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Introduction

Aging is characterized by a decreased physical capacity, func-
tional decline and mobility limitation. These limitations may 
be explained in part by age-related neural and muscular system 
alterations1. A reduction in muscular fiber size occurs (atrophy), 
especially in the fast twitch fibers2. In addition, neural alterations 
such as, increased co-activation of the antagonist muscles and 
reduction on the recruitment and synchronism of the motor units 
are observed1. All together these alterations causes a decrease in 
strength3 and power4 which may result in difficulties to perform 
daily activities5.

Strength and muscular power are considered predictors 
of functionality, specifically in older adults. Ascending and 
descending from stairs, as well as rising up from a chair, are 
tasks that require relative efforts ranging from 78 % to 88% 
of maximal torque capacity of older adults, almost double 
the generation required compared to young persons6. Rather 
than strength, muscle power has been strongly associated with 
tasks such as rising up from a chair. Depending on seat height, 
high angular velocities are required (122 to 186 º/s-1 and 141 
to 224º/s-1 e.g. for knee and hip joints, respectively)7, requiring 
fast muscle contractions

Practicing regular physical exercise may preserve functional 
capacity and the functionality of the aged population as well as 
mitigate the negative effects of aging8. Water-based exercises 
have been recommended to this population due to specific water 
properties that may maintain or improve functional movement9.

In this view, water viscosity increases drag and creates dif-
ficulty to move the body through the water when exercising, 
that may result in improved muscle strength and also the rate 
of torque development10. Additionally, when combined with 
turbulence, the buoyancy forces cause instability and may be a 
stimulus to develop balance11. Deep-water running (DWR) is one 
form of water based exercise that is performed using a floatation 

device in which there is no foot contact with the bottom of the 
swimming pool, requiring greater hip and knee range of mo-
tion12 and also greater muscle activity of lower limbs, hip and 
trunk13. Studies have demonstrated the effectiveness of DWR 
in the aging population through exhibiting an improvement in 
cardiorespiratory fitness14, static and dynamic balance15 and 
strength when combined with resistance training16,17. However, 
to our knowledge, no study has investigated the effects of an 
exclusive DWR program on strength and power in the lower 
limbs muscle of older adults, specifically on the hip flexor and 
extensor muscles, that together with knee muscles are responsible 
for quality of mobility in older people18. Thus, the aim of the 
present study was to determine the effects of a DWR program 
on hip and knee muscles strength, power output and functional-
ity in older women.

Methods

Experimental Design

A pre-test and posttest design was conducted with community-
dwelling old women. All participants partook in 3 nonconsecutive 
days of testing, including assessment of functionality, famil-
iarization with the isokinetic dynamometer and assessment of 
dynamic isokinetic strength. After, participants were allocated 
into either a control group or intervention group in which the 
intervention group completed an aquatic exercise program. The 
program consisted of an 18-week DWR program compromising 
of 2 training sessions per week on nonconsecutive days, lasting 
50 minutes. Subjects of the control group participated in base-
line and post intervention testing sessions and were required to 
maintain their regular habits and refrain from unusual physical 
activities during the period of the study.
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Subjects

Thirty-six women from the community were recruited for 
the study. The Physical Education Department of the Federal 
University of Paraná contacted participants between February and 
March of 2016 through local media, flyers and telephone. The 
program began in April of 2016. The inclusion criteria were: 60 
years old or older, able to live independently in the community, 
present medical release for physical exercise and have no restric-
tions for pool entry (e.g., skin problems); not participating in a 
systematic physical exercise program during the 6 months that 
preceded the study. The exclusion criteria for the study were: the 
use of orthosis, history of labyrinthitis, uncontrolled diabetes, 
neuromuscular or severe osteoarticular diseases. Procedures 

were granted approval by the research ethics committee of the 
Dom Bosco College under the number 1672522.

One participant did not satisfy inclusion criteria due to altered 
balance and thus, was excluded from the study. During the initial 
assessments procedures, three women declined to participate 
due to personal reasons and two due to reporting muscle pain. 
Subsequently, thirty participants engaged in the program and 
were randomly allocated to either the intervention group (DWR; 
n=16) or the control group (CG; n=14). Seven participants from 
the DWR gave up participating due to health problems and four 
from the CG due to personal issues. At the end of the program 
nineteen women were assessed. The experimental design of the 
study is shown in Figure 1.

