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Objective: To present a systematic review of randomized controlled trials which
summarizes the effects of community-based resistance, balance, and multi-
component exercise interventions on the parameters of functional ability (e.g.,
lower extremities muscle strength, balance performance and mobility).

Methods: This PROSPERO-registered systematic review (registration no.
CRD42023434808) followed the PRISMA guidelines. Literature search was conducted
in Cochrane, Embase, Ovid Medline, PEDro, Pubmed, Science Direct, Scopus and
Web of Science. We included RCTs that investigated the following interventions:
lower extremity strengthening, balance and multi-component exercise interventions
on ambulatory community-dwelling adults aged >65 years.

Results: Lower extremity strengthening exercises revealed significant effects on
the strength of lower extremity, balance outcomes and mobility. Balance exercises
reduce the rate of injurious falls, improve static, dynamic and reactive balance, lower
extremity strength as well as mobility. Multi-component exercise training reduces
medically-attended injurious falls and fallers, incidence of falls, fall-related emergency
department visits as well as improves mobility, balance, and lower extremity strength.

Conclusion: Physical exercises are effective in improving the components of
balance, lower extremity strength, mobility, and reducing falls and fall-related
injuries. Further research on fall prevention in low-income countries as well as for
older adults in vulnerable context is needed.

fall, older adults, exercise, strength, balance, multi-component

1. Introduction

One-third of older adults aged 65 years or over fall each year, and 50% of them fall repeatedly
(1). According to the World Health Organization (WHO) (2), falls are the second leading cause
of unintentional injury deaths globally, and the literature shows that 40% of community-dwelling
older adults who are over 65years experience fall accidents annually (3). In Europe, every year
approximately 36,000 older adults (65 years and above) die from falls (data 2010-2012). Of these,
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88% of cases are related to people aged 75 years or older and 59% of
cases are related to women (4).

Physical inactivity and deficits in functional ability (e.g., reduced
lower limbs muscular strength and impaired balance ability) have
been identified as independent contributors to falls and fall-related
injuries (e.g., head injuries and hip fractures) among older adults
(5-8). Even though they are critical risk factors for older adults, they
are modifiable and preventable through exercises (7, 9, 10). Falls also
have economic burdens such as medications, hospital admissions, and
extended rehabilitation services (2, 11).

Exercise training is broadly recognized as an appropriate
intervention strategy for improving functional performance in older
adults, reducing the aforementioned risk factors, and consequently
minimizing the risk of falling (12-14). Additionally, the reduction of
physical inactivity has been shown to have positive economic impacts
on national, social, and individual levels (15).

Cognitive decline also occurs during normal aging (16), which is
considered a significant factor in increased functional dependence
and fewer activities of daily living among older adults (17). According
to previous studies, older adults who exercised three times a week for
6 months showed improvements in global and executive cognitive
functions as well as a general deceleration of the aging process
(18, 19).

Accordingly, the WHO recommends that older adults aged over
65years adopt an active lifestyle that ensures the performance of
physical activity of moderate intensity for a minimum of 150 min
weekly (20, 21), as well as engage in fall prevention exercises (22).
This moderate amount of physical activity has been shown to reduce
the risk factors associated with falls by up to 50% by reducing
functional limitation in older persons, and eventually reducing the
risk of falls (13).

Several studies (23-28) have concluded that strength, balance, and
aerobic-based training is effective in reducing falls among older adults
in general and up to 50% in community-dwelling older adults
specifically, with gains that may last as the training is maintained (29).
In their clinical guideline for the prevention of falls, the American
Geriatrics Society and British Geriatrics Society Clinical Practice
recommend that the prevention of fall risk factors should include gait
training, resistance, and balance exercises (30).

Studies on resistance exercises reported their effectiveness in
mitigating reduced muscle strength, and that these types of exercises
are considered an essential element of a multi-component exercise
fall prevention strategy (31, 32). Furthermore, there is a considerable
body of literature on balance exercises and their effectiveness in
reducing the risk of falling among community-dwelling older adults
(23, 33-36).

