with a low level of balance com-
pared to people with a high level of balance, but
exclusively on motor basic behaviors and basic balance
capacities. Beyond the evolution of each parameter sig-
nificantly associated with the balance capacities of older
adults (p < 0.001), we must consider specific adaptations.
In fact, the PBM analysis showed an improvement for
people with a low level of balance only on low complex-
ity motor tasks. Thus, on the PBM scale, the “postural”
dimension, which corresponds to static postural regula-
tion, without plantar and visual disturbances, and with-
out double cognitive tasks or significant muscular
solicitations, shows a significant improvement for people
with a low initial level of balance (OR: 11.65) and a mid-
dle initial level of balance (OR: 8.83). The progression of
the “balance” dimension, which corresponds to a more
complex dynamic regulation of balance, was only ob-
served for the group with a middle level of balance (OR:
2.49) while the “motricity” dimension did not improve
for low initial and middle levels of balance. This infor-
mation was confirmed by stabilometric analysis per-
formed with eyes open on a hard ground for 25.6 s.
Compared to people with a high level of balance, 64 and
60% of people with a low level of balance improved re-
spectively on the surface and length of COP parameters
(OR of 2.91 and 3.28). To a lesser extent, these improve-
ments were observed for people with a middle level of
balance on surface (OR 1.41) and length (OR 2.98) of
COP. This confirms the ability of the weakest to pro-
gress if the task is simple.
The results of the unipedal stance tests provide some

additional details by confirming all the capabilities of
sedentary older adults to improve their motor responses,
but only within the complexity of the task to be per-
formed. Indeed, considering more and more constrain-
ing of the four unipedal tests carried out with eyes open
and closed on the dominant and non-dominant sides,
we observed improvements only under eyes-open condi-
tions. Only people with a middle level of balance im-
proved during the unipedal test with eyes closed on the

dominant side (OR 2.13) while neither of the two groups
of low level and middle level of balance progressed with
in the eyes closed on the non-dominant side. This pro-
gression of unipedal time with eyes closed was examined
within the group with a high initial level of balance: on
the dominant side, it was at 53% and on the non-domin-
nat side, 56%.
In a public health approach [62], the optimization of

functional capacities, and more specifically of balance, in
sedentary older adults was expected. In addition to the
many studies demonstrating the benefits of adapted phys-
ical training programs on balance capacities of older
adults [8, 14, 22], our results show that an initial level of
motor skills does not systematically limit the improvement
of physical health. These results confirmed two methodo-
logical considerations in the field of adapted physical ac-
tivity. The first consideration concerns the metrological
quality and the validity of the functional assessments of
identification of the motor skills to be mobilized during
training programs. The second consideration concerns the
methodology of intervention with older populations. To
date, in the gerontological approach where each person is
unique, there are no predefined exercises and no typical
progressions. In a pedagogy of success built on individual
capacities, during each session and for each person, it is
imperative to specifically program exercises that solicit
individual motor resources. This is possible on the one
hand thanks to a small number of practitioners and on
the basis of an initial low level of motor skills, and on the
other hand thanks to precise programming following the
rigorous evaluation of individual functional abilities.
Understanding the influence of the initial level of func-

tional reserves in the restoration of motor skills is a
problem to be explored. The World Health Organization
recently proposed an innovative model of healthy aging
that articulates functional ability, the environment and
the interactions between the two. Cesari et al. (2018)
considered that “functional ability is determined by the
intrinsic capacity (physical and mental) and in reference
of the International Classification of Functioning, Dis-
ability and Health (ICF) framework, five domains (i.e,
locomotion, vitality, cognition, psychological, sensory)
are pivotal for capturing the individual’s intrinsic ability
and therefore also reserves”. This preoccupation with in-
dividual functional reserves serves the prevention of
frailty, and various works seek the validation of tools for
screening for clinical signs of significant decrease in
functional ability [32, 35, 37, 63]. The identification of
reserves could also serve the rehabilitation of people
with loss of autonomy and help in the definition of phys-
ical reconditioning planning models, taking into account
the initial level and also the ability to progress.
This study included a number of limitations. In an inter-