Figure 1. Schematic representation of participant recruitment and allocation.
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Procedures

Participants attended the laboratory three times to perform the 
initial assessments. On the first day, the level of physical activ-
ity, through the international physical activity questionnaire 
(IPAQ) was assessed, as well as functionality, through a series 
of tests including 4 meter walking test (4MWT),19 five times 
sit-to-stand-test (FTSST), the timed up and go test (TUGT),20 

the six-minute walk test (6MWT)21 and the 10-meter walking 
speed test (10MWST)22. The order of the tests were randomly 
assigned and a rest interval of five minutes between tests was 
given to avoid fatigue effects

On the second day, a familiarization protocol with the iso-
kinetic dynamometer (Biodex Medical Systems Inc., Shirley, 
NY, USA) and procedures of the muscle function test had been 
performed in an attempt to reduce test-learning effects. On 
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the third day, testing of muscular strength and power of the 
dominant lower limb was performed. The peak torque (N), total 
work (J) and average power (W) of the hip and knee flexors 
and extensors were evaluated at angular velocities of 60º/s and 
180º/s, in order to evaluate different muscular demands, such as 
strength and muscle recruitment at the highest angular velocity, 
with the purpose of approaching to activities of daily life. The 
protocol composed of 2 sets of 3 repetitions of hip and knee 
flexion/extension movement in concentric mode, with a 120 
second interval between sets. Data was acquired at a frequency 
of 1000 Hz. In both situations, the participants were verbally 
encouraged to produce ‘the greatest possible effort’. Test order 
was reversed following the proximal/distal orientation of the 
participant to distal/proximal in the following participant. The 
intervals between assessment sessions were 48 hours and all 
tests were repeated after 18 weeks of training.

Water-based exercise program

The DWR program was performed for 18 weeks, two times 
per week (50min/session), totaling 36 sessions, to control the 
program more adequately the participants were divided into 

two groups. In addition, the participants were verbally encour-
aged to achieve the required exercise intensity. Activities were 
conducted in a 25-meter swimming pool, with a depth of 1.35 
meters and water temperature controlled between 28ºC to 30ºC.

The first two weeks consisted of a familiarization period 
with the aquatic environment, the flotation vest and the Borg 
Rating of Perceived Exertion Scale (RPE) (Borg, 1982). Exercise 
intensity was controlled using the RPE, with progressive incre-
ment from 12 to 17 on the Borg scale (6-20 points), according 
to the American College of Sports Medicine’s recommenda-
tions for aerobic exercises8. Each session included a 10-minute 
warm-up, 30 minutes of DWR and a 10 minute cool down 
period. Participants performed exercises at a low intensity, at 
an RPE of 12-13 during the weeks 3-8. Exercise intensity was 
increased by amplifying movement speed during the weeks 9-13 
(RPE 14-15). Finally, during the 5 last weeks, subjects were 
requested to perform exercise using their maximal voluntary 
speed (RPE 16-17). Stretching exercises were performed in the 
last 10 minutes of the session as a cool down activity (Table 
1). The CG was required to maintain their regular activities of 
daily living (ADLs) and physical activities during the period of 
study. At the end of the experimental period they were invited 
to engage in the program.

Table 1 – Progression of the water-based exercise program

Weeks Duration (min) and description of exercise Intensity (RPE)

1-2 50 min of familiarization period with the aquatic environment, the flotation vest and the Borg Rat-
ing of Perceived Exertion Scale -

3-8 10 min warm-up, 30 min of DWR, 10 min cool down 12-13

9-13 10 min warm-up, 30 min of DWR, 10 min cool down 13-15

14-18 10 min warm-up, 30 min of DWR, 10 min cool down 15-17

Statistical analysis

A priori, sample size was calculated using G*Power 3.1 soft-
ware, based on the study of Tsourlou, Benik, Dipla, Zafeiridis, 
Kellis9.To meet parameter assumptions for the ANOVA test, 
95% confidence level, maximum sampling error of 5% and a 
statistical power of 80%, a minimum of 12 participants were 
required. A further, 30% were added for possible data loss or 
refusal to participate and a minimum of 16 constituted the total 
sample (DWR = 8; CG = 8).

