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Introduction

Aging associated with physical inactivity can result in decreases 
in strength and aerobic fitness1,2, and can be associated with 
physical fitness3, defined as the individual’s physical capac-
ity to perform ordinary and unexpected demands of daily life 
safely and effectively4, or the ability to carry out daily tasks 
with vigor and alertness, without undue fatigue and with ample 
energy to enjoy leisure-time pursuits and meet unforeseen 
emergencies5. Strength, cardiorespiratory capacity, balance, 
gait speed and manual dexterity levels represent a positive 
relationship with best performance daily activities and greater 
individual autonomy7.

The practice of physical exercise is one of the strategies to 
attenuate the commonly observed decline in functional fitness7–11. 
Several studies have shown that physical exercise contributes to 
improvement in functional fitness7,8,11. Purath and collaborators 
found that physical exercise prescription based on functional 
fitness level (strength, endurance and balance) was effective at 
improving these variables12. Despite this statement seeming to be 
redundant, this study demonstrates the potential of self-directed 
exercises, variables that can influence functional ability in the 
elderly. In contrast to this statement, Cadore and collaborators 
demonstrated that training involving a combination of strength 
and endurance in elderly individuals (concurrent training) is 
the most suitable strategy for improving both neuromuscular 
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Abstract — It is not yet clear which physical exercise protocols have greater potential to mitigate the functional decline 
in physical fitness (coordination, flexibility, strength, agility and cardiorespiratory capacity). Thus, the objective of this 
study was to compare different training modalities on physical fitness in women over 50 years of age and understand 
which training protocol is more effective for promoting significant improvements in physical fitness. The initial sample 
consisted of 79 subjects, of which 17 dropped out, resulting in a total of 62 subjects who completed the study and are 
included in the analysis (n = 62). The average age of the study population was 60.1±5.4 years, divided into five groups: 
aerobic training, concurrent training, multimodal training, functional training and control group. Physical fitness was 
analyzed through AAHPERD (American Alliance for Health, Physical Education, Recreation and Dance) tests (0 and 
eighth weeks). The ANOVA analyses (aleatory effect) show a main effect of time for coordination (p<0.001), strength 
(p = 0.004), agility (p<0.001) and cardiorespiratory capacity (p<0.001), and statistically significant interactions for 
coordination (p = 0.003) and cardiorespiratory capacity (p = 0.033). When comparing the average relative differences 
between the group (Δ%), significant improvement was observed in coordination and agility (p<0.001) in the multimodal 
and functional training groups. For cardiorespiratory fitness, there was a significant improvement in the aerobic, 
concurrent and multimodal training groups (p<0.001) and strength increased in the functional training group (p = 0.04). 
Functional training was demonstrated to be more effective at promoting significant improvements in physical fitness 
than the other investigated exercise protocols.
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and cardiopulmonary functions, and consequently maintaining 
functional capacity during aging13.

Several other studies have investigated how exercise can 
mitigate the decline in functional fitness, exploring modalities 
such as vibrating platforms7 and strength training10. Therefore, 
it is unclear which physical exercise strategies enhance the 
improvement in functional fitness. There is now a consensus 
regarding a need for research to compare the effects of different 
types of intervention on physical fitness7-12.

Thus, the objective of this study was to compare the effects of 
different training modalities on coordination, flexibility, strength, 
agility, and cardiorespiratory capacity in women over 50 years 
of age and understand which type of training is more effective 
for promoting significant improvements in physical fitness.

Methods

Design

This study is a longitudinal prospective research study (four 
intervention groups and one control group), and was developed 
in the Motor Activity Research Lab and Prescription Center—
CELAPAM—in the Department of Physical Education, College 
of Science and Technology, FCT UNESP, Presidente Prudente 
campus, Brazil.