ventional study, it would have been necessary to have a
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control group and to carry out a randomized-controlled
study. The sample size (338 people), requiring a boot-
strapping method to improve the power of the analysis, is
a limitation. The specification in sub-profiles, qualified as
low and middle level of balance, represented respectively
only 14 and 12% of the total population. Larger recruit-
ment with low-level equilibrium profiles should be a per-
spective in a future study. Another limitation is the
relationship between assessment tasks and postural and
balance reconditioning exercises reported during the
12-week training program. Although assessment tasks
were not included in the training sessions, there is a close
relationship between the assessment conditions and the
motor skills mobilized during the adapted physical activity
sessions [64]. This practice encouraged the learning and
control of different types of movement, such as postural
regulations in people with the weakest abilities at the
beginning of the program. They practiced some adapted
exercises centered on the perturbation of basic balance
before engaging in more complex and intensive situations.
They included locomotion and coordination tasks that
solicited more intensive kinesthetic and muscular-articular
dimensions. The use of a randomized-controlled study
would allow the creation of several groups and yield a
more precise work (i) on the notions of training
individualization with regard to the functional capacities
and (ii) on the management of the concepts of dose-re-
sponse [65, 66]. The characteristics of the three-month
PBM program with two 90-min weekly sessions, in groups
of approximately ten people, may represent a limitation
and warrant further study with other characteristics such
as duration, frequency and driving practice contents.

Conclusions
This study confirms the effect of a three-month physical
conditioning PBM-HE program, with kinesthetic, postural
and muscular-articular solicitations and information on
health education to optimize the balance capacities of
sedentary older adults who are at risk of falling. The
second part of this study hypothesized that people with
lower balance capacities would have a significantly limited
progression. This assumption is partially invalid with the
observation of a significant increase in balance capacities
in older adults with a low level of balance, exclusively on
basic motor behaviors and basic balance capacities. Future
studies are still needed to identify specific training plan-
ning models that serve to optimize the functional reserves
of the weakest people.

Acknowledgements
The authors would like to thank the Caisse d’Assurance Régionale Santé au
Travail du Languedoc Roussillon (CARSAT LR) and the association MAVIE for
collaboration on this research. The authors are very grateful to Anna
Bedbrook for presubmission editorial assistance and the LabEx NUMEV
incorporated into the I-Site MUSE for the contribution to publication costs.

Funding
This project was supported by the LabEx NUMEV incorporated into the I-Site
MUSE.

Availability of data and materials
The data used and/or analysed during the curent study available from the
corresponding author on reasonable request.

Authors’ contributions
Both authors read and approved the final manuscript.

Ethics approval and consent to participate
All procedures performed in study involving human partcipants were in
accordance with the ethical standard of the institutional and/or national
research comitee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. An ethical approval has been
obtained from the institutional review board: IRB n° 1711B of the Euromov
Research Center (University of Montpellier).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Euromov, University of Montpellier, 700 avenue du Pic Saint Loup,
Montpellier, France. 2Department of Internal Medicine and Geriatrics, Antonin
Balmes Center, University Hospital of Montpellier, Montpellier, France. 3EA
4556 Epsylon, University of Montpellier, 4 boulevard Henri IV, Montpellier,
France. 4MACVIA-LR. European Innovation Partnership on Active and Healthy
Aging Reference Site, 34000 Montpellier, France.

Received: 23 May 2018 Accepted: 6 November 2018

References
1. Kikkert LHJ, Vuillerme N, van Campen JP, Appels BA, Hortobágyi T, Lamoth

CJC. The relationship between gait dynamics and future cognitive decline: a
prospective pilot study in geriatric patients. Int Psychogeriatr. 2017;10:1–9.
https://doi.org/10.1017/S1041610217002770.

2. Laurence BD, Michel L. The fall in older adults: physical and cognitive
problems. Curr Aging Sci. 2017;10(3):185–200. https://doi.org/10.2174/
1874609809666160630124552.

