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Abstract

Purpose: It has been established that physical exercise generally improves the physical perfor-
mance of older people. This finding has led to an increase in studies into the most efficient forms
of exercise. The aim of this study was to compare the efficiency of three types of exercise: aerobic,
strength and muscle power, in improving the functional capacity of older people. Methods: A study
was undertaken of 123 physically independent older women who did no physical exercise. The
women were placed randomly into four groups: a Control Group (CG, n = 33) who did no exercise;
an Aerobic Group (AG, n = 30) who did mild intensity muscle resistance exercises, combined with
medium intensity gait training; a Strength Group (SG, n = 30) which performed high resistance lo-
calized exercises; and a Power Group (PG, n = 30) which did high-speed localized medium resis-
tance exercises. The tests applied were aerobic endurance: six minute walking test (6MWT);
maximum strength: one repetition maximum test (1RM); power: Tendo Weightlifting Analyzer
(TWA); and agility: standing and walking. AG, SG and PG underwent 24 exercise sessions. Results:
All the groups except for CG demonstrated significant improvement in all the tests applied. There
were non-statistically significant differences between the gains made by the AG, SG and PG groups
in the 6MWT, power and agility tests. SG was significantly superior to the other groups in the 1RM
test. Conclusions: Aerobic, strength and muscle training improved the functional capacity of older
people. SG was notably superior to the other groups in the 1RM test.
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1. Introduction

All physical abilities tend to decline as a result of aging. Aerobic endurance, muscle strength and muscle power
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(strength x velocity) are, among other factors, potential elements to affect the cardio-circulatory, respiratory and
muscle systems, which are essential for maintaining the health and capacity to perform activities of daily living.
The process of decline can be reduced by physical exercise [ 1]. Maintaining and improving physiological ca-
pacities through aerobic, strength or power training programs result in beneficial outcomes, as they minimize the
effects of the aging process, demonstrating that older people maintain their ability to adapt to physical exercise.
The purpose of this study was to evaluate and compare the effectiveness of three kinds of training programs
targeted for improving strength, power, aerobic endurance and agility.

2. Methods

A total of 123 older female volunteers were included according with the following criteria: > 60 years old;
physically independent; not attending any physical exercise program and; able to perform all the proposed exer-
cises and tests. Individuals suffering from joint or muscle diseases, physical or mental disability, or heart disease
were excluded.

The population was randomly stratified into four groups: an aerobic training group (AG n = 30); a strength
training group (SG n = 30); a power training group (PG n = 30) and a Control Group (CG n = 33).

After a medical evaluation to verify their health status, the able participants attended six sessions to familiar-
ize with the tests and exercises. These sessions were aimed to teach the movements of the exercises and the
testing procedures. The same training exercises and testing were used, but without load.

Muscle power (watts-W) was measured by means of a power curve for the knee extensor exercise using a leg
extension machine, a method validated by Jennings et al. [2]. The computerized Tendo Weightlifting Analyzer-
Model V104 (Tendo, Slovakia) was used to identify and monitor strength and power training.

Maximum strength (kilograms-kg) was measured by the one repetition maximum test (1RM) of the knee ex-
tensor exercise, performed with a leg extension machine (Righetto Fitness Equipment, Brazil), following the
procedures recommended by the American College of Sports Medicine (ACSM) [3]. The aerobic capacity (me-
ters-m) was measured by the six-minute walk test (6MWT), validated by Rikli and Jones [4]. Agility was meas-
ured by the standing and walking test. This test also verifies dynamic balance.

3. Intervention

The parameters used in the intervention followed ACSM [3]| and American Heart Association (AHA) [5] rec-
ommendations as well as those of the US Department of Health and Human Services (HHS) [6].

Knee extensor, knee flexion, leg press, hip adduction, biceps and triceps curl, and lateral elevation of the up-
per limbs exercises were used for training the AG, SG and PG groups, although the intensity and form of execu-
tion varied. For AG exercise sessions consisted of 20 minutes of moderate intensity gait training and two sets of
15 repetitions of exercises at an intensity of 30% 1RM. For SG three sets of eight repetitions at an intensity of
80% 1RM were performed. For PG exercises were performed in three sets of eight repetitions at maximum
speed during the concentric phase at an intensity of 80% of maximum strength, registered with the highest av-
erage power for the equipment Tendo Weightlifting Analyzer.

