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Abstract

Background: According to the World Health Organization, the elderly are at the highest risk of injury or death from
a fall. Age-related changes in strength, balance and flexibility are degenerative factors that may increase the risk of
falling, and an aquatic training may offer a favourable environment to improve these modifiable risk factors.

Methods: A systematic review was conducted to assess the potential preventative role of aquatic exercise for
reducing the risk of falls in the elderly by improving predisposing risk factors. Electronic databases and reference lists of
pertinent articles published between 2005 and 2018 were searched. Randomized controlled trials (RCTs) that directly or
indirectly addressed the effect of aquatic exercise for the prevention of falls in healthy participants were included
within the synthesis. Studies were included if they were reported between January 2005 and May 2018 within a
population aged between 60 and 90 years old that were without exercise-effecting comorbidities. Data related to
participant demographics, study design, methodology, interventions and outcomes was extracted by one reviewer.
Methodological quality assessment was independently performed by two reviewers using the PEDro (Physiotherapy
Evidence Database) scale.

Results: Fourteen trials met the inclusion criteria. Exercise intervention duration and frequency varied from 2 to 24
weeks, from 2 to 3 times per week, from 40 to 90 min per session. Fall rate was not reported in any of the studies
analysed. However, aquatic exercise improved key predisposing physical fitness components that are modifiable and
internal risk factors for falling.

Conclusions: There is limited, low-quality evidence to support the use of aquatic exercise for improving physiological
components that are risk factors for falling. Although the evidence is limited, and many interventions are not well
described, these results should be considered by health and exercise professionals when making evidence-based,
clinical decisions regarding training programmes to reduce the risk of falling.
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Background

Fall-related injuries and deaths are serious and increas-
ing issues for the elderly population. A fall is defined as
“an event which results in a person coming to rest inad-
vertently on the ground or floor or other lower level, ex-
cluding intentional change in position to rest in
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furniture, wall or other objects” [1]. Approximately 30%
of people aged over 65 years will fall at least once a year
[2, 3] and 15% at least twice a year [4], and this risk in-
creases with age. These falls may result in fracture,
long-term pain, disability and functional impairments
and as a consequence, an individual may suffer negative
social effects, due to a lack of independence, which re-
duces an individual’s quality of life. In addition, falls in
the elderly create an economic burden to hospitals and
healthcare systems [5].

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-019-1065-7&domain=pdf
http://orcid.org/0000-0002-6150-6967
mailto:emartinez913@alu.ucam.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Martinez-Carbonell Guillamén et al. BMC Geriatrics (2019) 19:52

There are a multitude of risk factors for falling, and
they can be internal or external and modifiable or
unmodifiable. Some risk factors are directly correlated
and others interact in a more complex manner [2]. Age-
ing is associated with anatomical and physiological
changes that can lead to increased disability, frailty and a
higher risk of falls [6]. Sarcopenia is the degenerative
loss of muscle mass, which increases linearly with age
[7]. In addition, involuntary, age-related impairments of
the three sensory systems that control posture (vestibu-
lar, visual and somatosensory) can lead to falls. A study
by Rubenstein [8] reviewed 16 controlled studies and
found weakness, balance deficit and gait deficit to be the
most important individual risk factors for falls. More
specifically, a systematic review [9] found lower extrem-
ity weakness to be a clinically important and statistically
significant risk factor for falls. In addition, a study by
Myers et al. [10] proposed strength, flexibility, balance
and reaction time to be the most modifiable internal risk
factors to falls, therefore providing a rationale for exer-
cise interventions that aim to reduce falls in the elderly.

Research shows that detection and improvement of
predisposing modifiable risk factors can reduce the rate
of future falls [11, 12]. Regular physical exercise has been
theorised to counteract the negative physiological effects
of the aging process and improve physical and mental
wellbeing [12, 13]. However, barriers to exercise behav-
iour among older adults include a fear of falling and per-
ceived negative affect [14] and it is therefore difficult to
conclude which training prescription (for example: load
control training, progression of the load during balance
exercises, type of equipment, depth of water) will create
an effective programme [15, 16]. Studies that have com-
pared aquatic and land group with the same protocol,
through specific functionality tests, do not report signifi-
cant differences between training groups [17]. Therefore,
it is possible that aquatic exercise may improve balance,
strength and flexibility out of water despite the differ-
ences in the environment.

Aquatic exercise provides a low-impact and low-weight
bearing environment where individuals can exercise safely.
The risk of falling is eliminated, and therefore an individ-
ual can concentrate on making physical improvements. In
addition to safety benefits, aquatic programs may offer an
appealing alternative to repetitive, conventional exercise
which may increase compliance to rehabilitation plans.
There are many components of physical fitness that can
be trained in an aquatic environment to help reduce the
risk of falling, for example: agility, balance, co-ordination,
strength, flexibility and speed. The aim of this systematic
review is to evaluate the effectiveness of using an aquatic
environment to reduce the most modifiable predisposing
risk factors of falls within an elderly population. The type
of exercise, frequency, intensity and duration of each
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exercise intervention will be assessed to determine if phys-
ical activity within an aquatic environment offers potential
benefits to the risk of falling.

Methods

Protocols

This manuscript is written in accordance with the
PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) statement which includes
controlled and randomized studies [18, 19]. A systematic
review was completed to assess the role of aquatic exer-
cise for improving the commonly reported predisposing
risk factors of falls in the elderly.

Eligibility criteria and information sources

A computer based search was completed between Janu-
ary 2005 and May 2018 and the electronic databases
sourced were: ISI Web of Knowledge, ProQuest,
PubMed, Science Direct, SPORTDiscus, the Cochrane
Central Register of Controlled Trials and the Google
Academic Meta searcher. The PICO (Population, Inter-
vention, Comparison and Outcome) framework was
used to define the search strategy. The search strategy
was developed to include a combination of controlled
vocabulary (MeSH) and free text terms which can be
found in Table 1. Reviews and commentaries were used
to identify papers, but were not included within the syn-
thesis of results. The search reviewed all available studies
published between 2005 and 2018. In the mid-nineties,
strong research emerged on the benefit of the aquatic
environment in rehabilitation compared to the land en-
vironment. In particular, an article belong to Tovin [20]
who compared the anterior cruciate ligament recon-
struction water versus land exercise. However, during
this time it was not shown that training in the aquatic
environment could be as effective in older adults as land
exercise in order to improve one’s physical condition.
Until the past decade, no research groups considered
that the limitation of the aquatic environment was due
to the lack of control of the training load during the ex-
ercise. The year 2005 is estimated as an ideal date to
begin reviewing literature as before this time, the scien-
tific rigor of relevant studies was low as they were di-
rected solely for therapeutic exercise such as knee
injuries or hip osteoarthritis [21]. From studies where
the intensity of the exercise is controlled in a systematic

Table 1 Search Strategy

Search Strategy

The terms “aquatic-exercise” (“water-based training”, “water exercise”,
“hydrotherapy”, “exercise-aquatic) and “fall” (“fall-prevention”, “fall risk”)
were combined with the terms: “older-adults”, “elderly”, “aging’,
“physical-exercise”, “physical-fitness”, “balance”, “strength” and “muscle

mass”.
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way through adapted material, depth, type of exercise
and number of series, aquatic exercise can be better
understood by healthcare professionals [22].

Study population
The study population consisted of healthy adults aged
between 60 and 80 years old.

