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Abstract - Aim: Assess the effect of the performance order in the Concurrent Training (CT), Aerobic-Strength (AS),
and Strength-Aerobic (SA), in the static balance, dynamic balance, and muscle strength in elderly people. Methods:
The study involved 38 elderly people (men and women) aged 60 to 75 years old, divided into SA (n = 19) and AS
(n = 19). Within 12 weeks, the aerobic training consisted of walking with intensity prescribed by the Borg's Rating of
Perceived Exertion (6-20) and the strength training consisted of six exercises, with intensity controlled by Repetition
Maximum training zones. Static balance (plantar pressure center area and displacement in bipedal support with eyes
closed and open), dynamic balance (Timed Up and Go and Tandem Gait), and maximum dynamic strength of knee
extension and bench press have been evaluated. For data analysis, Generalized Estimating Equations with Bonferroni's
complimentary test have been used (α = 0.05). Results: For static and dynamic balance there hasn't been an effect on
the 12 weeks of combined training, regardless of the performance order. Both groups maintained the balance variables
within the intervention period. When it comes to strength, there has been a noticeable improvement in lower limbs (SA:
16%; AS: 11%; p < 0,001) and upper (SA: 22.0%; AS: 8.7%; p < 0.001), without any differences between the groups.
Conclusion: So there is no difference between the order of performance of the CT in the variables of static and
dynamic balance and strength of upper and lower limbs. Furthermore, after training, there have been significant
improvements in the variables of strength and maintenance of static and dynamic balance.

Keywords: combined training, aging, balance, maximum strength.

Introduction
Aging is a natural progressive and dynamic process that
causes functional changes that impair sensory, cardiovas-
cular, bone and muscle systems1. In this case, the abilities
of the central nervous system, in charge of the control of
body balance, are impaired as age advances. Moreover,
balance impairments are associated with muscle weak-
ness, because changes in the neuromuscular system can
harm the center of mass2. These changes impair the sen-
sory system that sends information to the motor system, in
addition to altering muscle recruitment patterns, so it can
affect even simple activities, such as standing up or getting
up from a chair3.

It is important to mention that falls are the sixth
cause of death in elderly people4. Approximately 28% to
35% of people aged 65 and over suffer this type of acci-
dent each year, and such rate rises to 32% to 42% in indi-
viduals over 70 years old5. Regular physical activity
practice is considered a way to maintain the physical cap-

ability in elderly people, reverse the loss of muscle mass,
and contribute to the preservation of functional autono-
my6.

In this regard, the American College of Sports Med-
icine7 recommends that elderly people receive stimulation
in training both to optimize global muscle strength and to
get cardio-respiratory conditioning. Thus, the combination
of Strength Training (ST) and Aerobic Training (AT)
appears to be the best alternative for elderly
populations8,9. Some studies have acknowledged that the
combination of ST and AT in the same session and this
order has been showing more benefits in neuromuscular
and cardiorespiratory functions than in the opposite
order10,11. This difference in the orders can be explained
by the training configuration itself, such as training
volume, intensity, and frequency10. Thereby, it has been
demonstrated that when training AT at higher intensities,
the fatigue accumulated is greater and it may impair the
performance in the ST9-11.
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As far as we concern, we haven't found enough the-
oretical foundations to discuss the relation of the order of
performance of concurrent training on the balance vari-
ables. Bearing in mind that depending on the order of the
training performance there may be different responses of
the neuromuscular functions9-11 and that muscle strength
gains are often associated with better balance12, it would
be important to investigate if the static and dynamic bal-
ance isn't affected by the order of the concurrent training
(CT) as well.

Therefore, because the CT is beneficial and con-
tributes to reducing the deleterious effects of aging, being
able to improve cardio-respiratory responses con-
comitantly with neuromuscular responses, and that the
physical activity practice can improve the balance in
elderly people, it is important to investigate and get to
know the influence of the order of the CT over the balance
in senior people. These results will allow better organiza-
tion and prescription of the CT for this population. Given
the above, the aim of the study has been the assessment of
the effect of the order of performance of the strength and
aerobic exercises of the CT on static and dynamic balance
and muscle strength in elderly people. The hypothesis is
that CT, regardless of the order of performance, will
improve static and dynamic balance and muscle strength
in older adults.

Material and methods

Research design
This is a quasi-experimental study, quantitative

in nature, done within a 12 weeks training length. It

was carried out at the Physical Education and Phy-
siotherapy School of the Federal University of Uber-
lândia (FAEFI/UFU) and approved by the Research
Ethics Committee (CEP) with Human Beings, under
the Certificate of Presentation of Ethical Appreciation
(CAAE) n. 00651718.8.0000.5152 and opinion
n. 3.353.225.

