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Effects of strength and flexibility training on 
functional performance of healthy older people*

Efeitos do treinamento de força e flexibilidade no desempenho funcional de 
idosos saudáveis*

Rafaella R. Locks1,2, Tatiana C. Costa3, Soraia Koppe4, Anelize M. Yamaguti5, Maurício C. Garcia6, Anna R. S. Gomes2,6

Abstract

Objective: To evaluate the effects of stretching and/or resistive exercise, followed by detraining, on the functional status of older people. Methods: 
Forty-five subjects were divided into four groups: control (CG; n=13; 66±6 years), stretching (SG; n=10; 69±6 years), resistive exercise (RG; 
n=13; 69±5 years), and resistive exercise and stretching (RSG; n=9; 66±5 years). The CG did not perform any exercise. The SG, RG, and RSG 
had warm-up sessions prior to performing lower-body exercises twice a week. The SG performed 4 repetitions of stretching. Resistive exercise 
was performed at a load of 65% of 10 repetitions maximum (RM) for five weeks, 70% for the next four weeks, and 75% for the last three weeks 
of the program. The RSG performed both exercises. Cardiorespiratory capacity was evaluated using the 6-minute walk test (6MWT) at baseline, 
at the six- and 12-week follow-ups, and after a six-week period of detraining. Lower limb muscle strength was assessed using the stand up 
from a chair and sit down test (SUCSD), and blood pressure was measured using a sphygmomanometer and a stethoscope. The results were 
analyzed using ANOVA (p≤0.05). Results: Six weeks of training increased walking distance (6MWT) in the RG and decreased SUCSD time in 
the SG. However, detraining increased systolic blood pressure (SBP) in the RG compared to the SG. Diastolic blood pressure (DBP) decreased 
after six weeks in the RSG and 12 weeks in the SG. Conclusions: Six weeks of stretching or resistive training can improve the functional status of 
older people. Nevertheless, DBP decreased after six weeks with the combination of resistive exercise and stretching. Detraining increased SBP 
when resistive exercise alone was used.
Trial registration ACTRN12610000597099.

Keywords: aging; muscle strength; physical therapy; blood pressure; movement; rehabilitation. 

Resumo

Objetivo: Avaliar os efeitos do alongamento e/ou exercício resistido e destreinamento na performance funcional de idosos. Métodos: Quarenta 
e cinco sujeitos foram divididos em 4 grupos: controle (CG; n=13; 66±6 anos), alongamento (SG; n=10; 69±6 anos), resistido (RG; n=13; 69±5 
anos), e resistido e alongamento (RSG; n=9; 66±5 anos). O CG não realizou exercícios. Os grupos SG, RG e RSG realizaram aquecimento 
seguido de exercícios para membros inferiores 2 vezes por semana. O SG realizou 4 repetições de alongamento. O exercício resistido foi 
realizado com carga de 65% de 10 repetições máximas (RM) durante 5 semanas, 70% nas 4 semanas seguintes e 75% nas últimas 3 semanas. 
O RSG realizou ambos os exercícios. Antes, após 6, 12 semanas, e após 6 semanas de destreinamento, a aptidão cardiorrespiratória foi 
avaliada usando o teste dos seis minutos de caminhada (6MWT), a força muscular dos membros inferiores pelo teste de sentar e levantar de 
uma cadeira (SUCSD) e pressão arterial sistêmica pelo esfigmomanômetro e estetoscópio. Os resultados foram comparados pela ANOVA 
(p≤0,05). Resultados: Seis semanas de treinamento aumentaram a distância percorrida (6MWT) do RG e diminuíram o tempo do SUCSD no SG. 
No entanto, RG aumentou a pressão arterial sistólica (SBP) após o destreinamento comparada com o SG. A pressão arterial diastólica (DBP) 
diminuiu após 6 semanas para o RSG e 12 semanas para o SG. Conclusões: Seis semanas de alongamento ou treinamento resistido melhorou 
o desempenho funcional dos idosos. Porém, a DBP diminuiu após 6 semanas, com a associação do exercício resistido com o alongamento. 
Já o destreinamento, aumentou a SBP em idosos que treinaram exercício resistido isolado.
Registro de ensaio clínico ACTRN12610000597099.