A sample power was calculated retrospectively based on 
strength of the knee muscle extensor (DWR: mean=98 N, 
SD= ±22, n=9; CG: mean= 66 N, n=10, SD=27), resulting in a 
sampling power of 94 %. Strength of the Knee extensor muscle 
was used due to relevance of the lower limb strength to perform 
daily living activities such as ascending and descending stairs, 
rising from a chair23 and to avoid falls24. Power analysis was 
calculated using OpenEpi v. 3. Data normality and homogeneity 
of variance were tested using Shapiro-Wilk and Levene tests, 
respectively. To compare initial participants characteristics an 

independent t-test was performed. For comparison between 
group and repeated-measures (pre and post-training periods), 
a mixed design ANOVA with a Bonferroni post hoc were car-
ried out. When differences between-groups were observed in 
the initial values, an analysis of covariance (ANCOVA) was 
applied using the initial data as covariates to compare the data 
of the post-test, disregarding the initial differences. In addition, 
Pearson’s correlation coefficient r was determined to check the 
magnitude of observed effect, considering r=0.10 as small ef-
fect, r=0.30 as medium effect and r=0.50 as large effect25. The 
significance level was set at p<0.05 and all statistical analyses 
were performed using SPSS 22.0 software.

Results

Nine women in the intervention group and ten women in the 
control group took part in this study (DWR: n=09, 64.33±4.24 
years, 75.15±12.53 kg, 160.45±7.52 cm; CG: n=10, 64.40±4.22 
years, 74.46±12.39 kg, 158.88±5.48 cm). All participants 
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performed evaluations before and after the training period. 
No differences were noted in age and initial anthropometric 
characteristics between-groups (p>0.05). The participants were 
classified according to the initial level of physical activity, 
by the international physical activity questionnaire (IPAQ), 
as active 73.68% (DWR: n=6, CG: n=8) and insufficiently 
active 26.31% (DWR: n=3, CG: n=2). Training session mean 
attendance rate was 91.36%

Muscle Function

At an angular velocity of 60º/s, the DWR group presented greater 
peak torque and total work of hip flexors and extensors as well as 
the average power of hip extensors (p<0.05) after intervention. 
There was also a group and time interaction to the total work 
of hip extensors, with a large effect size (F(1,17)=9.102, p=0.008, 
r=0.59). Post intervention, at an angular velocity of 180º/s, an 
increased peak torque, total work and average power of the knee 

flexors in the DWR was observed (p<0.05). There was also a 
group and time interaction to the peak torque, with a medium 
effect size (F(1,17)=4.580, p=0.047, r=0.46), of the total work of 
hip extensors (F(1,17)=5.777, p= 0.028, r=0.50) and average power 
of the hip flexors (F(1,17)=6.872, p=0.018, r=0.53), both with a 
large effect size. The results are shown in table 2.

At an angular velocity of 60º/s, the DWR group displayed 
greater peak torque, total work and average power of knee flexors 
and extensors after the intervention (p<0.05). There was also 
a group and time interaction to the peak torque (F(1,17)=7.075, 
p=0.017, r=0.54) and total work of the knee flexors (F(1,17)=11.304, 
p=0.004, r=0.63), both with a large effect size. At an angular 
velocity of 180º/s, the DWR group post intervention displayed 
an increased peak torque total work and average power of knee 
flexors (p<0.05). There was also a group and time interaction 
to the peak torque (F(1,17)=7.075, p=0.017, r=0.54), total work 
(F(1,17)=6.900, p=0.018, r=0.54) and average power of the hip 
flexors (F(1,17)=8.819, p=0.009, r=0.58), all with a large effect 
size. The results are shown in table 3.