Participants
The volunteers recruited for the study were part of

the Physical and Recreational Activities for the Elderly
(AFRID) extension program held at Faefi/UFU. The pro-
motion was done through verbal communication at the
program's office from August 2018 to September 2019.
In such context, the sample was selected on a non-ran-
dom and voluntary basis, in which men and women aged
60 to 75 years old without joint, musculoskeletal, or car-
diovascular complications that would restrain the perfor-
mance of physical exercises could participate - they
should have been without practicing systematic physical
activities for at least three months. This period was coin-
cidentally for most of them, the vacation period of the
extension program. Thus, in Table 1, the modalities
practiced by the elderly people in the year prior to the
study and what type of physical activities were per-
formed will be shown, in case they had done it during
the vacation period. Before starting the training program,
participants should read and sign the Informed Consent
Form (Termo de Consentimento Livre e Esclarecido -
TCLE) and present a medical authorization to participate
in the activities.

Table 1 - Sample characterization of the participants.

Variables SA AS p

M = 9 /F = 10 M = 9 /F = 10

Mean ± SD Mean ± SD

Age (years) 65.3 ± 4.1 66.5 ± 5.5 0.453

BM (kg) 71.5 ± 14.1 74.8 ± 14.9 0.493

Height (cm) 164.1 ± 9.4 161.3 ± 9.8 0.379

BMI (kg.m−2) 26.7 ± 5.2 28.6 ± 5.0 0.259

BF (%) 33.1 ± 9.2 36.4 ± 10.1 0.329

MM (kg) 26.4 ± 6.8 26.6 ± 6.0 0.912

Illnesses

None n (%) 8 (42) 7 (36)

Diabetes n (%) 2 (10) 5 (26)

Hypertension n (%) 9 (47) 7 (36)

Experience time with some sort of physical exercise

Zero 3 (15) 4 (21)

(continued)
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Sample size
The sample calculation was done through the soft-

ware GPOWER® (version 3.1), based on a similar study9,
in which α = 0,05 was adopted, a power of 80% and effect
size of 0,8; so “n” has been defined in 17 elderly people
for each group. With a sample loss prediction of 20-26%
based on research with elderly people previously carried
out13,14, additional participants were included in the total
sample, in order not to reduce the statistical power of the
tests - in this case, “n” was composed of 20 volunteers in
each group, at least.

The participants of the study were 51 elderly who
were divided into two groups: Aerobic-Strength (AS;
n = 25) and Strength-Aerobic (SA; n = 26). This division
was due to the availability of time for the participants to
perform the training since the study was carried out within
a university extension program.

Sample characterization
Before the assessment tests, the elderly answered an

anamnesis with questions related to aspects such as age,
the practice of physical activities (practice time, weekly
frequency, and modality), history of illnesses, use of med-
ication, and time availability to participate in the training.

Body composition consisted of measuring Body
Mass (BM), Body Fat (BF), Muscle Mass (MM), and
Body Mass Index (BMI) through tetrapolar bioimpedance
(In Body 230 Trepel®, Perafita, Portugal) provided by the
device's reading software, while height (cm) was obtained

from a wall-mounted stadiometer (Sanny®, São Bernardo
do Campo, SP, Brazil).

Static balance
Static and dynamic balance assessments were per-

formed at the Faefi/UFU Biomechanics Laboratory.
Regarding the assessment of static balance on the force
plates (Biomec®400-412), were the evaluators blinded by
the interventions, volunteers were asked to go up, position
their feet on the indicated markings and maintain an
upright and quiet position, with the least possible move-
ment, their gaze fixed at a marked spot on the wall and
arms relaxed on the side of their bodies.

For data acquisition and processing EMGlab2 Sys-
tem® software from Brazil (version 3.0 − 2016) was used,
with a sampling frequency of 200 Hz and acquisition time
for each collection of 30 s, in which there were two
attempts with eyes closed and open, following that order,
totalling four measurements at the end of the process15,16.
The signal was filtered in the program itself, which was set
to perform a band pass filter from 0 to 35 Hz. For analysis,
the initial and final five seconds were excluded to avoid
any postural interference. Afterward, the data were expor-
ted to a Microsoft Office Excel® spreadsheet, and, from
this, the values of the total displacement and the area of
the Foot Plantar Center of Pressure (COP) of the two
attempts in each situation were obtained - eyes open and
closed - and the averages were calculated.