3. Vandevoort AA. Aging of the human neuromuscular system. Muscle Nerve.
2002;25:17–25.

4. Woollacott MH. Systems contributing to balance disorders in older adults. J
Gerontol. 2000;55:424–8.

5. Cadore EL, Casas-Herrero A, Zambom-Ferraresi F, Martínez-Ramírez A, Millor
N, Gómez M, Moneo AB, Izquierdo M. Do frailty and cognitive impairment
affect dual-task cost during walking in the oldest old institutionalized
patients? Age. 2015;37(6):124. https://doi.org/10.1007/s11357-015-9862-1.

6. Hortobagyi T, Mizelle C, Beam S, DeVita P. Old adults perform activities of
daily living near their maximal capabilities. J Gerontol. 2003;58:453–60.

7. Cadore EL, Rodríguez-Mañas L, Sinclair A, Izquierdo M. Effects of different
exercise interventions on risk of falls, gait ability, and balance in physically
frail older adults: a systematic review. Rejuvenation Res. 2013;16(2):105–14.
https://doi.org/10.1089/rej.2012.1397.

8. Howe TE, Rochester L, Neil F, Skelton DA, Ballinger C. Exercise for improving
balance in older people. Cochrane Database Syst Rev. 2011;(11):CD004963.
https://doi.org/10.1002/14651858.CD004963.pub3.

9. Hortobágyi T, Lesinski M, Gäbler M, VanSwearingen JM, Malatesta D,
Granacher U. Effects of three types of exercise interventions on healthy old
Adults’ gait speed: a systematic review and meta-analysis. Sports Med. 2015;
45(12):1627–43. https://doi.org/10.1007/s40279-015-0371-2.

10. Fiatarone Singh MA. Exercise comes of age: rationale and recommendations
for a geriatric exercise prescription. J Gerontol. 2002;57:262–82.

Bernard et al. European Review of Aging and Physical Activity           (2018) 15:14 Page 8 of 10

https://doi.org/10.1017/S1041610217002770
https://doi.org/10.2174/1874609809666160630124552
https://doi.org/10.2174/1874609809666160630124552
https://doi.org/10.1007/s11357-015-9862-1
https://doi.org/10.1089/rej.2012.1397
https://doi.org/10.1002/14651858.CD004963.pub3
https://doi.org/10.1007/s40279-015-0371-2


11. Paterson DH, Jones GR, Rice CL. Advancing physical activity measurement
and guidelines in Canada: a scientific reviewand evidence-based foundation
for the future of Canadian physical activity guidelines. Appl Physiol Nutr
Metab. 2007;32:75–121. https://doi.org/10.1139/H07–165.

12. Paillard T, Lafont C, Costes-Salon M, Riviere D, Dupui P. Effects of brisk walking
on static and dynamic balance, locomotion, body composition, and aerobic
capacity in ageing healthy active men. Int J Sports Med. 2004;25:539–46.

13. Yoo EJ, Jun TW, Hawkins SA. The effects of a walking exercise program on
fall-related fitness, bone metabolism, and fall-related psychological factors in
elderly women. Res Sports Med. 2010;18:236–50. https://doi.org/10.1080/
15438627.2010.510098.

14. Lesinski M, Hortobágyi T, Muehlbauer T, Gollhofer A, Granacher U. Effects of
balance training on balance performance in healthy older adults: a
systematic review and meta-analysis. Sports Med. 2015;45:1721–38. https://
doi.org/10.1007/s40279-015-0375-y.

15. Nicholson VP, McKean MR, Burkett BJ. Twelve weeks of BodyBalance®
training improved balance and functional task performance in middle-aged
and older adults. Clin Interv Aging. 2014;9:1895–904. https://doi.org/10.
2147/CIA.S71769.

16. Laufer Y, Dar G, Kodesh E. Does a Wii-based exercise program enhance
balance control of independently functioning older adults? A systematic
review. Clin Interv Aging. 2014;9:1803–13. https://doi.org/10.2147/CIA.S69673.

