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ABSTRACT
Considering that aging leads to losses in postural control and balance, our objective was to 
analyze the effects of water aerobics on posture alignment and risk of falls in older adults. A quasi-
experimental intervention study included 49 older adults in the Intervention Group (IG) and 34 
in the Control Group (CG). A plumbed symmetrograph assessed posture alignment, while a Time 
Up & Go test determined the fall risk. The IG performed water aerobics twice a week for three 
months. Posture alignment significantly improved in most body segments assessed for the IG, 
and worsened in the CG. The low risk of falls in the IG increased by 28% in relation to the CG. We 
concluded that water aerobics improved posture alignment and reduced fall risk in older adults.
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RESUMO
O envelhecimento leva à perdas no controle postural e no equilíbrio. O objetivo deste estudo 
foi analisar os efeitos da hidroginástica no alinhamento postural e no risco de quedas de idosos. 
Um estudo de intervenção quasi-experimental incluiu 49 idosos do Grupo Intervenção (GI) e 34 
do Grupo Controle (GC). Um simetrógrafo de prumo foi usado para avaliar o alinhamento da 
postura e o teste Time Up & Go para determinar o risco de quedas. O GI realizou hidroginástica, 
duas vezes por semana, durante três meses. Houve melhora significativa no alinhamento 
postural da maioria dos segmentos corporais avaliados no GI e piora no GC. O baixo risco de 
quedas no GI aumentou 28% em relação ao GC. Concluímos que a hidroginástica melhorou 
o alinhamento postural e reduziu o risco de quedas em idosos.
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RESUMEN
El envejecimiento conduce a pérdidas en el control postural y el equilibrio. El objetivo de este 
estudio fue analizar los efectos de los aeróbicos acuáticos sobre la alineación postural y el riesgo 
de caídas de los adultos mayores. Un estudio de intervención quasi-experimental incluyó a 49 
adultos mayores en el Grupo de Intervención (GI) y 34 en el Grupo de Control (GC). Para evaluar 
la alineación de la postura se utilizó un simétrograma plomado y la prueba Time Up & Go para 
determinar el riesgo de caídas. El IG realizó aeróbicos acuáticos, dos veces por semana durante 
tres meses. Hubo una mejora significativa en la alineación de la postura de la mayoría de los 
segmentos corporales evaluados en el GI y un empeoramiento en el GC. El bajo riesgo de caídas 
en el GI aumentó un 28% en relación al GC. Concluimos que los aeróbicos acuáticos mejoraron 
la alineación de la postura y redujeron el riesgo de caídas de los adultos mayores.
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INTRODUCTION
Human aging process triggers a set of changes 

in the organism, especially in posture alignment 
and dynamic balance. Posture alignment involves 
stability and body orientation in space, while dynamic 
balance is an essential component for postural control, 
maintaining older adults in the desired body position 
and preventing falls (Sant’Anna et al., 2019; Pinzón Ríos, 
2019; Nascimento et al., 2019; Horak, 2006).

The assessment of balance loss identified in aged 
individuals commonly focus on an unique and age-
specific posture alignment, highlighting the presence of 
the following changes: rotation of the head; shoulder, 
scapula and pelvis elevation; internal rotation of the 
lower limbs; hind foot valgus; anteriorization of the head; 
pelvic anteversion, and knock knees (Reis et al., 2013). 
Cross sectional studies have demonstrated an association 
of physical exercise and better posture alignment and 
balance of the aged (Reis et al., 2012; Silva et al., 2015). 
In turn, an intervention study with multicomponent 
physical training of aged individuals showed that it can 
improve dynamic balance (Caldas et al., 2019).

Among all  forms of physical exercises, the 
characteristics of water aerobics favor its practice by 
the aged, highlighting the following aspects: low impact 
on the joints, reducing the risk of muscle/joint injuries, 
muscle strengthening, and balance with water support, 
preventing falls during practice, in addition to promoting 
socialization, thus improving compliance. A meta-analysis 
of randomized trials has shown that water aerobics is 
associated with better functional capacity of the aged 
(Reichert et al., 2015).

