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Abstract

Background

Opting to use aquatic or land-based physical therapy exercises to improve balance, gait,

quality of life and reduce fall-related outcomes in community-dwelling older adults (CDOAs)

is still a questionable clinical decision for physiotherapists.

Objective

Assess the quality of evidence from randomized or quasi-randomized controlled trials that

used aquatic physical therapy exercises to improve balance, gait, quality of life and reduce

fall-related outcomes in CDOAs.

Methods

Articles were surveyed in the following databases: MEDLINE/PubMed, EMBASE, SCO-

PUS, LILACS, Web of Science, CENTRAL (Cochrane Central Register of Controlled Trials),

PEDro, CINAHL, SciELO and Google Scholar, published in any language, up to July 31,

2023. Two independent reviewers extracted the data and assessed evidence quality. The

risk of bias of the trials was evaluated by the Cochrane tool and evidence quality by GRADE

approach. Review Manager software was used to conduct the meta-analyses.

Results

3007 articles were identified in the searches, remaining 33 studies to be read in full, with 11

trials being eligible for this systematic review. The trials included presented low evidence

quality for the balance, gait, quality of life and fear of falling. Land-based and aquatic physi-

cal therapy exercises improved the outcomes analyzed; however, aquatic physical therapy
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exercises were more effective in improving balance, gait, quality of life and reducing fear of

falling in CDOAs. The meta-analysis showed that engaging in aquatic physical therapy exer-

cises increases the functional reach, through of the anterior displacement of the center of

pressure of CDOAs by 6.36cm, compared to land-based physical therapy exercises,

assessed by the Functional Reach test: [CI:5.22 to 7.50], (p<0.00001), presenting low qual-

ity evidence.

Conclusions

Aquatic physical therapy exercises are more effective than their land-based counterparts in

enhancing balance, gait, quality of life and reducing the fear of falling in CDOAs. However,

due to methodological limitations of the trials, this clinical decision remains inconclusive. It is

suggested that new trials be conducted with greater methodological rigor, in order to provide

high-quality evidence on the use of the aquatic physical therapy exercises to improve the

outcomes analyzed in CDOAs.

Introduction

Balance disorders show a prevalence of 68% among the population 65 years and older and are

characterized by imbalance, gait problems, instability, nausea, dizziness, vertigo and frequent

falls [1]. Falls are among the main causes of morbidity and mortality in community-dwelling

older adults (CDOAs), and every year, one-third of these individuals suffer falls [2]. In addi-

tion, nearly half of older people over the age of 80 years have suffered falls and between one-

fifth and one-third have sustained moderate or serious injuries, including fractures [2], which

account for approximately 70% of accidental deaths in people over 75 years of age [3].

The main risk factors for falls in CDOAs are linked to aging and the decline in the following

systems: musculoskeletal, sensory, cardiovascular and cognitive function, and changes in one

or more of these systems have been associated with a greater risk of falling in CDOAS [4]. The

prevalence of falls in CDOAs has increased due to aging of the world population, making falls

prevention a significant challenge for health professionals, particularly physiotherapists [5].

According to the clinical fall prevention guidelines of both the American and British Geriat-

rics Societies [6], therapeutic exercise is a key factor in preventing falls in CDOAs. A therapeu-

tic exercise program should include strength training, balance, gait and motor coordination,

and studies with exercise programs longer than 12 weeks, involving 1–3 weekly sessions dem-

onstrated the best results [6]. A decline in the risk of falling in CDOAs can be promoted by

therapeutic exercise programs aimed specifically at rehabilitating balance and gait, with high

frequency, duration and intensity [7].

Among the main therapeutic exercise programs used by physiotherapists to improve the

balance and gait of CDOAs are land and water-based exercises. However, some CDOAs have

difficulty performing land-based exercises involving balance, gait and motor coordination,

due to fear of falling or by postural instability caused by the complexity of the motor task dur-

ing exercise, which hinders their movement on land [8,9]. Aquatic physical therapy is an alter-

native to its land-based counterpart for these individuals, since the heated water, buoyancy

and subsequent decrease in fear of falling enable these older adults to move more easily in the

therapeutic swimming pool [8], promoting greater confidence, motor dexterity, range of

motion and center of mass displacement.
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Thus, similar to land-based physical therapy, aquatic physical therapy challenges the physi-

cal capacities of older adults, using the physical properties of water, such as hydrostatic pres-

sure, buoyancy, viscosity and turbulence, to stimulate the tonic-postural reactions and balance

of CDOAs [8]. While subjects stand in the water and maintain a stable upright stance over the

base of support, water movement and turbulence overloading the postural control systems

during standing, and reaching movement (while feet are fixed on the pools floor) and during

change of support movement (e.g., stepping), this relative motion of water causing displace-

ment of either the body’s center of mass (via water motion and turbulence) or in the base of

support, thus challenging the postural control system and it continuously stimulates a reorga-

nization of body balance stability [10], which can make the aquatic physical therapy exercises a

differential in terms of rehabilitation of balance and gait in CDOAs.

Given the results that demonstrate the efficacy of both interventions in improving the bal-

ance, gait, quality of life and reduce fall-related outcomes in CDOAs [11–16], opting for

aquatic or land-based physical therapy exercises to improve these outcomes has become a

questionable clinical decision for physiotherapists. This is because no systematic reviews have

assessed the evidence quality of these trials, and no meta-analyses have shown if these inter-

ventions to be equivalent, or whether one of them is superior to another in improving these

outcomes in CDOAs, thereby justifying the present study. Thus, the aim of this systematic

review was to assess the evidence quality of randomized or quasi-randomized controlled trials

that used aquatic physical therapy exercises to improve balance, gait, quality of life and reduce

fall-related outcomes in CDOAs.

Methods

This systematic review was conducted in line with the Preferred Reporting Items for System-

atic Reviews and Meta-Analysis (PRISMA) [17], and was previously registered in the PROS-

PERO, under number CRD42020191916 [18].

Trials identification and selection

Ten electronic databases were used to search for trials: MEDLINE/PubMed, EMBASE, SCO-

PUS, LILACS, Web of Science, CENTRAL (Cochrane Central Register of Controlled Trials),

PEDro, CINAHL, SciELO and Google Scholar. The last search was on July 31, 2023. There

were no restrictions for time of publication or language and a manual search was conducted in

the references contained in the selected articles in order to guarantee that relevant studies were

included in this systematic review.

The search strategies used in the databases are shown in Appendix 1.

The articles found in each database were analyzed independently by each of the two review-

ers (Rezende DSA and Guimarães-do-Carmo VJ), who judged their eligibility by title and

abstract reading, according to the following inclusion criteria: randomized or quasi-random-

ized trials, including individuals over 60 years of age of either sex, with no physical problems,

cognitive or neurological impairments, except vestibular dysfunction, and who walking with-

out the need for assistive devices. The intervention had to consist of aquatic physical therapy

exercises with at least one of the following outcomes: balance, gait, quality of life, fall-related

outcomes, dizziness, vertigo, pallor and/or vomiting.

In the first analysis, the articles were divided into eligible or ineligible for this review. Articles

whose abstracts could not clearly establish their eligibility or those with potential to be included

in this systematic review, were selected for subsequent reading of the entire text. Disagreements

regarding the inclusion or not of an article were resolved by the two reviewers and, for cases

where no consensus was achieved, a third reviewer was asked to arbitrate (Melo RS).
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For articles with a lack of information, the authors of the present review sent an email to

the corresponding authors, in order to request the necessary information. It is important to

underscore that we received answers from all the authors who were contacted requesting

information to determine their inclusion or not in the systematic review.

Methodological assessment of the trials

Assessment of the evidence quality and risk of bias. The evidence quality of the trials

was assessed by the GRADE approach [19]. According to this tool, five items can interfere in

the evidence quality of a clinical trial: risk of bias, inconsistency, indirectness, imprecision and

publication bias. For each of these items, evidence was considered based on the following clas-

sification: not serious (no decrease in points), serious (decrease of 1 point) or very serious

(decrease of 2 points), scored depending on the risk of bias contained in the trials.

For the GRADE risk of bias item, the Cochrane tool [20] was used to assess the risk of bias

of the articles, analyzing the following stages: randomization, allocation concealment, blinding

of volunteers and outcome assessors, lost or missing data, selective outcome description and

others (if applicable). Each of these stages of the risk of bias instrument was assessed and the

following classifications attributed: low risk of bias (green), unclear risk of bias (yellow) and

high risk of bias (red), according to the biases present in the trials assessed.

Participants. The trials were included if the volunteers were CDOAs, of either sex, aged

60 years or older, with no physical problems, cognitive or neurological impairments, except

vestibular dysfunction, and who walking without the need for assistive devices.

Interventions. The intervention group were treated with aquatic exercises managed/

supervised exclusively by physical therapists, which stimulate balance and the vestibular sys-

tem. Intervention control could have occurred with land-based physical therapy exercises, any

other intervention or no intervention.

Outcomes assessed. The outcomes analyzed in this systematic review were divided into

three categories: motor skills, clinical and otoneurological outcomes.

The motor skills assessed were balance and gait, which are also the primary outcomes of

this review. Included were articles that evaluated balance based on the speed of center of pres-

sure oscillation (anterior-posterior and mediolateral), or the area of center of pressure oscilla-

tion, assessed by a force platform or computerized dynamic posturography.

Also included were articles that investigated the balance of older adults using the following

clinical tests or scales: Berg Balance Scale (BBS), Performance Oriented Mobility Assessment

(POMA) Scale, Romberg Test, One Leg Standing Test, Functional Reach Test (FRT), or any

other instrument used by the authors.

In relation to gait, articles that assessed any walking condition were included, such as gait

speed, distance between feet, step width, or any other instrument that evaluates locomotion.

Also included were studies that used the Timed Up and Go (TUG) Test, Dynamic Gait Index

(DGI), accelerometers, camcorders, photos or materials such as paint to mark the footprints of

older adults on the floor or on paper, and those that used talc or sand.

The clinical and otoneurological outcomes were the secondary outcomes of this review.

The clinical outcomes were quality of life and fall-related outcomes. Quality of life could have

been assessed by the SF-36 Questionnaire, or by the WHOQOL, or by any other instrument

that the authors have used to assess quality of life. The fall-related outcomes were three: fear of

falling, risk of falls and episodes of falls, respectively, evaluated by the instruments: Falls Effi-

cacy Scale (FES), Activities-specific Balance Confidence (ABC), Fall Risk Screening Tool

(FRST), Fall Risk Index (FRI) and self-reports or calendar/diary of falls. The otoneurological
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outcomes were dizziness, vertigo, pallor and vomiting, and trials that applied any instrument

to measure these outcomes were considered, including the self-reports of the volunteers.

Data extraction and analysis. The data included in this review were extracted and

recorded on a standardized form created by the authors. These data were entered indepen-

dently into the Review Manager (RevMan) program, version 5.4, by both reviewers for subse-

quent verification of the information and discussion of possible discrepancies.