Training frequency for all groups was three times per week on alternate days for 24 total sessions. The control
group underwent the same evaluation methodology as the intervention groups. They were instructed to maintain
their normal daily activities and advised not to start any kind of training that involved strength exercises with
weights or aerobic activities.

All tests performed as part of the pre-intervention procedures were repeated during the post-intervention
phase.

4. Statistical Analysis

Descriptive analysis and statistical tests were used to evaluate intragroup, intergroup and pre- and post-interven-
tion differences. The Student’s t-test for paired samples was used for intragroup comparison, and ANOVA was
used for comparison between groups. The level of significance was p < 0.05.

The research was conducted in accordance with the Declaration of Helsinki, and was approved by the Ethics
Committee of the State University of Rio de Janeiro. All volunteers completed an informed consent form before

participating in this study.
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5. Results

The women included were 70 years old on average, with a standard deviation (SD) of 8.5 years (Aerobic Group
71, SD of 5.6; Strength Group 69.4, SD of 4.1; Power Group 71.1, SD of 5.6; Control Group 71, SD of 4.9). The
average height was 1.60 meters, with a standard deviation of 0.05 (AG 1.57, SD of 0.03; SG 1.58, SD of 0.01;
PG 1.57, SD of 0.02; CG 1.58, SD of 0.01). The weight of women was 65.8 on average with a standard devia-
tion of 5.3 kg (AG 62.9 Kg, SD of 5.6 kg; SG 65.3, SD of 1.4 kg; PG 63.4, SD of 4.1 kg; CG 62.7, SD of 3.7
kg).

Regarding race, the Aerobic Group had 76.6% white women; 13.3% multiracial and 10% black women. The
Strength Group had 80% white women; 10% multiracial and 10% black women. Power Group had 73.3% white
women; 13.3% multiracial and 13.3% black women. Control Group had 78.7% white women; 12.5% multiracial
and 9% black women.

5.1. Intragroup Results

Table 1 shows the results obtained in the 1RM, 6MWT, muscle power and agility tests. It can be seen that
training groups (AG, SG and PG) showed significant improvement in all tests in comparison with the period
prior to exercise training, while the control group showed no significant improvement.

5.2. Intergroup Results

5.2.1. Aerobic Endurance Test

The results of aerobic endurance test (6MWT) are shown in Figure 1. The CG had the lowest average endurance
gain (p < 0.001), while the differences between other groups (AG, SG and PG) were not statistically significant.
AG showed greatest gain in the 6MWT test, followed by PG and SG (Figure 1(a)).

5.2.2. Muscle Strength Test

Figure 1(b) shows results of muscle strength test (1IRM). The PG showed greater gain in muscle strength than
the other groups, while CG had the lowest rate. The difference between these groups was statistically significant
(p <0.001). The difference between gains of AG and PG was not significant (Figure 1(b)).

Table 1. Results of 1RM, 6MWT, muscle power and agility tests for groups studied.

Tests Groups Pre-intervention Post-intervenion Gain P Value
CG 13.72 +4.49 13.60 + 4.73 -0.12 0.62
IRM AG 12.05+3.6 16.45+ 3.8 4.40 <0.001
(kg) SG 14.90 + 4.09 21.03+5.10 6.13 <0.001
PG 14.83 +3.96 19.93 +4.21 5.10 <0.001
CG 503 + 65.12 509 + 54.73 6.00 0.16
EMWT AG 500 + 64.00 536 + 56.40 36.00 <0.001
(m) SG 536+ 72.49 561+ 69.46 25.00 <0.001
PG 522+ 48.83 549 + 56.62 27.00 <0.001
CG 46.90 + 15.68 46.72+15.72 -0.18 0.90
Muscls Power AG 4383+ 13.64 56.23+17.36 12.40 <0.001
W) SG 52.50 £19.30 67.50 £17.12 15.00 <0.001
PG 51.40 + 13.03 63.90 + 15.09 12.50 <0.001
CG 5.60 % 0.99 5.74+0.99 0.14 0.13
Agility AG 5.62 % 0.66 5.15+0.62 -0.47 <0.001
®) SG 5.09+1.10 4.74+0.99 ~0.35 <0.001
PG 5.54+0.86 5.16+0.75 ~0.38 <0.001

)
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Figure 1. (a) Mean obtained in endurance test (6GMWT) in meters (m) for each group; (b)
Mean obtained in strength test (1IRM) in kilograms (kg) for each group; (c) Mean ob-
tained in muscle power test, in watts (W) for each group; (d) Mean obtained in agility
test, in seconds, for each group.