17. Manlapaz DG, Sole G, Jayakaran P, Chapple CM. A narrative synthesis of
Nintendo Wii fit gaming protocol in addressing balance among healthy
older adults: what system works? Games Health J. 2017;6(2):65–74. https://
doi.org/10.1089/g4h.2016.0082.

18. Behm DG, Muehlbauer T, Kibele A, Granacher U. Effects of strength training
using unstable surfaces on strength, power and balance performance across
the lifespan: a systematic review and meta-analysis. Sports Med. 2015;45(12):
1645–69. https://doi.org/10.1007/s40279-015-0384-x.

19. Maritz CA, Silbernagel KG. A prospective cohort study on the effect of a
balance training program, including calf muscle strengthening, in
community-dwelling older adults. J Geriatr Phys Ther. 2016;39(3):125–31.
https://doi.org/10.1519/JPT.0000000000000059.

20. Barker AL, Bird ML, Talevski J. Effect of pilates exercise for improving balance
in older adults: a systematic review with meta-analysis. Arch Phys Med
Rehabil. 2015;96(4):715–23. https://doi.org/10.1016/j.apmr.2014.11.021.

21. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson
LM, Lamb SE. Interventions for preventing falls in older people living in the
community. Cochrane Database Syst Rev. 2012;(9):CD007146. https://doi.
org/10.1002/14651858.CD007146.pub3.

22. Gschwind YJ, Kressig RW, Lacroix A, Muehlbauer T, Pfenninger B, Granacher
U. A best practice fall prevention exercise program to improve balance,
strength / power, and psychosocial health in older adults: study protocol
for a randomized controlled trial. BMC Geriatr. 2013;13:105. https://doi.org/
10.1186/1471-2318-13-105.

23. Holviala J, Kraemer WJ, Sillanpää E, Karpinen H, Avela J, Kauhanen A, Häkkinen
A, Häkkinen K. Effects of strength, endurance and combined training on
muscle strength, walking speed and dynamic balance in aging men. Eur J
Appl Physiol. 2012;112:1335–47. https://doi.org/10.1007/s00421-011-2089-7.

24. Zhuang J, Huang L, Wu Y, Zhang Y. The effectiveness of a combined
exercise intervention on physical fitness factors related to falls in
community-dwelling older adults. Clin Interv Aging. 2014;9:131–40. https://
doi.org/10.1155/2013/305434.

25. Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner DM. Falls
prevention over 2 years : a randomised controlled trianl in women 80 years
and older. Age Ageing. 1999;28:13–8.

26. El-Khoury F, Cassou B, Latouche A, Aegerter P, Charles M-A, Dargent-Molina
P. Effectiveness of two year balance training programme on prevention of
fall induced injuries in at risk women aged 75-85 living in community:
Ossébo randomised controlled trial. BMJ. 2015;351:h3830. https://doi.org/10.
1136/bmj.h3830.

27. Liu CJ, Latham NK. Progressive resistance strength training for improving
physical function in older adults. Cochrane Database Syst Rev. 2009;(3):
CD002759. https://doi.org/10.1002/14651858.CD002759.pub2.

28. Robitaille Y, Fournier M, Laforest S, Gauvin L, Filiatrault J. Effect of a fall
prevention program on balance maintenance using a quasi-experimental
design in real world settings. J Aging Health. 2012;24(5):827–45. https://doi.
org/10.1177/0898264312436713.

29. Tiedemann A, Stumieks DL, Hill A-M, Lovitt L, Clemson L, Lord R, Harvey J,
Sherrington C. Does a fall prevention educational programme improve

knowledge and cahnge exercice prescibing behaviour in health and
exercice professionals ? A study protocol for a randimised controlled trial.
BMJ. 2014:4e007032. https://doi.org/10.1136/bmjopen-2014-007032.

30. Bernard PL, Ninot G, Allard C, Herbaux I, Jeandel C. Prévention de la perte
d’autonomie par l’information et l’action : la méthode « Posture-
Equilibration- Motricité et Education pour la Santé / PEM-ES ». Revue
Gériatrie. 2008;33:1–11.