Through this assessment, the movement of the COP
is quantified and body oscillations are detected, based on

Table 1 - continued

Variables SA AS p

M = 9 /F = 10 M = 9 /F = 10

Mean ± SD Mean ± SD
< 4 months 6 (31) 3 (15)

≥ 4 months 10 (52) 12 (63)

Physical exercise modality
∗

Weekly frequency

None n (%) 3 (15) 4 (21) 0

Water aerobics n (%) 3 (15) 4 (21) 2-3

Dance n (%) 1 (5) 0 (0) 2

Stretching n (%) 2 (10) 3 (15) 2

Bodybuild n (%) 9 (47) 7 (36) 2-3

Functional training n (%) 1 (5) 1 (5) 2

Physical activities performed on vacations Weekly frequency

None n (%) 16 (84) 14 (73) 0

Walking n (%) 1 (5) 4 (21) 1-4

Bike riding n (%) 2 (10) 0 (0) 3-7

Soccer n (%) 0 (0) 1 (5) 1

SA: Strength training followed by Aerobic; AS: Aerobic training followed by Strength; M: Males; F: Females: BM: Body Mass; BMI: Body Mass Index;
BF: Body Fat; MM: Muscle Mass:
∗
Physical activities carried out in the extension program before the three months vacation period before the study start.
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the point of application of vertical forces on the support
surface. Higher sway rates may indicate a more unstable
postural control pattern17.

Dynamic balance
The dynamic balance assessment used the Tandem

Gait test, which evaluates the gait time according to the
performance when walking on a three meters tape. For the
task, the volunteer was asked to walk on the tape, as the
heel was directly in front of the toes of the other foot at
each step, in addition to looking straight ahead, without
changing the focus to their feet. As standards of the proce-
dure, the use of a stopwatch and the verbal command for
the volunteer to start the test were established (counting
started as soon as the first step was taken on the line). Two
measurements were performed, presented in seconds, with
a one-minute interval between them - for the analysis the
attempt with the lowest value was considered18.

Other than that, the Timed Up and Go (TUG) test
was also used, consisting of getting up from a chair with-
out any help of the arms, walking a three meters distance
as fast as they could without running, turning around the
cone, returning, and sitting again on the chair. In a stan-
dardized way, the verbal command for the volunteer to
start the test was established, one, two, three, and in the
“go” the volunteer should walk the requested path, the
counting started as soon as the back started to leave the
back of the chair and ended when returning, sitting down
on the chair and leaning the back against the chair again.
For that matter, a familiarization was carried out and the
measure was presented in seconds19. For the Tandem and
TUG dynamic balance assessments, the raters were not
blinded.

Dynamic maximum strength
The maximum dynamic strength was evaluated

through the One-Repetition Maximum test (1RM) in the
knee extension exercises (FreeStyle - Righetto) and bench
press (FreeStyle - Righetto). Before and after training, two
familiarization sessions were performed with both exer-
cises. In the knee extension exercise, men performed the
unilateral test with the dominant leg, and women, bilat-
erally. During this procedure, no pause was allowed
between the eccentric and concentric phases, which were
controlled by a metronome, with two seconds for the
eccentric phase and the other two for the concentric one.
For a successful repetition, a complete motion range was
necessary and, in order to obtain maximum effort from the
volunteers, the researchers verbally encouraged the parti-
cipants during the assessment.

Before the test, volunteers went through a warm-up
session consisting of 20 repetitions of the exercise with
minimal load and one minute of rest for the first attempt -
a total of five attempts were allowed, with a five minutes
rest between them. After the warm-up, an initial load was

placed, with which the volunteers could not perform more
than 10 repetitions - if they exceeded this number, a new
five minutes interval was taken and a new load was adjus-
ted. To estimate the loads during the test, Lombardi's
coefficients20 were used and, if the 1RM load was not
found, the test would proceed on a different date, with a
minimum interval of 24 hours21.

Interventions
Before the interventions started, the elderly per-

formed two sessions of familiarization with the AT and ST.
The CT took place twice a week, with a 45 min length
(20 min of AT and 25 min of ST) - if the elderly were
absent, they could replace the missed class another day.
Before starting the class, Borg's scale of perceived exer-
tion (PE) (6-20) was displayed to show the intensity to be
worked on in that session and, at each mesocycle, the
explanation about the scale was resumed.

The AT consisted of a walk on the athletics track,
guided by professionals and students of the Physical Edu-
cation school, experienced in the given modality. As men-
tioned before, exercise intensity was prescribed by PE. In
the first mesocycle (week 1-4), the continuous class strat-
egy was adopted, with intensity kept at 13 (lightly intense)
for 20 min; in the second (week 5-8), the interval strategy
was used, with four blocks of four minutes at 15 (intense)
and one minute at intensity 11 (light); and, in the third
(week 9-12), there was a continuous strategy, with inten-
sity kept at 15 (intense) for 20 min. During training, the
elderly received verbal stimulation about changes in
intensity.

The ST was performed at the bodybuilding gym and
led by a professional and two physical education students,
who had experience with the modality. This training con-
sisted of six exercises that aim to work the main muscle
groups - knee extension, horizontal leg press, vertical pull,
bench press, lateral elevation, and plank exercise - and
Maximum Repetitions (MR) was adopted for the training
prescription. In the first mesocycle (week 1-4), the volun-
teers performed two sets of 15 MR; in the second (week 5-
8) three sets of 12 MR; and in the third (week 9-12) four
sets of eight MR were performed.