Type of intervention and comparisons

To be included within the study, the articles were required
to state the training methodology adopted within an
aquatic environment. Studies were also included if they
compared either (i) aquatic exercise and non-aquatic exer-
cise, or (ii) aquatic exercise and aquatic exercise with dif-
ferent types of intervention. Studies that did not report
their intervention methodology to prevent falls were
excluded.

Type of outcomes
Assessments of physical function and/or physical per-
formance based on fall prevention in an aquatic environ-
ment were the outcomes in the included studies. Data
were extracted which related to outcomes about the in-
tensity, volume, type of exercise, frequency and recovery.
The studies retrieved were assessed against the inclu-
sion criteria, based on their titles. The full text of the
remaining studies was then independently reviewed by
two researchers (EMCG and LB). An inclusion and ex-
clusion criteria can be found in Table 2.

Data collection process, data items and summary
measures

Data were extracted by one reviewer (EMCG) using a
standardized template and verified by a second reviewer
(JO). Information was extracted from each included trial
on: authors, year of publication, study design, population
characteristics (number of participants, gender and age),

Table 2 Eligibility criteria
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description of intervention and outcome measures. Dis-
agreements or discrepancies on data extraction were re-
solved by discussion.

Methodological quality in individual studies

The methodological quality of all studies was assessed
using the PEDro (Physiotherapy Evidence Database) ap-
praisal instrument [23]. The 11 item scale is a valid and
replicable measure used to critically appraise the quality
of randomized controlled trials. Each study is scored out
of ten, with a threshold of seven (or over) for a study to
be considered high quality (item one on the scale indi-
cates external validity).

Results

A summary of the selection process is schematized in
Fig. 1. The literature search yielded a total of 143 arti-
cles, of which 12 were duplicates and 81 were immedi-
ately excluded after reviewing the title, as they did not
fit the inclusion criteria. A total of 40 full-text articles
were reviewed. Thirty-two articles could be obtained
through the search engine of the Catholic University of
Murcia and its corresponding subscriptions to certain
journals. The eight remaining articles were obtained on
free access web pages or through an interlibrary loan
process. Following a full text review (EMCG and TI),
fourteen studies were included in the synthesis of
results.

Twelve of the sourced studies were randomized con-
trolled trials (RCTs) [16, 24—34] and two studies adopted
a quasi-experimental design [35, 36]. Nine studies specif-
ically evaluated the impact of aquatic training on im-
proving strength [16, 25, 27, 29-32, 35, 36], nine studies
assessed balance following aquatic training [24, 26, 28—
30, 32, 33, 35, 36], and four studies compared a variety
of physical fitness components, including agility, endur-
ance, flexibility and speed [26, 27, 35, 36].

Inclusion Criteria

Exclusion Criteria

Population
Healthy adults
Aged between 60 and 90

Interventions

Studies that directly or indirectly assess the prevention of falls in an aquatic environment

Outcome Measures

Physical function

Physical performance based on fall prevention
Methodology

Randomised or non-randomised clinical trial.
Publication

Published between 2005 and 2018

Adults with pathologies or comorbidities

Methodology not clearly stated

Reviews, study protocols or case studies.

Published before 2005
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Fig. 1 Flow chart illustrating each phase of study selection

Measuring instruments

The flexibility variable was recorded by the chair
sit-and-reach and the back scratch test in one study
[26, 30] whilst another study used the functional tests
of Johnson and Nelson [35, 36]. The remaining stud-
ies utilised the sit and reach test [25, 27, 29].

Dynamic balance was measured using the berg balance
scale [33], the timed up and go test [24, 25, 27, 28, 35],
the 8 ft up and go test [29, 30, 34] and the walking in
circle test [36]. Static balance was recorded with the
Sharpened Romberg test [24, 28, 35] with both open and
closed eyes, it was also registered by a Biodex Balance
Stability System [32] and using a force platform where
the subjects kept their arms on their hips to maintain
position [36].

The variable of strength was predominantly recorded for
upper limbs using a hand dynamometer [25, 27, 30, 32].
The maximal dynamic strength was evaluated using the
1-repetition maximum (1RM) bench press [16] bilateral
elbow flexion [16, 26, 36] and bilateral knee flexion/exten-
sion [16]. The muscular endurance was evaluated during a

bilateral knee extension and flexion with a load equivalent
to 60% of 1RM maintaining a maximum possible number
of repetitions [16]. An isokinetic machine was also used
for lower limbs. In this case a knee flexion-extension is
performed at speeds of 60°/s,120°/s [26]. In addition, a
functional test like the 30 s sit-and-stand-up were used by
a large number of researchers [26, 29, 31, 36].

Flexibility was mainly measured by the sit-and-reach
test for the hamstrings muscles and lower back [25-27,
29, 30] and the back-scratch test was used to assess the
general shoulder range of motion [26, 30].

Study population

When divided into their respective experimental groups,
nine of the studies sourced had sample sizes of between
13 and 17 subjects [16, 24-27, 30-33, 35]. The
remaining studies tested between 20 and 66 subjects [28,
29, 34, 36]. Four studies assessed both male and female
participants [27-30], four studies only included women
[16, 25, 31, 36] and three studies only assessed male par-
ticipants [24, 32, 35]. The age range of the study
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populations was generally small, however in four studies
the range was 15 years [16, 25, 29, 35] and in two studies
the range was over 24 years [33, 36].

Intervention variables

The temperature of the water varied between 28 °C and 32
°C within the majority of studies, [16, 25-27, 29, 34-36]
with the exception of four studies, [24, 28, 30, 31] where
the temperature was over 32 °C and two studies which do
not specify the water temperature [32, 33]. The depth of
the water in most of the interventions was from between
waist to the midline of the chest [24, 26, 28] and at the level
of the xiphoid process [16, 25, 29-31, 33-36] except in two
studies [30, 32] where the depth reached 1.80m. The
shorter studies had a duration of two weeks [28] and six
weeks [24, 30]. Most interventions were implemented for
eight to 12 weeks [16, 26, 27, 29, 31-35]. However, one
study completed a 16 weeks intervention [36], and the lon-
gest intervention had a duration of 24 weeks [25]. The fre-
quency of the intervention was generally between two
sessions [16, 24, 30, 31, 33, 35, 36] and three sessions a
week [25-27, 29, 32, 34] although there is a study with a
frequency of 5 days a week for 2 weeks during the interven-
tion [28]. In terms of duration, most of the interventions
were 60 min long, [25, 26, 28-30, 32, 35, 36] however, one
study had a duration of 90 min [28], another of 40 min [34]
and four studies did not specify the duration of the inter-
vention [17, 25, 32, 35].

In some cases, the intensity of training was described
by referring to the Borg Rate of Perceived Exertion Scale,
the same Borg scale which ranges from six to 20 points.
A value of one represents a very light exercise and 20 a
serious physical exertion [37]. Moderate to high intensity
was mentioned in ten of the included results [16, 25-27,
29-31, 34-36] and exercise intensity was not systematic-
ally recorded in the remaining studies [24, 28, 32, 33].

Physiological improvements

The control group, absent from any intervention, did
not obtain any significant difference at the end of
the study [25, 26, 28, 30-36]. However, the aquatic
intervention group obtained improvements (p <0.05)
at the end of the study in the variable of flexibility
[25-27, 29, 30, 36], balance [24, 26, 28, 32, 35, 36]
and strength [16, 25-27, 29-32, 36].