Data homogeneity was analyzed using the heterogeneity test; study data with a p-value of

more than 0.05 were considered homogeneous and those with a heterogeneity index (I2) up to

30% were classified as having low heterogeneity. In the first analysis, a fixed-effect meta-analy-

sis was considered; however, when methodological or clinical heterogeneities were observed in

the studies, random-effect meta-analysis was selected. The meta-analyses were conducted in

RevMan software.

Results

Flow of trials through the review

A total of 3007 studies were identified, in line with search strategies, on the ten databases ana-

lyzed. After duplicate articles were removed, 2039 articles remained for analysis of titles and

abstracts, 33 of which were read in their entirety. After reading, 11 trials [21–31] were consid-

ered eligible for the present review, nine of which are randomized [21,23,25–31] and two

quasi-randomized [22,24]. Fig 1 shows the article selection flowchart, as recommended by

PRISMA.

Of the excluded articles, eleven contained only the intervention group [14,32–41], six trials

included volunteers with neurological and/or orthopedic diseases in their samples [42–47],

three had individuals younger than 60 years [15,16,48], one trial included older adults that

using walking aids device [49], and one was a cross-sectional study [13].

Characteristics of the included trials

All eleven trials used aquatic physical therapy exercises for the intervention group and the con-

trol group was submitted in eight trials to land-based physical therapy exercises [21,23,24,26–

30]. In three trials, the control group did not engage in exercises [22,23,31] and Elbar et al [25]

conducted a crossover trial, where the intervention group started with aquatic physical therapy

exercises and the control group performed none, reversing the interventions after 12 weeks.

The characteristics of the trials analyzed are described in Tables 1 and 2.

Risk of bias

Nine of the eleven eligible trials mentioned randomization; however, only five [25–28,30]

clearly described how this process took place. Two trials [22,24] exhibited high risk of bias,

since they only reported that the sample was divided into control and intervention groups.

Only four of the trials used allocation concealment, via opaque envelopes [25,26,28,30],

while seven made no mention of this procedure, indicating high risk of bias.

None of the trials reported sample blinding and only five controlled the blinding of out-

come assessors [21,23,25,27,30]. In other words, in most of the studies, the examiners were

aware of which group the older adults belonged to (control or intervention), suggesting high

risk of bias for these trials.

Sample losses occurred in nine of the eleven trials; however, none of these conducted inten-

tion-to-treat analysis. One of the studies contained a selective description of the outcome,
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indicating high risk of bias for those with sample losses that did not carry out intention-to-

treat analysis [21,23–29,31] and Cunha et al [23] selectively described the outcome data.

Another bias, identified as ‘other bias’ in Cochrane risk of bias tool was the difference

between the average age of the older adults in both groups. Only two trials [25,31] showed no

difference between the ages of the participants. The difference between the average ages of the

subjects in eight studies ranged between 1–8 and 1–6 years younger in the intervention and

Fig 1. Flowchart of the studies analyzed in this systematic review, according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA).

https://doi.org/10.1371/journal.pone.0291193.g001

PLOS ONE Aquatic physical therapy exercises to improve balance and gait, and reduce falls in healthy older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0291193 September 8, 2023 6 / 31

https://doi.org/10.1371/journal.pone.0291193.g001
https://doi.org/10.1371/journal.pone.0291193


control group, respectively. Cunha et al [23] did not provide the values of the average age of

the groups.

Table 1. Summary of the included trials.

Authors Country Design Characteristics of the Volunteers Sample Characteristics of the Interventions

CG IG CG IG

Avelar et al

[21]

Brazil RCT Community-dwelling older adults,

of both sexes and aged 60 or over.

14 12

Muscle resistance training in the

physical therapy gym, for 40

minutes, twice a week, for six

weeks.

Muscle resistance training in the

therapeutic pool, for 40 minutes, twice

a week, for six weeks.

Bruni et al

[22]

Brazil Quasi-

randomized

trial

Old women, with clinical stability,

age equal to or above 60 years and

with independence for the gait.

13 11 No intervention. Aquatic and land physical therapy

exercises once a week, lasting 40

minutes, during ten weeks.

Cunha et al

[23]

Brazil RCT Older adults, both sexes, aged over

60 and under 75, with no history of

falls and who did not have

difficulties for walking.

- - No intervention Aquatic or land-based physical therapy

exercises performed for 45 minutes, in

20 sessions, for 8 consecutive weeks.

Douris et al

[24]

USA Quasi-

randomized

trial

Older adults, both sexes, aged 65

and older who were independent

ambulators and independent in

activities of daily living.

05 06 Land physical therapy exercises

were administered, for 20 to 30

minutes, 2 times a week, for 6

weeks.

Aquatic physical therapy exercises were

administered, for 20 to 30 minutes, 2

times a week, for 6 weeks.

Elbar et al

[25]

Israel RCT Healthy older adults, both sexes, age

range 64–88 years, who ambulate

independently.

17 17 No intervention for 12 weeks, and

then they performed the same

water exercise program as the

intervention group.

24 sessions, for 40 min each session,

twice a week over a period of 12 weeks,

and then, they remained 12 weeks

without receiving any intervention.

Franciulli

et al [26]

Brazil RCT Older adults of both sexes, aged 60

or over, independent for walking,

and with history of falls in the last 6

months.

06 08 Kinesiotherapy exercises

performed on the soil, lasting 40

minutes, performed twice a week,

for 2 months.

Aquatic physical therapy exercises,

lasting 40 minutes, performed twice a

week, for 2 months.

Oh et al

[27]

South

Korea

RCT Community-dwelling older adults,

both sexes, aged 65 or over and with

history of falls in the last 3 months.

32 34 Land physical therapy exercises,

for 60 minutes performed three

times a week, for 10 weeks.

Aquatic physical therapy exercises, for

60 minutes performed three times a

week, for 10 weeks.

Silva et al

[28]

Brazil RCT Healthy older adults of both sexes,

aged 60 or over, and with history of

falls in the last 6 months.

19 16 Land physical therapy exercises,

for 50 minutes, 2 times a week, for

10 weeks.

Aquatic exercise, for 50 minutes, 2

times a week, for 10 weeks.

Simmons

et al [29]

USA RCT Older adults of both sexes, aged 65

or over and independent for

walking and for activities of daily

living.

12 10 Land physical therapy exercises

were administered, for 45

minutes, twice per week, for 5

weeks.

Aquatic physical therapy exercises were

administered, for 45 minutes, twice per

week, for 5 weeks.

Tavares

et al [30]

Brazil RCT Healthy and sedentary older adults

of both sexes, aged 64 or over.

17 20 Land physical therapy exercises,

for 60 minutes, twice a week, for

12 weeks.

Aquatic physical therapy exercises, for

60 minutes, twice a week, for 12 weeks.

Vale et al

[31]

Brazil RCT Healthy and sedentary old women,

aged 65–70 years.

26 26 No intervention for 16 weeks, and

then they performed the same

aquatic exercise program as the

IG.

Aquatic physical therapy program

consisted of 32 sessions, during 16

weeks and each session contained 60

minutes.

RCT: Randomized controlled trial; CG: Control group; IG: Intervention group.

https://doi.org/10.1371/journal.pone.0291193.t001
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Table 2. Methodological aspects and conclusions of the trials that used the aquatic and land physical therapy exercises to improve balance, gait, quality of life and

reduce fear of falling in community-dwelling older adults.

Authors Outcomes Outcome

measures

Instruments used for

assessment

Control Group Intervention Group Conclusions

Pre Post Pre Post

Avelar et al

[21]

Balance

and Gait

Functional

Balance

Gait-related

Functional

Tasks

Dynamic

Balance

Gait Speed

Berg Balance Scale

Dynamic Gait Index

Tandem Gait

Chronometer

— — — — Both physical therapy exercise programs

(Land or Aquatic) improved the balance

and gait of the older adults.

Bruni et al

[22]

Balance

and Gait

Balance and

Gait

Performance Oriented

Mobility Assessment Scale

Balance:

35.0±2.08

Gait: 15.0

±1.78

Balance:

33.5±2.43

Gait: 13.3

±2.14

Balance:

35.5±2.01

Gait: 15.4

±2.46

Balance:

38.0±0.89

Gait: 17.4

±0.81

This work showed significant results

both in improving balance and gait in

the old women practicing aquatic

physical therapy.

Cunha et al

[23]

Balance

Gait

Quality of

Life

Falls

Functional

Balance

Balance and

Gait

Gait Speed

Quality of Life

Fear of Falling

Berg Balance Scale

Performance Oriented

Mobility Assessment Scale

Timed Up and Go

SF-36 Questionnaire

Falls Efficacy Scale

— — — — Aquatic and land physical therapy

exercises improved the balance, gait,

quality of life and reducing risk of falls

of the older adults.

Douris et al

[24]

Balance Functional

Balance

Berg Balance Scale — — — — Regardless of the treatment medium

(aquatic or land), significant

improvements were evidenced on the

Berg Balance Scale post-test.

Elbar et al

[25]

Balance Balance Stability

(Sway Area)

Force Platform EO: 80.6

±0.23

EC: 114.7

±0.70

EO: 73.9

±0.31

EC: 91.0

±0.52

EO: 93.5

±0.50

EC: 141.6

±0.81

EO: 86.9

±0.62

EC: 113.2

±0.80

Aquatic physical therapy exercises

provided better control of balance in

up-right standing to the older adults.

Franciulli

et al [26]

Balance

and Gait

Functional

Balance

Gait Speed

Berg Balance Scale

Timed Up and Go

BBS: 48.2

±0.90

TUG: 15.1

±4.80

BBS: 51.0

±1.70

TUG: 13.0

±2.30

BBS: 48.3

±2.20

TUG: 15.0

±3.20

BBS: 53.6

±3.90

TUG: 12.4

±0.80

Both interventions (aquatic or land)

were effective in improving balance and

gait in the older adults with a history of

falls.

Oh et al

[27]

Gait

Quality of

Life

Falls

Gait Speed

Quality of Life

Fear of Falling

Timed Up and Go Test

SF-36 Questionnaire

Falls Efficacy Scale

TUG: 6.25

±0.15

GH: 50.1

±15.4

FES: 123.3

±39.2

TUG: 5.83

±0.75

GH: 57.9

±13.9

FES: 133.2

±13.3

TUG: 7.42

±1.26

GH: 55.2

±11.3

FES: 96.3

±39.2

TUG: 5.52

±0.65

GH: 63.0

±14.4

FES: 117,3

±23.4

Aquatic physical therapy exercises are

beneficial to improve the quality of life,

as well as physical performance, of

community-dwelling older adults

compared with land exercise.

Silva et al

[28]

Balance

and Gait

Balance

(Stability

Limits)

Gait Speed

Functional Reach Test

Timed Up and Go FRT: 20.8

±1.80

TUG: 12.6

±1.33

FRT: 27.6

±1.80

TUG: 9.69

±1.33

FRT: 22.2

±1.85

TUG: 15.5

±1.37

FRT: 34.1

±1.85

TUG: 9.59

±1.37

Aquatic and land physical therapy

exercises showed to be greatly efficient,

however aquatic exercises showed

advantages, promoting more beneficial

effects on balance and gait speed in

older adults.