31. Hue O, Le Drole D, Seynnes O, Bernard PL. Influence d’une pratique motrice
de type « posture-équilibration-motricité » sur les capacités posturales du
sujet âgé. Ann Readapt Med Phys. 2001;44:81–8.

32. Carmeli E. Frailty and primary sarcopenia: a review. Adv Exp Med Biol. 2017;
1020:53–68. https://doi.org/10.1007/5584-2017-18.

33. Cesari M, Araujo de Carvalho I, Amuthavalli Thiyagarajan J, Cooper C, Martin
FC, Reginster JY, Vellas B, Beard JR. Evidence for the domains supporting
the construct of intrinsic capacity. J Gerontol A Biol Sci Med Sci. 2018.
https://doi.org/10.1093/gerona/gly011.

34. Pamoukdjian F, Paillaud E, Zelek L, Laurent M, Lévy V, Landre T, Sebbane G.
Measurement of gait speed in older adults to identify complications
associated with frailty: a systematic review. J Geriatr Oncol. 2015;6(6):484–96.
https://doi.org/10.1016/j.jgo.2015.08.006.

35. Perna S, Francis MD, Bologna C, Moncaglieri F, Riva A, Morazzoni P, Allegrini
P, Isu A, Vigo B, Guerriero F, Rondanelli M. Performance of Edmonton frail
scale on frailty assessment: its association with multi-dimensional geriatric
conditions assessed with specific screening tools. BMC Geriatr. 2017;17(1):2.
https://doi.org/10.1186/s12877-016-0382-3.

36. Schoon Y, Bongers K, Van Kempen J, Melis R, Olde Rikkert M. Gait speed as
a test for monitoring frailty in community-dwelling older people has the
highest diagnostic value compared to step length and chair rise time. Eur J
Phys Rehabil Med. 2014;50(6):693–701.

37. Zengarini E, Ruggiero C, Pérez-Zepeda MU, Hoogendijk EO, Vellas B, Mecocci P,
Cesari M. Fatigue: relevance and implications in the aging population. Exp
Gerontol. 2015;70:78–83. https://doi.org/10.1016/j.exger.2015.07.011.

38. Bohannon RW. Single limb stance times. A descriptive meta-analysis of data
from individuals at least 60 years of age. Topics Geriatric Rehab. 2006;22:70–7.

39. Podsiadlo D, Richardson S. The timed “up & go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142–8.

40. American Academy of Neurology. Assessment: Posturography. Report of the
therapeutics and technology assessment subcommittee of the American
Academy of Neurology. Neurology. 1992;43:1261–4.

41. Albinet C, Bernard PL, Palut Y. Contrôle attentionnel de la stabilité posturale
chez la personne âgée : effets d’un programme d’activité physique. Ann
Readapt Med Phys. 2006;49:625–31.

42. Hue O, Seynnes O, Le Drole D, Colson S, Bernard PL. Effects of a physical
activity program on postural stability in older people. Aging Clin Exp Res.
2004;16:356–62.

43. Schwarzer R. Health behavior change. Oxford: The Oxford Handbook of
Health Psychology; 2012.

44. Blain H, Masud T, Dargent-Molina P, Martin FC, Rosendahl E, van der Velde
N, Bousquet J, Benetos A, Cooper C, Kanis JA, Reginster JY, Rizzoli R, Cortet
B, Barbagallo M, Dreinhöfer KE, Vellas B, Maggi S, Strandberg T. A
comprehensive fracture prevention strategy in older adults: the European
Union geriatric medicine society (EUGMS) statement. Aging Clin Exp Res.
2016;28:797–803. https://doi.org/10.1007/s40520-016-0588-4.

45. World report on ageing and health. World Health Organisation. WHO
Library Cataloguing-in-Publication Data. 2015.

46. INSERM. Activité physique : contexte et effets sur la santé. Expertise
collective. Paris: INSERM; 2008.

47. Efron B. Bootstrap methods: another look at the jackknife. Ann Stat. 1979;
7(1):1–26.

48. Efron B, Tibshirani R. Bootstrap methods for standard errors, confidence
intervals, and other measures of statistical accuracy. Stat Sci. 1986;1(1):54–75.