A cross sectional study pointed to an association 
between water aerobics and more flexibility and 
muscle strength (Lima et al., 2018). Even though, a few 
intervention studies have assessed the benefits of water 
aerobics sessions on dynamic balance of the elderly, such 
positive results involved some methodological pitfalls, 
like the absence of a control group or disregarding those 
who did not participate in all classes (Bento et al., 2015; 
Souza et al., 2017). We did not find any intervention 
studies addressing water aerobics aiming to improve 
posture alignment of elders or reduce fall risk.

In this context, we conducted an intervention study 
with a control group to assess the effect of water aerobics 
sessions on two variables: posture alignment and risk 
of falls among the aged. We used valid methodologies 
to assess both outcomes, a blind assessment of both 
variables, before and after the intervention, aimed at 
treating the analysis to assess the results.

METHOD
The study population included individuals aged 

60 years or more enrolled in the Third Age in Action 
Program (PTIA) at the Federal University of Piaui, in the 
second half of 2015. The PTIA promoted various physical 

and social activities for the aged, such as water aerobics, 
ballroom dance, physiotherapy, and others.

We designed a quasi-experimental intervention 
study to determine the effects of water aerobics sessions 
on posture alignment and fall risk in older adults. 
All the older adults enrolled in the PTIA were invited 
to participate in the study. We selected a convenience 
sample based on a total of 234 registered individuals, 
including those willing to attend the water aerobics 
classes in the intervention group (IG) first, while those 
attending other programs were included in the control 
group (CG). The following exclusion criteria were applied 
to a total of 142 seniors: being sick or waiting for surgery, 
wheelchair users, older adults who had been performing 
physical activity over the last months, unable to locate by 
phone, and refusal to participate (see flowchart below). 
The sample calculation indicated that to verify the effect 
of water aerobics classes on the parameters of posture 
alignment and fall risk, 90 seniors divided in two groups 
would be required, considering a degree of confidence of 
95%, error of 5%, and proportion of 50%. After exclusions 
and refusals, 92 seniors started the study (54 in the IG and 
38 in the CG). Once the groups were formed, participants 
were referred for an assessment of posture alignment 
and risk of falls, performed by a researcher blind to their 
allocated groups.

We assessed posture alignment based on the 
method proposed by Kendall et al. (2007), using a 
posture board (symmetrograph), a rubber platform, a 
plumb line, a digital camera, a tripod, and a computer to 
analyze the photos. To classify posture alignment, scores 
were assigned with a plus (above the ideal) or a minus 
(below the ideal), with zero corresponding to the ideal 
posture. The scores increased with the degree of postural 
alteration of each body segment, individually assessed. 
The scores of postural changes were added together for 
a group score (IG and IC). A detailed description of the 
methodology can be found in two previous publications 
(Reis et al., 2012; Reis et al., 2013).

We applied a Timed Up and Go (TUG) test 
(Lusardi et al., 2017; Prado et al., 2017; Podsiadlo and 
Richardson, 1991) to assess the participants’ fall risk. 
The dependent variable was the time to perform the 
sequence of movements (standing up from a chair 
without using the arms, walking three meters, turning 
around and going back), categorized according to the 
risk of falling (Dutra et al., 2016; Buatois, et al., 2010; 
Singh et al., 2015; Aveiro et al., 2012). Three categories 
were considered (less than 20 seconds to perform the 
test – low risk, 20 to 29 seconds – moderate risk, more 
than 30 seconds – high risk (Rosa at al., 2017).