Simmons

et al [29]

Balance Balance

(Stability

Limits)

Functional Reach Test 23.1±2.80 28.7±3.80 21.6±5.30 34.0±4.10 Balance capabilities of the older adults

were enhanced by the production of

movement errors that was facilitated in

a water environment.

(Continued)
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This difference between the average ages of the groups may under or overestimate the effect

size of the interventions, thereby resulting in high risk of bias for the trials that displayed dif-

ferent average ages between the groups, which can be observed in Figs 2 and 3 and Table 3,

illustrating the critical risk of bias analysis of the trials (grouped or separate) and the quality of

GRADE evidence, respectively.

Table 2. (Continued)

Authors Outcomes Outcome

measures

Instruments used for

assessment

Control Group Intervention Group Conclusions

Pre Post Pre Post

Tavares

et al [30]

Gait Walking on

level ground

and close to

home

Brazilian Version of

OARS (Older American

Resources and Services

Questionnaire)

WLG: 4.70

WCH:

4.90

WLG: 5.60

WCH:

5.30

WLG: 5.10

WCH:

5.30

WLG: 5.10

WCH:

5.30

Aquatic and land exercises program

significantly increases the ability of the

older adults in walking on the level

ground and to lie down and get out of

bed.

Vale et al

[31]

Balance Functional

Balance

Balance

Berg Balance Scale

Performance Oriented

Mobility Assessment Scale

BBS: 53.3

±1.20

POMA:

36.7±0.90

BBS: 53.1

±1.50

POMA:

36.6±0.80

BBS: 53.4

±1.80

POMA:

36.8±1.10

BBS: 54.9

±1.20

POMA:

38.1±0.70

Sedentary lifestyle old women benefited

from aquatic physical therapy exercise

and improved the functional balance

compared to a non-trained control

group.

DGI: Dynamic Gait Index; BBS: Berg Balance Scale; TG: Tandem Gait; GV: Gait Velocity; POMA: Performance Oriented Mobility Assessment; TUG: Timed Up and

Go; FRT: Functional Reach Test; FES: Falls Efficacy Scale; EO: Eyes open; EC: Eyes closed; GH: General Health; WLG: Walking on level ground; WCH: Walking close to

home.

https://doi.org/10.1371/journal.pone.0291193.t002

Fig 2. Risk of bias summary of the included trials assessed using the Cochrane risk of bias tool.

https://doi.org/10.1371/journal.pone.0291193.g002
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Participants

The eleven trials included in this systematic review contained a total of 395 older adults and

investigated whether aquatic physical therapy exercises are effective in improving balance,

gait, and quality of life and reducing fall-related outcomes in this population. The intervention

(aquatic physical therapy) and land-based or control (did not perform exercises) groups con-

sisted of 168 and 180 CDOAs, respectively. Cunha et al [23] did not specify sample size in each

Fig 3. Risk of bias of each included trial assessed using the Cochrane risk of bias tool.

https://doi.org/10.1371/journal.pone.0291193.g003
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group; however, 47 CDOAs remained at the end of the trial. We emailed the authors several

times to obtain their data, but none of them responded.

Interventions

The interventions contained similar therapeutic exercise programs, favoring meta-analyses.

The therapeutic exercises performed by both groups were based on strength, muscle stretch-

ing, balance, gait and motor coordination, conducted in a therapeutic swimming pool or on

land [21,26–30]. Only Douris et al [24] did not provide a detailed description of which thera-

peutic exercises were used in the interventions, reporting only that they were water and land-

based.

Outcome measures

Nine of the eleven trials assessed balance [21–26,28,29,31], seven gait [21–23,26–28,30] and

two included the quality of life and fear of falling [23,27].

The trials used different instruments to assess the balance of the older adults. Five of the

nine trials that evaluated balance used the BBS [21,23,24,26,31], three the POMA Scale

[22,23,31], two the FRT [28,29] and one used a force platform [25]. It is important to under-

score that some studies used more than one instrument to assess the balance of the older indi-

viduals in their samples.

In order to analyze gait, four studies used the TUG [23,26–28], two [22,23] the POMA

Scale, one the Brazilian version of the Older American Resources and Services Questionnaire

[30] and one assessed gait based on the DGI, Tandem Gait and gait speed, measured with a

stopwatch [21].

Table 3. Quality of evidence of the trials that used aquatic and land physical therapy exercises to improve balance, gait, quality of life and reduce fear of falling in

community-dwelling older adults.

Quality assessment № of patients Effect Quality Importance

№ of

studies

Study

design

Risk of

bias

Inconsistency Indirectness Imprecision Other

considerations

Aquatic

group

Control

group

Relative

(95%

CI)

Absolute

(95% CI)

Balance: (follow up: mean 9 weeks; assessed with: Berg Balance Scale; Performance Oriented Mobility Assessment Scale; Functional Reach Test and Force Platform)

09 [21–

26,28,29,31]

RCT very

serious a,

b,c,d,e

not serious not serious not serious none 108 113 - - ��◯◯
LOW

CRITICAL

Gait: (follow up: mean 10 weeks; assessed with: Dynamic Gait Index; Gait Tandem; Timed Up and Go Test; Performance Oriented Mobility Assessment Scale and

Brazilian Version of Older American Resources and Services Questionnaire)

06

[21,23,26–

28,30]

RCT very

serious
b,d,e

not serious not serious not serious none 84 81 - - ��◯◯
LOW

CRITICAL

Quality of Life: (follow up: 9 weeks; assessed with: SF-36 Questionnaire)

02 [23,27] RCT very

serious
b,d,e,f

not serious not serious not serious none 34 32 - - ��◯◯
LOW

CRITICAL

Fear of Falling: (follow up: 9 weeks; assessed with: Falls Efficacy Scale)

02 [23,27] RCT very

serious
b,d,e,f

not serious not serious not serious none 34 32 - - ��◯◯
LOW

CRITICAL

RCT: Randomized controlled trial; a: There was no random sequence generation; b: No allocation secrecy; c: There was no blinding of the evaluator of outcome; d: Loss

or incomplete data without performing the intention-to-treat analysis; e: Comparison of older adult’s groups with disproportionate age groups; f: Trials in which there

was selective description of the outcomes.

https://doi.org/10.1371/journal.pone.0291193.t003
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Two articles evaluated quality of life and fear of falling and used the same instruments: the

SF-36 Questionnaire (assessing all domains of this instrument) and Falls Efficacy Scale [23,27],

respectively. The otoneurological outcomes (dizziness, vertigo, pallor and vomiting) were not

included in any of the trials analyzed here.

Meta-analyses

Three meta-analyses were conducted in this systematic review, two on the effects of aquatic

physical therapy exercises on balance and one on gait.

Meta-analyses on balance were performed with the data reported by Silva et al [28] and

Simmons et al [29], who used the FRT, while Bruni et al [22] and Vale et al [31] assessed bal-

ance via the POMA Scale. The meta-analysis of functional mobility (gait speed) was carried

out using the data of three trials: Franciulli et al [26], Oh et al [27] and Silva et al [28], who eval-

uated functional mobility using the Timed Up and Go (Figs 4–6).

Due to the differences between trials, in terms of session duration and total intervention

time, we used the random effect to conduct the three meta-analyses.

A further meta-analysis could be performed in this review, on the balance outcome. The

meta-analysis of balance, assessed by the BBS, could not be conducted due to the way the

results were presented by the authors. Avelar et al [21] and Douris et al [24] published their

data in figures but did not report the means and standard deviations of each outcome, and

Cunha et al [23] provided the group means without the standard deviations. We emailed the

authors to obtain these data, and Avelar et al [21] and Douris et al [24] replied that they no lon-

ger had this informations and after numerous attempts, Cunha et al [23] did not reply.

Two other trials also used the BBS to assess balance; however, Franciulli et al’s [26] sample

was composed of CDOAs of both sexes and that of Vale et al [31] only older women, preclud-

ing a meta-analysis on the balance outcome assessed by the BBS in this review.

Discussion

This is the first systematic review that assessed the evidence quality of the trials that used

aquatic physical therapy exercises to enhance balance, gait, quality of life and reduce fall-

related outcomes in CDOAs.

Eleven trials were analyzed and, although balance, gait and quality of life improved and fear

of falling declined in CDOAs after the interventions, the quality of this evidence is low, due to

the methodological limitations and biases present in the trials.

The main methodological limitations and biases observed were related to the three catego-

ries: biases in sample selection, methodological and traits of the older adults. As such, we

decided to score and discuss them separately, as follows.

Sample selection biases

Randomization was not reported by Bruni et al [22] and Douris et al [24] and four trials

[21,23,29,31] failed to describe how it was conducted. This stage should be prioritized in clini-

cal trials, since it guarantees intergroup homogeneity (intervention and control), thereby con-

trolling selection bias. Another aspect absent in seven trials [21–24,27,29,31] was allocation

concealment, a methodological process adopted to prevent researchers from knowing the

group allocation of each volunteer beforehand.

The studies analyzed did not exhibit scientific rigor in these two stages, especially in alloca-

tion concealment, demonstrating that these sample selection biases should be better controlled

in future trials on the topic, given that trials without allocation concealment overestimated the

effect size of interventions by up to 30% [50].
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Methodological biases

Not controlling blinding of outcome assessors was another serious bias identified in six

[22,24,26,28,29,31] of the eleven trials analyzed. Blinding of outcome assessors provides strong

reliability of the findings presented by preventing prior knowledge of sample allocation from

interfering in their response to treatment (conduction bias), or outcome assessment (detection

bias). The lack of blinding of outcome assessors reduced the evidence quality of the trials, mak-

ing their findings questionable, since studies that are not double-blind overestimate the size

effect of interventions by 17% [50], demonstrating why there should be greater control of the

blinding of outcome assessors in future trials.

Another bias observed in the trials analyzed was sample loss. Nine [21,23–29,31] of the eleven

studies reported sample losses and none conducted intention-to-treat analysis. Intention-to-

treat analysis allows all participants to be monitored until the end of the trial, irrespective of

what occurs with some of them, thereby controlling sample loss bias. Excluding participants

who did not remain until the end of the trial from statistical analysis may overestimate the effect

size of the interventions, and intention-to-treat analysis aims at controlling this bias [51].

Another important limitation identified in the trials was comparison between interven-

tions. Two trials [22,31] compared a group submitted to aquatic physical therapy exercises

with one that performed no exercises, and when the aim of the trial is to analyze the effective-

ness of a treatment, similar interventions are applied in terms of exercise characteristics, ses-

sion duration, number of days per week and the total period, making these interventions

comparable. This allows authors to conclude at the end of the trial whether the interventions

are equivalent, or if any of them is superior in improving the outcomes studied, thereby help-

ing in clinical decision-making.