Palavras-chave: idoso; força muscular; fisioterapia; pressão arterial; movimento; reabilitação.
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Strength and flexibility training in functional performance of older people

Introduction 
There are a number of structural and functional 

changes that occur in humans with the aging process. 
These changes result in a decline in physical activity and 
eventually a reduction in functional capacity. Among the 
age-related changes, the ones that contribute the most 
to loss of functional autonomy are reductions in muscle 
strength, flexibility, and cardiorespiratory capacity1,2.

Muscle stretching combined with resistive exercises per-
formed three times a week has been described as the best 
intervention to decrease or prevent loss of muscle mass, 
strength, mobility, balance, and flexibility in older people3-7. 
These exercises have also been shown to improve the func-
tional capacity of older adults even when performed in 
isolation8. Other beneficial effects of resistive training are 
reduced blood pressure at rest9,10, improved cardiorespira-
tory capacity11,12, and reduced body fat13. The results of a 
long-term follow-up study suggested that older people who 
continued to exercise after a year had significantly greater 
improvement in strength immediately after the interven-
tion, compared to those who discontinued the resistance 
program7. However, it still has not been determined whether 
resistive exercise combined with stretching exercise can lead 
to greater improvement in functional and cardiorespiratory 
capacity in older people compared to resistive or stretching 
exercise alone. 

The optimal frequency and intensity of resistive training 
remain undefined, as do the potential benefits of combin-
ing resistive and stretching exercises to maintain functional 
gains in older people after detraining. Therefore, the aim of 
this study was to evaluate the effects of progressive resistive 
exercise, stretching or a combination of both on the func-
tional status of healthy older people after interventions and 
after detraining.

Methods 

Study design and setting

This study was an experimental controlled clinical trial 
with convenience distribution. Ethical approval was obtained 
from the Human Research Ethics Committee of Universidade 
Federal do Paraná (UFPR), Curitiba, PR, Brazil (Reference No.: 
CAAE 0021.0.091.000-08). Written informed consent was ob-
tained from all participants. The study was developed at the 
UFPR, Coast Sector and Physical Therapy’s Clinic School in 
Matinhos, PR, Brazil.

Recruitment
Participants were recruited at meetings organized by the 

Municipal Health Office of Matinhos, PR, Brazil. Participants 
were invited to attend meetings through local radio and local 
community groups. 

Eligibility criteria

The study included men and women over 60 years of age 
in a stable condition who were Brazilian National Health 
System (SUS) users; who had medical clearance to perform 
the proposed exercises; and who had not participated in any 
regular physical activity over the last six weeks. The exclusion 
criteria were: joint injury or surgery; cardiac disease; cancer; 
neuropathies; use of prostheses; systolic blood pressure (SBP) 
over 120  mmHg and diastolic blood pressure (DBP) over 
80 mmHg at rest; no medical clearance to participate; partici-
pation in another structured exercise program more than once 
a week during the last six weeks; contraindications for exercise 
in accordance with the Brazilian Hypertension Guidelines 
(Diretrizes Brasileiras de Hipertensão)14; severe functional 
limitations or significant cognitive impairment that could af-
fect adherence to the program.

Group assignment

The participants elected one of the four treatment groups 
to which they would be allocated: control (CG), stretching (SG), 
resistive (RG), and resistive and stretching (RSG). The initial 
sample consisted of 83 older individuals but, over the course of 
the study, 38 participants were excluded for the following rea-
sons: dyspnea during assessment (1 from the CG), performing 
other physical activities while taking part in the study (3 from 
the CG, 2 from the RG), presence of painful varicose veins in 
lower limbs (2 from the RSG), a fractured humerus as the result 
of a fall during the training period (1 from the RSG), resting 
DBP of 120 mmHg in the first assessment (1 from the RSG), 
attendance of less than 60% of the exercise sessions (2 from the 
SG, 4 from the RG, 2 from the RSG)14 and failure to attend one 
or more of the assessments (18 from the CG, 2 from the RG), as 
shown in Figure 1.