Subjects

The study population consisted of women between 50 and 70 
years of age, living in Presidente Prudente, São Paulo, Brazil. 
The participants were invited via newspapers, radio and televi-
sion adverts. The collection period was between January 2013 
and December 2014. As this was the first intervention study 
in our laboratory with physical fitness as the primary outcome 
measured using the AAHPERD (American Alliance for Health, 
Physical Education, Recreation and Dance) battery tests, it was 
established that the groups required a minimum of 12 subjects 
to start the intervention. A total of 149 subjects were evaluated 
during the period of the survey, of which 79 were selected and 
targeted for intervention. The inclusion of the participants took 
place every 6 months. Aerobic group (initial moment = 12; 
dropout = 3; analyzed subjects = 9; January 2013), functional 
group (initial moment = 20; dropout = 6; analyzed subjects = 14; 
July 2013), control group (initial moment = 20; dropout = 4; 
analyzed subjects = 16; July 2013), multimodal group (initial 
moment = 15; dropout = 1; analyzed subjects = 14; Jan 2014)and 
concurrent group (initial moment = 12; dropout = 3; analyzed 
subjects = 9; July 2014). After the 8-week intervention or moni-
toring (control group), the assessments were performed again.

In order to take part in the study, the participants were 
required not to have performed any kind of physical exercise 
in the 6 months prior to the initiation of this study, in addition 
to not having any motor problems, musculoskeletal injuries or 
other comorbidities that would inhibit performing the exercises 
in the protocol, confirmed by a physician.

This study was approved by the Research Ethics Committee 
of Universidade Estadual Paulista – UNESP (FCT–UNESP 
Presidente Prudente, Brazil) through the Ethics Assessment 
Certificate (CAAE) Protocol No. 11547013.2.0000.5402. All 
participants who agreed to take part in the study signed the 
Informed Consent form and the research was conducted in ac-
cordance with the Helsinki Declaration, revised 2008.

Measurements

Anthropometry and Body Composition

For the anthropometric measures, all participants wore light 
clothing and were barefoot. Height was measured using a fixed 
stadiometer (Sanny, São Bernardo do Campo, São Paulo, Brazil), 
with an accuracy of 0.1 cm. The body weight measurement was 
performed using a digital scale (Filizola PL 50, Filizzola Ltda., 
Brazil), with an accuracy of 0.1 kg. Body mass index (BMI) 
was calculated using weight/height2 (kg/cm2).

Body composition was estimated using a DXA scanner, ver-
sion 4.7 (Lunar DPX-NT; General Electric Healthcare, Little 
Chalfont, Buckinghamshire, United Kingdom). The subjects 
remained immobile in a supine position throughout the ex-
amination. Total body fat mass was expressed in absolute (kg) 
and relative (%) values. All measurements were carried out 
at the university laboratory in a temperature-controlled room. 
Each morning, before the beginning of the measurements, the 
equipment was calibrated by the same researcher, according to 
the manufacturer’s instructions. These results were calculated 
using specific software supplied with the equipment (EnCORE 
version 11.x, Madsion, Wincosin, United States).

Functional Fitness Assessment

The set of tests used to assess functional ability was proposed by 
the AAHPERD and consists of five motor tests. The parameters 
evaluated in this set of tests are closely related to the functional 
independence of the individual, with better performance repre-
senting greater autonomy. The indirectly evaluated variables are 
as follows: agility and dynamic balance, coordination, flexibility, 
strength endurance and aerobic endurance4,14.

Tests Description:

1 Agility and dynamic balance test: The participant begins the 
test sitting on a chair with their heels on the ground. At a signal 
from the evaluator, the individual rises from the chair and moves 
to the right, around a cone, before returning and sitting down 
again, repeating the movement to the left side. The distance 
between the cone and the chair is 1.8 meters. The test consists 
of moving around the cones to the right and left twice, with a 
total of four actions. Two attempts were allowed at the test and 
the best performance considered in the analysis.
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2 Coordination test: The participants sit in front of a table 
and use their dominant hand to perform the test. Three cans are 
placed on the table, (on the right for the right-handed individuals 
and on the left for the left-handers), the participant is required 
to move the cans to the next position, one by one, considering 
the reversal of the three cans as one turn. The test consists of 
four turns (12 cans moved) as a complete circuit. The shortest 
circuit time is considered for the final result.
3 Flexibility test: The participant sits on the floor with their 
legs extended, positioned on a tape affixed to the ground. The 
individual then reaches forward as far as possible and the dis-
placement distance is measured while the participant remains 
in the final position. The subjects have two practical attempts. 
The final result is the best performance from two attempts.
4 Strength endurance test: With the dominant arm, the par-
ticipant contracts the biceps by performing an elbow flexion, 
performing as many repetitions as possible in 30 seconds. The 
final result is the best performance from two attempts.
5 General aerobic capacity test: The participant is instructed 
to walk 804.67 m as quickly as possible, without running, on 
a 400-meter running track. Time is recorded in minutes and 
seconds and converted to seconds.