When this does not occur and the trial compares the averages of the intervention and con-

trol groups, without submitting the latter to any intervention, it is expected that the interven-

tion group will obtain the best post-treatment results, as observed in the two trials [22,31]. The

absence of treatment for the control group makes it difficult to a clinical decision-making

Fig 4. Comparison between the effects of the aquatic and land-based physical therapy exercises to improve balance of community-dwelling older adults, assessed by

the functional reach test.

https://doi.org/10.1371/journal.pone.0291193.g004

Fig 5. Comparison between the effects of the aquatic physical therapy exercises and not performing exercises to improve balance of community-dwelling older

women, assessed by the performance oriented mobility assessment scale.

https://doi.org/10.1371/journal.pone.0291193.g005
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about the aquatic physical therapy exercises of these trials, representing a limitation in this

regard for them.

Another trial [25] also did not compare simultaneous physical therapy exercises in water

and on land. A crossover trial was conducted with the intervention group performing aquatic

physical therapy exercises and the control group none. After twelve weeks, the control group

initiated intervention with aquatic physical therapy exercises and the intervention group did

not exercise for the next twelve weeks.

Thus, eight [21,23,24,26–30] of the eleven trials analyzed compared the effectiveness

between aquatic and land-based physical therapy exercises. This comparison model should be

maintained in future trials because it helps guide decision making and the clinical practice of

the physiotherapists.

Finally, it is worth noting that only two trials [25,28], of the eleven trials analyzed in this sys-

tematic review performed the calculation to estimate the size of their samples. This led to a

small total number of volunteers, of only 395 older adults in the eleven trials, which is very lit-

tle, and makes it very difficult for the results of these studies to be generalized, being one more

methodological problem found in the analyzed trials and which must be corrected by future

trials on the topic.

Biases related to the traits of the older adults

An important bias identified in the trials was the disproportionate age range of the CDOAs in

the intervention and control groups. Only two of the studies showed no difference in the aver-

age age of the CDOAs [25,31], while five trials [21,22,24,26,30] demonstrated a difference,

with average age variations between 1–8 years between one group and another, and the inter-

vention group (aquatic physical therapy exercises) always exhibiting the youngest age groups.

This difference between the average ages of the intervention and control groups creates

confounding bias in the studies, since at the end of the trial it can be questioned whether the

outcomes analyzed improved in the intervention group by the aquatic physical therapy exer-

cises or if this occurred because the participants were younger. This is a relevant question,

since several studies have found that balance and gait worsen, favoring falls, with an increase

in age in older individuals [52–63].

Another possible bias in the trials analyzed was the presence of sensory disorders in the

older adults, such as hearing loss and vestibular dysfunctions, which have been widely associ-

ated with aging [64–67]. The trials did not report whether the samples exhibited these disor-

ders, which were not exclusion criteria for any of the trials. This information is valuable,

because several studies have reported that sensorineural hearing loss is a frequent finding in

older people [68–70], and that older adults with hearing loss have worse balance, limited

mobility and a greater likelihood of falls [71–79].

Fig 6. Comparison between the effects of the aquatic and land-based physical therapy exercises to improve functional mobility (gait speed) of community-dwelling

older adults, assessed by the Timed Up and Go (TUG) test.

https://doi.org/10.1371/journal.pone.0291193.g006
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These balance and gait problems are also observed in children, adolescents and adults with

hearing loss [80–89], suggesting that hearing loss may have a negative effect on balance and gait

at any age. On the other hand, the use of hearing aids and cochlear implants increases auditory

capacity and has improved the balance and gait, and reduced the risk of falls in older people

with hearing loss [90–99], possibly due to the new auditory opportunities provided by these

devices, suggesting that hearing input is not neutral in balance and motor skills [100,101].

This improvement in the balance of older adults with the help of hearing aids or cochlear

implants may be justified, suggesting that sound signals transmitted to these individuals serve

as fixed environmental reference points [102–104], providing spatial maps of the environment

and better space-time orientation and balance [104,105]. This raises the question of whether it

might be the moment to break paradigms and include hearing as another sensory system

responsible for regulating human body balance [106].

Another uncertainty in the trial samples, also related to hearing loss and aging [107,108], is

the presence of older people with vestibular dysfunction. This information is important since

in some cases, one of the inclusion criteria for the older adults was to have a history of falls in

the last six months, and vestibular dysfunction is the main cause of falls in the older adults, in

addition to being a frequent finding in this population [109,120]. Balance and gait are altered

in older people with vestibular dysfunctions, making them more susceptible to falls [121–133].

Thus, the presence of older individuals with hearing loss and/or vestibular dysfunctions in the

trial samples analyzed would cause further confounding bias and may lead to underestimating

the effect size of interventions, due to the greater balance and gait difficulty experienced by

these individuals.

The difference between the average ages of the intervention and control groups, and the

presence of the hearing loss and vestibular dysfunction in CDOAs are biases that should be

controlled in future trials, since without hearing loss or vestibular dysfunction, the young old

may obtain satisfactory results more rapidly, given their better balance and gait performance.

On the other hand, with hearing loss and vestibular dysfunction, old-old adults may dem-

onstrate positive results later, because their balance and gait are more compromised. Thus,

CDOAs can require different time periods to exhibit satisfactory results in balance, gait, quality

of life and reducing fall-related outcomes. Age group, and the presence of the hearing loss and

vestibular dysfunction may be serious confounding biases for future studies on the topic.

A suggestion for future trials, in order to avoid these biases, is block randomization accord-

ing to older adults from each decade. In addition, older individuals with and without hearing

loss and vestibular dysfunction should be randomized to make the groups more homogeneous

in terms of age and the presence of hearing loss and vestibular dysfunction [134–136].

Thus, at the end of the trial, will be able to perform subgroup-analyses, in order to observe

the effect of interventions in CDOAs in relation to age range, presence or absence of hearing

loss and vestibular dysfunction, and determine whether the interventions were effective in

improving balance, gait, quality of life and reducing fall-related outcomes in CDOAs of all age

groups with and without hearing loss and vestibular dysfunction and thereby help guide clini-

cal practice on the topic.

It is important to underscore that the difference between the age ranges of the CDOAs was

a confounding bias included in the analysis of risk of bias and quality of the evidence in this

review. The presence of hearing loss and vestibular dysfunction was not included, since we are

uncertain whether these older adults were part of the trials, but we opted to mention the effect

of hearing loss and vestibular dysfunction on the balance of older people, so that future trials

on the topic can control these outcomes in their samples.
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Effectiveness of the aquatic physical therapy exercises in improving balance

and gait speed (functional mobility) of healthy community-dwelling older

adults (meta-analyses)

Meta-analyses on balance demonstrated that engaging in aquatic physical therapy exercises

increases the functional reach, through of the anterior displacement of the center of pressure

of CDOAs by 6.36cm, compared to their land-based counterparts, assessed by the FRT

(p<0.00001), while the meta-analysis evaluated by POMA scale did not demonstrate signifi-

cant differences between performing or not performing aquatic physical therapy exercises

(p = 0.05), based on low-quality evidence (Figs 4 and 5 and Table 4).

There were no significant differences between performing aquatic or land-based physical

therapy exercises to improve functional mobility (gait speed) in the CDOAs (p = 0.07), mea-

sured by TUG, based on low-quality evidence, according Fig 6 and Table 4. It is important to

emphasize that the TUG score is inversely proportional, such that the less time needed to com-

plete the test, the faster the functional mobility (gait speed) of older adults.

These data are valuable for physiotherapists, since they show a clinical improvement in the

balance assessed by the FRT and a trend towards improvement (as the black diamond touches

the line of nullity) in the balance and gait speed of CDOAs, assessed, respectively, by the

POMA Scale and the TUG, promoted by aquatic physical therapy exercises. These results guid-

ing clinical practice and making it possible to analyze the risk of falling in this population after

these interventions.

The literature contains several studies able to predict falls in CDOAs, based on the cutoff

point of balance and gait assessment instruments [137–153]. Despite the differences in cutoff

points, which indicate the fall prediction of these studies, we decided to discuss fall prediction

in the older participants of this review, based on the averages obtained in meta-analyses and

thereby identify which physical therapy exercises (aquatic or land-based) are more effective in

decreasing the risk of falls in CDOAs.

Table 4. Quality of evidence of the trials that used aquatic physical therapy exercises to improve balance and functional mobility (gait speed) of community-dwell-

ing older adults (meta-analysis).

Quality assessment № of patients Effect Quality Importance

№ of

studies

Study

design

Risk of

bias

Inconsistency Indirectness Imprecision Other

considerations

Aquatic

group

Land-based

or control

group

Relative

(95%

CI)

Absolute

(95% CI)

Balance (Anterior displacement of the pressure center): (follow up: mean 8 weeks; assessed with: Functional Reach Test)

02

[28,29]

RCT very

serious b,

c,d,e

not serious not serious not serious none 26 31 - 6.36 (5.22

to 7.50)

��◯◯
LOW

CRITICAL

Balance (Balance-related functional tasks): (follow up: mean 13 weeks; assessed with: Performance Oriented Mobility Assessment Scale)

02

[22,31]

QRT very

serious a,

b,c,d,e

not serious not serious not serious none 37 39 - 2.92 (-0.02

to 5.86)

��◯◯
LOW

CRITICAL

Gait (Gait Speed): (follow up: 9 weeks; Timed Up and Go Test)

03 [26–

28]

RCT very

serious b,

c,d,e

not serious not serious not serious none 58 57 - -0.29

(-0.61 to

0.02)

��◯◯
LOW

CRITICAL

RCT: Randomized controlled trial; QRT: Quasi-randomized trial; a: There was no random sequence generation; b: No allocation secrecy; c: There was no blinding of the

evaluator of outcome; d: Loss or incomplete data without performing the intention-to-treat analysis; e: Comparison of older adults’ groups with disproportionate age

groups.

https://doi.org/10.1371/journal.pone.0291193.t004
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A recent systematic review [154] found that the average of untrained CDOAs in the FRT

was 26.6cm (CI:25.1 to 28.0). Another investigation reported that untrained CDOAs with a

history of falling as assessed by the FRT obtained an average of 14.7cm [155]. The meta-analy-

sis on the FRT demonstrated that aquatic or land-based physical therapy exercises resulted in

averages above 26.6cm, showing the efficacy of the two physical therapy interventions in

improving the balance of CDOAs. However, those who engaged in aquatic physical therapy

exercises displayed a clinical improvement 6.36cm higher than those submitted to land-based

exercises, demonstrating the greater efficacy of the former in improving the functional reach,

through of the anterior displacement of the center of pressure of CDOAs and reducing their

risk of falls.

We found no literature article with normative data on POMA scale values in CDOAs, or

any cutoff point to predict falls, which hindered discussing meta-analysis data from the

POMA scale. In addition, the POMA scale isolated seems not to be a consistent instrument for

predicting the risk of falls in CDOAs [156].