Statistical analysis
Descriptive statistics were used, with values pre-

sented as Mean and Standard Deviation (SD). For normal-
ity, the Shapiro-Wilk test was adopted, and the sample
characterization data were analyzed using Student's T-test.
To analyze the interventions, the data were analyzed with
per-protocol analysis, using a linear model the General-
ized Estimating Equation (GEE) method, with the factors
group and time - to locate the differences, Bonferroni's
complementary test was used. The level of significance
adopted was α = 0.05, and all statistical tests were per-
formed using the SPSS® software (version 23.0). Effect
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size was calculated by the “Cohen's d” method: < 0.19 =
insignificant; 0.20-0.49 = small; 0.50-0.79 = medium;
0.80-1.29 = large; and > 1.30 = very large. From the
values obtained for effect size, the power was determined
with the GPOWER® software (version 3.1).

Results
Figure 1 shows the flowchart with the distribution of

participants in the study. Recruitment was carried out in
two moments (August 2018 and March 2019). From this
on, a total of 294 elderly people who were regularly enrol-
led in the extension program have been reached.

The sample characterization can be seen in Table 1,
in which no significant differences have been found
between the groups for all variables presented.

The results of static balance are described in Table 2.
In the variables of the total displacement of the COP and
area of the COP, both with eyes open and closed, values
were maintained after training, with no difference between
groups. Effect size values ranged between small and med-
ium, and power between 0.43 and 0.99.

Table 3 specifies the results of dynamic balance and
maximum dynamic strength. In the TUG variable, there is
a difference between the groups (p = 0.044), with lower
initial values for the SA group and no difference between
pre and post-training. Furthermore, maintenance of values
was observed with both pieces of training. Maintenance
was also observed for the Tandem Gait values, in addition
to not having found any difference between the groups. In
maximum dynamic strength, there is a significant diffe-
rence in time to strength in the bench press exercise (SA:

Figure 1 - Flowchart of the Consolidated Standards of Reporting Trials, CONSORT, with the selection and allocation of volunteers.
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22.0%; AS: 8.7%; p < 0.001) and in knee extension (SA:
16%; AS: 11%; p < 0.001), with increased values in both
groups after training, however without difference between
groups. Effect size values ranged between small and med-
ium, and power, between 0.13 and 0.99.

Discussion
The main objective of this research was to evaluate

the effect of the order of performance of strength and
aerobic exercises of the CT on static and dynamic balance
and muscle strength in elderly people. After 12 weeks of
intervention with CT, regardless of the order in which the
CT was performed, static and dynamic balance variables
were maintained. For the maximum dynamic muscle
strength of lower and upper limbs, there was an improve-
ment after 12 weeks in both groups, with no difference
between the performance orders.

Age advances are followed by a balance decline,
which is directly associated with a major cause of falls in
elderly people22. According to Melzer, Benjuya, and
Kaplanski23, this decline may be associated with more
COP oscillations, which displays a more unstable pattern
of postural control. Physical exercises promote various
benefits for the elderly, as they work to maintain and/or
improve balance and prevent falls24. Literature has shown
that some modalities present maintenance and/or improve-
ments in static balance when they work on balance con-
comitantly with ST25-27 and concomitantly with AT28,29.

Regarding the effect of CT order on static balance, as
far as we are concerned, no study has been found in the
literature. Looking for CT studies, the study by Holviala
et al.30, for example, assessed the effect of CT (SA order)
on static balance variables, and, after 21 weeks, they found
maintenance, as in the findings of the present research.
Marques et al.31 found significant improvements in static
balance variables after 32 weeks of ST in elderly women.

Table 2 - Static balance variables with eyes closed and open from older people. SA: Strength-Aerobic; AS: Aerobic-Strength; COP_DISP: total displace-
ment of the Foot Plantar Center of Pressure; COP_AREA: area of the Foot Plantar Center of Pressure.

Variables Group Pre Post Δ d of Cohen Power

Mean ± SD Mean ± SD Mean ± SD

Eyes closed

COP_DISP (cm) SA 28.1 ± 5.1 27.9 ± 4.2 -0.1 ± 2.6 -0.23 0.78

AS 30.6 ± 8.2 33.8 ± 18.7 -0.6 ± 11.0

COP_AREA (cm2) SA 1.3 ± 0.7 1.1 ± 0.6 -0.2 ± 0.7 -0.08 0.16

AS 1.9 ± 2.4 1.9 ± 1.8 -0.01 ± 3.0

Eyes open

COP_DISP (cm) SA 25.3 ± 3.0 25.1 ± 2.8 -0.3 ± 2.4 -0.11 0.26

AS 26.3 ± 4.0 26.9 ± 4.4 0.5 ± 4.3

COP_AREA (cm2) SA 1.0 ± 0.6 1.2 ± 0.7 0.1 ± 0.5 0.27 0.89

AS 1.5 ± 1.1 1.3 ± 0.7 -0.1 ± 1.3

Table 3 - Dynamic balance variables and maximum dynamic strength of upper and lower limbs from older people.