Table 2 – Isokinetic variables for the flexors and extensors of the hip at the angular velocity of 60°/s and 180°/s

ISOKINETIC 
VARIABLES

DWR CG p DWR CG p
ES

PRE POST PRE POST (group*time) ES PRE POST PRE POST (group*time)

60º/seg-1 180º/seg-1

PTEXT (N)
63.6 77.0* 64.7 64.2

0.078 0.41
58.8 72.1* 51.0 49.3

0.047# 0.46
(12.5) (24.0) (16.2) (20.0) (9.5)  (20.7) (8.2) (15.9)

PTFLEx (N)
59.5 69.1* 47.1 52.0

0.388 0.20
50.8 56.5 41.8 41.3

0.182 0.32
(26.0) (25.4) (11.4)  (20.9) (15.5) (15.0) (7.7) (15.5)

TWEXT (J)
187.8 273.7* 218.4 218.7

<0.01# 0.59
177.9 223.6* 167.1 149.2

0.028# 0.50
(34.9) (79.3) (65.5)  (86.0) (44.1)  (50.0) (36.0) (73.2)

TWFLEX (J)
177.4 222.1* 154.9 163.5

0.114 0.37
139.8 188.8* 109.7 130.0

0.235 0.28
(81.4) (100) (44.9)  (76.4) (45.9) (57.1) (23.2) (67.6)

POWEXT (W)
35.7 42.1* 32.5 33.8

0.171 0.32
61.8 78.3* 53.2 51.2

0.074 0.42
(8.2) (13.2) (7.9) (11.0) (16.9) (22.4) (12.9) (26.6)

POWFLEX (W)
32.0 35.1 26.6 27.04

0.214 0.30
48.4 63.6* 41.6 40.6

0.018# 0.53
 (11.5) (12.6) (5.4)  (9.7) (14.5) (22.5) ± 10.39 (17.9)

Note: Data presented as mean (±standard deviation). Legend: PT = peak torque, TW = total work, POW = average power, N = Newton, J = Joules, W = Watts. 
Significance level p < 0.05 (*time effect; #group*time). ES = effect size.

Table 3 – Isokinetic variables for the flexors and extensors of the knee at the angular velocity of 60°/ s and 180°/ s

ISOKINETIC 
VARIABLES

DWR CG p ES DWR CG P
ES

BEFORE AFTER BEFORE AFTER (group*
time) BEFORE AFTER BEFORE AFTER (group*

time)

60º/seg-1 180º/seg-1

PTEXT (N)
87.7 a 98.4* 63.9 a 66.1

0.199 0.94
60.3 a 65.2 46.1 a 50.5

0.919 0.87
(20.7) (22.6) (19.2) (27.8) (10.5) (11.4) (14.1) (16.4)
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Discussion

The main findings of the current study was that 18 weeks of a 
DWR program was able to improve strength and power of the 
hip and knee extensor and flexor muscles in comparison with 
a control group. Additionally, participants showed improved 
performance in all functional tests. Furthermore, moderate 
and large effect sizes were found for the entire group and time 
interaction statistical differences, which reinforces the relevance 
of the results

Due to differences in training program contents and methods 
of strength assessment it is difficult to compare the strength 
gains observed in the present study with those of other studies. 
In addition, no study has assessed strength of the hip extensors 

and flexors muscle after DWR. Meredith-Jones, Legge, Jones16 
reported isokinetic peak torque increases of 32% and 33% for 
knee extensors and flexors muscles respectively, however the 
exercise program combined DWR with 90 seconds of specific 
strength exercises for the upper and lower limbs. The results 
of the current study were lower, yet significant (12%) for the 
knee extensors and similar for knee flexors (33%) at angular 
velocities of 60º/s-1 and (39%) at 180º/s-1.

Reichert, Kanitz, Sudatti, Carvalho, Machado, Martins26 
compared the effects of an interval DWR with a combination 
of endurance training plus strengthening exercises of the lower 
limbs. They found a lower strength improvement compared 
to those of the present study (6%) after DWR and (9.9%) 
after concurrent training of the knee extensor muscles group, 

PTFLEX (N)
58.6 78.0* 66.7 69.4

0.017# 0.54
39.4 55.1* 47.5 48.91

0.016# 0.54
(16.0) (22.1)  (17.8) (18.3) (8.7) (12.2) (10.6) (12.7)

TWEXT (J)
295.5 a 342.3* 217.3 a 228.6

0.146 0.94
221.0 a 250.7 152.8 a 171.2

0.633 0.82
 (82.8) (93.5) (67.4) (100.3) (48.3) (54.5) (57.7) (73.1)