Performing aquatic physical therapy exercises showed a downward trend the TUG time by

0.29 seconds, increasing functional mobility (gait speed) in CDOAs, compared to land-based

physical therapy exercises. Literature reports differ in their cutoff point to predict the risk of

falls in CDOAs assessed by the TUG, ranging between 8.5 and 20 seconds [157–163]. The

highest agreement in cutoff points of the studies was between 11 and 12.4 seconds [164–167],

a value we used to predict the risk of falls in CDOAs, related to the gait speed of this review.

The meta-analysis on functional mobility (gait speed) assessed by the TUG showed that

both physical therapy interventions resulted in averages below 12.4 seconds in CDOAs, which

demonstrated the efficacy of both physical therapy interventions in reducing falls in this popu-

lation. However, in one of the trials [26], the post-test average of the land-based physical ther-

apy exercise group was above 12.4 seconds, showing that aquatic physical therapy exercises

promoted an even higher clinical improvement in functional mobility (gait speed) of CDOAs

and a decline in their risk of falling.

Despite these findings, the evidence quality was low for all outcomes. Due to this low evi-

dence quality of the trials involved in the meta-analyses, these findings should be interpreted

with caution, because the estimate of the effect could be better proven, or refuted by future tri-

als that present better methodological quality, according to the classification of the GRADE

approach [20].

It is important to underscore that older adults with vestibulopathy exhibit slower gait speed

[168] and that lower TUG (>11.1 seconds) and DGI scores (�18 points) were correlated with

falls in this population [169]. Thus, the average TUG meta-analysis scores indicate that aquatic

physical therapy exercises can also be effective in improving balance, gait, and reducing the

risk of falls in older adults with vestibular dysfunctions, since in two of the three trials, post-

test averages were less than 11.1 seconds.

In addition to analyzing risk of falls, the TUG has also been used to observe the association

between functional mobility (gait speed) and activities of daily living, morbidity and mortality

in CDOAs [170–173], demonstrating also potential to quantify the effectiveness of the vestibu-

lar physical therapy [174], outcomes that can be analyzed in future trials on the topic.

Other considerations

Despite the limitations and biases discussed above, the trials analyzed here exhibit positive

characteristics, which should be mentioned and maintained in future trials. Ten trials

described the physical therapy exercises used in the interventions (aquatic and land-based),

except for Douris et al [24]. This information is very valuable, since it may help guide aquatic
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and land-based physical therapy exercise prescription to improve balance, gait, quality of life,

and reduce fear of falling in CDOAs, making it possible to replicate these exercises in future

trials and clinical practice (Appendix 2).

Another aspect that can be considered in future trials is to use more sensitive instruments

to assess outcomes, such as dynamic computerized posturography or force platforms to evalu-

ate balance; and accelerometers, software and camcorders to assess gait, in addition to vali-

dated clinical tests and scales. It is important to emphasize that there are normative data that

predict the risk of falls for this population using these instruments, which can be applied in

future trials to observe the efficacy of interventions in improving balance and gait and reduc-

ing falls in CDOAs [175–178].

In addition, future trials that use clinical tests or scales could also describe which motor

tasks of these instruments the CDOAs had difficulty executing, since these tasks could receive

greater attention and targeted rehabilitation to improve their performance in clinical practice.

The present systematic review found that aquatic physical therapy exercises were more

effective than their land-based counterparts in improving balance, gait, quality of life, and

reducing the fear of falling in CDOAs. During our literature search, we found several similar

investigations, but these involved older adults with orthopedic or neurological disorders [179–

184]. However, this review aimed at examining the issue from a health promotion and preven-

tion standpoint, given that physiotherapists do not only work with rehabilitation. As such, this

study provides data that confirm physiotherapists’ role in health promotion and prevention of

age-related comorbidities.

An important gap observed in the trials analyzed was not including the otoneurological

symptoms such as dizziness and vertigo, which are related to postural instabilities, imbalance

and falls, commonly found in CDOAs and frequent in older adults with vestibulopathy. These

outcomes could be included and analyzed in future trials in order to provide evidence on the

effect of aquatic physical therapy exercises on the otoneurological symptoms of CDOAs, given

that some evidences suggest positive effects of these exercises for individuals with vestibular

hypofunction [15,16].

In addition, gaze stabilization exercises and otolithic repositioning maneuvers are consid-

ered key exercises for vestibular rehabilitation, demonstrating moderate-to-high evidence

quality in reducing otoneurological symptoms and improving balance, gait, quality of life, and

reducing falls in older adults with benign paroxysmal positional vertigo (BPPV) [185–195].

However, in addition to these exercises, there is a need for specific rehabilitation of the limits

of stability, balance and gait, and therapeutic balance exercises have also demonstrated effec-

tiveness in rehabilitating of the postural adjustments, providing better stability, balance and

gait to older people with vestibular hypofunction [196–204].

As shown in this systematic review, aquatic physical therapy exercises were more effective

in improving balance, gait, quality of life, and reducing the fear of falling in CDOAs. Thus,

aquatic physical therapy may be a complementary therapy alternative for physiotherapists who

also treat older individuals with vestibular hypofunction, in order to maintain the results

achieved with balance exercises or vestibular rehabilitation maneuvers in older adults with

BPPV and persistent residual dizziness.

Furthermore, aquatic physical therapy exercises may be an alternative for older adults con-

cerned about performing land-based exercises, due to their comorbidities, fear of falling or

postural instability, triggered by the complexity of the motor task [205–207], which may favor

falls [208]. This shows the need for permanent physical therapy interventions for CDOAs, to

improve these outcomes, since fear of falling is a common feeling in this population [209–218]

and frequent in those with vestibulopathy [219–222], which may limit their movement and

trigger other motor problems, such as kinesiophobia.
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Finally, land-based physical therapy exercises also promoted a clinical improvement in the

outcomes obtained by CDOAs and should be prioritized, given that gait, functional and leisure

activities of daily living are performed on land. Thus, we believe that physical therapy treat-

ment should include both exercises to promote more safety and stability for older adults, using

aquatic physical therapy exercises when necessary, and a training program better suited to the

individual’s reality, by prescribing land-based exercises when they exhibit greater body

stability.

This systematic review observed that aquatic physical therapy exercises improved balance,

gait, quality of life, and reduced fear of falling in CDOAs in trials in which the intervention

program consisted of sessions lasting 30 minutes or longer, twice or more a week for at least

five weeks [21–31]. These data may help guide future trials using aquatic physical therapy exer-

cises for CDOAs and the clinical decision-making of physiotherapists.

The limitation of this systematic review was not searching in thesis and dissertation

databases.

Conclusion and implications for future trials

Aquatic physical therapy exercises were more effective than their land-based counterparts in

improving balance, gait, quality of life, and reducing fear of falling in CDOAs. However, due

to the low evidence quality, the results of the trials analyzed here should be interpreted with

caution.

Low evidence quality on the topic and the lack of information in the trials on the presence

or absence of adverse effects caused by the two interventions hindered analysis of the benefits

and adverse effects of the interventions, meaning this clinical decision remains inconclusive.

Any estimate presented by this review regarding a recommendation involving aquatic physical

therapy exercises to improve balance, gait, quality of life and reduce fear of falling in CDOAs

would be uncertain, inconclusive or insufficient.

Given the low evidence quality observed in this review, we suggest that future trials on the

topic be proposed, with better methodological quality to promote high-quality evidence on the

effectiveness of aquatic physical therapy exercises in order to improve balance, gait, quality of

life, and reduce fall-related outcomes in CDOAs. Future trials should control biases related to

sample selection, blinding of outcome assessors, sample losses, or conduct intention-to-treat

analysis, control average participant age, the presence of hearing loss and vestibular dysfunc-

tion in the sample.

We also suggest that future trials observe, in addition to balance and gait, clinical, func-

tional and otoneurological outcomes, such as dizziness, vertigo, functionality, performance in

activities of daily living and leisure, also emphasizing the fall-related outcomes and the quality

of life of older adults, since, as shown in the present review, only two of the eleven trials ana-

lyzed these outcomes.

Moreover, future trials could also investigate the costs of these interventions and include a

follow-up period, in order to determine how long the effects of these interventions (aquatic

and land-based) last in CDOAs. This information is valuable because it will provide theoreti-

cal-scientific support to guide physical therapy clinical practice on the topic and ensure that

interventions are based on high-quality methodological evidence.
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ciations with gait and executive function. Neurorehabil Neural Repair. 2020; 34: 915–24.

60. Osoba MY, Ashwini K, Agrawal SK, Lalwani AK. Balance and gait in the elderly: a contemporary

review. Laryngoscope Investig Otolaryngol. 2019; 4: 143–53. https://doi.org/10.1002/lio2.252 PMID:

30828632

61. Quiao M, Feld JA, Franz JR. Aging effects on leg joint variability during walking with balance perturba-

tions. Gait Posture. 2018; 62: 27–33. https://doi.org/10.1016/j.gaitpost.2018.02.020 PMID: 29510323

62. Magnani RM, Bruijn SM, van Dieen JH, Vieira MF. Head orientation and gait stability in young adults,

dancers and older adults. Gait Posture. 2020; 80: 68–73. https://doi.org/10.1016/j.gaitpost.2020.05.

035 PMID: 32492622

63. Porto JM, Iosimuta NCR, Freire-Junior RC, Braghin RMB, Leitner E, Freitas LG, et al. Risk factors for

future falls among community-dwelling older adults without a fall in the previous year: a prospective

one-year longitudinal study. Arch Gerontol Geriatr. 2020; 91: 104161. https://doi.org/10.1016/j.

archger.2020.104161 PMID: 32688105

64. Moscicki EK, Elkins EF, Baum HM, McNamara PM. Hearing loss in the elderly: an epidemiologic study

of the Framinghham Heart Study Cohort. Ear Hear. 1985; 6: 184–90.

65. Ruwer SL, Rossi AG, Simon LF. Balance in the elderly. Braz J Otorhinolaryngol. 2005; 71: 298–303.

66. Su HC, Huang TW, Young YH, Cheng PW. Aging effect on vestibular evoked myogenic potential. Otol

Neurotol. 2004; 25: 977–80. https://doi.org/10.1097/00129492-200411000-00019 PMID: 15547429

67. Zalewski CK. Aging of the human vestibular system. Semin Hear. 2015; 36: 175–96. https://doi.org/

10.1055/s-0035-1555120 PMID: 27516717

68. Cuickshanks KJ, Wiley TL, Tweed TS, Klein BE, Mares-Perlman JA, Nondahl DM. Prevalence of hear-

ing loss in older adults in Beaver Dam, Wisconsin. The epidemiology of hearing loss study. Am J Epi-

demiol. 1998; 48: 879–86.