Regarding the four studies that include a third exercise
programme in a land environment, two of them did not
find differences between the aquatic and land groups
after the intervention, in variables of flexibility, balance
and strength [24, 28]. Nevertheless, the aquatic group
obtained greater improvement over the terrestrial group
in the variable of balance in one study [30]. Another
study [27] compared two aquatic groups with different
types of intervention: resistance material and without
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any material. The material group presented better results
in gait speed, however, in variables of strength, mobility
and flexibility, no significant differences were found be-
tween groups.

Resistance material

The studies did not specify what kind of materials they
used except in one case [27] where the aquatic group
used newly made water-resistance equipment (power leg
and power hand DESCENTE Co., Ltd., Japan) and an-
other study [36] where the aquatic group progressed at
their own rate by adding surface area equipment (Aqua
Flex paddles by MIZUNO Corporation, Osaka, Japan)
and by opening the webbing of the Aqua Mitt gloves to
increase surface area to reach the goal RPE.

Type of exercise

The studies that introduce flexibility training do not in-
dicate specific exercises that are performed [26, 27, 29].
Only five studies indicate the static and dynamic balan-
cing exercises which they use [26, 28, 33, 35, 36]. When
looking at strength training there is a general focus on
large muscle groups from the upper or lower limbs [16,
24, 26, 27, 31, 32, 34]. Only two studies [31, 36] mention
the execution of exercises that resemble activities of
daily living (ADL). A schematic compression can be
viewed in Table 3.

Discussion

There is evidence to support the use of aquatic exercise
in order to modify variables related to the risk of fall in
the elderly. Aquatic exercise may ameliorate the negative
physiological effects of aging which are predisposing,
modifiable risk factors of a fall. Improving these risk fac-
tors is likely to create an overall benefit to rate of falls,
and thus aquatic exercise should be considered as a
training method for those most at risk of falling. How-
ever, the relationship between aquatic exercise and fall
prevention is not directly compared within the studies
sourced.

Balance

Studies which assessed balance within their training pro-
grammes found significant improvements (p < 0.05) fol-
lowing the intervention [24, 28, 32, 34-36] with the
exception of two studies [26, 33]. The lack of positive re-
sults in balance training may be due to the lack of scien-
tific rigor and the specificity of training. In this review,
the exercises used most for balance training are alternat-
ing movements of the upper and lower limb [24, 26, 28,
33, 35, 36] however, their training variables such as the
control of intensity or the specific exercises are not
clearly reported in the methodology. Balance is consid-
ered the most important variable during the design of a



Page 6 of 16

(2019) 19:52

Martinez-Carbonell Guillamoén et al. BMC Geriatrics

SISIDIIXD
AJ2ads 10U $90( - [BIRUSD  AN|IGIXS|S
UOISU3IX3/UOIX3}
suondnppe/uodnpge dij — yibuang
‘SeuiooINo S39512J9Xd 1e0|4 dueleg
a3 Jo Alljigezijessusb
3y} 10aye ‘wesbold saspiaxa 3s1219%a Jo adA|
pINOD SIYy] "Pa123|9s onenbe Jaye dnoib
. 09 ¢ 8 )
AJUOpuUel J0U 2Jam  [exuswiadxa Ul (1000 > Ja19Woweuig Jeadde 9dUe|eq pue
s12fgns aiogisyl - d) panocidwir Apuedyiubis ploH-pueH papn|oul 10N a 4 M 10U S0 (SL= yibuans Apoq Jamoj
pue 1331un|oA Ag sem SeM 3DUP|eq DNeIS , y1buaig 011003 A1susIU yads WA A el  U)DDpuUe (G =U)ODY  UO S3sPIaxa dlenbe ,
uono3jas uedpined ‘yibuans Apoq Jamoj WI1SAS 2duejeg wg Ol PIPIAIp 249M G9 dasp jo1ays  [z€] 10T ‘e
JO poyiaw ay| Buipnppul ss|geleA ||y Xapolg :dueleg UORUSAIRIUI ON DD ‘UORUSAIIU| DY J3AQ :yidag A0 usw Apspje AUyl 2y1 21eb1IsaAUl O] 19 leje(pakas
papnpulloN  Aljigixeld
"as119x3 ssaud uonanpge
ouaq aup Ul abuans pue uoponppe diy [es1e|iun
[eWIXeW Paseanul uolsusIx9 5
pamous s X | (i) OV /UOIX3]} MOQ|2 pue 23Uy Y1buang
S|le} JO XS oY1 pue sOE X | () OV 9y} pepnpulloN  8duejeg
pue Sa1IAILDe a4l A|lep AJuo 1onemoH “Adeded
wiopad 01 Ayoeded  [euondUNY PUB ‘SDUBINPUS 3s1219%a 4o adA| “USWOM Jap|Oo
9yl 01 paiejal si Jejndsnul ‘yibuans 1531 ,7 /,0€ 4O S15 £-1 ‘Burutely  ur Auoeded jeuonduny
11 se ‘uopendod Ausple  [ewixXew ul sjuswaAoidwl ‘INH9%09 JO PO KDoA Wwnwixew /N 7 7 . Do LE el DNenbe juaiayip sauys pue yibuans
2y} Joj Juenodwl JUBAJDI JB[ILIS B YUM 3DURINPUD SI9P|NOYS 01Ul PIPIAIP dI9M | | 3jpsnw uo Hujuren
os|e sl Yoiym P3IdNPUI %99M B 3011 Jejnosniy 61 -3dd a E| M pue ssadoud ) OV pue €| = 90URISISDU Jo1em
ﬁ%cma SAIso|dxd pauwiopiad sa1631ens (WED 63000 Ayisuaiur sypads awn|op ploydix U () OV ‘7L =U () OV | W0LX | pue 0l
Y3 Jo uopenjerd sdnoib aa1yy ayr  y1buais djweukp 9Ul UaMIag  (S4eaK G/—(09) USWOM X € /,0€ X | JO S103y9 [91] 810T
Ue Jo 3duasqe ay] 1eys sem Bulpuy utews ay - [ewixely 1pbusns 01X € (Il OV 4,01 X L () OV ,0€ X L () DY pdag Apjeay xis-Aury) ayy aledwod o] ‘e 13 aisy
SISIDISXD
Aypads Jou s20Q - [elOUSD  ANIGIX3|4
7 puUB N 3sPISXd pauiquiod  yibuang
papnpul 10N 3dueleg
9512199 JO adA|
‘DD Ul USWOoMm
Apapja Jo Adusnbaly auyy V/N [A !
pue Aysua1ul wesboud %0L1-58 1y 153 .
351219X2 3} JO |00 2-10E/,5-,0F JO 135 0| 6=u)oD
40 ye| ay] 'sdnoib DR D€l pue (L] =u) Buuen “uswom Auspe
PI5eq-I191eM YlMm ‘A|PAIdadsal ‘o) pue Uojo wnuwixepy d El M 'sI2p|noys pauUIquUIod ‘(L =u)  JO 3yl Jo Alljlenb pue
uoneidepe ayy aredwod  (|)) OV ‘() 6|< 104 %6 M 0C 1011005 AJisuIUI J13dS SWn(oA pue ssodoud  dnoub Buiutesy diqosse Adeded [euonouny
01 dnoib Buiuien pue %t | F¥Z %Ll FCE ploydix 01Ul PIPIAIP SI9M uo sweiboid
9DUBISISD) PISEQ-I91BM  JO 3SBaIDUl UB Ul Pa}Nsal ‘puels-1eyd UONUSAIDIUI ON DD ‘UOAUSAIDIU| 9y} UsaMiag (51e9K 7 F GO) SjeWd)  I9IeM OM] JO SIDIYD [1€] 8107
P JO DU BY] 1531 puels-lleyd s-0g YL S-0€ :y1buang  pauIquiod (|)DY UORUSAIRIUI DIGOIRY (|)OY :yidag Apaple auo-Auo4 2y 21ebnsaAuUl 0 “le 13 eAJIS
Apnis
34} JO suoneNw aW02INQ JUSWISSISSY peoj Jo apniubepy el %9 YidaQ
dnoib uonuaaiay| uonendod 9AI123[Q0 Apnis