Training protocol

The training protocol consisted of an 8-week intervention 
with three sessions per week on nonconsecutive days. Prior 
to beginning the intervention, a 2-week familiarization period 
was allowed, using the same equipment and procedures as the 
training sessions. The sessions were 50 and 70 minutes in length 
(Chart 1). Only participants with a minimum of 85% attendance 
in the training sessions were included in the analyses. Different 
training times between the protocols (the time between 50 and 
70 minutes) were used as it has been demonstrated in previous 

studies by our group that equalization of load between aerobic 
training (walking) and concurrent training requires different 
stimulus times15. Previous equalization between all protocols 
was not possible in this study, and we used the references from 
the available data to guide our proposal.

Intervention 1: Aerobic training

The aerobic training protocol consisted of walking on an ath-
letic track for 50 minutes. Determination of the aerobic train-
ing intensity was performed using the Critical Velocity (CV) 
protocol proposed by Wakayoshi16,17. This method was used to 
determine the aerobic activity for the concurrent, multimodal and 
functional training intensity. The groups traveled three distances 
(400, 800 and 1200 m) on a running track on nonconsecutive 
days. The participants were instructed to cover the distance in 
the shortest possible time, which was recorded using a digital 
stopwatch (Polar®). A linear regression was obtained by the 
relation between distance (meters) and time (seconds). The CV 
was assumed as the angular coefficient of the linear regression 
straight line between the distances and the respective times 
obtained in each repetition16,17. Prior to beginning the training 
the participants performed 2 weeks of familiarization, which 
consisted of walking gradually until they reached the training 
volume (50 minutes). The training volume was equivalent to 50 
minutes/day at 100% CV. This time was chosen as the total time 
during the week because recommendation for a person to be 
considered active by the American College of Sports Medicine 
(ACSM) is 150 minutes per week (or 50 minutes three times per 
week)18. The method of intensity determination of aerobic train-
ing was also applied in the walking session of the other training 
protocols, (functional, multimodal and concurrent training). 
Each exercise session included a 5–10 minute warm-up and a 
5–10 minute cool down. After 4 weeks, the CV procedures were 

Chart 1: Summary of the interventions

Exercise Session Details Session time Rest interval Training load
Intervention 1: 
Aerobic training Aerobic Walking on athletic track 

(400m) 50’ None 100% Critical velocity

Intervention 
2: Functional 
training

Functional 11 exercises for strength 
with training equipment 40’ 30’

Weeks 1–4: three sets circuit—stimulus 40’’ each 
base (BORG 12 and 13)
Weeks 5–8: three circuit sets—stimulus 50’’ each 
base (BORG 12 and 13)

Aerobic Walking on athletic track 
(400m) 15’ None 100% Critical velocity

Intervention 
3: Concurrent 
training

Strength 11 exercises for strength 
with training equipment 27’ 1’

Weeks 1 to 4: 3 × 12–15 repetitions 65–70% 1RM
‘
Weeks 5–8: 3 × 10–12 repetitions 70–75% 1RM

Aerobic Walking on athletic track 
(400m) 30’ None 100% Critical velocity

Intervention 
4: Multimodal 
training

Dual task Exercises with accessories 15’ 1’ 30 ‘’ (three rounds with four bases)

Strength 11 exercises for strength 
with training equipment 27’ 1’ Weeks 1–4: 3 × 15 repetitions 65–70% 1RM

Weeks 5 to 8: 3 × 12 repetitions 70–75% 1RM

Aerobic Walking on athletic track 
(400m) 15’ None 100% Critical velocity
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repeated to determine and adjust the intensities for the next 4 
weeks of training. Participants were instructed to drink water 
and wear appropriate shoes and clothing during the training. 
The rating of perceived exertion was determined at the end of 
each session19.

