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ABSTRACT. Background and aims: The foot pro-
vides the only direct contact with supporting surfaces
and therefore plays an important role in all postural
tasks. Changes in the musculoskeletal and neuro-
logical characteristics of the foot with advancing
age can alter plantar loading patterns and postural
balance. Several studies have reported that exer-
cise training improves postural performance in el-
derly individuals. The aim of our study was to in-
vestigate the effectiveness of a dynamic balance
training protocol performed for 5 weeks on the sup-
port surface, percentage distribution of load in both
feet, and body balance performance in healthy el-
derly women. Methods: Ten subjects (68.67±5.50
yrs old; 28.17±3.35 BMI) were evaluated with a
monopodalic performance test and baropodomet-
ric analyses before and after the training period.
Results: We found a significant improvement in
balance unipedal performance times on left and
right foot by 20.18% and 26.23% respectively
(p<0.05). The support surface of the right foot sig-
nificantly increased in response to the training pro-
tocol and, in particular, in both forefoot and rearfoot
regions (p<0.05). In addition, before the training
period, load distribution on the left foot was greater
than on the right one; equal load redistribution was
measured on both feet in response to exercise
(p>0.05). Conclusions: The increased support sur-
face and equal redistribution of body weight on
both feet obtained in response to our training pro-
tocol may be postural adaptations sufficient to im-
prove static balance in elderly women.
(Aging Clin Exp Res 2010; 22: 406-411)
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INTRODUCTION
Multiple sensory modes are involved in the organization

and control of human erect posture, in addition to the cen-
tral postural program. Many studies have focused on
the specific function of vestibular, visual or muscular sen-
sory information (1, 2) in body balance control; however,
little is known about the role of podalic support. The foot
provides the only direct contact with the supporting sur-
face and therefore plays an important role in all postural
tasks. In particular, changes to the musculoskeletal and
neurological characteristics of the foot associated with ad-
vancing age may potentially alter plantar loading patterns
(3). It is known that foot problems affect up to 80% of old-
er people (4) and that they are associated with impaired
mobility and ability to perform common household tasks
(5). Altered function of foot load distribution (3) and in-
creased postural sway (6) have been observed to influence
body balance negatively in elderly people. Indeed, indi-
viduals who have sustained multiple falls demonstrate
greater postural sway than age-matched peers (6, 7). In
particular, women have a higher risk of falls than men (8-
10). Butler et al. found that older women performed
significantly worse than older men in balance-related
tests (11). Wolfson et al. (1994) found that elderly wom-
en swayed and lost their balance more than men when the
surface was sway-referenced while vision was compro-
mised. Elderly women also showed impairment of balance
when simultaneously deprived of visual and somatosensory
inputs or during backward destabilization. In particular,
these authors explained the greater frequency of falling in
women because of limited postural control in comparison
with that of men in conditions stressing balance (10). For
this reason, it would be interesting to study specific in-
terventions in order to improve balance control in wom-



en. It is known that physical activity is reduced with in-
creasing age (12) and sedentary life represents a risk
factor for decline in postural control (13). Several studies
have reported that exercise training aimed at developing
endurance, muscle strength, balance, mobility, flexibility
and sensory abilities, separately or in combination, all im-
prove postural performance in elderly individuals (14-
16). In particular, Rogers et al. showed an improvement
in postural sway in elderly women after ten weeks of a
training program including stretching, strengthening and
balance exercises (14). Ledin et al. found improved equi-
librium in elderly people in response to regular balance
training exercises performed for 9 weeks (15). Similarly,
Judge et al. showed a higher improvement in static bal-
ance of sedentary subjects exercised by a program in-
cluding resistance training, walking and postural exercis-
es, than a program including only postural control exer-
cises (16). However, other authors did not find any im-
provement in body balance in response to exercise train-
ing in older adults (17, 18), and a worsening in postural
control after a low-volume strength training program
was even observed by Bellew et al. (19).