(SI12yD4R3S31 pUR SURDIUID 10} APNIS UDBS Ul PUNO) SUOIIRIWI| PUB S}NSaI ‘SIUSLUSSISSe Bulpn|pul) SUOIIUSAISIUL pue s3ipniS € ajqel



Page 7 of 16

(2019) 19:52

Martinez-Carbonell Guillamoén et al. BMC Geriatrics

131eM 343 4O YDy _uxm AujIgow “Au|IgIxa)4 y1buans 101103 Asuaiul Jiyads SWN(oA u o€ ﬁ u) dnoib dpenbe ol 9yl UO 3SIDI9X3 )
21 Jo Apyads Jjo Ul (S0 > d) Juswanoidwil ob pue wog'| PIPIAIP 2I9M (SIBA onenbe jo s1aye  [0€] €10 “le
o€ "az1s a|dues Mo 1uedlubIs punoy sey 3 -dn Y-8 :dupjeg  UOIIUSAISIUI OU DY) ‘UOIUSAIRIUL (DT pue O  —0¢'| ‘yideg  9/-0/) Aap|o AyiesH 9yl al1eneAs 0] 19 ulweblag
SasIDIaXa AJdads 1ou ssog  AljIgIxs)4
"payidads 10u .
S O 3y} Ul 351249X3 JO 1a
adfy ay] “peo] Buiuen pue N Joj 3SIDI9XS pPauIquIoD)  Yibuaiig
Jo Apyads Jo JJWeRUApP pue diels adueleg
90Uasqy “syuedidied
usamiaq abe ulle pue puels 351219%a Jo adA| gl =umo)
JO 2duaJayIp Juenodwl -03-1S :yibuang o 8y =U DV
pue uoRusASIUl o BPID qsa) g1/ daigLxS19S7 -5z € 9l . ‘uonens [9€] €10t
JO uoneinp (500 >d) Aujibe e Ul yjem Aay) D6 67-87  Ayrjeay J1sy1 uepisAyd  siesk 09 JOA0 USUIOM juealiog
1oys ‘dnoib jonuod pue yibuans ‘Aljigixeyy 3|iym ddueleq  ‘BIBISPO O) anissaibold QA M el e AQ pawyuod Ul gy oy Jo A ope|0D
pue dnoib UOUSAIBIUI  ‘DUejRq Ul DY) 01 1dadsal ulelulew pue 1011005 AYisUIUI i3S Swn(oA 'ssaooud pue juspuadspul  JuswaAcidwl Y Ul 'sioboy
usamiaq azis ajduwies Yam syuswaroidull uado safs yum proydix 'A1elUspPas  JUSWUOIIAUD Diienbe ‘eLIIYSNE |
Ul 9dualRYIp Huo paulelqo oy B3| SUQ dueleg UO[IUSAIDIUL ON DD ‘UORUSAIRIU| DY yidag  (s4e2A 68-09) USWOAA 3yl a1enjeAd O ‘sIapues
yo1elds yoeg SISDISXD
‘uonequnuad Ydeal-pue-1is AyDads 10U $20( - [BIRUSD  AU|IQIXD)|S
‘dnoub jonuod Aue Jayye ouefeq ey Aujigixal4
pue dnoib uopuIAIRIUY 10 K13A0dal 1oy Auljige pn> wie 10 PUB N 10y aspiaxg [elsue)  ypbuans
U99MIaq DUSISHIP U1 Janaq bumsb 63| ‘puels Jieyd ,0¢ SIWeuAp pue dneis aoueleg
s|dwes ab.e] Buipue| a41 JO ULWIOW y1busis
'Oy Ul buuren 1UI0[ WNwixew ay1 ‘swiojeld a0104 351219%3 JO 9dA| 1e6
Jo apnyubew peoj 03 pepuodsauod yibusns 7 Ag Uo sonaupy 0w ¢zl Do L F8T BupuUINUI SJUSW|D
ay3 Apeajd a1eoipul Jou - B3| Ul (GO0 < d) seseanul  pue ‘seiduled g Aq ! ol /=UDD |ea1bojoisAyd
so0p Apnis ay1 pue JURDIIUBIS "BWI 9PHIS  PIPIODDI M ZH L1=/ 3dY d 4 M 194D g8=U Dy pue |edjueydauwolq
1e3J2 10U S| ddUeleq wcm ‘ssew 1e4 Apog wcm 09 wm SOI1eWIBUD 101U AyisU3IUl J0adS WA pue 1siem ‘|- dn 21025 Alsusp UO 3SIDIDXD [87] €107
3y} Jo uopen|ead 1ybrem Apog ul (500 > SUOIIBAI9SCO U99MI9g  [eldUlW dU0q (Sieak g/ oienbe Jo s199)9 ‘UBAI|INS,O
2y] 9184 Inodoip ybiH d) suononpal ueigo oy 1/e9) :9dUelReg UOJIUSAISIUL ON D)D) ‘UO[IUSAIRIU| DY yideqg —-0/) Uswom AyyesH 9yl sulwexs o] A wny
SISDISXD
AyDads 10U $20( - [BlRUSD  AUJIQIXD)|S
apjue
343 Jo uoixaly Jeyueld pue [esiop
pue UoIsUSIXa/UoXal} aaWwy/diH  yibuans
papn|pul 10N aoueleg
(100>d ¢y 0-8L'S
'S109y9 Buurely 'SA 9/°0-19'G) buluien 9212493 4o 3dA|
2y Jo apniubew  Jaye 1s3] oo-pue-dn Hoom | ‘05 pue 1530 ,07 / J0b X S135 €
9yl padnpal 8 941 Ul 9dUPWIOMD -dn 1004-g pue %09 01 Ob HuH  W/N ¢ , , .
ARY AW UDIYM 19119 pamoys  uonisod buipueis Do 0E-8C (9L =) 90UB[Rg DIWRUAD
'snie1s poob e pajeanal dnoib oy syl Jeremoy  18inb e uj ainssaid ol-¢l3dd ad 4 M el DD puUe (Oz=U) Oy Ul pue d11e1s uo welb
aulaseq 1e syuedpiyed ‘s9|qeleA ainssaud 4O 123Udd 2Y) (011U0D AsuBIU| Sads Swnon 'ss9001d  PapIAIp 24am (plo SieaA  -oid 3SIDIaXS paseq
ay1 Jo buluonipuod JO J91UdD BY1 Ul punoy  Jo 1uaWade|dsig ploydix 09 J210) syuedidied -191eM B JO S1D9)49 [r€] 510T
[eaisAyd ay | 2I9M SDUIBYIP ON :ueleg UONUSAIDIUL ON D)D) ‘UORUSAIRIU| DY ‘yidag  wspuadspul aAY-AIXIS 9y dleneAd 0] “|e 19 OlUag
Apnis
34} JO suoneNwl aWodINO 1UBUISSSSY peoj Jo apniubepy el %9 YidaQ
dnoib uonuaaiay| uonendod Il (eTe} Apnig