Forty-five healthy older individuals (25 female; 20 male; 
67.5±2 years old) completed the protocol: the CG (66±6 years 
old; n=13) attended a one-hour seminar on healthy living 
every four weeks and did not perform any physical or thera-
peutic exercise over the trial period; the RG (69±5 years old; 
n=13) performed resistive exercises; the SG (69±6 years 
old; n=10) performed stretching exercises; the RSG 
(66±5 years old; n=9) performed resistive exercises followed 
immediately by stretching.
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Exercises were performed under the supervision of a 
physical therapist and three physical therapy students at 
UFPR. The exercise sessions were conducted twice a week at 
regular times for a total of 24 sessions of approximately 55 
minutes each. Participants attending at least 60% of the ses-
sions were considered to be active in the study15. 

The anthropometric variables evaluated were height 
and weight16,17. Blood pressure was measured in accordance 
with the 6th Brazilian Hypertension Guidelines (Diretrizes 
Brasileiras de Hipertensão)14 by the stethoscopic method, 
using a sphygmomanometer (Solidor) and stethoscope 
(Premium) prior to the beginning of each testing session. 
An appropriate-sized cuff (cuff bladder encircling at least 
80 percent of the arm) was used to ensure accuracy. SBP 
was the point at which the first of two or more sounds was 
heard (phase 1 Korotkoff ), and DBP was the point before the 
disappearance of sounds (phase V Korotkoff )14. All assess-
ments were conducted in the afternoon.

6-Minute Walk Test (6MWT)

Participants were instructed to walk for 6 minutes 
around a marked 20-meter track (9 meters in length x 1 
meter in width). Participants were encouraged to walk 
continuously at a comfortable pace but with the aim 
to cover as much ground as possible in 6 minutes. The 

distance covered was measured in meters with the use of 
a tape measure17.

 Lower limb function

Lower limb strength was evaluated by the stand up from a 
chair and sit down test (SUCSD). Participants were instructed 
to stand up from a chair and sit down five times as quickly as 
possible. The time taken to perform this test was recorded 
using a digital stopwatch (Herweg)18. The test was performed 
three times, and the results were expressed as the mean be-
tween trials.

Experimental procedure

Warm-up Protocol 
A 10-minute warm-up session was performed at the 

start of each session. The warm-up consisted of walking 
and recreational activities to bring variety to the exercise 
sessions19.

Resistive Exercise Protocol 
The ten-repetition maximum (10-RM) technique was 

used to determine the ideal training weight for each par-
ticipant. This test was performed using shin-pads. The 

Figure 1. Study design. Flow of participants throughout the study. 

83 elderly allocated by convenience  

Allocation  

Enrollment  

Control group
 

 

(CG, n=35)

 

Follow-up

Analysis  

13 analyzed  

Stretching group
 

 

(SG, n=12)

 Resistance group
 

 

(RG, n=21)

Resistance and stretching group 
 
(RSG, n=15)

 
 

10 analyzed  13 analyzed  9 analyzed  

22 discontinued intervention:
• Dyspnea during the evaluation 

(n=1)
• Carrying out other physical 

activities while taking part in 
the study (n=3)

• Non-appearance at some 
evaluation (n=18)

2 discontinued intervention:
• Presence at less than 60% of 

the sessions.

8 discontinued intervention:
• Carrying out  other physical 

activities while taking part in 
the study (n=2)

• Non-appearance at some 
evaluation (n=2)

• Presence at less than 60% of 
the sessions (n=4)

6 discontinued intervention:
• Resting diastolic pressure of 

120 mmHg in first evaluation 
(n=1)

• Presence of varicose veins in 
lower limbs (n=2)

• Fractured humerus as the 
result of a fall during the 
training period (n=1) 

• Presence at less than 60% of 
the sessions (n=2)
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10-RM technique evaluates lifting capacity with respect to 
the maximum weight that can be moved 10 times with little 
action of the muscle groups that are not the primary motors 
of the movement under evaluation20. 