Variables Group Pre Post Δ d of Cohen Power

Mean ± SD Mean ± SD Mean ± SD

TUG (s) SA 6.3 ± 0,8
#

6.5 ± 1.4 0.13 ± 0.8 0.18 0.57

AS 7.1 ± 1.2 7.1 ± 0.9 -0.01 ± 0.7

T.G. (s) SA 10.8 ± 3.7 11.3 ± 5.4 0.49 ± 4.07 0.39 0.99

AS 13.0 ± 4.7 11.9 ± 3.5 -1,06 ± 3.36

B.P. (kg) SA 22.6 ± 14.1 27.1 ± 16.3
∗

4.5 ± 3.9 0.14 0.38

AS 23.6 ± 14.0 25.9 ± 15.0
∗

3.68 ± 7.06

K.E. (kg) SA 55.0 ± 12.1 64.6 ± 12.7
∗

9.2 ± 2.1 0.44 0.99

AS 52.5 ± 20.5 58.8 ± 20.8
∗

5.9 ± 7.06

SA: Strength training followed by Aerobic; AS: Aerobic training followed by Strength; TUG: Timed Up and Go; T.G.: Tandem Gait; B.P.: Bench Press;
K.E.: Knee Extension;
∗
represents the difference between time (p < 0.05);
#
represents the difference between groups (p < 0.05).
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However, the authors evaluated the static balance in a one-
legged stance, which presents greater instability when
compared to the bipedal stance used in this study. Thus,
possibly in the present study, the chosen assessment was
not sensitive enough to detect improvements in static bal-
ance, since bipedal support does not generate major chal-
lenges for the maintenance of posture in elderly people
who do not present any sensorimotor impairment. Further-
more, the different responses between the studies can be
justified by methodological differences such as the type of
training and the length of the study.

One aspect that may have influenced the lack of
improvements in the static balance is because the elderly
people, who were the subject of this study, already have
good balance. In literature, for example, Oliveira et al.32,
compare the responses of different modalities of physical
training (mini-trampoline, aquatic gymnastics, and general
gymnastics) on the static balance of the elderly and noted
significant improvements in the balance after training. The
initial values of the COP area with eyes open in the groups
assessed in this study were approximately 1.8 cm2,
whereas, in the present study, it was 1.0 ± 0.6 cm2 for the
SA group and 1.5 ± 1.1 cm2 for the AS group. Thereby, it
is believed that the elderly started this study with values
that were considered good, which reduces the adaptation
window for these outcomes. It is noteworthy that to date,
there is no reference data for the classification of balance
based on COP values.

Regarding the dynamic balance (TUG), the study
carried out by Wilhelm et al.13, assessed the effect of the
order of 12 weeks of CT on the dynamic balance (TUG) of
36 elderly and found no significant differences in time and
between orders (Pre- AS: 5.19 ± 1.30 s; SA: 4.96 ± 0.65 s;
Post- AS: 4.98 ± 0.95 s; SA: 4.98 ± 0.61 s). These find-
ings are in line with the present research, which, in this
variable, also showed maintenance in both groups (Pre-
SA: 6.39 ± 0.89 s; AS: 7.16 ± 1.26 s; Post- SA: 6.52 ±
1.4 s; AS: 7.14 ± 0.93 s)) the absence of changes could be
due to the ceiling effect of the test to capture changes. The
study by Varela et al.33 researched the effect of TUG in 27
elderly people and found significant reductions (Pre:
11.96 ± 2.4 s; Post: 9.9 ± 2.3 s).

The training was carried out for 12 weeks, but the
initial balance values of the elderly were above ten sec-
onds, which demonstrates a larger window for improve-
ment when compared to the present study and the study by
Wilhelm et al.13. Other than that, the training carried out
by Varela et al.33 took place three times a week, which
may also have generated greater adaptation when com-
pared to the twice-a-week frequency used in this research.
In this regard, it is noteworthy that, when it comes to the
normative values of the TUG test, the elderly in this study
did not have compromised balance, as TUG values lower
than ten seconds suggest that these individuals are healthy
and have no risk of falls and functional dependence19.

In the present study, the dynamic balance was also
assessed using the Tandem Gait test, a reliable measure to
verify dynamic balance34,35, in which there was the main-
tenance of the variable in both groups. No studies with CT
that have evaluated this outcome have been found; how-
ever, the maintenance of such responses is a relevant result
in favoring the autonomy of the elderly, since the reduc-
tion in gait speed jeopardizes their daily activities36.