Previous systematic reviews and meta-analyses explored the effects
of exercise on fall prevention among older people. However, these
reviews and meta-analyses were conducted in a younger age group
(60years and over) (23, 27) compared with our present review and in
participants with Parkinson’s disease, stroke, and cognitive impairment

Abbreviations: 2MST, 2-minutes step test; ABC, Activities-specific balance
confidence; CST, Chair standing test; FBWT, Figure-of-8 walking test; FSST, Four
square step test; MME, Multimodal exercise; RCT, Randomized controlled trial;
SE, Stretching exercises; SLST, Single leg stance test; TUGT, Timed up and go test;
WHO, World Health Organization.
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(26) who had mixed living settings (living in the community, nursing
homes, and higher dependency places of residence) (35, 37). They
concluded that exercises as a stand-alone intervention can significantly
reduce the rate of falls (23, 26, 27, 35, 37) and the risk of falling (23, 27).
To the best of our knowledge, despite the current interest in the
topic, there is a lack of systematic reviews on fall prevention strategies
that address the effectiveness of exercise training, specifically on
ambulatory community-dwelling older adults aged 65years or older.
Therefore, our current review aims to present a systematic review of
randomized controlled trials (RCTs) that summarizes the effects of
resistance, balance, and multi-component exercise interventions.
These interventions consist mainly of combined resistance and
balance exercises in addition to one or more types of exercises, namely,
aerobic, walking, and weight-bearing, on the parameters of functional
ability (e.g., lower extremities muscle strength, balance performance,
and mobility), which accordingly prevent falls in ambulatory
community-dwelling adults aged 65 years and over.

2. Methods

The current systematic review is presented in accordance with the
guidelines of PRISMA 2020 (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses literature search extension) (38). The
review was registered on PROSPERO with the following registration
no. CRD42023434808.

2.1. Data sources and search strategies

Two consecutive searches were conducted by two researchers (MS
and ZN) independently. The initial search was limited to studies in
English published from 1 January 2015 to 30 December 2020, then the
search was conducted again on 7 August 2021 for publications
published from 1 January 2021 to 7 August 2021 in the following
electronic databases: Cochrane Central Register of Controlled Trials,
Embase, Ovid Medline, PEDro, Pubmed, Science Direct, Scopus, and
Web of Science. The search was supplemented by a manual review of
reference lists from included primary studies and review articles to
find additional studies on the subject (Table 1).

All research papers were first retrieved, and Zotero 6.0.26 (a
reference manager created at the Roy Rosenzweig Center for
History and New Media at George Mason University, Virginia,
United States) was utilized to remove duplicates. Next, titles and
abstracts were screened independently by two researchers (MS and
ZN), and finally, the full texts of the remaining studies were assessed
to determine eligibility. Disagreements between the two researchers
were resolved through discussion and mutual consent, or by a third
assessor (MH). After the abstract and full-text analysis, the Cohen’s
Kappa-coefficient (K score) was calculated to weigh the level of
agreement between the two reviewers.

2.2. Eligibility criteria

Based on PICOTS, studies were included if they were written in
English, were RCTs on community-dwelling adults aged >65years, and
included the following interventions: lower limb strengthening
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TABLE 1 Search strategy.

10.3389/fpubh.2023.1209319

Database Search strategy

Cochrane Library, Embase, Pubmed, Science

Direct, Scopus, and Web of Science AND (fall*))

((senior* OR elder* OR old) AND (exercis* OR train*) AND (effect® OR benefit*) AND (lower limb* OR lower extremit*)

PEDro Abstract & Title: fall* exercis*

Subdiscipline: gerontology

Published Since: 2015

Method: clinical trial/practice guideline

When Searching: Match all search terms (AND)

Ovid Medline 1. “Aged, 80 and over”/ or Aged/

randomized controlled trial))

randomized controlled trial))

randomized controlled trial))

7. 2and4and 6

2. Limit I to (abstract and English language and yr.=“2015-Current and (“all aged (65 and over)”) and (clinical trial, all or clinical trial or

3. Accidental Falls/pc [Prevention & Control]

4. Limit I to (abstract and English language and yr.=“2015-Current” and (“all aged (65 and over)”) and (clinical trial, all or clinical trial or