The progressive resistive program consisted of 3 sets 
of 8 repetitions performed twice a week for 12 consecutive 
weeks. Strengthening exercises were performed bilaterally 
using weighted shin-pads, and the muscle groups targeted 
were: knee extensors (seated position) and knee flexors 
(standing upright); hip extensors (standing upright) and 
flexors (lying down on back); and the hip abductors and 
adductors (standing upright). The plantar flexors were 
tested and trained in the upright standing position using 
body weight9,20. Training intensity was set at 65% of 10-RM 
for the first 5 weeks, 70% of 10-RM for the next 4 weeks, 
and 75% of 10-RM for the last 3 weeks. Adjustment of the 
10-RM was determined immediately before the third and 
eighth weeks of training21. 

Stretching procedure 
The stretching exercises consisted of a series of four 

repetitions of active static stretching, each lasting 1 min 
and respecting the tension limit of each individual, with 
1 min of relaxation between repetitions. The exercises were 
performed with both limbs twice a week for 12 consecu-
tive weeks. The type of stretching, duration, and number of 
repetitions were adapted from Chan, Hong and Robinson22, 
Feland et al.3, and Taylor et al.23 respectively. The following 
lower limb muscle groups were stretched: knee extensors 
and ankle dorsiflexors in the upright standing position24; 
knee flexors and ankle plantar flexors using a non-elastic 
band in the supine position with extended knee and ankle 
dorsiflexion of the stretched limb, according to the modi-
fied methods of Chan, Hong and Robinson22 and Feland et 
al.3. During knee flexor stretching, the hip and knees of the 
contralateral limb were flexed. 

Statistical analysis

The sample calculation demonstrated the need to in-
clude 16 subjects per group to reach a statistical power 
of 80% and detect a 20% increase in strength25. The data 
collected were presented as means±standard deviation 
(Tables 1 to 3). After that, we calculated the percentage 
of gain between the first and second, second and third, 
and third and fourth assessments. Subsequently, the data 
were submitted to repeated measures analysis of variance 
(ANOVA) followed by Fisher’s post hoc test to compare the 
groups over the four assessments. The significance level 
was set at p≤0.05. 

Results 

6MWT

No differences were found between groups in the 6MWT. 
However, the within-group analysis showed a greater percent-
age gain in the RG after six weeks of training compared to 
the percentage gain after 12 weeks of training (15.53±11.40%, 
481±56 m vs. 418±53 m compared to 2.70±4.79%, 481±56 m vs. 
469±63 m; p=0.006; Table 1).

Lower limb strength

Similarly to the 6MWT, no differences in lower limb strength 
were found among the groups as assessed by the stand up from a 
chair and sit down test (SUCSD). The within-group comparisons 
showed that, in the SG, the percentage gain was greater after six 
weeks of training (14±9.22%, 10.1±1.93 s vs. 8.7±2.04 s) than after 12 
weeks (1.84±16.12%, 8.7±2.04 s vs. 8.6±1.06 s; p=0.008; ANOVA). In 
the RSG, the SUCSD time decreased only after 12 weeks of training 
(7.41±14.99%, 8.66±1.33 s vs. 8±1.22 s) compared to the detrain-
ing period (-19.91±12.97%, 8.00±1.22 s vs. 9.51±1.23 s; p=0.00002; 
ANOVA). Likewise, the CG had a shorter SUCSD time after 12 
weeks of training (6.64±11.21%, 8.8±1.34 s vs. 8.07±1.59 s) than 
after the detraining period (-4.5±9.68%, 8.07±1.59 s vs. 8.38±1.1 s; 
p=0.03; ANOVA). The results are shown in Table 2.

Blood pressure

After detraining, the RG showed a significantly greater increase 
in SBP compared to the SG (-6.95±12.12%,  137±17  mmHg  vs. 
146±21 mmHg compared to 1.10±11.18% 137±22 mmHg 
vs. 134±16 mmHg; p=0.03; ANOVA). In the DBP analysis, af-
ter six weeks of training the RSG had lower values than the 
SG (4.55±7.92%, 79±8  mmHg  vs 75±7 mmHg compared 
to -3.81±11.63%, 83±11 mmHg vs 86±14 mmHg, p=0.003; ANOVA) 
and CG (-5.78±11%, 80±13  mmHg vs 84±11  mmHg, p=0.003; 
ANOVA).. In the SG, DBP decreased only after 12 weeks com-
pared to the RG (6.81±16.62%, 86±14 mmHg vs. 79±13 mmHg 
compared to 3.89±9.17%, 81±8 mmHg vs. 85±11 mmHg; p=0.004; 
ANOVA) and the RSG (-5.45±8.80, 75±7 mmHg vs. 79±8 mmHg; 
p=0.003; ANOVA). The results are shown in Table 3.