Little is known about the influence of exercise training
on podalic support in order to improve body balance in
older people. The main aim of our study was to investigate
the effects of a short dynamic balance training protocol on
the support surface and load distribution in healthy and ac-
tive elderly women. We also examined whether changes
in these baropodometric parameters affected body balance
by performing a test of monopodalic orthostatic pos-
ture.

METHOD
Subjects
Participants were recruited from a senior centre in

Palermo. Twenty-one subjects, 18 women and 3 men ac-
cepted taking part in the project, but only women were re-
cruited. All women were given a questionnaire regarding
their personal data, health status, time devoted to phys-
ical activity, and history of falls in the past year. After a
starting interview and screening, 13 women were re-
garded suitable for our study, because the others did not
match inclusion criteria such as being over 60, availabil-
ity to attend 80% of the training period, and suitability for
practicing physical activity as attested by a medical cer-
tificate. However, only 10 women correctly followed the
experimental program (three subjects did not attend 80%
of the training period, for personal reasons). The women
in our study were 68.67±5.50 years old, with
63.74±7.83 kg weight, 1.50±0.03 m height, and
28.17±3.35 BMI. All subjects were autonomous and
capable of self-care and normal household tasks; none had
fallen in the past year. All subjects gave their informed
consent prior to participation in this study, which was ap-
proved by the local institutional ethics committee.

Exercise training protocol
In the literature, as little is known about the effects of

specific training protocols of dynamic equilibrium on
static postural control in elderly people, we planned a dy-
namic balance training protocol mainly characterized by
balance exercises, to be performed during walking. These
exercises were selected in order to stimulate the vestibu-
lar, visual, muscular and podalic components of the bal-
ance control system.

The training program was performed for 5 consecutive
weeks and consisted of 2 sessions/week for the first 3
weeks and 3 sessions/week for the last 2 weeks. Every ses-
sion included three phases: warm-up (15 minutes, min),
training period (20 min) and cool-down (10 min). Each sub-
ject performed the training program wearing special fitness
socks (AKKUA, Brescia, Italy) in order to ensure maximum
grip of feet on floor and to protect subjects from acciden-
tal falls. In the first week of the training protocol, subjects fa-
miliarized themselves with the circuit with a single lap per
training session. In the subsequent weeks, participants
completed two laps of the training circuit per session.

In the warm-up phase, participants executed a standard
sequence of exercises, including 2 sets of: 3 clockwise
(CC) and anti-clockwise (ACC) circumductions of the
neck; 5 forward (FC) and backward (BC) circumductions
of the shoulders; 5 CC and ACC of pelvis; 5 CC and
ACC of feet. In addition, we inserted 1-2 min of free-walk-
ing every 2 sets of joint mobility exercises.

In the training phase, participants performed circuit
training with their hands on their hips in order to exclude
their upper limbs during postural training exercises.

In particular, in the first three weeks circuit training in-
cluded 20 exercises, of which 17 (exercises 1-11, 13-16,
18, 20) for stress dynamic balance and 3 (12, 17, 19) for
static balance. The exercises were organized in a standard
sequence, including: 1) forward slalom walking with step
length corresponding to foot length (SLCFL); 2) body
translation by lateral walking to the right; 3) forward walk-
ing (FW), alternating the feet among lines with knees up; 4)
one clockwise body translation by lateral walking; 5) one an-
ticlockwise body translation by lateral walking; 6) FW with
SLCFL; 7) backward walking (BW) with SLCFL; 8) FW with
SLCFL; 9) climbing one step (90 cm length, 40 cm width,
14 cm thickness) and FW with SLCFL; 10) descending one
down step and FW with SLCFL; 11) climbing one step and
FW with SLCFL; 12) descending one step, and standing for
10 seconds with a block of wood (28 cm length, 25.5 cm
width, 1.5 cm thickness, 872 g weight) on the head (BOH);
13) FW on the mat (175 cm length, 70 cm width, 2.5 cm
thickness) with SLCFL and BOH; 14) BW on the mat
with SLCFL without BOH; 15) FW on the mat with closed
eyes (EC) and SLCFL; 16) FW with open eyes and SLCFL;
17) getting into monopodalic posture on right foot for 10
seconds; 18) FW with SLCFL; 19) getting into monopodalic
posture on left foot for 10 seconds; 20) FW with SLCFL.