Intervention 2: Functional training

The functional training was developed using circuit exercises 
that consisted of 11 sets of exercises (three exercises either with 
coordination, balance or agility exercises and eight exercises 
with strength exercises). The coordination and agility exercises 
were performed using equipment such as ladder drills, cones and 
hurdle runs. The balance exercises used Bosu® Swiss balls and 
proprioception platforms. The strength exercises used the same 
muscular groups as the concurrent training, with free weights and 
elastic bands (Teraband®). Details and illustrations of these proto-
cols are available in another study from our group20. A 30-second 
interval was allowed between each set, and the participants were 
required to perform three complete circuits during the training, 
followed by a 15-minute walk. For the first 4 weeks, a fixed time 
of 40 seconds was proposed for the performance of each exercise. 
After that, to maintain progress the exercise time in each set was 
increased to 50 seconds. The training load was determined us-
ing the subjective stress scale Borg’s scale19, with reference to 
intensities 12 and 13 (moderate intensity). It is well documented 
that such intensities (12 and 13 on the Borg scale) correspond to 
moderate exercise indicators, a fact that supports our choice21. 
The performed exercises had the objective of developing the 
following: strength capabilities (abdominal, biceps curl, lateral 
raise, seated row, bending knees, crucifix, triceps handle, squat), 
agility (displacement among cones), coordination (movement on 
the agility ladder) and proprioception (one foot on the ground and 
one on a board). CV was used to determine walking intensity.

Intervention 3: Concurrent training

The concurrent group developed strength exercises (strength 
training) followed by aerobic exercise, 27 minutes used for 
resistance training and 30 minutes for aerobic training (this is 
a similar load to the aerobic protocol15). The exercises in the 
resistance training program worked the same muscle groups as 
the functional group, but using traditional equipment, and in-
cluded the following exercises: 45° leg press, leg extension, knee 
flexion with ankle weights, bench press, rowing low on cable, 
direct threaded bar, triceps and abdominal tests. The resistance 
training program consisted of two progressive phases [phase 1 
(1st to 4th weeks, 12–15 repetitions, three sets per exercise, 60 
sec between sets); phase 2 (5th to 8th weeks, 10–12 repetitions, 
three sets per exercise, 60 sec between sets); the training load 
was adjusted after four training weeks in order to maintain the 
prescribed number of repetitions.

The intensity of the resistance training was controlled through 
repetition maximum (RM). The series were executed until mo-
mentary exhaustion, meaning that the participants performed the 

training with repetitions varying from 12 to 15 RM, always being 
stimulated to execute at least 12 and not more than 15 repetitions22. 
In the case that a participant executed more than 15 repetitions, 
the load was increased in order to respect the training zone22.

Intervention 4: Multimodal training

The Multimodal group developed a training session composed 
of proprioceptive training with dual task (15 minutes), followed 
by strength exercises (27 minutes) and walking (15 minutes).

The proprioceptive training consisted of 12 exercises, three 
for each of the following components: 1. Coordination; 2. Agility; 
3. Proprioception and Balance; 4. Posture. In coordination exercises, 
subjects worked motor coordination in upper and lower limbs 
separated and simultaneously. Hula-hoops and small balls were 
used to work the upper limbs and for lower limbs the subjects 
did different exercises in the agility ladder (the exercises in the 
agility ladder was the same used in functional training, following 
the preview article published20. To exercise as a dual task (two 
motor tasks simultaneously) we used the same instruments, and in 
general the subjects either needed to walk while they bounced the 
ball or used the hula-hoops on their arms. In the last weeks with 
the exercises progressive, subjects did exercises either walking or 
running throwing small balls for the subject who accompanied her 
(exercise in pairs). In agility exercises we emphasized changing 
direction and velocity and changes in postures (for example, subjects 
began the agility circuit seated, they should walk or run between 
cones and hurdle runs, they needed to flex the knees to touch a 
cone in the floor and finalize the agility circuit seated). In section 
three, subjects performed proprioception and balance exercises on 
stable and unstable surfaces (bosu, proprioceptive disc, balance 
boards, tires) in dynamic positions (performed in gait in tandem 
on different surfaces) and quiet positions. The quiet position was 
done by varying the base of support (feet separated, both feet 
together, semi tandem and tandem position, single leg stance), 
and was associated or not with trunk movements (for example: 
women should do rotation of trunk while they needed to be quiet 
in a bosu). In postural exercises, muscle activity of the abdomi-
nals were important to get a better posture and balance; the Swiss 
ball, bosu and proprioceptive discs were used. Subjects remained 
1 minute and 30 seconds on each base: 30 seconds performing 
each exercise and 1 minute of rest before the next. Therefore, 
they performed three complete circuit sets, totaling 15 minutes. 
The training load of functional circuit training was determined as 
well as functional training using the subjective stress scale Borg’s 
scale19, with reference to intensities 12 to 13 (moderate intensity).