After the assessment, only participants in the IG 
were participated in 50-minute water aerobics classes 
taught by a physical education professional, twice a 
week (Tuesdays and Thursdays), in the mornings, for 
three months. Participation frequency was regularly 
registered. All classes exercised the same body segments: 
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foot longitudinal arch, forefoot, hindfoot, knees, pelvis, 
lumbar spine, thoracic spine, cervical spine, shoulders, 
and head. Each class was divided into stretching, 
warm-ups, endurance, and relaxation exercises, with 
12 repetitions of each exercise, all taught by the same 
physical educator (see supplemental material for the 
detailed training protocol). The older adults with more 
resistance used instruments such as dumbbells and bars. 
All exercises were supervised by the physical educator 
to ensure that the participants would not exceed their 
own limits. After the intervention, both the IG and the 
CG underwent a new assessment, which was carried 
out by the same physiotherapist who performed the 
initial assessment, maintaining the same observation 
parameters.

Both IG and CG were not able to be have a full 
follow-up: five participants in the IG were not reassessed 
(three got sick, one refused to participate, and one 
traveled), while four participants in the CG could not be 
subjected to a new evaluation (two got sick, one without 
telephone contact, and one refusal). Initially, a descriptive 
analysis according to gender and age had been performed 
testing the normality of data distribution to manage 
the convergence of the sample mean for large samples 
(n>30). Subsequently, Fisher’s exact test and Student’s 
t-test were applied. We used a mixed two-way ANOVA to 
compare the different posture measurements between 
IG and CG, before and after the intervention. A Wilcoxon-

Mann-Whitney test analyzed the differences before 
and after the intervention in the IG, and the difference 
between the IG and the CG in the end of the study. 
All individuals included in the IG who were reassessed 
were analyzed regardless of the number of water aerobics 
classes attended, to say an intention to treat analysis.

The study was approved by the Research Ethics 
Committee (CEP) nº 581/15, of the Federal University 
of São Paulo. All the participants received detailed 
information on the nature of the investigation and signed 
an informed consent form.

RESULTS
Below is the flow chart (Figure 1) of inclusions and 

exclusions (Supplementary Material):
A total of 92 seniors started the study (54 in the IG 

and 38 in the CG), and 83 (49 in the IG and 34 in the CG) 
were reassessed after the intervention. Both groups had 
predominantly female participants (94% in the IG and 80% 
in the CG). There were no statistically significant gender 
differences between the groups (p = 0.083, Fisher’s test). 
Both groups had similar mean ages (67 years in the IG 
and 68 in the CG), while the maximum age was 94 years 
in the IG and 85 years in the CG. No statically significant 
average age differences were found between the groups 
(p = 0.792, t test for independent samples).

Figure 1. Final sample with inclusions and exclusions.
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In the IG, the number of classes attended varied 
between zero and 25 (average 16). Every senior included 
in the IG and reassessed after the follow-up period 
entered the analysis regardless of the number of water 
aerobics classes taken. Only 8.2% of the older adults 
attended 80% of classes, while most of them 53% reached 
an attendance from 64% to 76%.

Table 1 presents the absolute values   of postural 
changes before and after the intervention, in addition to 
the delta of postural changes by segment, with positive 
values   indicating postural improvement and negative 
ones pointing to deterioration. It is worth mentioning 
that each postural change was weighted (as described in 
the method), in which the worse the change the higher 
the score value. Most of the segments assessed in the 
IG showed a positive delta, while seven of them showed 
a statistically significant improvement (p<0.05) – knees 
(RL, LL), head (AV, RL, LL), and shoulders (RL, LL). In the 
CG, most of the segments assessed showed a negative 
delta, while four segments had significantly worse results 
– knees (RL, LL) and shoulders (RL, LL) (Supplementary 
Material).

Table 2 demonstrates that before intervention, 
more individuals in the CG belonged to the low risk 
group than in the IG (94% and 76%, respectively). After 
intervention, the opposite scenario emerged, as the IG 
had more individuals in the low risk group than the CG 
(94% and 85%, respectively). Both the higher low risk and 
the lower moderate risk of falls in the IG were statistically 
significant, as well as the delta of the IG comparing with 
the CG (Supplementary Material).