G. Battaglia, M. Bellafiore, A. Bianco et al.

407 Aging Clin Exp Res, Vol. 22, No. 5-6



Adaptations of foot support in response to exercise training in elderly women

Training intensity increased in the fourth and fifth
weeks by the modification of several exercises and addi-
tion of new ones. In particular, the complexity of exercises
3 and 15 were increased by BOH. In addition, we inserted
several new exercises, such as standing for 10 seconds
with BOH after exercises 2 and 3; BW on mat with
SLCFL-EC-TOH and FW on mat with EC-SLCFL after
exercise 15 performed with BOH.

The cool-down phase included free walking, free body
movement, deep breaths and isometric contractions of
both arms for 5 seconds in several postures.

Monopodalic test against time
The monopodalic test against time (MTAT) consisted

of standing in a monopodalic orthostatic posture from 0
to 30 seconds. It was performed with both feet with
hands on hips, while subjects stared at a wall 60 cen-
timetres (cm) away, three times respectively. This posture
during the test was different from that during exercise
training. During monopodalic exercises of circuit training,
subjects had hands on hips, wore anti-slip socks, did not
stare at a point on a wall, and stood in monopodalic or-
thostatic posture for only 10 seconds.

All the times of the MTAT trials were recorded by man-
ual chronometer (Pro Touch, CH-Ostermundigen, Bern),
but only the best time of three records was considered for
both MTAT on left and right feet.

Baropodometric examination
All subjects performed an electronic baropodometric

test in static bipedal conditions without footwear. We
used a module-platform electronic baropodometer (Phys-
ical Support, Rome, Italy) with a 120-cm long and 40-cm
wide barosensitive platform. The board contains 4800
platinum electronic sensors covered by an alveolar rubber
captor, which sends pressure information from each foot
to a computer. During the test, subjects stood on the plat-
form in an orthostatic position for 10 seconds, as in the
study of Ripani et al. (20). The support surfaces of both
feet and the percentage distribution of load in rearfoot and
forefoot regions were evaluated. Data were acquired be-
fore and after the training protocol and processed by ded-
icated software (Physical Gait SoftwareTM, Rome, Italy).

Statistical analysis
All data were compared by Student’s paired t-test be-

fore and after the training period. Statistical significance
was set of p<0.05.

RESULTS
Evaluation of performance of monopodalic

orthostatic posture
In MTAT, subjects showed an improvement in their

ability to maintain their balance on both left and right feet
after training (Fig. 1). They significantly increased their

skill at standing in a monopodalic orthostatic posture on left
[before training: 19.40±11.65 (s) vs after training:
23.31±9.25 (s)] and right feet [before training:
20.61±10.76 (s) vs after training: 26.02±7.96 (s)], re-
spectively by 20.18% (p<0.05) and 26.23% (p<0.05).

Analysis of support surfaces of left and right feet
The support surfaces (SS) of the left foot did not show

any significant difference in response to training
(118.00±11.78 vs 118.10±16.20 cm2; p>0.05). Instead,
the SS of the right foot increased significantly after training
(122.10±16.36 vs 130.50±18.22 cm2; p<0.05) (Fig. 2),
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Fig. 1 - Subjects’ ability to maintain balance on left and right foot
before and after training period. *p<0.05 after training (AT) vs be-
fore training (BT).
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Fig. 2 - Evaluation of support surfaces of left and right feet before
and after training. *p<0.05 after training (AT) vs before training (BT).



and was related to significant modifications (p<0.05) in fore-
foot and rearfoot surfaces, which increased by 10.19% and
5.61% respectively after training (Fig. 3).