Overall, the CT performed in this study did not show
improvements in static and dynamic balance variables. It
should be noted that the specificity of training may be a
factor that has influenced, as there was no specific balance
training. Nevertheless, after training, these variables were
maintained, which is important because, as a person ages,
there is a significant drop in these parameters. Clearly, the
benefits will affect the quality of life and functional capa-
city of the elderly, as well as reducing the risk of falls38.

The results showed an increase in lower limb
strength values (SA: 16%; AS: 11%) after the interven-
tions, regardless of the order. In the study by Wilhelm
et al.10 significant improvements were found in the max-
imum dynamic knee extension strength in the groups (SA:
11%; AS: 14%), with no difference between orders. The
study by Campos et al.14, comprised 12 weeks of CT with
22 physically active elderly women, in which they
observed an increase in knee extension strength from the
pre to the post-training period in both groups (SA: 57%;
AS: 58%), without differences between orders.

On the other hand, Cadore et al.9 investigated the
effects of different orders of combined exercises on neu-
romuscular adaptations with 26 elderly people within 12
weeks. They observed a significant increase in the max-
imum dynamic strength of knee extensors (SA: 35%; AS:
21%), with a significant difference between the higher
orders and values for the SA group, since this order is
beneficial to the result of the dynamic strength of the
lower body10. In this case, the AT occurred in a cycle erg-
ometer and with high intensity (second ventilatory thresh-
old), which may have generated fatigue in the muscles of
the lower limbs and limited the greater strength gains in
the lower limbs in the AS group. When AT is performed at
high intensities before ST, the “interference effect” may
occur, which reduces the magnitude of muscle strength or
power development, compared to strength training per-
formed alone38,39. In this research, there has not been such
interference, probably because the AT was prescribed at
lower intensities, with the use of walking/running as an
exercise, without generating enough fatigue in the muscles
of the lower limbs that could impair performance in the
subsequent ST. Although no significant difference was
found, absolute and relative changes were observed
between orders (SA: 9.6 kg; AS: 6.3 kg) and an effect size
of 0.44.

Finally, the maximum dynamic strength of upper
limbs also showed improvements after training in both
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groups (SA: 22.0%; AS: 8.7%), with no difference
between them. Cadore et al.9, corroborate the findings of
this research, as both groups improved the strength of
upper limbs after training (AS: 15.0%; SA: 11.5%), with
no difference between groups. The non-interference of the
performance order in the improved strength of the upper
limbs was expected since the AT performed did not gen-
erate localized fatigue in this musculature, thus, it was not
expected that there would be a compromise in the strength
gains of the upper limbs.

The main limitations of the study are the absence of
blinding of outcome assessments and the randomization of
groups. However, the study has strengths, such as the
assessment of balance after CT, which still has scarce data
in the literature, and also the assessment of balance using a
force plate, considered the gold standard assessment for
this variable. In addition, the prescription of individua-
lized and easy-to-apply training for elderly groups is high-
lighted, making it an interesting methodology considering
physical exercise programs for the elderly.

Conclusions
Given the results obtained in this research, the con-

clusion is that there is no difference between the CT per-
formance orders for static and dynamic balance, as well as
for the muscle strength of the lower and upper limbs.
However, both training orders improved the strength of
lower and upper limbs and maintained the static and
dynamic balance of the elderly.

Acknowledgments

This research has been funded by grants from the Coordi-
nation for the Improvement of Higher Education Person-
nel (Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior - CAPES) and the National Council for
Scientific and Technological Development (Conselho
Nacional de Desenvolvimento Científico e Tecnológico-
CNPq).

References
1. Fechine BRA, Trompieri NO. O processo de envel-

hecimento: as principais alterações que acontecem com o
idoso com o passar dos anos. Revista Inter Science Place.
2012;1(7):106-92.

2. Pociask FD, Dizazzo-Miller R, Goldberg A, Adamo DE.
Contribution of head position, standing surface, and vision
to postural control in community-dwelling older adults. The
A J of Occup Therapy. 2016;70(1):7001270010p1-
7001270010p8. doi

3. Tyrovolas S, Koyanagi A, Olaya B, Ayuso-Mateos JL, Miret
M, et al. The role of muscle mass and body fat on disability
among older adults: cross-national. Exp Gerontol.
2015;69:27-35. doi

4. Sociedade Brasileira de Geriatria e Gerontologia. Quedas:
uma questão de prevenção; 2015. Available from: https://
sbgg.org.br/quedas-uma-questao-de-prevencao [Accessed
10th October 2020].

5. World Health Organization. The world health report 2007: a
safer future: global public security in the 21st century.
Available from: https://www.who.int/whr/2007/whr07_en.
pdf [Accessed 10th October 2020].

6. Fiedler MM, Peres KG. Capacidade funcional e fatores
associados em idosos do Sul do Brasil: um estudo de base
populacional. Cad Saúde Pública. 2008;24(2):409-15. doi

7. American College of Sports Medicine. Physical activity and
public health in older adults: recommendation from the
American College of Sports Medicine and American Heart
Association. Boston, ACSM; 2009.