69. Alexander TH, Harris JP. Incidence of sudden sensorineural hearing loss. Otol Neurotol. 2013; 34:

1586–9. https://doi.org/10.1097/MAO.0000000000000222 PMID: 24232060

70. Huafeng Y, Hongqin W, Wenna Z, Yuan L, Peng X. Clinical characteristics and prognosis of elderly

patients with idiopathic sudden sensorineural hearing loss. Acta Otolaryngol. 2019; 139: 866–9.

https://doi.org/10.1080/00016489.2019.1641218 PMID: 31452421

71. Thomas E, Martines F, Bianco A, Messina G, Giustino V, Zangla, et al. Decreased postural control in

people with moderate hearing loss. Medicine (Baltimore). 2018; 97: e0244. https://doi.org/10.1097/

MD.0000000000010244 PMID: 29620637

72. Ciquinato DSA, Doi MY, Silva RA, Oliveira MR, Gil AWO, Marchiori LLM. Posturographic analysis in

the elderly with and without sensorineural hearing loss. Int Arch Otorhinolaryngol. 2020; 24: e496–

502. https://doi.org/10.1055/s-0040-1701271 PMID: 33133269

73. Bang S, Jeon J, Lee J, Choi J, Song J, Chae S. Association between hearing loss and postural instabil-

ity in older Korean adults. JAMA Otolaryngol Head Neck Surg. 2020; 146: 530–4. https://doi.org/10.

1001/jamaoto.2020.0293 PMID: 32324231

74. Carr S, Pichora-Fuller MK, Li KZH, Campos JL. Effects of age on listening and postural control during

realistic multi-tasking conditions. Hum Mov Sci. 2020; 73: 102664. https://doi.org/10.1016/j.humov.

2020.102664 PMID: 32768861

75. Foster JI, Williams KL, Timmer BHB, Brauer SG. The association between hearing impairment and

postural stability in older adults: a systematic review and meta-analysis. Trends Hear. 2023; 26:

https://doi.org/10.1177/23312165221144155 PMID: 36524292

PLOS ONE Aquatic physical therapy exercises to improve balance and gait, and reduce falls in healthy older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0291193 September 8, 2023 23 / 31

https://doi.org/10.1016/j.archger.2007.05.003
https://doi.org/10.1016/j.archger.2007.05.003
http://www.ncbi.nlm.nih.gov/pubmed/17580094
https://doi.org/10.1016/j.gaitpost.2004.09.010
http://www.ncbi.nlm.nih.gov/pubmed/16214664
https://doi.org/10.1007/s11357-014-9621-8
https://doi.org/10.1007/s11357-014-9621-8
http://www.ncbi.nlm.nih.gov/pubmed/24532389
https://doi.org/10.1093/ptj/pzab035
http://www.ncbi.nlm.nih.gov/pubmed/33513229
https://doi.org/10.3389/fphys.2020.00881
http://www.ncbi.nlm.nih.gov/pubmed/33041836
https://doi.org/10.1002/lio2.252
http://www.ncbi.nlm.nih.gov/pubmed/30828632
https://doi.org/10.1016/j.gaitpost.2018.02.020
http://www.ncbi.nlm.nih.gov/pubmed/29510323
https://doi.org/10.1016/j.gaitpost.2020.05.035
https://doi.org/10.1016/j.gaitpost.2020.05.035
http://www.ncbi.nlm.nih.gov/pubmed/32492622
https://doi.org/10.1016/j.archger.2020.104161
https://doi.org/10.1016/j.archger.2020.104161
http://www.ncbi.nlm.nih.gov/pubmed/32688105
https://doi.org/10.1097/00129492-200411000-00019
http://www.ncbi.nlm.nih.gov/pubmed/15547429
https://doi.org/10.1055/s-0035-1555120
https://doi.org/10.1055/s-0035-1555120
http://www.ncbi.nlm.nih.gov/pubmed/27516717
https://doi.org/10.1097/MAO.0000000000000222
http://www.ncbi.nlm.nih.gov/pubmed/24232060
https://doi.org/10.1080/00016489.2019.1641218
http://www.ncbi.nlm.nih.gov/pubmed/31452421
https://doi.org/10.1097/MD.0000000000010244
https://doi.org/10.1097/MD.0000000000010244
http://www.ncbi.nlm.nih.gov/pubmed/29620637
https://doi.org/10.1055/s-0040-1701271
http://www.ncbi.nlm.nih.gov/pubmed/33133269
https://doi.org/10.1001/jamaoto.2020.0293
https://doi.org/10.1001/jamaoto.2020.0293
http://www.ncbi.nlm.nih.gov/pubmed/32324231
https://doi.org/10.1016/j.humov.2020.102664
https://doi.org/10.1016/j.humov.2020.102664
http://www.ncbi.nlm.nih.gov/pubmed/32768861
https://doi.org/10.1177/23312165221144155
http://www.ncbi.nlm.nih.gov/pubmed/36524292
https://doi.org/10.1371/journal.pone.0291193


76. Lin TC, Yen M, Liao YC. Hearing loss is a risk factor of disability in older adults: a systematic review.

Arch Gerontol Geriatr. 2019; 85: 103907. https://doi.org/10.1016/j.archger.2019.103907 PMID:

31352184

77. Sakurai R, Suzuki H, Ogawa S, Takahashi M, Fujiwara Y. Hearing loss and increased gait variability

among older adults. Gait Posture. 2021; 87: 54–8. https://doi.org/10.1016/j.gaitpost.2021.04.007

PMID: 33892392

78. Xu D, Newel MD, Francis AL. Fall-related injuries mediate the relationship between self-reported hear-

ing loss and mortality in middle-aged and older adults. J Gerontol A Biol Sci Med Sci. 2021; 76: 213–

20. https://doi.org/10.1093/gerona/glab123 PMID: 33929532

79. Szeto B, Zanotto D, Lopez EM, Stafford JA, Nemer JS, Chambers AR, et al. Hearing loss is associated

with increase variability in double support period in the elderly. Sensors. 2021; 21: 278.

80. Potter CN, Silverman LN. Characteristics of vestibular function and static balance skills in deaf chil-

dren. Phys Ther. 1984; 64; 1071–5. https://doi.org/10.1093/ptj/64.7.1071 PMID: 6739549

81. An MH, Yi CH, Jeon HS, Park SY. Age-related changes of single-limb standing balance in children

with and without deafness. Int J Pediatr Otorhinolaryngol. 2009; 73: 1539–44. https://doi.org/10.1016/

j.ijporl.2009.07.020 PMID: 19720404

82. Melo RS, Lemos A, Macky CFST, Raposo MCF, Ferraz KM. Postural control assessment in students

with normal hearing and sensorineural hearing loss. Braz J Otorhinolaryngol. 2015; 81: 431–8. https://

doi.org/10.1016/j.bjorl.2014.08.014 PMID: 25382425

83. Melo RS, Lemos A, Raposo MCF, Belian RB, Ferraz KM. Balance performance of children and adoles-

cents with sensorineural hearing loss: Repercussions of hearing loss degrees and etiological factors.

Int J Pediatr Otorhinolaryngol. 2018; 110: 16–21. https://doi.org/10.1016/j.ijporl.2018.04.016 PMID:

29859579

84. Soylemez E, Ertugrul S, Dogan E. Assessment of balance skills and falling risk in children with congen-

ital bilateral profound sensorineural hearing loss. Int J Pediatr Otorhinolaryngol. 2019; 116: 75–8.

https://doi.org/10.1016/j.ijporl.2018.10.034 PMID: 30554713

85. Melo RS, Lemos A, Raposo MCF, Monteiro MG, Lambertz D, Ferraz KM. Repercussions of the hear-

ing loss degrees and vestibular dysfunction on the static balance of children with sensorineural hearing

loss. Phys Ther. 2021. 101: pzab177.

86. Jafarnezhadgero AA, Majlesi M, Azadian E. Gait ground reaction force characteristics in deaf and

hearing children. Gait Posture. 2017; 53: 236–40. https://doi.org/10.1016/j.gaitpost.2017.02.006

PMID: 28219845

87. Melo RS. Gait performance of children and adolescents with sensorineural hearing loss. Gait Posture.

2017; 57: 109–14. https://doi.org/10.1016/j.gaitpost.2017.05.031 PMID: 28600974

88. Lin FR, Niparko JK, Ferrucci L. Hearing loss in the United States. Arch Intern Med. 2011; 171: 1851–2.

89. Kowalewski V, Patterson R, Hartos J, Bugnariu N. Hearing loss contributes to balance difficulties in

both younger and older adults. J Prev Med. 2018; 3: 12. https://doi.org/10.21767/2572-5483.100033

PMID: 29951645

90. Stevens MN, Barbour DL, Gronski MP, Hullar TE. Auditory contributions to maintaining balance. J

Vestib Res. 2016; 26: 433–8. https://doi.org/10.3233/VES-160599 PMID: 28262648

91. Vitkovic J, Le C, Lee SL, Clark RA. The contribution of hearing and hearing loss to balance control.

Audiol Neurootol. 2016; 21: 195–202. https://doi.org/10.1159/000445100 PMID: 27251708

92. Negahban H, Ali MBC, Nassadj G. Effect of hearing aids on static balance function in elderly with hear-

ing loss. Gait Posture. 2017; 58: 126–9. https://doi.org/10.1016/j.gaitpost.2017.07.112 PMID:

28772132

93. Oikawa K, Kobayashi Y, Hiraumi H, Yonemoto K, Sato H. Body balance function of cochlear implant

patients with and without sound conditions. Clin Neurophysiol. 2018; 129; 2112–7. https://doi.org/10.

1016/j.clinph.2018.07.018 PMID: 30096566

94. Seiwerth I, Jonen J, Rahne T, Schwesig R, Lauenroth A, Hullar TE, et al. Influence of hearing on vesti-

bulospinal control in healthy subjects. HNO. 2018: 66: 49–55.

95. Berge JE, Nordahl SHG, Aarstad HJ, Goplen FK. Hearing as an independent predictor of postural bal-

ance in 1075 patients evaluated for dizziness. Otolaryngol Head Neck Surg. 2019; 161: 478–84.

https://doi.org/10.1177/0194599819844961 PMID: 31013210

96. Seiwerth I, Jonen J, Rahne T, Lauenroth A, Hullar TE, Plontke SK. et al. Postural regulation and stabil-

ity with acoustic input in normal hearing subjects. HNO. 2020; 68: 100–5.

97. Sioud R, Khalifa R, Houel N. Auditory cues behind congenitally blind subjects improve their balance

control in bipedal upright posture. Gait Posture. 2019; 70: 175–8. https://doi.org/10.1016/j.gaitpost.