49. Boos DD, Munahan JF. Bootstrap methods using prior information.
Biometrika. 1986;73:77–83.

50. Palm R. Utilisation du bootstrap pour les problèmes statistiques liés à
l’estimation des paramètres. Biotechnol Agron Soc Environ. 2002;6:143–53.

51. Bergland A, Fougner M, Lund A, Debesay J. Ageing and exercise: building
body capital in old age. Eur Rev Aging Phys Act. 2018;15:7. https://doi.org/
10.1186/s11556-018-0195-9.

52. Cancela JM, de Oliveira IM, Rodriguez-Fuentes G. Effects of pilates method
in physical fitness on older adults. A systematic review. Eur Rev Aging Phys
Act. 2014;11:81–94. https://doi.org/10.1007/s11556-014-0143-2.

Bernard et al. European Review of Aging and Physical Activity           (2018) 15:14 Page 9 of 10

https://doi.org/10.1139/H07�165
https://doi.org/10.1080/15438627.2010.510098
https://doi.org/10.1080/15438627.2010.510098
https://doi.org/10.1007/s40279-015-0375-y
https://doi.org/10.1007/s40279-015-0375-y
https://doi.org/10.2147/CIA.S71769
https://doi.org/10.2147/CIA.S71769
https://doi.org/10.2147/CIA.S69673
https://doi.org/10.1089/g4h.2016.0082
https://doi.org/10.1089/g4h.2016.0082
https://doi.org/10.1007/s40279-015-0384-x
https://doi.org/10.1519/JPT.0000000000000059
https://doi.org/10.1016/j.apmr.2014.11.021
https://doi.org/10.1002/14651858.CD007146.pub3
https://doi.org/10.1002/14651858.CD007146.pub3
https://doi.org/10.1186/1471-2318-13-105
https://doi.org/10.1186/1471-2318-13-105
https://doi.org/10.1007/s00421-011-2089-7
https://doi.org/10.1155/2013/305434
https://doi.org/10.1155/2013/305434
https://doi.org/10.1136/bmj.h3830
https://doi.org/10.1136/bmj.h3830
https://doi.org/10.1002/14651858.CD002759.pub2
https://doi.org/10.1177/0898264312436713
https://doi.org/10.1177/0898264312436713
https://doi.org/10.1136/bmjopen-2014-007032
https://doi.org/10.1007/5584-2017-18
https://doi.org/10.1093/gerona/gly011
https://doi.org/10.1016/j.jgo.2015.08.006
https://doi.org/10.1186/s12877-016-0382-3
https://doi.org/10.1016/j.exger.2015.07.011
https://doi.org/10.1007/s40520-016-0588-4
https://doi.org/10.1186/s11556-018-0195-9
https://doi.org/10.1186/s11556-018-0195-9
https://doi.org/10.1007/s11556-014-0143-2


53. de Labra C, Guimaraes-Pinheiro C, Maseda A, Lorenzo T, Millán-Calenti JC.
Effects of physical exercise interventions in frail older adults: a systematic
review of randomized controlled trials. BMC Geriatr. 2015;15:154. https://doi.
org/10.1186/s12877-015-0155-4.

54. Cadore EL, Casas-Herrero A, Zambon-Ferraresi F, Idoate F, Millor N, Gomez
M, Rodriguez-Manas L, Izquierdo M. Multicomponent exercises including
muscle power training enhance muscle mass, power output, and functional
outcomes in institutionalized frail nonagenerians. Age. 2014;36(2):773–85.
https://doi.org/10.1007/s11357-013-9586-z.

55. Kim H, Suzuki T, Kim M, Kojima N, Ota N, Shimotoyodome A, Hase T, Hosoi
E, Yoshida H. Effects of exercice and milk fat globule membrane (MFGM)
supplementation on body composition, physical function, and
hematological paramaters in community-dwelling frail japanese women: a
randomised double blind, placebo-controled, follow-up trial. PLoS One.
2015;10(2):e116256. https://doi.org/10.1371/journal.pone.0116256.