TWFLEX (J)
211.7 280.8* 226.2 229.6

0.004# 0.63
140.6 210.3* 162.7 171.7

0.018# 0.54
(54.0) (85.3) (39.7) (61.6) (32.5) (50.1) (31.8) (55.4)

POWEXT (W)
50.2 a 60.8* 38.7 a 41.1

0.052 0.91
96.0 a 109.8 67.3 a 73.9

0.493 0.83
(11.7) (17.7) ( 12.0) (16.0) (17.2) (24.0) (29.4) (33.6)

POWFLEX (W)
35.6 46.7* 39.2 41.1

0.057 0.44
59.1 88.0* 71.1 71.2

<0.01# 0.58
(10.5) (15.7) (9.1) (11.9) (13.4) (23.6) (17.8) (24.4)

Note: Data presented as mean (±standard deviation). Legend: PT = peak torque, TW = total work, POW = average power, N = Newton, J = Joules, W = Watts. 
Significance level p < 0.05 (*time effect; #group*time). a = ANCOVA. ES = effect size.

Functionality

 After the intervention, the DWR group presented greater gait speed, 
five-repetition sit-to-stand tests, timed up and go test, 10-meter 
walking speed test and (p<0.05). The CG presented a reduction in 
the distance traveled on the 6MWT after the period between the 

tests (p<0.05). There was also a group and time interaction to the 
gait speed (F(1,17)=12.167, p=0.003, r=0.64), TUGT (F(1,17)=8.649, 
p=0.009, r=0.58), 10MWST (F(1,17)=7.237, p=0.015, r=0.65) e 
6MWT (F(1,17)=20.496, p=< 0.01, r=0.74), all with a large effect 
size, in which the DWR presented greater results in comparison 
to the CG in the post-test. The results are shown in table 4.

Table 4 - The functional performance tests.

DWR
%

CG
% P (group* time) ES

BEFORE AFTER BEFORE AFTER

4MWT (m/s) 1.1 (0.1) 1.6* (0.2) 43.9 1.3 (0.2) 1.3 (0.1) 5.3 0.003# 0.64

FTSST (s) 9.3 (0.8) 8.5* (1.2) -8.9 9.0 (1.4) 8.9 (0.9) -0.6 0.06 0.44

TUGT (s) 6.5 (0.7) 5.8* (0.4) -10.9 6.3 (0.8) 6.2 (1.0) -0.3 <0.01# 0.58

10MWST (s) 3.5 (0.4) 3.0* (0.2) -14.4 3.5 (0.2) 3.4 (0.4) -3.3 0.015# 0.65

6MWT (m) 555.5 (63.0) 597.8* (53.2) 7.6 546.8 (51.6) 526.1* (50.1) -3.7 <0.01# 0.74

Note: Data presented as mean (standard deviation). Legend: FTSST- Five times-sit-to-stand-test, TUGT= Timed Up and Go test, 10MWST = 10-Meter Walking 
Speed test, 6MWT = Six-Minute Walk test, m/s = meters/second, s = second, m = meters. Significance level p < 0.05 (*time effect; #group*time). ES = effect 
size.
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however no differences were observed for the knee flexors. 
In our study, a higher rate of improvement may be explained 
by exercise intensity, due to participants being encouraged to 
increase the velocity of displacement throughout the program 
which was controlled using the rate of perceived exertion (Borg 
12-17). In order to increase displacement velocity, faster limb 
movements are required. In this view, considering that water 
resistance in the presence of water turbulence increases as a log 
function of velocity, the muscular effort necessary to move the 
body increases as well27.

Despite the importance of these muscles group to perform 
functional activities such as gait, sitting to standing from a chair28 
and ascending and descending stairs29, to our knowledge, there is 
no study that has assessed the effects of DWR on hip extensors 
and flexors. In this view, the current study found greater strength 
and power enhancement of the hip extensors and flexor muscles 
after DWR, which may contribute to improved functionality.