2019.03.004 PMID: 30878728

PLOS ONE Aquatic physical therapy exercises to improve balance and gait, and reduce falls in healthy older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0291193 September 8, 2023 24 / 31

https://doi.org/10.1016/j.archger.2019.103907
http://www.ncbi.nlm.nih.gov/pubmed/31352184
https://doi.org/10.1016/j.gaitpost.2021.04.007
http://www.ncbi.nlm.nih.gov/pubmed/33892392
https://doi.org/10.1093/gerona/glab123
http://www.ncbi.nlm.nih.gov/pubmed/33929532
https://doi.org/10.1093/ptj/64.7.1071
http://www.ncbi.nlm.nih.gov/pubmed/6739549
https://doi.org/10.1016/j.ijporl.2009.07.020
https://doi.org/10.1016/j.ijporl.2009.07.020
http://www.ncbi.nlm.nih.gov/pubmed/19720404
https://doi.org/10.1016/j.bjorl.2014.08.014
https://doi.org/10.1016/j.bjorl.2014.08.014
http://www.ncbi.nlm.nih.gov/pubmed/25382425
https://doi.org/10.1016/j.ijporl.2018.04.016
http://www.ncbi.nlm.nih.gov/pubmed/29859579
https://doi.org/10.1016/j.ijporl.2018.10.034
http://www.ncbi.nlm.nih.gov/pubmed/30554713
https://doi.org/10.1016/j.gaitpost.2017.02.006
http://www.ncbi.nlm.nih.gov/pubmed/28219845
https://doi.org/10.1016/j.gaitpost.2017.05.031
http://www.ncbi.nlm.nih.gov/pubmed/28600974
https://doi.org/10.21767/2572-5483.100033
http://www.ncbi.nlm.nih.gov/pubmed/29951645
https://doi.org/10.3233/VES-160599
http://www.ncbi.nlm.nih.gov/pubmed/28262648
https://doi.org/10.1159/000445100
http://www.ncbi.nlm.nih.gov/pubmed/27251708
https://doi.org/10.1016/j.gaitpost.2017.07.112
http://www.ncbi.nlm.nih.gov/pubmed/28772132
https://doi.org/10.1016/j.clinph.2018.07.018
https://doi.org/10.1016/j.clinph.2018.07.018
http://www.ncbi.nlm.nih.gov/pubmed/30096566
https://doi.org/10.1177/0194599819844961
http://www.ncbi.nlm.nih.gov/pubmed/31013210
https://doi.org/10.1016/j.gaitpost.2019.03.004
https://doi.org/10.1016/j.gaitpost.2019.03.004
http://www.ncbi.nlm.nih.gov/pubmed/30878728
https://doi.org/10.1371/journal.pone.0291193


98. Weaver TS, Shayman CS, Hullar TE. The effect of hearing aids and cochlear implants on balance dur-

ing gait. Otol Neurotol. 2017; 38: 1327–32. https://doi.org/10.1097/MAO.0000000000001551 PMID:

28902805

99. Campos L, Prochazka A, Anderson M, Kaizer A, Foster C, Hullar T. Consistent hearing aid use is asso-

ciated with lower fall prevalence and risk in older adults with hearing loss. J Am Geriatr Soc. 2023;

https://doi.org/10.1111/jgs.18461 PMID: 37314100

100. Suarez H, Alonso R, Arocena S, Ferreira E, Roman CS, Suarez A, et al. Sensorimotor interaction in

deaf children. Relationship between gait performance and hearing input during childhood assessed in

pre-lingual cochlear implant users. Acta Otolaryngol. 2017; 137: 346–51. https://doi.org/10.1080/

00016489.2016.1247496 PMID: 27844494

101. Maheu M, Behtani L, Nooristani M, Houde MS, Delcenserie A, Leroux T, et al. Vestibular function mod-

ulates the benefit of hearing aids in people with hearing loss during static postural control. Ear Hear.

2019; 40: 1418–24. https://doi.org/10.1097/AUD.0000000000000720 PMID: 30998550

102. Easton RD, Greene AJ, DiZio P, Lackner JR. Auditory cues for orientation and postural control in

sighted and congenitally blind people. Exp Brain Res. 1998; 118: 541–50. https://doi.org/10.1007/

s002210050310 PMID: 9504849

103. Zhong X, Yost WA. Relationship between postural stability and spatial hearing. J Am Acad Audiol.

2013; 24: 782–8. https://doi.org/10.3766/jaaa.24.9.3 PMID: 24224986

104. Gandemer L, Parseihian G, Kronland-Martinet R, Bourdin C. Spatial cues provided by sound improve

postural stabilization: evidence of a spatial auditory map? Front Neurosci. 2017; 11: 357. https://doi.

org/10.3389/fnins.2017.00357 PMID: 28694770

105. Karim AM, Rumalla K, King LA, Hullar TE. The effect of spatial auditory landmarks on ambulation. Gait

Posture. 2018; 60: 171–4. https://doi.org/10.1016/j.gaitpost.2017.12.003 PMID: 29241100

106. Lubetzky AV. Balance, falls, and hearing loss: Is it time for a paradigm shift? JAMA Otolaryngol Head

Neck Surg. 2020; 146: 535–6. https://doi.org/10.1001/jamaoto.2020.0415 PMID: 32324206

107. Kurtaran H, Acar B, Ocak E, Mirici E. The relationship between senile hearing loss and vestibular activ-

ity. Braz J Otorhinolaryngol. 2016; 82: 650–3. https://doi.org/10.1016/j.bjorl.2015.11.016 PMID:

26997575

108. Gabriel GA, Harris LR, Gnanasegaram JJ, Cushing SL, Gordon KA, Haycock BC, et al. Vestibular per-

ceptual thresholds in older adults with and without age-related hearing loss. Ear Hear. 2021.
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to stratify risk recurrent falls in community-dwelling adults aged 65 years and older. Phys Ther. 2010;

90: 550–60.

142. Muir SW, Berg K, Chesworth B, Klar N, Speechley M. Balance impairment as a risk fator for falls in

community-dwelling older adults who are high functioning: a prospective study. Phys Ther. 2010; 90:

338–47.

143. Desai A, Goodman V, Kapadia N, Shay BL, Szturm T. Relationship between dynamic balance mea-

sures and functional performance in community-dwelling elderly people. Phys Ther. 2010; 90: 748–

60. https://doi.org/10.2522/ptj.20090100 PMID: 20223944

144. Karuka AH, Silva JAMG, Navega MT. Analysis of agreement of assessment tools of body balance in

the elderly. Braz J Phys Ther. 2011; 15: 460–6. PMID: 22218711

145. Pardasaney PK, Ni P, Slavin MD, Latham NK, Wagenaar RC, Bean K, et al. Computer-adaptive bal-

ance testing improves discrimination between community-dwelling elderly fallers and nonfallers. Arch

Phys Med Rehabil. 2014; 95: 1320–7. https://doi.org/10.1016/j.apmr.2014.03.013 PMID: 24685388

146. Di Rosa M, Hausdorff JM, Stara V, Rossi L, Glynn L, Casey M, et al. Concurrent validation of an index

to estimate fall risk in community dwelling seniors through a wireless sensor insole system: a pilot

study. Gait Posture. 2017; 55: 6–11. https://doi.org/10.1016/j.gaitpost.2017.03.037 PMID: 28407507

147. Cleary K, Skornyakov E. Predicting falls in community dwelling older adults using the activities-specific

Balance Confidence Scale. Arch Gerontol Geriatr. 2017; 72: 142–5. https://doi.org/10.1016/j.archger.

2017.06.007 PMID: 28633057

148. Steffen TM, Hacker TA, Mollinger L. Age-and-gender-related test performance in community-dweeling

elderly people: six-minute walk test, Berg Balance Scale, Timed Up & Go test, and gait speeds. Phys

Ther. 2002; 82: 128–37.

149. Wrisley DM, Kumar NA. Functional gait assessment: concurrent, discriminative, and predictive validity

in community-dwelling older adults. Phys Ther. 2010; 90: 761–73. https://doi.org/10.2522/ptj.

20090069 PMID: 20360052

150. Bretan O, Silva-Junior JE, Ribeiro OR, Corrente JE. Risk of falling among elderly persons living in the

community: assessment by the Timed up and go test. Braz J Otorhinolaryngol. 2013; 79: 18–21.

https://doi.org/10.5935/1808-8694.20130004 PMID: 23503902

151. Muhaidat J, Kerr A, Evans JJ, Pilling M, Skelton DA. Validity of simple gait-related dual-task tests in

predicting falls in community-dwelling older adults. Arch Phys Med Rehabil. 2014; 95: 58–64. https://

doi.org/10.1016/j.apmr.2013.07.027 PMID: 24071555

152. Makizako H, Shimada H, Doi T, Tsutsumimoto K, Nakakubo S, Hotta R, et al. Predictive cutoff values

of the five-times sit-to-stand and the Timed “Up & Go” test for disability incidence in older people dwell-

ing in the community. Phys Ther. 2017; 97: 417–24.

153. Ahman HB, Berglund L, Cedervall Y, Gierdraitis V, McKee KJ, Rosendahl E, et al. Timed “up & go”

dual-task tests: age-and-sex-specific reference values and test-retest reliability in cognitively healthy

controls. Phys Ther. 2021; 101: pzab179.

154. Rosa MV, Perracini MR, Ricci NA. Usefulness, assessment and normative data of the Functional

Reach Test in older adults: a systematic review and meta-analysis. Arch Gerontol Geriatr. 2019; 81:

149–70. https://doi.org/10.1016/j.archger.2018.11.015 PMID: 30593986

155. Aslan UB, Cavlak U, Yagci N, Akdag B. Balance performance, aging and falling: a comparative study

based on a Turkish sample. Arch Gerontol Geriatr. 2008; 46: 283–92. https://doi.org/10.1016/j.

archger.2007.05.003 PMID: 17580094

156. Omaña H, Bezaire K, Brady K, Davies J, Louwagie N, Power S, et al. Functional reach test, single-leg

stance test, and Tinetti performance-oriented mobility assessment for the prediction of falls in older

adults: a systematic review. Phys Ther. 2021; 101: pzab173. https://doi.org/10.1093/ptj/pzab173

PMID: 34244801

157. Bhatt T, Espy D, Yang F, Pai YC. Dynamic gait stability, clinical correlates and prognosis of falls

among community-dwelling older adults. Arch Phys Med Rehabil. 2011; 92: 799–805. https://doi.org/

10.1016/j.apmr.2010.12.032 PMID: 21530728

158. Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for falls in community-dwelling

older adults using the Timed Up & Go test. Phys Ther. 2000; 80: 896–903.