DISCUSSION
After the intervention period with water aerobics 

classes, there was an overall improvement in posture 
alignment of most body segments assessed in the IG, with 
significant changes in the alignments of head, shoulders, 
and knees. The group of low risk of falls significantly 
increased, while the medium risk of falls decreased 
among older adults in the IG, both values proved 
significant in relation to the CG. Both the improvement 
in posture and risk of falls can be attributed to the effect 
of water aerobics as a controlled intervention.

Table 1. Sum of postural changes in the older adults, in the intervention (IG) and control (CG) groups, before and 
after the intervention with water aerobics, and the delta between the two assessments, in both groups (mixed 
two-way ANOVA). Teresina, PI, 2015/2016.

Body posture
Intervention Group

Δ IG p value
Control Group

Δ CG p value
Before After Before After

Foot 
longitudinal 

arch R AV
41 39 2 0.541 34 33 1 0.579

Foot 
longitudinal 

arch L AV
41 37 4 0.236 34 33 1 0.607

Forefoot R AV 35 32 3 0.526 20 23 -3 0.243
Forefoot L AV 35 32 3 0.526 20 23 -3 0.243
Hindfoot R PV 43 40 3 0.475 23 28 -5 0.075
Hindfoot L PV 43 43 0 0.999 23 28 -5 0.055

Knees AV 36 34 2 0.810 36 37 -1 0.836
Knees RL 38 14 24* 0.00002 21 34 -13* 0.024
Knees LL 32 12 20* 0.002 19 31 -12* 0.003
Pelvis RL 52 52 0 0.999 40 41 -1 0.801
Pelvis LL 50 51 -1 0.861 41 41 0 0.999

Lumbar Spine 41 41 0 0.999 30 31 -1 0.801
Thoracic Spine 45 45 0 0.999 44 45 -1 0.709
Cervical Spine 48 47 1 0.882 57 59 -2 0.165

Head AV 40 25 15* 0.0001 31 34 -3 0.339
Head RL 65 47 18* 0.003 44 44 0 0.999
Head LL 64 48 16* 0.010 40 45 -5 0.239

Shoulders AV 45 42 3 0.217 34 34 0 0.999
Shoulders RL 60 24 36* 0.000001 28 39 -11* 0.035
Shoulders LL 46 24 22* 0.001 31 42 -11* 0.018

R: right; L: left; AV: anterior view; PV: posterior view; RL: right lateral view; LL: left lateral view; Δ IG: delta before and after 
of the Intervention Group; Δ CG: delta before and after of the Control Group. *Statically significant changes of Δ IG and Δ CG 
(Mixed two-way ANOVA) p<0.05.
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Our study assessed posture alignment by analyzing 
20 body segments, following the principles of Kendall et al. 
(2007) and using a measurement methodology with 
a high level of interobserver agreement (Reis et al., 
2013). Despite its cross-sectional nature, it has pointed 
to a positive association between postural alignment 
and physical activity (Reis et al., 2012). Other studies 
addressing postural assessment, such as Zambon et al. 
(2015), have analyzed posture alignment with an emphasis 
only on hip extension. It is also worth mentioning Bento 
and Rodacki (2015), who assessed posture alignment 
based on muscle strength. Our assessment shows the 
importance of evaluating segment by segment, making 
the parameters more reliable.

We assessed fall risk through the TUG test, which 
is highlighted for presenting a good sensitivity (87%) 
and specificity (87%) to identify the elderly at risk of 
falls. (Shumway-Cook et al., 2000; Buatois et al., 2010; 
Singh et al., 2015). Barry et al. (2014) carried out a 
systematic review concluding that the TUG test had 
limited ability to predict falls. However, in a more recent 
meta-analysis, Lusardi et al. (2017) found the TUG test to 
be a very robust functional measure to determine risk of 
falls among the aged. We assessed the effects of water 
aerobics on fall risk in older adults through a controlled 
intervention, which demonstrated that water aerobics 
significantly increased the prevalence of low fall risk in 
the IG.