Statistical Analysis

Levene’s test was used to analyze data homogeneity. To compare 
the average relative differences between groups (Δ%), one-way 
ANOVA was used and if a significant difference between groups 
was observed then a Tukey post-hoc test was conducted. Linear 
mixed models were used to compare the different training 
modalities. When a significant difference or interaction was 
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observed, a Tukey post-hoc test was performed. For all measured 
variables, the estimated sphericity was verified according to 
the Mauchly’s W test and the Greenhouse–Geisser correction 
was used when necessary. The effect size was calculated for 
all variables (ES). All analyses were performed using BioEstat 
(version 5.0) statistical software. The significance level was set 
at 5%. The general physical fitness index was calculated (GPFI) 
according to the proposal of Zago and Gobbi23.

Results

Table 1 presents the mean values of age, height, fat mass and 
functional fitness at baseline in the different groups analyzed. 
It can be seen that there were statistical differences only in 

strength and cardiorespiratory capacity in the functional train-
ing group.

Table 2 presents the changes in the functional fitness values 
after the 8-week-training protocols. There was a main effect of 
time for coordination (F = 26.528; p<0.001, ES = 0.32), with 
a statistically significant interaction (F = 4.520, p = 0.003), 
however there were no differences between groups (F = 0.851, 
p = 0.499). For flexibility, there were no main effects of time 
(F = 0.078; p = 0.781, ES = 0.001), differences between groups 
or interaction (p>0.05).

For strength, there was a main effect of time (F = 9.264; 
p = 0.004, ES = 0.14), but there were no differences between 
groups or interaction (p>0.05). For agility, there was a main 
effect of time (F = 47.513; p<0.001, ES = 0.45), however, there 
were no differences between groups or interaction (p>0.05).

Table 1. General characteristics of the groups at baseline.

Variables Control (n = 16) Aerobic (n = 9) Concurrent  (n = 9) Multimodal (n = 14) Functional (n = 14) p-value

Age (years) 59.1±4.9 63.3±7.1 59.0±6.6 58.3±3.6 59.0±4.9 0.2
Height (cm) 154.5±6.1 155.9±4.2 155.6±7.4 156.1±5.4 156.0±5.6 0.9
Weight (kg) 68.4±12.3 65.4±7.4 68.1±6.0 68.6±13.4 66.7±10.2 0.9
BMI (kg/cm2) 28.61 ±4.78 26.93±2.97 28.96±3.28 28.06±4.78 27.33±3.41 0.8
Fat mass (kg) 31.0±9.3 33.3±12.5 31.6±4.0 31.6±9.6 29.6±7.6 0.9
Fat mass (%) 44.4±6.2 45.0±3.1 46.5±5.0 45.3±6.2 43.8±5.5 0.8
Coordination (sec) 11.0±2.1 10.4±1.4 11.4±1.8 11.0±1.7 12.8±2.9 0.1
Flexibility (cm) 46.0±10.9 54.4±12.4 49.1±7.3 47.6±13.1 51.2±11.0 0.4
Strength (rep) 22.4±4.3 20.6±3.0 22.3±4.1 23.0±3.4 17.4±3.9 acd 0.002
Agility (sec) 23.2±2.5 23.8±4.3 23.4±2.8 23.5±2.6 23.3±3.6 0.9
Cardiorespiratory 
capacity (sec) 524.2±55.6 501.7±47.8 513.0±35.5 501.4±33.3 469.8±37.9a 0.022

Tukey’s post-hoc test with p-value < 0.05 compared to the control group; b = Tukey’s post-hoc test with p-value < 0.05 compared to the concurrent group; 
c = Tukey’s post-hoc test with p-value < 0.05 compared to the multimodal group.

Table 2. Characteristics of the participants before and after the exercise program in different capacities.