PLOS ONE Aquatic physical therapy exercises to improve balance and gait, and reduce falls in healthy older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0291193 September 8, 2023 27 / 31

https://doi.org/10.1016/j.gaitpost.2004.11.013
http://www.ncbi.nlm.nih.gov/pubmed/16274918
https://doi.org/10.2522/ptj.20070251
https://doi.org/10.2522/ptj.20070251
http://www.ncbi.nlm.nih.gov/pubmed/18218822
https://doi.org/10.2522/ptj.20090100
http://www.ncbi.nlm.nih.gov/pubmed/20223944
http://www.ncbi.nlm.nih.gov/pubmed/22218711
https://doi.org/10.1016/j.apmr.2014.03.013
http://www.ncbi.nlm.nih.gov/pubmed/24685388
https://doi.org/10.1016/j.gaitpost.2017.03.037
http://www.ncbi.nlm.nih.gov/pubmed/28407507
https://doi.org/10.1016/j.archger.2017.06.007
https://doi.org/10.1016/j.archger.2017.06.007
http://www.ncbi.nlm.nih.gov/pubmed/28633057
https://doi.org/10.2522/ptj.20090069
https://doi.org/10.2522/ptj.20090069
http://www.ncbi.nlm.nih.gov/pubmed/20360052
https://doi.org/10.5935/1808-8694.20130004
http://www.ncbi.nlm.nih.gov/pubmed/23503902
https://doi.org/10.1016/j.apmr.2013.07.027
https://doi.org/10.1016/j.apmr.2013.07.027
http://www.ncbi.nlm.nih.gov/pubmed/24071555
https://doi.org/10.1016/j.archger.2018.11.015
http://www.ncbi.nlm.nih.gov/pubmed/30593986
https://doi.org/10.1016/j.archger.2007.05.003
https://doi.org/10.1016/j.archger.2007.05.003
http://www.ncbi.nlm.nih.gov/pubmed/17580094
https://doi.org/10.1093/ptj/pzab173
http://www.ncbi.nlm.nih.gov/pubmed/34244801
https://doi.org/10.1016/j.apmr.2010.12.032
https://doi.org/10.1016/j.apmr.2010.12.032
http://www.ncbi.nlm.nih.gov/pubmed/21530728
https://doi.org/10.1371/journal.pone.0291193


159. Barry E, Galvin R, Keogh C, Horgan F, Fahey T. Is the Timed Up and Go test a useful predictor of risk

of falls in community dwelling older adults: a systematic review and meta-analysis. BMC Geriatr. 2014;

14: 14. https://doi.org/10.1186/1471-2318-14-14 PMID: 24484314

160. Hatch J, Gill-Body KM, Portney LG. Determinants of balance confidence in community-dwelling elderly

people. Phys Ther. 2003; 83: 1072–9. PMID: 14640866

161. Kang L, Han P, Wang J, Ma Y, Jia L, Fu L, et al. Timed Up and Go test can predict recurrent falls: a lon-

gitudinal study of the community-dwelling elderly in China. Clin Interv Aging. 2017; 12: 2009–16.

https://doi.org/10.2147/CIA.S138287 PMID: 29238175

162. Trueblood PR, Hodson-Chennault N, McCubbin A, YoungClarke D. Performance and impairment-

based assessments among community dwelling elderly: sensitivity and specificity. J Geriatr Phys

Ther. 2001; 24: 2–6.

163. Chiu AYY, Au-Yeung SSY, Lo SK. A comparison of four functional tests in discriminating fallers from

non-fallers in older people. Disabil Rehabil. 2003; 25: 45–50. PMID: 12554391

164. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility for frail elderly per-

sons. J Am Geriatr Soc. 1991; 39: 142–8.

165. Hirase T, Inokuchi S, Matsusaka N, Nakahara K, Okita M. A modified fall risk assessment tool that is

specifi to physical function predicts falls in community-dwelling elderly people. J Geriatr Phys Ther.

2014; 37: 159–65.

166. Lusardi MM, Fritz S, Middleton A, Allison L, Wingood M, Phillips E, et al. Determining risk of falls in

community dwelling older adults: a systematic review and meta-analysis using posttest probability. J

Geriatr Phys Ther. 2017; 40: 1–36. https://doi.org/10.1519/JPT.0000000000000099 PMID: 27537070

167. Alexandre TS, Meira DM, Rico NC, Mizuta SK. Accuracy of Timed Up and Go test for screening risk of

falls among community-dwelling elderly. Braz J Phys Ther. 2012; 16: 381–8. https://doi.org/10.1590/

s1413-35552012005000041 PMID: 22858735

168. Cohen HS, Sangi-Haghpeykar H. Walking speed and vestibular disorders in a path integration task.

Gait Posture. 2011; 33: 211–3. https://doi.org/10.1016/j.gaitpost.2010.11.007 PMID: 21131202

169. Whitney SL, Marchetti GF, Schade A, Wrisley DM. The sensitivity and specificity of the Timed “Up &

Go” and the Dynamic Gait Index for self-reported falls in persons with vestibular disorders. J Vestib

Res. 2004; 14: 397–409.

170. Donoghue OA, Savva GM, Cronin H, Kenny RA, Horgan NF. Using timed up and go and usual gait

speed to predict incident disability in daily activities among community-dwelling adults aged 65 and

older. Arch Phys Med Rehabil. 2014; 95: 1954–61. https://doi.org/10.1016/j.apmr.2014.06.008 PMID:

24977931

171. Verlinden VJA, van der Geest J, Heeringa J, Hofman A, Ikram MA. Gait shows a sex-specific pattern

of associations with daily functioning in a community-dwelling population of older people. Gait Posture.

2015; 41: 119–24. https://doi.org/10.1016/j.gaitpost.2014.09.003 PMID: 25278463

172. Bergland A, Jorgensen L, Emaus N, Strand BH. Mobility as a predictor of all-cause mortality in older

men and women:11.8-year follow-up in the Tromso study. BMC Health Serv Res. 2017; 17: 22.

173. Nakakubo S, Doi T, Makizako H, Tsutsumimoto K, Hotta R, Kurita S, et al. Association of walk ratio dur-

ing normal gait speed and fall in community-dwelling elderly peolpe. Gait Posture. 2018; 66: 151–4.

174. Kim KJ, Gimmon Y, Millar J, Brewer K, Serrador J, Schubert MC. The instrumented Timed Up and Go

test distinguishes turning characteristics in vestibular hypofunction. Phys Ther. 2021; 101: pzab103.

175. Merlo A, Zemp D, Zanda E, Rocchi S, Meroni F, Tettamanti M, et al. Postural stability and history of

falls in cognitively able older adults: the Canton Ticino study. Gait Posture. 2012; 36: 662–66. https://

doi.org/10.1016/j.gaitpost.2012.06.016 PMID: 22832469

176. Swanenburg J, de Bruin ED, Uebelhart D, Mulder T. Falls prediction in elderly people: a 1-year pro-

spective study. Gait Posture. 2010; 31: 317–21. https://doi.org/10.1016/j.gaitpost.2009.11.013 PMID:

20047833

177. Quijoux F, Vienne-Jumeau A, Bertin-Hugault F, Zawieja P, Lefevre M, Vidal PP, et al. Center of pres-

sure displacement characteristics differentiate fall risk in older people: a systematic review with meta-

analysis. Ageing Res Rev. 2020; 62: 101117. https://doi.org/10.1016/j.arr.2020.101117 PMID:

32565327

178. Mehdizadeh S, Ooteghem KV, Gulka H, Nabavi H, Faieghi M, Taati B, et al. A systematic review of

center of pressure measures to quantify gait changes in older adults. Exp Gerontol. 2021; 143:

111170. https://doi.org/10.1016/j.exger.2020.111170 PMID: 33238173

179. Silva LE, Valim V, Pessanha APC, Oliveira LM, Myamoto S, Jones A, et al. Hydrotherapy versus con-

ventional land-based exercise for the management of patients with osteoarthritis of the knee: a ran-

domized clinical trial. Phys Ther. 2008; 88: 12–21. https://doi.org/10.2522/ptj.20060040 PMID:

17986497

PLOS ONE Aquatic physical therapy exercises to improve balance and gait, and reduce falls in healthy older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0291193 September 8, 2023 28 / 31

https://doi.org/10.1186/1471-2318-14-14
http://www.ncbi.nlm.nih.gov/pubmed/24484314
http://www.ncbi.nlm.nih.gov/pubmed/14640866
https://doi.org/10.2147/CIA.S138287
http://www.ncbi.nlm.nih.gov/pubmed/29238175
http://www.ncbi.nlm.nih.gov/pubmed/12554391
https://doi.org/10.1519/JPT.0000000000000099
http://www.ncbi.nlm.nih.gov/pubmed/27537070
https://doi.org/10.1590/s1413-35552012005000041
https://doi.org/10.1590/s1413-35552012005000041
http://www.ncbi.nlm.nih.gov/pubmed/22858735
https://doi.org/10.1016/j.gaitpost.2010.11.007
http://www.ncbi.nlm.nih.gov/pubmed/21131202
https://doi.org/10.1016/j.apmr.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/24977931
https://doi.org/10.1016/j.gaitpost.2014.09.003
http://www.ncbi.nlm.nih.gov/pubmed/25278463
https://doi.org/10.1016/j.gaitpost.2012.06.016
https://doi.org/10.1016/j.gaitpost.2012.06.016
http://www.ncbi.nlm.nih.gov/pubmed/22832469
https://doi.org/10.1016/j.gaitpost.2009.11.013
http://www.ncbi.nlm.nih.gov/pubmed/20047833
https://doi.org/10.1016/j.arr.2020.101117
http://www.ncbi.nlm.nih.gov/pubmed/32565327
https://doi.org/10.1016/j.exger.2020.111170
http://www.ncbi.nlm.nih.gov/pubmed/33238173
https://doi.org/10.2522/ptj.20060040
http://www.ncbi.nlm.nih.gov/pubmed/17986497
https://doi.org/10.1371/journal.pone.0291193


180. Fisken AL, Waters DL, Hing WA, Steele M, Keogh JW. Comparative effects of 2 aqua exercise pro-

grams on physical function, balance, and perceived quality of life in older adults with osteoarthritis. J

Geriatr Phys Ther. 2015; 38: 17–27. https://doi.org/10.1519/JPT.0000000000000019 PMID:

24743752

181. Volpe D, Giantin MG, Maestri R, Frazzitta G. Comparing the effects of hydrotherapy and land-based

therapy on balance in patients with Parkinson’s disease: a randomized controlled pilot study. Clin

Rehabil. 2014; 28: 1210–7. https://doi.org/10.1177/0269215514536060 PMID: 24895382

182. Nayak P, Mahmood A, Natarajan M, Hombali A, Prashanth CG, Solomon JM. Effect of aquatic therapy

on balance and gait in stroke survivors: a systematic review and meta-analysis. Complement Ther Clin

Pract. 2020; 39: 101110. https://doi.org/10.1016/j.ctcp.2020.101110 PMID: 32379645

183. Nascimento LR, Flores LC, Menezes KKP, Teixeira-Salmela LF. Water-based exercises for improving

walking speed, balance, and strength after stroke: a systematic review with meta-analysis of random-

ized trials. Physiotherapy. 2020: 107; 100–10.

184. Carroll LM, Morris ME, O’Connor WT, Clifford AM. Is aquatic therapy optimally prescribed for Parkin-

son’s disease? A systematic review and meta-analysis. J Parkinsons Dis. 2020; 10: 59–76. https://

doi.org/10.3233/JPD-191784 PMID: 31815701

185. Appiah-Kubi KO, Wright WG. Vestibular training promotes adaptation of multisensory integration in

postural control. Gait Posture. 2019; 73: 215–20. https://doi.org/10.1016/j.gaitpost.2019.07.197

PMID: 31376748
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