(panupuoy) (SI2U21RIS3I PUR SURPIUID 10 APNIS Yoea Ul PUNO) SUOIRHWI| PUB SYNS3J ‘SIUSLUSSISSE BUIpN|dUl) SUORUSAIDIU| pUR SIIPNIS € djqeL



Page 8 of 16

(2019) 19:52

Martinez-Carbonell Guillamoén et al. BMC Geriatrics

(500 <d) 1
pue oy sdnoib usamiaq

‘01 dn

9512193 JO adA|

‘das gl X135 |
AJsua1ul duejeq
JO S|9A3] AAISsaIb0Id a 4 M

(SL=u)

‘AJap|e 10} dueleq

SIDURIDYIP PUNO) JOU  PaW] pue (sak3 Do €€ el SAN0IB OoM1 Ul PIpIAIP JIWRUAP pue dj1els ¥zl zioz
'sdnolb yroq ur - sem 3| (500 > d) 9dueeq PasoP pue s9A3 101103 AsuaiUl Jiads SWn[oA 594D SeM SSIIANDE Allep 9yl JO Juswianoidwl ‘Yaleyily
Adlpads Jo 9ouasqy Ul D7 pue Oy Ul punoy uado) Biagquioy pue 1slem 31 U] Suspuadapul 9yl Ul JUSWUOIIAUS - A Jlwe|plysey
"9ew Ajuo 2JM S1usWAOIdWI pauadieys UOIUAIDIUI u2aM1ag ‘(s1eak 0/ [eLIS21I9) pue ‘luiyey
pue azis s|dules Mo ‘uonuaAIAUI Y} IV :9duejeg pueT :D7 {uoiUIAIIUL d1enby Dy yidag  —€9) synpe Jopjo AUyl dienbe aledwod o) ‘LIayeAef
papnpulloN  Aljigixold
pspnpurioN  yibuans
25UINaUN}
191eM pUB UOIBGINUA G [9A]
1oddns
ON — 9SIDJ9X2 1eD) Y [9AS]
yoddns
s10adse diy1ads [euIaIxa oN — B3| 9|BuIS i€ [2AaT]
196401 01 sweiboid ‘0b-pue-dn-189 1oddns
Buiuteny dueeq ‘Pa10OU S| SUOIPUOD O3S ewsaixd ON - Bulpuels 7 [9Ad]
Jojey 03 sisidesayy oy pasop pue uado saka aoueleg biag 1oddns
paau a1 pue ajdpund ur Ajiges einisod ul SisAly uoisnyia [BUISIXT - BUIpUEIS :| |9AST] adueleg
Buruten jo Adypads  usweroidull Juedyiubis -welbojigels ‘Buiddais
91 1092l Aew I ‘0s|y DY SY3 Ul suopeinp 153 UONNDaX] 3512499 Jo adA| Jo paads anoidwy
'S0y BuyjIed 03 anp aseyd buims pue sseyd da1s Areunjop ov 7 7l 01 buiddais Aiequnjon
90 P|NOd JuswaAoidwl  uoneul Ul Juswaaolidul ‘uoneuluex3 Aisusauf sduejeq ‘Jeadde pue Aio1esusadwod
JO¥e| SIy1 ybnouylpy 01 anp ‘uonndaxs dais 21815 [PIUBN JO S|9A3] anissaiboud a 4 M 10U $90Q e] ‘APAndadsas /L =u pa1abiel adueleq
"|0J1U0D dueleq JO 9U1 JOJ PUNO) Sem dui -IUI UIS1S|0+ 101U AusuBIU SedS swnon 'ssooold  sdnoub omy ul papIAip 40 awwelboid
s1adse aduewopad  pue dnoib UsaMIS] 10949 982G Adediy3 ' T proydix sem (sieak gg—19) uonequnuad [e€l €10C
10} S}yauUaq ON uopoeIRIUl JUBDHIUDIS v ||e4 :@dueleg UOUSAIDIUL ON DD ‘UORUSAIRIU| DY ‘yda@  s1edaunjon Ayiesy € e 91en|end o] “le 32 Jeq3
*,06 JUsWAOW Buluielulew 19
pue N Jo 3sI219X2 paulquiod)  AjIgIX3|4
1a
pue N o4 3SDIAXS pauIquiod  yibuang
. 1a
YIBIIPUBIS 50 90 oy 351019%8 PaUIGUIOD)  3UBINPUT
pue 1531 Yd1eids
peg Aqxa4 asnIaxa Jo adA|
(SO0 >d) 1yblom  UOISUIXS-UOIX3)| 1531 .06 /.1 X S195 €
'SASIDIDXD SSO| B 9dUB|eq DIWeUAD EETINIINEWY] m_\mohmm xewyH 09 2 9 (61 =) ‘Aopo
Jo 1uawdojarsp JuaWwaAoldull Joreasb  -os| pue dub-puey ° ’ ! dnoib |ouod pue (/| a1 Jo Ayjjeuonouny
ay3 buunp e Oy bululplqo ‘9duejeq 104 AlldwoweuAd 91-¢| 3dY a 4 M =u) dnoib pue| (/| = pue yibuains
Apnis
34} JO suoneNwl aWodINO 1UBUISSSSY peoj Jo apniubepy el %9 YidaQ
dnoib uonuaaiay| uonendod Il (eTe} Apnig

(panupuoy) (SI2U21RIS3I PUR SURPIUID 10 APNIS Yoea Ul PUNO) SUOIRHWI| PUB SYNS3J ‘SIUSLUSSISSE BUIpN|dUl) SUORUSAIDIU| pUR SIIPNIS € djqeL