5.2.3. Muscle Power Test
The results of muscle power test are shown in Figure 1(c). The CG had the lowest improvement, and this dif-
ference was statistically significant (p < 0.001). The SG had the biggest gain, followed by PG and AG (Figure

1(c)).

5.2.4. Agility Test

The results of agility test are shown in Figure 1(d). The CG had significantly higher mean result than the other
groups, signifying at the least, improvement (p < 0.001). The difference between the other groups was not statis-
tically significant, although AG had the biggest gain, followed by PG and SG (Figure 1(d)).

6. Discussion

It is a known fact that exercise produces beneficial effect on older person’s physical performance [1] [7]-[9].
However, it was expected that there would be significant differences between the different training groups.

While the richness and complexity of the aging process explain some results that did not confirm this initial
hypotheses, the results obtained confirmed the benefits of systematic practice of physical exercise [1] [7]-[9].

The three training groups showed improvement for all tests, while the Control Group did not show any benefit
and its initial levels of physical performance remained unchanged.

The aerobic exercises performed by AG increased strength. The localized muscle resistance exercise included
in the training protocol for this group, may have contributed to this result. However it should be pointed out that
aerobic training also increased strength. Similar results were described by Harber ef al. [7] and Ozaki ef al. [10].

As expected, the high intensity strength exercises performed by SG increased strength, which shows the
adaptability of muscle tissue in older persons in response to intensive effort. McArdle et al. [11] and Hékkinen
et al. [12] report that increased strength is primarily caused by neuromuscular factors; while Melov et al. [13]
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and Raymond ef al. [ 14] claim that there is an increase in the size and number of muscle fibers.

The muscle power exercises applied by the PG group also proved effective in increasing the muscle strength.
As power is a derivative of strength which, in turn, is associated with speed, the result was consistent with the
findings of studies into the effectiveness of muscle power exercises at increasing the strength of older people [1]
[15] [16].

The gain in distance walked indicates that aerobic training significantly increased aerobic endurance. This
improvement was particularly noticeable during exercise sessions in which the adaptability to increase in re-
quested stimuli was observed. Although, no hemodynamic and metabolic variables were measured, the results of
this study help to reinforce the benefits of aerobic exercise [1]. The increases in distance walked by the SG and
PG also indicate that high intensity strength exercises and muscle power exercise significantly increased aerobic
endurance.

In addition to strength and power there is a secondary increase in muscle resistance. It is believed that the
main factor behind this increase is an improvement in motor efficiency, which occurs through reduced activation
of the motor units [16] and antagonistic muscle activity [17], increased availability of high-energy phosphate
[18], and greater mitochondrial density and oxidative capacity [19]. Significant improvements in muscle
strength have been reported after moderate and strong intensity strength training [20]-[22]. The present study
reinforces the findings of mentioned literature.

The muscle power production capacity gain indicates that aerobic training significantly increased the muscle
power production capacity of subjects. As with the strength gain results, it is likely that the localized muscle
strength exercise included in aerobic training contributed to this result. As power is related to strength, the result
shows a consistent correlation between the two components.

The SG group increased average muscle power production capacity by 15 W, with a margin of error of <0.001,
indicating that high intensity muscle strength training can significantly increase muscle power capacity. Studies
featuring different resistances and intensities obtained similar responses [23] [24].

Muscle power capacity increased by a mean of 12.50 W in the PG group, with a margin of error of <0.001,
indicating that muscle power training significantly increased the muscle power production capacity of subjects.
Similar results were obtained in previous studies using the same methodology, confirming the effectiveness of
this training method in increasing muscle power production capacity among older people [25].

The results of agility test showed that aerobic, strength and muscle power training were able to significantly
increase the agility of the groups studied.