5. Polymetric Exercise/ or Exercise Therapy/ or Exercise/

6. Limit I to (abstract and English language and yr. = “2015-Current and (“all aged (65 and over)”) and (clinical trial, all or clinical trial or

exercises, balance exercises, and multi-component exercise
interventions that consist of resistance and balance exercises in
addition to one or more types of exercises, namely, aerobic, walking,
and weight-bearing. Studies were excluded if (I) they involved residents
of nursing homes and inpatients, (II) involved participants with a
diagnosis of multiple sclerosis, cancer, Parkinson’s or Alzheimer’s
disease, stroke, recent fractures, vision or cognitive impairments, or
other chronic conditions associated with aging, (IIT) they were on
non-human participants, (IV) they were based on interventions of
video games, web-based programs, Tai Chi, Otago exercise program,
multifactorial components that combine exercises and non-exercise
interventions, yoga, dance therapy, or water-based exercise program,
and (V) were non-RCTs, cohort studies, cross-sectional studies,
reviews, conference abstract/papers, surveys, opinion pieces,
commentaries, books, periodicals, editorials, case studies, non-peer-

reviewed articles, masters dissertations, and doctoral theses.

2.3. Data extraction

Two reviewers independently extracted the following data from
each study: author, publication year, study title, aim and design,
number and demographic data of participants, the type of intervention
such as lower limb strengthening exercise training, balance exercise
training, and multi-component exercise training, duration, frequency,
and settings of intervention, equipment used, outcome measures,
results, and limitations.

2.4. Risk of bias assessment

One review author (MS) carried out the risk of bias assessment
using Cochrane’s Risk of bias tool among six domains: random
sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete outcome
data, and selective reporting (38).
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3. Results
3.1. Study selection

From 1,161 yielded studies, 288 duplicates were excluded. Then,
following title and abstract screening, another 729 were excluded. The
remaining studies were assessed against the inclusion and exclusion
criteria and 29 studies in total were eligible to be included in the
systematic review (Figure 1). To measure the inter-rater reliability
between the two reviewers, a K score was calculated at abstract level
(0.82) and at full-text level (0.86), which showed a high level of
agreement. The included studies involved 4,330 participants, of which
4,121 adhered to the end of the studies and were analyzed for the
outcome measures. The participants’ average age ranged from 66.4 to
82.4years, and all were community-dwelling older adults. The 29
included studies were only RCTs.

3.2. Setting and training equipment

Interventions were mainly conducted in gyms, exercise halls,
community facilities (5, 32, 39-41), combined gyms, home-based
locations (42-45), and laboratories (46, 47). Some studies did not
report the intervention setting, however, a gym/community setting
was likely from the description of interventions (48-65).

A variety of training equipment was used: resistance training
machines (32, 45, 46, 49, 52, 53, 55, 61), recumbent trainer, seated
stationary cycle ergometer, treadmills, climber, bike recline (32, 47, 49,
52), weighted equipment such as cuff and vest weights (5, 32, 39-41,
45, 50, 55, 63, 65), elastic bands/tubing (39-41, 53, 56, 58, 59), free
weights (45, 52), body weight (5, 44, 48), balls (39, 42, 44, 50, 51), step-
boards (5, 39, 45), chairs (5, 50), equipment used for balance training
such as tripping boards, slipping tiles, balance foams, wedged soft mat,
soft pads, non-inverted BOSU® balls, inverted BOSU® balls, balance
cushions, balance beams, semicircular blocks, Posturomed®, wobble
boards, and inflatable discs (39-41, 43, 48, 52, 53, 57). One study
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Flow of the studies screened.

reported that they used small, low-cost equipment as well (e.g., towels
and bottles) (44), whereas five studies did not clearly report any
equipment used, however, they could have merely used body weight
for exercises (54, 60, 62, 64, 65).

3.3. Dosage of exercise programs

The duration of exercise interventions ranged from 15 min (44) to
90 min (53, 64, 65) per session, the frequency of interventions ranged

Frontiers in Public Health

from once a day (43) to five times a week (62), and the duration of the
exercise programs ranged from 1week (47, 57) to 2 years (5, 42).