Discussion 
The results of this study suggest that after six weeks of train-

ing, the twice-weekly resistive or stretching exercise promoted 
an increase in the cardiorespiratory capacity and lower limb 
strength of older individuals. However, changes in DBP were 
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also identified, with a greater reduction in the RSG, which 
combined resistive and stretching exercise. Nevertheless, de-
training caused an increase in SBP in the participants of the 
RG, which performed only resistive exercise. To date, no other 
studies have evaluated subjects after a short training period 
(six weeks), during detraining, and at a low frequency of train-
ing, i.e. twice a week. 

Alves et al.26 showed improved performance in the 
6MWT and in the SUCSD in older women after a 12-week 
water aerobics program performed twice a week. The pro-
gram included stretching, aerobic exercises, resistive train-
ing of the upper and lower limbs, abdominal exercises, and 
relaxation. The present study shows that the same can be 
achieved with a six-week program of twice-weekly stretch-
ing or resistive exercise and that stretching or resistive exer-
cise can enhance cardiorespiratory capacity and lower limb 
strength in older individuals.

A study found that an active stretching program, performed 
twice a week for 4 weeks, was effective in increasing knee flexor 
and extensor isokinetic torque and functional mobility in older 
women27. In the present study, the SUCSD test was used to 
evaluate lower limb strength, and the results showed that per-
formance time was shorter after six weeks of stretching. This 
outcome is in line with Batista et al.27, showing that stretching 
exercise alone can also increase muscle strength. Accordingly, 
it could be hypothesized that the gain in the 6MWT found in 
the RG might not be attributed to muscle strength because no 
effect was observed in lower limb strength. 

The RSG and CG reduced SUCSD time during detraining 
compared to the third assessment. Therefore, the change in 
muscle strength of the RSG cannot be ascribed to the effect 
of exercise as this increase was also seen in the CG. However, 
the combination of resistive exercise and stretching of the RSG 
caused a decrease in DBP after six weeks while the SG only 
showed a reduction after 12 weeks of training. Additionally, the 
RG had an increase in SBP after the detraining period. 

It could be assumed that the gain in cardiorespiratory ca-
pacity (6MWT) in the RG contributed to the maintenance of 
the SBP during the training program but it was not sufficient 
to maintain it after detraining. It has been reported that 
short-term strength training improves cardiovascular 
function in healthy middle-aged and older adults but it can be 
lost after four weeks of detraining28.

A reduction in blood pressure can be one of the effects 
of resistive training10,29. Reduced DBP was found in the RSG 
and SG after six and 12 weeks of training, respectively. The 
decrease found in the RSG cannot be credited to the car-
diorespiratory (6MWT) and muscle strength (SUCSD test) 
gains because no effect was found. However, the reduction in 
DBP of the SG could be ascribed to the muscle strength gain 

Table 1. Walking distance in meters (m) by groups in the six-minute walk 
test (6MWT) before (pre-training), after six (post-6) and 12 (post-12) weeks of 
training, and after six weeks of detraining (post-detraining). 

Values are mean±SD. CG=control group; SG=stretching group; RG=resistive exercise group; 
RSG=resistive exercise and stretching group. *p=0.006 when compared to post-12. 

6MWT (m) Pre-training Post-6 Post-12 Post-detraining
CG 400±79 418±69 449±81 447±125
SG 389±62 444±78 446±80 451±194
RG 418±53 481±56* 469±63 492±107
RSG 421±52 446±50 454±63 426±43

Table 2. Time of performance in seconds (s) in the SUCSD of the groups 
before (pre-training), after six (post-6) and 12 (post-12) weeks of training and 
after six weeks of detraining (post-detraining). 