When results for each test were compared between groups, it was found that CG was the only group with sig-
nificantly lower results than the other groups in all tests, confirming that those who do not exercise and do not
improve their physical performance. As reported, the AG, SG and PG groups achieved significant gains in all
the tests. There was a difference between the mean results of groups for each test, but the difference was not
significant for endurance testing (6MWT), power and agility. For strength test (1RM), SG had achieved signifi-
cantly higher mean results than the other groups.

Although there was some variation between the mean aerobic testing results, with AG showing greater im-
provement, followed by PG and SG, respectively, the differences between the groups were not significant.

The expected hypothesis that the AG group would show a significantly greater improvement than the SG and
PG groups in the endurance test, given the specificity of this training method to the test, did not occur. It should
be noted that the 6MWT is a field test that correlates well with maximum laboratory tests [4]. The positive re-
sults presented by SG and PG may be related to the fact that the 6MWT is a sub-maximal test, as the ability to
adapt to strength and muscle power training can result in adaptation to sub-maximal aerobic effort as a second-
ary benefit, as some studies have shown [20]-[22].

In strength test SG showed significantly higher mean results. Even though PG displayed greater gain in the
strength test than AG, the difference was not significant. However, high intensity strength training was more ef-
fective for increasing maximum strength than the other types of training tested in the study. The response of
groups to the 1RM test corresponded with the expected hypothesis. It is likely that the training intensity factor
may have contributed to the result, as literature reports that high intensity strength training is more effective for
gaining maximum strength.

Importantly, even with different types of exercise or exercises performed at different intensities, muscle
strength and aerobic training were able to significantly improve the strength gain of the groups, according to

some studies [10] [26].
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Even though the mean results of the power test varied, with the SG group showing the greatest improvement,
followed by PG and AG, respectively, the differences were not significant. There was an expectation that PG
would have a significantly higher mean than the other groups in the power test, due to its specific nature, but this
did not occur. Some studies [27] [28] have found that muscle strength and power increased in accordance with
the intensity of the exercises. In the present study, the three groups exercised at different intensities, but there
were no significant differences between groups. The SG, which underwent strength training, had the best results.
Considering that P = FxV (where P = power, F = force and V = velocity), and that these factors are closely re-
lated, while the amount of power generated depends on the mass to be dislocated, power also depends on the
speed at which displacement occurs. It follows from this that the larger the mass, the lower the possibility of the
movement developing speed, if forces of the same magnitude are considered. This is why the greatest power
generation is obtained from an optimal relationship between the magnitude of the displaced mass and movement
speed.

In a previous study into the effectiveness of power training among older people, Barros et al. [25] observed
that an increase in the ability to generate muscle power occurred more because of greater displacement of resis-
tance than because of increased movement speed. In this case the gain in strength led to improved muscle power.
In the present study, the SG group had significantly greater strength gains than the other groups, which probably
contributed to SG having better results than PG for the power test, even if these results were not significant.

While the mean results were different, with the AG group showing the greatest mean gain in the agility test,
followed by PG and SG, respectively, the difference was not significant. Literature reveals improvements in the
performance of daily motor tasks resulting from different types of training. Some authors have tried to identify
the most specific methods for this purpose in studies by comparing different types, intensities or combinations of
exercise [19] [26] [29].

In a comparison of the types of exercise in the present study, aerobic exercise had the highest mean score for
medium intensity walking combined with low intensity muscle resistance exercises, followed by power training,
and lastly strength training. Literature reports that combined exercises (strength and endurance) and power
training are more related to the improvement of motor tasks among older people than strength exercises [1]. In
the present study, the same trend was identified, although the differences were not significant.

7. Study limitations

The fact that the present study did not use equipment to standardize movement speed during the PG power
training exercises, but instead instructed subject that the exercises should be performed at the maximum possible
speed, is a potential limitation.

The intervals between sets of exercises were not uniform, as it is understandable that the older individuals
needed different periods to recover from stress.

8. Conclusions

The three training programs were proved effective to improve the functional capacity of subjects. There was
significant increase in aerobic performance, strength, muscle power and agility. Therefore, it can be inferred that
a training program with more than 24 total sessions would probably improve the physical performance more
remarkably.

With the exception of the control group, the differences between the results of all intervention groups for the
endurance, power and agility tests were not significant.

The results of the strength group were significantly better than the other groups in the 1RM test, indicating
that this form of exercise is more effective for muscle strength gain.
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