Kaneda, Wakabayashi, Sato, Uekusai, Nomura30 investigated 
the activity of the lower limb muscles in DWR and found high 
activity of the biceps femoris during the backward (hip exten-
sion) and forward swing phase (hip flexion). High percentages 
of maximal voluntary contraction were associated with the large 
range of motion at the hip and knee joint in DWR. In addition, 
due to the short duration of the backward phase, great force 
must be exerted to swing the leg backward. During the swing 
forward, high percentage of maximal voluntary contraction of 
the rectus femoris was also observed because of the substantial 
force necessary to overcome water resistance when moving the 
leg forward. Indeed, during the displacement of the body segment 
through the water, both the agonist and antagonist muscles are 
activated due to water resistance being exerted in all directions 
of movement27. Thus, the DWR seems to promote necessary 
demand resulting in greater improvement in the strength and 
power of the lower limb muscles. Additionally, participants 
displayed a significant improvement in functional performance 
in the present study. This may be explained through the increase 
in strength and power of the hip and knee extensors and flexors 
aforementioned. Strength and power are strongly related to 
physical function31. Participants displayed significant improve-
ments in the FTSST (8.9 % decrease in time after intervention). 
To perform this test it is necessary to produce a rapid torque of 
the knee and hip muscles5,7.

Reichert, Kanitz, Sudatti, Carvalho, Machado, Martins26 also 
found improvements after different DWR programs, in terms 
of interval and continuous training methods respectively (46% 
and 49%), which were higher than what was observed in our 
study. However, the comparison may be difficult due to differ-
ences in functional tests as the previous study assessed lower 
limb strength using a 30 second sit to stand test, furthermore 
the study lasted 28 weeks.

There were statistically significant increases in both, self-
selected and maximal gait speed, walking distance in the 6MTW 
and timed up and go tests. Kaneda, Sato, Wakabayashi, Nomura13 
compared the effects of a regular water exercise program for the 
lower limbs in addition to walking in different directions with a 
DWR program in usual and maximum gait speed. Contradictory 
to our findings, no differences were found after the intervention 

in both groups, in which we observed a significant improvement 
in self-selected (11%) and maximal gait velocity (14%). This 
may be due to different intervention durations, in the present 
study the intervention period lasted 18 weeks (36 sessions) 
and the exercise intensity ranged from somewhat hard to very 
hard  (RPE 12-17), whilst, in the Kaneda, Sato, Wakabayashi, 
Nomura study the intervention lasted 12 weeks (24 sessions) 
and exercise intensity was light (RPE 11), which may explain 
for discrepancies between the results.

Reichert, Kanitz, Sudatti, Carvalho, Machado, Martins26 
also verified the effects of DWR programs (continuous versus 
interval training) in functional fitness in which they found an 
improvement in the distance of the 6MWT (12%) only in the 
DWR interval-training group. The improvement in our study 
was less, nonetheless significant (7.6%) which also may be due 
to the duration of intervention.

It is important to highlight that all of these tests, except the 
FTSST, assess walking ability, which is closely related to the 
activities performed during the water exercise program (DWR). 
This suggests that the tests were able to capture the muscle function 
improvement obtained through water exercise program. The esti-
mated relative effort during walking at the hip and knee extensors 
muscles are 27% and 30% of the maximal strength respectively, 
thus maximal strength increases may result in less absolute ef-
fort to walk23. In addition, gait velocity has been considered as 
an indicator of vitality and health32. Walking velocities equal or 
higher than 1.0 m/s-1 are related to healthy aging and increased 
life expectation32. These relationships are supported by the fact 
that, walking requires energy, movement control and integra-
tion of multiple systems such as cardiorespiratory, nervous and 
musculoskeletal systems32. Whether decreasing gait speed may 
reflect the damage on these systems, it is plausible to consider 
that increases in gait speed observed after exercise interventions 
may reflect an improvement of these systems.

It should be noted that a significant dropout rate was observed 
in both groups especially in the exercise group, however the 
statistical power of 94% gave sufficient generalizability for the 
aging population.

Practical Applications

The results of the present study provides evidence that the DWR 
program is effective in improving muscle function (strength 
and power) of the lower limbs and functionality in older adults. 
Thus, DWR is an alternative aquatic exercise to be considered in 
order to counteract muscular and functional age-related decline 
and also maintain independence and promote successful aging. 
As displayed by the findings of our study, physical education 
teachers and health professionals should consider the DWR in 
order to develop effective interventions for older people.
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