Page 9 of 16

(2019) 19:52

Martinez-Carbonell Guillamoén et al. BMC Geriatrics

ucwEwum_Qm_D 2oueinpusy

.0C

1591 / paads s1elopow ,0f

9510193 JO 9dA|

9l—Cl -Add 09 ¢ cl
%09-01 XeWYH a 4 M
yoeas
-pue-1s :A|IqIxa4
51591 JuaWdoeAap
‘peo| anbiol jo aies pue pl=U:1D)
Buiutes jo Apypads anb.o1 sead DIAN 7 =U Oy ‘Aljeuonouny
Jo adussqy ‘dnoib (500 > d) Ayjeuonduny 1591 pueis-lieyd o 0687 ‘el ‘Apuspuadapu sysel 19p|0 pue yibuans 67
|0J3u0> pue dnoib pue (500 >d) 1N 4o ,0€ :y1buang 01UOD AYIsURIU J1123dS awn|on "ssad0ud Ajiep a9y wiopad 77 Buircidwi Uo 7107 ‘Boepoy
UOIUSAISIUI USaMIDg  Yibuans Ul Juswaroldudl ob pue proydix pue yjem 01 3|qge 9512193 Direnbe Jo A ellp1ad
2dUBIRYIP ddurHodU] paulelqo oy -dn Y-8 :9duejeg UONUSAIDUI ON D)D) ‘UONUSAIRU| DY yidag (s1eak G/—00) AUap|3 S109Y2 Y1 9zAjeue 0]  Jaga|H ‘01uag
SasIDIaXa AJIdads 1ou s9og  ANjIgIXa)4
1a
pue n 1oj 3SDIAXS pauIquiod  yibuang
JIWeUAp pue diels aoueeg
9512193 Jo 9dA|
1594, /da1 QL X395 ¢ 09 c 8
'91RI9POIA 01 dAISSI60Id a 4 M
‘payidads 10u
SI DY S} Ul 351219X3 JO
2dA1 ay] "peoj buluiely
Jo Apypads jo
2duasqy “sjuedpined
usamiaq abe (500> d) Aupibe D .67-8C (9D 3y Ul | pue [sel zloe
4O 2oUIAYIP Juenodwl pue yibuaiis ‘A|Iqix| ‘09 1 dn pawi] el dnoub |exuswiadxa ‘9dUejeq JIWeUAp  ‘Weppeyboly
puB UOIIUDAISIU|  ‘©dUejeq Ul ©) 01 10adsal  pue 1531 Biaquioy 'ssa20id AU Ul | ‘s1eak 6/-19) pue dpels syl )
|0J3u0d Aisuaiul dyPads
4O uoneinp Yam syuawsAoldull pauadieys ploydix  usw Alape Aleluspas  uo AdessylolpAy Jo  weppeyboy
1oys ‘9zis 9|dwies Mo paule1qo oy :9duejeg UO[IUSAIDIUL ON DD ‘UORUSAIRIU| DY ydag  Auyesy ybie-Ausm| 10943 SY3 a1enjess of ‘Yaleyily
papnpulioN  Aujiaixal
‘dnolb
oienbe ur Jjays jood woly pueis
01 IS "dnoib puej Ul Jleys woly
puUeIS O} 1S SPUaQ 99Uy MOJjeys
'S3S|ed |99Y/59slel 90 "UORdINPPR
suondnpge diH "UoISuIxa
Juoixa|} diy -aded ul buiydley  yibuang
JuSWadR(dSIp JO UORBUIGUIOD adueleg
Apnis
34} JO suoneNwl aWodINO 1UBUISSSSY peoj Jo apniubepy el %9 YidaQ
dnoib uonuaaiay| uonendod Il (eTe} Apnig

(panupuoy) (SI2U21RIS3I PUR SURPIUID 10 APNIS Yoea Ul PUNO) SUOIRHWI| PUB SYNS3J ‘SIUSLUSSISSE BUIpN|dUl) SUORUSAIDIU| pUR SIIPNIS € djqeL



Page 10 of 16

(2019) 19:52

Martinez-Carbonell Guillamoén et al. BMC Geriatrics

"adueleq pue yibuans

J0OJ aulyoew ul Ny

ul ©) 03 10adsal yum ¢ -dub 1sum ol 1591 ,0€
(52100 > d) Wwawanoudw  -18wos| ‘uoisuaxe  —02/da) Gl—¢l X 185 € 09 c vz Do 0€ ‘el ‘09 obe
paule1go oy -0Xa|} S, 99Uy Ui / g 09 + uswesAow ‘uolbal “UOIIDIPRIIUOD  IDAO USWOM Ayljeay [S2] 9007
(STLO0 > d) ANjIgIXl) pue  JO 1591 DLISUIOS) 1o WYyy YIN ‘A3 a El M Ale||ixe ayy [DIPAW AUB INOYIIM Ul swwelboid oy A eidig
yibua1is ‘aduejeq Ul 153} y1buang 1011005 AJisusIUl J103dS SWn(oA o1sso0id (Ol =U D)7l =uU Oy puuien onenbe ‘mczcﬂmcox
-150d/21d Ul Juswianosdwl 09 R ploydix ayy 's1eak G/—-09) All2p|o Ue JO SSUDAIIDIYD Yiusg
9215 a|dwies Mo pauleiqo oy dn pawli] :@duejeg UOIIUSAISIUI OU DY) ‘UOHUSAISIUI DY WOl 1yidag Ayieay omy Auam| 3U} SUIWIRIRp O] ‘nojnos |
SISIDIIXD
AJ2ads 10U $90( - [BIRUSD  AN|IQIXS|S
‘dnolb uonuaAIRIU| uswopge pue I yibuang
9U1 J0oj apniubew
peo) JO 9DUISqY syuswade(dsig  adueInpul
‘dnoib jonuod
. . 06 ¢ 8 .
JO 20UIsqY (1 Usw (1) VO ueyy (8 =u) dnoib Juaw
‘9] uawom) a|dwies (SO0 > d) syuauwaroidwil yoeal Buons Ajs1e19poy 3dy d E| M -dinba soueisisal-uou
3U1 Ul dUUYIP 1910316 paulelqo  pue 1S A1|IGIX3|4 1011U0D AsuaIUl Jiads Swnjop e pue (7| =u) dnoib
JPpusb Yonw 0ol () OY ‘wnugiinba dnels 1219WOWeUAp Juswidinbs 5ue3sisal
-dwwelboid Bujuren Ul pue (Uoixaly Jeyueyd) plRY swdinba =R IENIENE] ‘|ela1ew 9dUR)SISaI
3y} Jo uoneinp buoj yibuans ‘Aujigixay ul pueH :yibuaing 9OUPISISA) INOYUM UOIUSAIBIUL () OF Do ZE—0F ‘el JOU pIp oym (sieak Buisn synpe 1apjo
pue 3z|s a|dwes Japun (500 > d) syuswanosdul oH R uswdinba "Jeadde jou G/—89) S|enpIAIpUl Ul 3SID19xa dlienbe jo [z21 0102
'9z1s a|dwies moT (I OV pue () oy dn pawl] :@duefeg 9DUBISISI YIM UOHUDAIRIUL X)) DY $90Q :Yadag  Auaple Ayyeay Auam|  Adedia ayl sSasse 0] “|e 12 eunsiey
pspnpulioN  ANjgixa|d
papnpurioN  ybuang
73 PUB 7N JO SIUSWSAOW
DIWBUAP pue 21euIdl|y adueleg
951219%9 JO 9dA|
09 S 4
pspnpulioN  d E! M
‘peo| buutesy jo
ApYIdads Jo 2duasqy
'OV Ul UORUSAIRIUL (500<d) o
oY1 Jo uonezipouad  pue Dy sdnolb useamisg ‘0 dn (0E =)
3y} IN0ge uoneuliojul SODUSIDYIP PUNO) JOU  PaWI] pue (saka Dol F.S5E el dnoib dpenbe ue pue
Jo e Apris ayrjo  sem | (500 > d) aduejeq pasopd pue sahd 1011U0D AsuaIUl Jiads Swn(oA 594D (0€ = u) dnoib pue| ‘AJape Ul dueeq
suonewl| Jofew ayy Ul O pue Dy Ul punoy uado) Braquioy puUe ISIEM B Ul PSPIAIP S49M OYM  JO JusWaAocidull ay) 87
2Je uoleInp Iaoys 2JaM sjuawaAosdw| pauadieys uonuUSAIRIUI usamiag (s1eaA | /—GO) AISp|2 Ul 3SIDISXS puB| pue  710Z 'I[e)RYS
pue azs s|dwes |jews 'UOIUAIDIUL B} DYy :9duejeg pue ;97 ‘uonudAIlul dienby Oy yideg  onewoldwAse AyyesH Snenbe buuedwod K ellepn
S3SIDIAXD
AyDads 10U $20( - [BIRUSD  AUJIQIXD)|S
1a
pue N Joj 3SIDI9X2 PauIquIoD)  Yibusiig
Apnis
34} JO suoneNwl 3W0odINQ JUBWISSISSY peoj Jo apniubepy el %9 YidaQ
dnoib uonuaaiay| uonendod Il (eTe} Apnig