Variables Control (n = 16) Aerobic (n = 9) Concurrent (n = 9) Multimodal (n = 14) Functional (n = 14)

Pre Post Pre Post Pre Post Pre Post Pre Post

Coordination (sec)
11.0 10.1 10.4 10.5 11.4 10.3 11.0 8.9 12.8 9.4

± ± ± ± ± ± ± ± ± ±
2.1 2.8 1.4 2.3 1.8 0.7 1.7 1.1 2.9 2.1

Flexibility (cm)
46.0 48.9 54.4 52.3 49.1 51.8 47.6 50.1 51.2 48.9

± ± ± ± ± ± ± ± ± ±
12.3 8.0 12.4 13.4 7.3 10.4 13.1 9.5 11.0 7.0

Strength (rep)
22.4 22.6 20.6 20.3 22.3 23.9 23.0 24.4 17.4 22.4

± ± ± ± ± ± ± ± ± ±
4.3 2.9 3.0 3.1 4.1 2.8 3.4 2.6 3.9 4.8

Agility (sec)
23.2 22.9 23.8 20.5 23.4 21.3 23.5 20.5 23.3 19.7

± ± ± ± ± ± ± ± ± ±
2.5 2.8 4.3 3.6 2.8 3.4 2.6 2.1 3.6 2.7

Cardio. Capacity 
(time/sec)

524.2 518.4 501.7 467.9 513.0 481.9 501.4 483.5 469.8 456.1
± ± ± ± ± ± ± ± ± ±

55.6 46.2 47.8 41.4 35.5 42.1 33.3 33.0 37.9 37.4
Values are expressed as mean ± standard deviation. Statistical difference over time, *p<0.05; **p<0.001. a = Tukey’s post-hoc test with p-value < 0.05 compared 
to the control group; b = Tukey’s post-hoc test with p-value < 0.05 compared to the multimodal group.
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Table 4 General Physical Fitness Index (GFFI) according to the proposal of Zago and Gobbi, 2003 with normative values for postmenopausal 
woman proposed by Neves, Fortaleza, Rossi, Diniz, Buonani, Ferreira & Freitas Júnior, 2016

Variables Control (n = 16) Aerobic (n = 9) Concurrent (n = 9) Multimodal (n = 14) Functional (n = 14)

Pre Post Pre Post Pre Post Pre Post Pre Post
Coordination (sec) 61 85 57 79 61 83 61 86 59 83
Flexibility (cm) 50 57 49 54 51 55 53 58 50 55
Strength (rep) 70 79 64 74 66 77 67 78 68 77
Agility (sec) 67 83 59 78 64 82 69 85 63 83
Cardiovascular Capacity (sec) 57 70 59 69 59 71 60 73 59 71
Moment Total Class Total Class Total Class Total Class Total Class
Pre 305 Good 288 Regular 301 Good 310 Good 299 Regular
Pós 374 Good 354 Good 368 Good 380 Good 369 Good

According to Zago and Gobbi (2003), a value of 0 to 100 is assigned for the result of each variable, and these are then summed for the attributes coordination, 
flexibility, strength, agility and cardiorespiratory capacity, resulting in a single value. Very weak 0–100; Weak 101–200; Regular 201–300; Good 301–400; Very 
good 401–500

For cardiorespiratory capacity, there was a main effect of time 
(F = 32.179; p<0.001, ES = 0.36), with a statistically significant 
interaction (F = 2.834, p = 0.033) but there were no differences 
between groups (F = 0.764, p = 0.533).

Table 3 presents the relative mean differences between 
groups (Δ%) after 8 weeks of training and the comparisons 
between the groups.

Statistically significant differences were observed between 
the functional training group and control group regarding co-
ordination (p = 0.006) and there were significant differences in 

strength when comparing the functional, aerobic, multimodal 
and control groups (p = 0.005). Agility was decreased in the 
aerobic, multimodal and functional training groups in relation 
to the control group (p = 0.005). There were no statistically sig-
nificant differences in flexibility (p = 0.417) or cardiorespiratory 
capacity (p = 0.063) between the different training programs 
conducted. Table 4 presents the General Physical Fitness Index 
(GPFI) with normative values for postmenopausal woman.

The GPFI demonstrates the changes in the different groups 
after the intervention.

Table 3. Comparison between groups in the relative different capacities (Δ%).

Variables Control (n = 16) Aerobic (n = 9) Concurrent (n = 9) Multimodal (n = 14) Functional (n = 14) p-value
Δ-Coordination 8 -1 10 19 27a 0.006
Δ-Flexibility 6 -4 5 5 -4 0417
Δ-Strength 1 -1 7 6 29a,b,c 0.005
Δ-Agility 1 14a 9 13a 15a 0.005
Δ-Cardiovascular capacity 1 7 6 4 3 0.063

a = Tukey’s post-hoc test with p-value < 0.05 compared to the control group; b = Tukey’s post-hoc test with p-value < 0.05 compared to the aerobic group; 
c = Tukey’s post-hoc test with p-value < 0.05 compared to the multimodal group.