SUCSD (s) Pre-training Post-6 Post-12 Post-detraining
CG 9.61±2.33 8.8±1.34 8.07±1.59+ 8.38±1.1
SG 10.1±1.93 8.7±2.04* 8.6±1.06 9.33±1.96
RG 10.05±1.67 8.71±1.5 8.2±1.41 8.53±1.49
RSG 10.33±1.86 8.66±1.33 8±1.22# 9.51±1.23

Values are mean±SD. CG=control group; SG=stretching group; RG=resistive exercise group; 
RSG=resistive exercises and stretching group. +p= 0.03 in comparison to post-detraining 
(ANOVA). *p=0.008 when compared to post-12 (ANOVA). #p=0.00002 when compared to post-
-detraining (ANOVA).

Table 3. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) 
of groups before (pre-training), after six (post-6) and 12 (post-12) weeks of 
training, and after six weeks of detraining (post-detraining). 

Values are mean±SD. CG=control group; SG=stretching group; RG=resistive exercise group; 
RSG=resistive exercise and stretching group. *p=0.03 compared to the SG (ANOVA). +p<0.004 when 
compared to the RG and RSG (ANOVA). §p=0.003 compared to the CG and SG.

Pre-training Post-6 Post-12 Post-detraining
SBP (mmHg)

CG 132±18 131±17 140±22 141±23
SG 140±27 137±23 137±22 134±16
RG 141±13 135±15 137±17 146±21*
RSG 129±8 125±9 128±17 130±16

DBP (mmHg)
CG 80±13 84±11 82±13 82±8
SG 83±11 86±14 79±13+ 82±11
RG 81±6 81±8 85±11 88±16
RSG 79±8 75±7§ 79±8 78±9

(SUCSD test). It has been described that the level of muscle 
strength has an inverse relationship to the blood pressure 
response to exercise10. These outcomes suggest that stretch-
ing had an important role in the reduction of DBP because 
resistive exercise alone was only sufficient to maintain blood 
pressure during six weeks of training, but the combination 
with stretching reduced DBP.

Studies on the effects of stretching exercises on the car-
diovascular system are limited. However, one study recently 
found an increase in SBP after acute passive stretching 
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sessions30. In contrast, another study reported lower DBP 
when the stretching program was performed regularly31. 
The authors discussed this outcome for the use of relaxation 
procedures based primarily on muscle stretching exercises 
to decrease muscle tension and cardiovascular rates. Thus, 
the current findings provide indications that the autonomic 
nervous system may be involved in the effects of stretching 
exercises when regularly performed.

The literature often describes the effects of stretching ex-
ercise programs on flexibility, range of motion, and mobility 
but not on the cardiovascular system. Moreover, some studies 
have used stretching as a control, neglecting its cardiovascular 
effect32,33. Therefore, the outcomes of this study indicate that 
stretching should not be ignored in the investigations about 
the cardiovascular system.

The limitations of this study include convenience sample 
distribution and small sample size due to drop outs, which 
may have reduced the power of inference and generalization 
of the data. Factors that could have assisted in explaining 
the findings of this study but were not assessed include: peak 

torque, lower limb isometric muscle strength, and hemody-
namic assessments. The outcomes used in this study, includ-
ing the 6MWT and the SUCSD, were selected for use in this 
study because they have been shown to be valid and reliable 
in assessing older adults34-36.

The conclusion of this study is that progressive resistive or 
stretching training was effective in improving the functional 
performance of older people. Other benefits to exercising as 
identified in this study included a decrease in DBP in the RSG 
detected earlier (six weeks) than in the RG (12 weeks). Future 
research is required to determine the exact mechanisms re-
sponsible for the improvement in blood pressure after resis-
tive and/or stretching exercises such as the increase in blood 
pressure observed after detraining when resistance exercises 
were performed alone.

The present study has made a substantial contribution to 
the prescription of exercises by physical therapists to older 
people. It highlights the improvements that can be obtained 
when a twice-weekly stretching or resistive training program is 
performed, alone or combined, for six weeks.
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