(panupuoy) (SI2U21RIS3I PUR SURPIUID 10 APNIS Yoea Ul PUNO) SUOIRHWI| PUB SYNS3J ‘SIUSLUSSISSE BUIpN|dUl) SUORUSAIDIU| pUR SIIPNIS € djqeL



Page 11 of 16

(2019) 19:52

Martinez-Carbonell Guillamoén et al. BMC Geriatrics

UOI1DBIIUOD DLIBWOS] AIRIUNJOA [RWIXRIN AW ‘WNWIXew uoniaday wy ‘quil| JamoT 77 ‘qui
1addn 7 ‘aAI9sa1 D1RI-1BIH YYH ‘PIOYSIY3 DIQOISRUY [/ ‘D18 LeSY WINWIXB\ XPWYH ‘SJURISISAI JO S|eLRIRI V)N ‘AND0[9A UOINDaX3 AF ‘07-9 2|eds Biog uonaxa paniddiad Jo Buney 34Y ‘UOSess Jo uoieInp [e10]
@ ‘fouanbaid 4 ‘UOIUSAISIUL JO SHIDM M ‘IX3} BU3 Ul PapNUL JON v/N ‘Dinesadwa] o) ‘D41 Ajtlep AuAndy 1ay ‘dnosb payl ‘(i11) ‘dnoib puodas “(j)) ‘dnoib isii4 /(1) ‘dnoib pueq 57 ‘dnoib dpenby oy ‘dnoib joi3u0) 9

papnpurioN  AugIxal4

1 pue N 104
3spiaxa [eqolb Jo ulwi Gz-G1  Yibuang

‘yoeal
pue 115 :Aiqxal POPNPULION - 92ueleg
“1a pue N 351219%3 Jo 3dA|
Apnis
9y} JO suoneyw 2WOdINO 1UDUISSSSY peo| Jo apniubepy el 1§ yidag

dnoib uonuaaiay| uonendod Il (eTe} Apnig

(PanUHUOD) (SI2YDIRISI PUR SURIUID 104 APNIS Ydea Ul punoj SUO[RRHWI| PUE S} NS ‘SIUSLUSSISSe BUIpn|dUl) SUORUSAIDIUL pUR SIIPNIS € djqeL



Martinez-Carbonell Guillamoén et al. BMC Geriatrics (2019) 19:52

fall prevention training programme [38], and conse-
quently the specificity of the exercises and the control of
training should appear in order to reproduce the results
obtained in the studies. Therefore, certain criteria or
principles that support the decisions made during the
fall prevention program should be considered during the
design of protocols to improve balance in older people.
An example are those established by two experts [8, 38]:
the reduction of the support base, the movement of the
centre of gravity, the mobilization of the limbs and the
reduction of the visual field [8, 38]. It has been recom-
mended that due to the aquatic turbulence during the
aquatic exercise, muscle are activated continuously to
stabilize the position of the individual [16]. However, the
depth of the water and velocity of exercise should be
controlled in order to modify muscle activation during
balance exercises [39].

One study [36] demonstrated that in a group of 66
subjects (60—89 years), during a 16-week programme
which included strength training, in an elderly popula-
tion it is possible to achieve a better static balance in the
elderly. A similar study [24] evaluated the static and dy-
namic balance in two groups of 15 subjects (63-70
years) during two equally designed training programmes
in both a land and aquatic environment. At six weeks,
both groups achieved significant improvements in static
and dynamic balance (p <0.05) when compared to
pre-test scores. Similarly, a significant gain (p < 0.05) was
found for the Berg Balance Score in adults older than
68 years old with no significant difference from one en-
vironment to another (p > 0.05).

Although the studies reviewed did not find significant
differences between land and water training, the results
suggest that an aquatic environment offers a safe envir-
onment where the risk of falling is eliminated. It should,
however, be noted that there is evidence to highlight the
insufficiency of the Berg Balance Scale for predicting
falls [40] and the Timed Up and Go Test is instead rec-
ommended by the U.S. Centres for Disease Control and
Prevention as an easy to administer clinical test to evalu-
ate a senior citizen’s fall risk [41].

One study assessed the effect of aquatic training on agil-
ity [20]. The authors found significant improvements in
the intervention group receiving an aquatic exercise
programme in comparison to the control group (p < 0.05).
There is evidence that agility training programmes can re-
duce the risk of falls [42], largely due to improved balance,
which has been examined as a variable for improving mo-
bility in older adults. A study comparing fall prevention
programmes in older adults [43] found that visual training
had the greatest improvement on obstacle course per-
formance (22%) following a 12-week training program. In
addition, agility has been found to reduce the risk of fall-
ing through step training [44], and in multifactorial
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programs which focus on other variables such as balance
and strength [45].

Strength

Aquatic interventions that trained large muscle groups
of the upper and lower limbs found significant improve-
ments in strength from pre-test to post-test (p < 0.05)
[16, 25-27, 29-32, 36]. Although the methodologies of
these protocols vary, all results indicate that an aquatic
environment is beneficial for promoting muscle hyper-
trophy. Strength training cause changes in the nervous
system through neuromuscular activation, resulting in
improved muscular power and delayed onset of sarcope-
nia which may decrease the risk of falls [46]. Evidence
for the effectiveness of lower limb strengthening exer-
cises for the prevention of falls in elderly subjects has
been previously reported [47-49] and as lower extremity
weakness is a clinically significant risk factor of a fall.
The design of aquatic exercise programmes should focus
on the lower limbs, respecting the principle of training
specificity. Lower limb weakness in older adults is con-
sidered an important influencing factor of falls and its
preservation promotes the maintenance of independ-
ence. More specifically, the maximum voluntary isomet-
ric strength and the rate of force generation of the hip
abductors are considered a useful measure to distinguish
between older adult fallers and non-fallers [50]. How-
ever, several studies use the handgrip dynamometer as a
measure for strength in the elderly [25, 27, 32]. Al-
though this outcome measure does not specifically as-
sess lower limb strength, a recent study developed by
the Cooperative Health Research in the Region of Augs-
burg [51] with 808 individuals (age > 65 years) found a
trend toward an indirect effect of grip strength on bal-
ance problems (p value=.043). In addition, handgrip
strength has been estimated by other studies as an Indi-
cator of Health-Related Quality of Life in Old Age and
fall prevention [52, 53].

Flexibility

Axial stiffness can occur through ageing and is a loss of
flexibility and elasticity in the neck and trunk that causes
the imbalance of the posture, thus reducing balance and
increasing the chance of falling. The ACSM (American
College of Sports Medicine) [47] highlights the import-
ance of flexibility training during aging for fall preven-
tion; however often it remains neglected in training
programmes.