Discussion

The objective of this study was to compare different modalities 
of training on coordination, flexibility, strength, agility, and 
cardiorespiratory capacity in women over 50 years of age and 
to investigate which training program is more effective for pro-
moting significant improvements in physical fitness. The main 
finding of this study was that functional training demonstrated 
the greatest number of significant changes when compared to the 
other groups. In addition, for the variables coordination, strength, 
agility and cardiorespiratory capacity, there was a main effect of 
time, and for the variables coordination and cardiorespiratory 
capacity there was a statistically significant interaction.

Agility is defined as a rapid whole-body movement with 
changes in velocity or direction in response to a stimulus24, having 
a close relation with reduction in falls25. Aerobic, strength, flex-
ibility and balance training programs are regularly recommended 
to decrease falls26,27. Besides the importance of developing this 

capacity, the presented data is in line with the results of other studies 
that investigated the effects of exercise in improving agility10,28.

Regarding coordination, exploration of this capacity was 
included in the protocols of both the multimodal and functional 
exercise groups, which was not true of the aerobic and concur-
rent interventions, thus justifying the findings. Physical activity 
is associated with better coordination as noted in participants 
of long-term programs26, however, the data presented in the 
present study demonstrates that short-term interventions can 
also be successful for this capability. It seems that the type of 
activity influences this variable.

For the variable cardiorespiratory capacity, only the functional 
training group did not demonstrate a significant response, even 
though functional training was conducted in circuit form. This 
group showed significant differences at baseline when compared 
to the other groups, presenting the highest level of cardiorespira-
tory capacity, which may have influenced the non-significance 
of the results after the intervention.
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Regarding relative strength, it is important to note that the 
specificity of the strength test involved in the AAHPERD bat-
tery has a strong influence on strength endurance, a situation 
exploited by the intervention strategy with functional training 
exercises that approximated the related movements with the 
test. The AAHPERD battery has another limitation as the test 
does not assess the strength of the lower limbs. Furthermore, 
the low values observed at the initial moment in the functional 
group may have influenced the significance found among the 
other groups.

Both strength and cardiorespiratory capacity are shown to 
decline with aging1,2 because a decrease in muscular strength 
and number and size of type II fibers accompanies a decline 
in muscle mass related to age29. In relation to progressive ag-
ing, cardiopulmonary capacity is associated with biochemical 
changes in the muscle cells, including a reduction in skeletal 
muscle cells and decrease in the myosin heavy chain I and IIa 
fibers and muscle oxidative capacity of the damaged muscle30.

When comparing the relative differences between exercise 
protocols (Table 3), the functional training group presented greater 
improvement values compared to the other groups regarding 
coordination, strength and agility, these values are significantly 
better than the control group for the variables coordination (27% 
improvement) and agility (15% improvement). Functional training 
also presented greater improvements than the control, aerobic 
exercise and concurrent training groups for the variable strength 
(29% improvement). The multimodal (12% improvement) and 
aerobic training groups (14% improvement) presented signifi-
cantly higher values than the control group for agility.

Table 4 shows the rating of the overall physical fitness index, 
where the aerobic and functional groups changed from a regular 
rate to a good rate, while the control group maintained a regular 
rate in both evaluations.

The present study compared different training strategies and 
demonstrated that exercise promoted improvements in physi-
cal fitness. Furthermore, functional training proved to be more 
efficient for improving physical fitness than the other groups.

The use of indirect evaluation is a limitation of this study. 
Furthermore, the number of participants and the non-random-
ization between groups is another important limitation.

However, the findings highlighted here—this being one of 
the first studies to use different training protocols to compare 
the effects of different stimuli on the functional fitness of older 
women—demonstrate the potential of exercise to attenuate the 
decline in functional fitness.

Conclusion

Functional training was demonstrated to be more effective at 
promoting significant improvements in physical fitness than the 
other investigated exercise protocols.

These findings are of great value as the functional decline 
caused by aging is an important problem for this population, 
and the main study proposal was to compare four types of 
exercise interventions.
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