Percentage distribution of load on left and right feet
Before training, subjects had unequal percentage dis-

tributions of load (PDL) between left and right feet. In con-
trast, after training, they had equal redistributions of load
between feet, although this modification was not statistically
significant. In particular, total PDL on the left foot de-
creased (51.30±3.71 vs 49.60±3.98%; p>0.05) and to-
tal PDL on the right foot increased (48.70±3.71 vs
50.40±3.98%; p>0.05). Moreover, participants did not
show any significant difference in the PDL on the forefoot
and rearfoot of either foot in response to training (left fore-
foot: 24.40±4.09 vs 24.10±2.85%; left rearfoot:
26.90±4.28 vs 25.60±2.99%; right forefoot: 19.50±3.34
vs 20.90±2.33%; right rearfoot: 29.20±2.62 vs
29.50±4.43%; p>0.05).

DISCUSSION
Our training protocol caused an increase in the total sup-

port surface, due significantly to the enhanced area in
both forefoot and rearfoot of the right foot. In particular,
this increase was higher in the forefoot than the rear-
foot. Tanaka et al. found greater forefoot area in young
subjects compared with elderly individuals, and postulated
that a smaller support than that of young people was as-
sociated with poor balance (21). Therefore, the enhanced
support surface observed in our study suggests the positive
effect of our training protocol in maintaining standing
balance. In addition, the dynamic balance exercises in
our protocol, such as forward and backward walking, with
step length corresponding to foot length on ground, step

or mat, may have trained the ability to maintain the body’s
center of gravity within its base of support and induced
adaptations of the balance control system in elderly subjects.
It is known that one way of revealing postural control is to
reduce the base of support of the center of gravity (14).

Age-related anatomical and physiological changes in
foot bones and ligament structures affect the load distri-
bution of the human body on the feet during gait (22). In
our study, elderly women had a greater load distribution
on the left foot than on the right before training but
equal redistribution of body weight on both feet in re-
sponse to exercise. Therefore, our dynamic balance pro-
tocol appears to influence both sides of the body sym-
metrically.

In order to examine whether the changes in support
surface and load distribution induced by our training pro-
gram affected body balance, we evaluated static balance
performance and found that, after five weeks of training,
older women improved their monopodalic performance
times on both feet respectively by 20.18% (left) and
26.23% (right). In particular, average times of perfor-
mance ranged from 20.61 to 26.02 s and 19.40 to
23.31 s on right and left feet, respectively.

Hurvitz et al. showed that older ambulatory outpa-
tients with a history of falling had times of <30 seconds
during unipedal stance tests, while those with a low
risk of falling had times of ≥30 seconds, suggesting
that the unipedal stance test from 0 to 30 seconds is an
indicator of fall risk among older outpatients (23). Ac-
cording to that study, our subjects appeared to be liable
to falls before and after training. However, our training
protocol was efficient in increasing the times of balance
performance and therefore may protect older women
from risk of falls. Sakamoto et al. showed that unipedal
standing balance exercise was effective in preventing falls
among clinically defined high-risk elderly individuals
(24). In agreement with the present results, similar ex-
ercises in our training protocol may contribute to im-
proved postural control in older people. Although dif-
ferent performance conditions were used during exer-
cises in the training program and monopodalic test
(MTAT), monopodalic exercises may have improved
the response of the balance control system in the
monopodalic test. However, the number of other ex-
ercises, such as walking on the mat with open or closed
eyes, or with a wooden block on the head, may have
stimulated concerted interaction among the neuromus-
culoskeletal, proprioceptive, vestibular and visual com-
ponents of the postural system and thus improved body
balance. Hue et al. showed that tailored three-month
physical activity programs improved the postural stability
of older people in the foam floor condition, with open
and closed eyes (25). However, Lord et al. reported that
the use of mats with open eyes did not lead to im-
provements in the proprioceptive system, because sub-
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Fig. 3 - Analysis of forefoot and rearfoot surfaces of right foot be-
fore and after training program. *p<0.05 after training (AT) vs be-
fore training (BT).
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