Within this review, six studies assessed flexibility as an
outcome following aquatic training [23, 25, 27, 29, 30, 36].
In all cases, flexibility was seen to improve significantly
from pre-test to post-test (p <0.05), however the specific
effect on each muscle group was not clearly described. Re-
garding the principle of specificity and the relationship of
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flexibility with the risk of falls, the findings indicate that
the rigidity in the pelvic muscles causes an alteration in
the gait of the elderly, which will contribute to an in-
creased risk of falls [54]. In this case, a specific program of
hip flexor stretches is needed, which may reverse variables
that increase the risk of falls in the elderly [55].

Duration

Six studies [16, 26, 29, 31, 33, 34] agree with others found
in the literature [56-58] that a training programme that
seeks to allow for significant changes in balance, strength
or flexibility to prevent falls in older adults should be a
minimum duration of 12 weeks. To make a positive im-
pact, the duration of the session should be around 60 min
and two to three times a week [16, 26, 29, 31-34], as rec-
ommended by similar studies [48, 57, 59, 60]. The ACSM
expresses an optimum frequency of three times a week at
a moderate-to-high intensity to facilitate fall prevention
training in the elderly [47]. This exercise prescription al-
lows for physical recovery that induces physiological adap-
tations (48—72 h between sessions) [61]. However, studies
with less frequency and duration also found significant
improvements in balance, strength and flexibility tests [24,
27, 30, 32, 35, 36], after their respective interventions.
These results indicate that the intensity of a programme
will be a greater modifier of effect than the volume of
training to reach physiological adaptations in the elderly
and to improve functional capacity [16, 62, 63]. Therefore,
it seems likely that frequency, duration and intensity of ex-
ercises, including those related to strength, balance, and
flexibility are relevant training principles for reducing the
risk of falls in the elderly.

Intensity
The intensity of an exercise programme is an important
factor for determining the physiological stress and sub-
sequent adaption an individual can experience through
training. If the frequency and intensity of the training
programme is too high, muscular damage may occur
and this can negatively affect adherence to programmes
[64]. The Borg Scale is a valid and simple measure of
controlling intensity that has been utilised within the
studies analysed [16, 26, 27, 29, 30, 34, 36]. In addition,
using Rate of Perceived Exertion (RPE) [37] to prescribe
exercise intensity is considered appropriate for older
adults [65, 66]. However, in many cases, the number of
sets, repetitions or recovery periods was missing from
the methodology, preventing the protocols being re-
peated. Only one study [30] explained the control of the
intensity of the flexibility whereby the involved muscles
were contracting for 60—90 s during stretching.

Intensity should be controlled like with land exercise
but with consideration of the principles of hydrodynamics
and the forces that influence aquatic exercise to improve
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physiological responses in older adults [67]. For example,
in one study [17], three different types of training were
compared over ten weeks: land training with machines
(n = 14), training with elastic bands (n = 21) and water re-
sistance training (n =17) following the same protocol
training but adapted to the environment. The three
groups obtained significant differences (p < 0.05) in flexion
of arms (push up), squats, crunches and in the fat-free
mass. It is shown that controlled resistance training in the
aquatic environment can be as beneficial for the improve-
ment of physical condition and body composition as land
training when the protocol is adapted to the specific na-
ture of the environment. In this way, a table of the inter-
vention of the studies is designed, which will serve for
clinical protocols and researchers to know the variables of
exercise prescription of each of the articles analysed (Table
3).

Methodology quality

Generally, the methodological quality of the studies in-
cluded was low. The mean PEDro score for all fourteen
studies was 5.5/10 (Table 4). A score of seven (or over)
is considered high quality [68], and therefore only on
studies in this review had a high quality methodology
[33]. Thirteen studies were considered ‘low quality’ when
using a threshold of six or less out of ten [16, 24-32,
34-36]. Due to the nature some interventions, it was dif-
ficult to blind subjects, therapists and assessors and
therefore consistently low scoring items on the scale
were: three, five, six and seven.

It is difficult to advocate the use of one study over an-
other due to a lack of repeated designs. This makes it
difficult to establish a “fixed criteria” in the development
of training programmes in the aquatic environment in
order to reduce the risk of falls in the elderly.

Although the studies mention the reduction of fall risk
with the results obtained, they do not present correla-
tions between variables of strength, balance or flexibility
that could suggest a strong clinical relationship.
Well-written methodologies should express all relevant
information on the training design (volume, intensity,
frequency, recovery and type of exercise) in a clear and
replicable way. They should also present correlations be-
tween falls and physical training variables such as agility,
balance, strength and flexibility.

Study limitations

There is some evidence to support using aquatic exercise
for improving predisposing, modifiable risk factors of
falls. However, the quality of this evidence is low, and
many interventions are poorly described. The lack of
consistency between study methodologies makes inter-
vention comparison difficult. In addition, the trial find-
ings did not find a statistically significant relationship
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Table 4 Grade of evidence PEDro score
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Study PEDro Score [tem Sample
out of 11 1 2 3 4 5 6 7 8 9 10 1 size
Silva et al,, 2018 [31] 6/10 41
Reichert et al,, 2018 [16] 6/10 36
Seyedjafari et al,, 2017 [32] 4/10 30
Bento et al, 2015 [34] 5/10 36
Kim y O'sullivan, 2013 [28] 5/10 15
Sanders et al, 2013 [36] 5/10 60
Bergamin et al, 2013 [30] 6/10 53
Elbar et al, 2013 [33] 8/10 34
Javaheri et al, 2012 [24] 6/10 28
Alikhajeh et al,, 2012 [35] 4/10 28
Bento et al, 2012 [29] 5/10 38
Walia y Shefali, 2012 [28] 6/10 60
Katsura et al., 2010 [27] 5/10 20
Tsourlou et al., 2006 [25] 6/10 22

« = Met this criterion OF PEDro Scale

between training variables and falls. Resistance equip-
ment is not included to increase exercise intensity, and
few studies highlight the importance of execution speed
during the aquatic exercises. Regarding the types of ex-
ercise, most of them refer to general exercises of upper
and lower limbs; however, the exercises should be de-
scribed in detail so that professionals can achieve the de-
sired results. Regarding the flexibility variable, it is
included during the programs directed to older adults
but it is not discussed as a relevant variable. Flexibility is
not treated in a specific way, obviating the importance
of the pelvic musculature in the disturbance of the gait
and therefore of the risk of falling. Researchers should
avoid describing a superficial and uncritical methodology
in order to design specific and valid aquatic programs
for reducing the most modifiable predisposing risk fac-
tors of falls within the elderly.

Conclusions

There is some evidence to support using aquatic exercise
for improving predisposing, modifiable risk factors of
falls. However, the quality of this evidence is low, and
many interventions are not fully described. The lack of
consistency between study methodologies makes inter-
vention comparison difficult. In addition, the trial find-
ings did not find a statistically significant relationship
between training variables and falls.

Despite the inconsistent and lacking results, it should
be noted that there were no detrimental or counterpro-
ductive effects found within the search results following
a physical aquatic exercise programme. With increased
consistency in the design of evidence-based training

programmes, the aquatic environment could become
widespread and effective for helping to prevent the risk
of falls in the elderly. Further research is needed to cre-
ate an evidence-based, replicable protocol for aquatic
training with a specific aim of improving the commonly
reported predisposing risk factors of falls.
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