8. Ferrari R, Kruel LFM, Cadore EL, Alberton CL, Izquierdo
M, Conceição M, et al. Efficiency of twice-weekly con-
current training in trained elderly men. Exp Gerontol.
2013;48(11):1236-42. doi

9. Cadore EL, Izquierdo M, Pinto SS, Alberton CL, Pinto RS,
Baroni BM, et al. Neuromuscular adaptations to concurrent
training in the elderly: effects of intrasession exercise
sequence. Age. 2013;35(3):891-903. doi

10. Eddens L, van Someren K, Howatson G. The role of intra-
session exercise sequence in the interference effect: a sys-
tematic review with meta-analysis. Sports Med. 2018;48
(1):177-88. doi

11. Murlatis Z, Keneffel Z, Thalib L. The physiological effects
of concurrent strength and endurance training sequence: a
systematic review and meta-analysis. J Sport Sci. 2018;36
(11):1212-19. doi

12. Orr R. Contribution of muscle weakness to postural
instability in the elderly. Eur J Phys Rehabil Med. 2010;46
(2):183-220.

13. Wilhelm EN, Rech A, Minozzo F, Botton CE, Radaelli R,
Teixeira BC, et al. Concurrent strength and endurance train-
ing exercise sequence does not affect neuromuscular adap-
tations in older men. Exp Gerontol. 2014;60:207-14. doi

14. Campos ALP, Del Ponte LS, Cavalli AS, Afonso MS.
Effects of concurrent training on health aspects of elderly
women. Braz J Kin Human Perform. 2013;15(4):437-47. doi

15. Patel M, Fransson PA, Lush D, Gomez S. The effect of foam
surface properties on postural stability assessment while
standing. Gait Posture. 2008,28(4):649-56. doi

16. Baudry S, Duchateau J. Age-related influence of vision and
proprioception on IA presynaptic inhibition in soleus muscle
during upright stance. J Physiol. 2012;590(21):5541-54. doi

17. Low DC, Walsh GS, Arkesteijn M. Effectiveness of exer-
cise interventions to improve postural control in older
adults: a systematic review and meta-analyses of the centre
of pressure measurements. Sports Med. 2017;48(241):101-
12. doi

18. Wrisley DM, Marchetti GF, Kuharsky DK, Whitney SL.
Reliability, internal consistency, and validity of data
obtained with the functional gait assessment. Phys Therapy.
2004;84(10):906-18.

19. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of
basic functional mobility for frail elderly persons. J Am
Geriatrics Society. 1991;39(2):142-48. doi

8 The order of the concurrent training and effects in elderly people

https://doi.org/10.1007/s11357-012-9405-y
https://doi.org/10.1007/s40279-017-0784-1
https://doi.org/10.1080/02640414.2017.1364405
https://doi.org/10.1080/02640414.2017.1364405
https://doi.org/10.1016/j.exger.2014.11.007
https://doi.org/10.1016/j.exger.2014.11.007
https://doi.org/10.5007/1980-0037.2013v15n4p437
https://doi.org/10.1016/j.gaitpost.2008.04.018
https://doi.org/10.1113/jphysiol.2012.228932
https://doi.org/10.1007/s40279-017-0801-4
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.5335/rbceh.2012.944
https://doi.org/10.1590/S1413-35552011000600006
https://doi.org/10.1093/ageing/afh218
https://doi.org/10.1007/978-3-319-23246-1_2
https://doi.org/10.1007/BF03324564
https://doi.org/10.1159/000343152


20. Lombardi VP. Beginning weight training: the safe and
effective way. Dubuque, Brown & Benchmark Pub; 1989.

21. Corrêa CS, Cadore EL, Kruel LM, Pinto RS. Reprodutibili-
dade do teste de 1-RM em homens idosos saudáveis. Rev
Bras Ciências Enve Humano. 2011;8(1):70-6. doi

22. Karuka AH, Silva JA, Navega MT. Analysis of agreement
of assessment tools of body balance in the elderly. Braz J
Phys Ther. 2011;15(6):460-66. doi

23. Melzer I, Benjuya N, Kaplanski J. Postural stability in the
elderly: a comparison between fallers and non-fallers. Age
Ageing. 2004;33(6):602-7. doi

24. Galloza J, Castillo B, Micheo W. Benefits of exercise in the
older population. Phys Med Rehabil Clin N Am. 2017;28
(4):650-69. doi

25. Hue O, Seynnes O, Ledrole D, Colson SSA. Effects of a
physical activity program on postural stability in older peo-
ple. Aging Clin Exp Res. 2004;16(5):356-62. doi

26. Granacher U, Lacroix A, Muehlbauer T, Roettger K, Goll-
hofer A. Effects of core instability strength training on trunk
muscle strength, spinal mobility, dynamic balance and func-
tional mobility in older adults. Gerontology. 2012;59
(2):105-13. doi