56. Lai CH, Peng CW, Chen YL, Huang CP, Hsiao YL, Chen SC. Effects of
interactive video-game based system exercise on the balance in the elderly.
Gait Posture. 2013;37:511–5. https://doi.org/10.1016/j.gaitpost.2012.09.003.

57. Lelard T, Doutrellot PL, David P, Ahmaidi S. Effects of 12-week tai chi Chuan
program versus a balance training program on the postural control and
walking ability in older people. Arch Phys Med Rehabil. 2012;93:1138–46.
https://doi.org/10.1016/j.apmr.2009.09.014.

58. Piirtola M, Era P. Force platform measurements as predictors of falls among
older people : a review. Gerontology. 2006;52:1–16.

59. Low DC, Walsh GS, Arkesteijn M. Effectiveness of exercise interventions to
improve postural control in older adults: a systematic review and meta-
analyses of Centre of Pressure Measurements. Sports Med. 2017;47(1):101–
12. https://doi.org/10.1007/s40279-016-0559-0.

60. Ramdani S, Bonnet V, Tallon G, Lagarde J, Bernard PL, Blain H. Parameters
selection for bivariate multiscale entropy analysis of postural fluctuations in
fallers and non-fallers older adults. IEEE Trans Neural Syst. 2015;24(8):859–71.
https://doi.org/10.1109/TNSRE.2015.247301.

61. Tallon G, Blain H, Seigle B, Bernard PL, Ramdani S. Dynamical and
stabilometric measures are complementary for the characterization of
postural fluctuations in the older women. Gait Posture. 2013;38(1):92–6.
https://doi.org/10.1016/j.gaitpost.2012.10.021.

62. INSERM. Activité physique et prévention des chutes chez les personnes
âgées. Expertise collective. Paris: INSERM; 2015.

63. Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research and
clinical practice: a review. Eur J Intern Med. 2016;31:3–10. https://doi.org/10.
1016/j.ejim.2016.03.007.

64. Paillard T. Plasticity of the postural function to sport/or motor experience.
Neurosci Biobehav Rev. 2017;72:129–52. https://doi.org/10.1016/j.neubiorev.
2016.11.015.

65. Borde R, Hortobagyi T, Granacher U. Dose-response relationships of resistance
training in healthy old adults : a systematic review and meta-analysis. Sports
Med. 2015;45:1693–720. https://doi.org/10.1007/s40279-015-0385-9.

66. Netz Y, Zijlstra W. Eurapa moves to open access : research trends and
challenges in physical activity in old age. Eur Rev Aging Phys Act. 2015;12:1.
https://doi.org/10.1186/s115556-015-0149-4.

Bernard et al. European Review of Aging and Physical Activity           (2018) 15:14 Page 10 of 10

https://doi.org/10.1186/s12877-015-0155-4
https://doi.org/10.1186/s12877-015-0155-4
https://doi.org/10.1007/s11357-013-9586-z
https://doi.org/10.1371/journal.pone.0116256
https://doi.org/10.1016/j.gaitpost.2012.09.003
https://doi.org/10.1016/j.apmr.2009.09.014
https://doi.org/10.1007/s40279-016-0559-0
https://doi.org/10.1109/TNSRE.2015.247301
https://doi.org/10.1016/j.gaitpost.2012.10.021
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1016/j.neubiorev.2016.11.015
https://doi.org/10.1016/j.neubiorev.2016.11.015
https://doi.org/10.1007/s40279-015-0385-9
https://doi.org/10.1186/s115556-015-0149-4

	Abstract
	Background
	Results
	Conclusions

	Background
	Method and procedure
	Design
	Participants
	Outcome measures
	“Posture-balance-motricity” evaluation
	Unipedal stance
	Timed up and go test (TUG)
	Stabilometric evaluation

	Adapted physical activity program (APAP)
	Statistical analysis

	Results
	Influence of the training program
	Influence of the initial level
	PBM evaluation
	Unipedal stance
	Kinematic stabilometric parameters


	Discussion
	Conclusions
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