Reichert et al. (2015) conducted a meta-analysis 
aimed at analyzing the effects of water aerobics practice 
on the functional capacity of the older adult by using 
randomized controlled trials. The authors concluded 
that water aerobics promoted a significant increase in 
muscle strength, flexibility, and dynamic balance in older 
adults, which can represent an alternative to improve 
functional capacity and independence at advanced 
age. However, we found that none of the studies in this 
meta-analysis addresses posture alignment or fall risk. 
We observed that the outcome of some intervention 

studies addressing water aerobics referred to a variable 
dynamic balance, and not fall risk, in addition to using 
different assessment instruments (Souza et al., 2017; 
Bento et al., 2015; Silva et al., 2015).

The advantage of our study is the performance 
of a controlled water aerobics intervention with older 
adults, including pre- and post-intervention assessments, 
based on published methodology for posture alignment 
(Reis et al., 2012; Reis et al., 2013) and risk of falls 
(Aveiro et al., 2012; Dutra et al., 2016). Additionally, the 
assessment was blind regarding the intervention group 
allocation, following a defined intervention protocol that 
includes a control group comparable to the intervention 
group and intention-to-treat analysis. However, several 
limitations were involved.

Our findings concern a group of older adults with 
access to a swimming pool (UFPI’s PTIA) and cannot 
be extrapolated to older adults in general, specially 
populations without access to a swimming pool with 
supervised activities or living in unfavorable climatic 
conditions for water activities. Furthermore, the 
randomization of the participants was not optimal due 
to the urgency of including the participants in the PTIA 
for the water aerobics classes on the days and times 
scheduled. It is worth mentioning the difficulties to 
arrange classes of water aerobics for a number of aged 
individuals who needed to be committed to attend 
a swimming pool for three months, twice a week, to 
exercise in the water. Firstly, we invited the participants 
to the IG to ensure a minimum number of participants 
in the intervention, and then made inclusions in the 
CG. The exhaustion of the PTIA list resulted in a larger 
IG. Those included in the CG could have enrolled in any 
activity during the study, but we only followed the data 
on posture alignment and all risk. However, if any of the 
controls had engaged in physical activities that could 
influence posture or fall risk, the results towards the null 
hypothesis could have been biased.

Table 2. Risk of falls in the older adult by control group (CG) and intervention group (IG) before and after the 
intervention. Teresina, PI, 2015/2016.

Group
Risk of falls Totals

Low Risk Medium Risk High Risk
n (%)

n (%) n (%) n (%)
CG BI 31 (93.9) 2 (6.10) - 33 (100)
IG BI 37 (75.5) 12 (24.5) - 49 (100)
CG AI 28 (84.8) 5 (15.2) - 33 (100)
IG AI 46 (93.9) 3 (6.10) - 49 (100)

IG Delta p* 0.03 0.03 - 49 (100)
CG Delta p* 0.083 0.083 - 33 (100)

IG X CG Delta (p*) <0.016 <0.016 - -
CG BI: Control Group Before Intervention; IG BI: Intervention Group Before Intervention; CG AI: Control Group After 
Intervention; IG AI: Intervention Group After Intervention. *p-value of the Wilcoxon test. Source: Faculty Association of the 
Federal University of Piauí, 2015-2016.
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CONCLUSION
Comparing the scenarios before and after and the 

control group after the intervention, water aerobics 
significantly improved posture alignment and reduced 
the fall risk in older adults in the intervention group. 
Our findings suggest that the practice of water aerobics 
classes can improve posture alignment and decrease 
the risk of falls among the aged. Further intervention 
studies should be conducted to support public health 
recommendations concerning water aerobics for aged 
individuals to improve posture and mitigate fall risk.
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