27. Penzer F, Duchateau J, Baudry S. Effects of short-term
training combining strength and balance exercises on max-
imal strength and upright standing steadiness in elderly
adults. Exp Gerontol. 2015;61:38-46. doi

28. Seco J, Abecia LC, Echevarría E, Barbero I, Torres-Unda J,
Rodriguez V, et al. A long-term physical activity training
program increases strength and flexibility and improves bal-
ance in older adults. Rehabil Nurs. 2013;38(1):37-47. doi

29. Pirouzi S, Motealleh AR, Fallahzadeh F, Fallahzadeh MA.
Effectiveness of treadmill training on balance control in
elderly people: a randomized controlled clinical trial. Ira-
nian J Med Sci. 2014;39(6):565-70.

30. Holviala J, Kraemer WJ, Sillanpää E, Karppinen H, Avela J,
Kauhanen A, et al. Effects of strength, endurance, and com-
bined training on muscle strength, walking speed and
dynamic balance in aging men. Eur J Appl Physiol.
2012;112(4):1335-47. doi

31. Marques EA, Figueiredo P, Harris TB, Wanderley FA, Car-
valho J. Are resistance and aerobic exercise training equally
effective at improving knee muscle strength and balance in
older women? Arch Gerontol Geriatr. 2017;68:106-12. doi

32. Oliveira MR, Silva RA, Dascal JB, Teixeira DC. Effects of
different types of exercise on postural balance in elderly

women: a randomized controlled trial. Arch Gerontol Ger-
iatr 2014;59(3):506-14. doi

33. Varela SC, Machado EM, Varela KD, Constantini A, Lopes
WA. Influência do treinamento físico combinado no risco de
quedas em idosos. FIEP Bull. 2012;82:81-4.

34. Hausdorff JM, Nelson ME, Kaliton D, Layne JE, Bernstein
MJ, Nuernberger A, et al. Etiology and modification of gait
instability in older adults: a randomized controlled trial of
exercise. J Appl Physiol. 2001,90(6):2117-29. doi

35. Rooks DS, Kiel DP, Parsons C, Hayes WC. Self-paced
resistance training and walking exercise in community-
dwelling older adults: effects on neuromotor performance. J
Gerontol Series A. 1997;523:M161-M168. doi

36. Faria JC, Machala CC, Dias RC, Dias JMD. The importance
of strength training programs for the rehabilitation of mus-
cle function, equilibrium, and mobility of the elderly. Acta
Fisiátrica. 2003;10(3):133-7.

37. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO,
King AC, et al. Physical activity, and public health in older
adults: recommendation from the American College of
Sports Medicine and the American Heart Association. Med
Science Sports Exerc. 2007;39(8):1435-45. doi

38. Dudley GA, Fleck SJ. Strength and endurance training.
Sports Med. 1987;4(2):79-85. doi

39. Cadore EL, Pinto RS, Lhullier FL, Correa CS, Alberton CL,
Pinto SS, et al. Physiological effects of concurrent training
in elderly men. Int J Sports Med. 2010;31(10):689-97. doi

Corresponding author
Juliana Cristina Silva, Universidade Federal de
Uberlândia, Faculdade de Educação Física e Fisioterapia,
Uberlândia, MG, Brazil.
E-mail: julianasilvacristina@yahoo.com.br.

Manuscript received on February 16, 2022
Manuscript accepted on May 30, 2022

Motriz. The Journal of Physical Education. UNESP. Rio Claro, SP, Brazil
- eISSN: 1980-6574 - under a license Creative Commons - Version 4.0

Silva et al. 9

https://doi.org/10.1016/j.exger.2014.11.013
https://doi.org/10.1002/rnj.64
https://doi.org/10.1007/s00421-011-2089-7
https://doi.org/10.1016/j.archger.2016.10.002
https://doi.org/10.1016/j.archger.2014.08.009
https://doi.org/10.1152/jappl.2001.90.6.2117
https://doi.org/10.1093/gerona/52a.3.m161
https://doi.org/10.1249/mss.0b013e3180616aa2
https://doi.org/10.2165/00007256-198704020-00001
https://doi.org/10.1055/s-0030-1261895
https://doi.org/10.1016/j.archger.2014.08.009
https://doi.org/10.1152/jappl.2001.90.6.2117
https://doi.org/10.1093/gerona/52a.3.m161
https://doi.org/10.1249/mss.0b013e3180616aa2
https://doi.org/10.2165/00007256-198704020-00001
https://doi.org/10.1055/s-0030-1261895
mailto:julianasilvacristina@yahoo.com.br

	Introduction
	Material and methods
	Research design
	Participants
	Sample size
	Sample characterization
	Static balance
	Dynamic balance
	Dynamic maximum strength
	Interventions
	Statistical analysis

	Results
	Discussion
	Conclusions
	References