3.4. Results according to intervention
3.4.1. Lower limb strengthening exercise training
Seven of the included studies contained lower limb strengthening

exercises as the only intervention or one of a multi-component
intervention. They used different modalities and showed significant
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improvements in lower extremities strength (using dynamometer,
five times sit to stand test, and chair rise test), balance (activities
specific balance confidence (ABC) scale, berg balance scale, one leg
standing test, Y-balance test, and functional reach test), mobility
(6-minute walk test, timed up and go test (TUGT), and 30-second
chair stand test), days survived without a fall or near-fall, gait
(functional gait assessment) (32, 46, 52-54, 56, 59). One study did
not show significant change in static balance (single leg stance
assessment with eyes closed on the dominant and single leg stance
assessment with eyes closed on the non-dominant) or eccentric
strength (maximal eccentric strength) (46). Another study did not
show significant improvement in TUGT, except when exercise was
combined with neuromuscular electrical stimulation (54). Table 2
shows a complete summary of the key data extracted from the studies
on strengthening exercise interventions.

3.4.2. Balance exercise training

Ten studies compared balance exercise interventions to non-active
controls (usual daily activities and social programs), and those that
used different balance interventions methods showed significant
improvements in muscle strength [chair standing test (CST), four
square step test (FSST), and 2-min step test (2MST)], balance [single
leg stance test (SLST), one leg standing test, tandem stance test, ABC
scale, modified Clinical Test of Sensory Organization and Balance,
local dynamic stability, and balance recovery], gait and mobility
(TUGT, 6-min walk test, five times chair stand test, and functional
reach test), lower rate of falls, reduction in the rate ratio of all falls, and
slip falls (42, 43, 47, 50, 53, 57, 60, 62, 64, 65).

One RCT compared an enhanced balance program with a
standard balance program on sit-to-stand test repetitions. The study
revealed no significant difference between the two groups in sit-to-
stand test repetitions. There was a statistically significant improvement
in sit-to-stand test repetitions from pre- to post-intervention for both
standard balance and enhanced balance exercise groups (39).

A study in this review scrutinized the effects of an 8-week square-
step exercise in older fallers. The composite balance score as a marker
of postural control was significantly higher in the square-step exercise
group compared with the vestibular exercise group. Adaptation test
was utilized to assess the ability to control motor reactions after an
unexpected change in position (dynamic balance). Square step
exercise did not show significant results compared with vestibular
exercise neither in toes up nor in toes down (48). Table 3 shows a
complete summary of the key data extracted from the studies on
balance exercise interventions.

3.4.3. Multi-component exercise training

Seven studies that compared multi-component exercise
interventions to non-active controls showed significant improvements
in lower extremities strength (isometric leg extension strength, CST,
and knee extensors strength), static balance (backward walking,
Romberg test, and postural sway), proactive balance (functional reach
test), reactive balance, and mobility, as well as showed lower medically-
attended injurious falls and a decrease in the frequency of fallers (5,
44, 45, 49, 51, 55, 58).

An RCT by Li and colleagues aimed to assess the effectiveness of
multimodal exercise (MME) training consisting of balance, aerobics,
strength, and flexibility activities relative to stretching exercises (SE)
in reducing the incidence of falls in older adults. MME showed a
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significantly lower incidence of falls (16 per 100 person-months)
compared with SE (27 per 100 person-months). For total walking
duration in instrumented-TUGT and short physical performance
battery, which measured repeated chair stands, three increasingly
challenging standing balance tasks, and a 4-m speed walk, the MME
group performed significantly better than those in the SE group (40).

Another RCT aimed to assess the longer-term effectiveness of
multimodal exercise (MME) training consisting of balance, aerobics,
strength, and flexibility activities relative to therapeutic Tai Ji Quan:
Moving for Better Balance (TJQMBB) and SE in decreasing injurious
falls among older adults at high risk of falling. For moderate and
serious injurious falls, MME demonstrated significantly lower
incidence compared with SE (41). One RCT examined the effect of an
8-week-long two-exercise routine: 1. Strength and core stability
training, which consisted of core stability (planks, climb exercise, and
supine bridge) and strengthening exercises and 2. Strength and
aerobic training, which consisted of aerobic exercises (bike recline and
treadmill) and strengthening exercises. Lower limb strength was
assessed by a 30-s chair stand test, aerobic ability by 2MST, and finally
static balance by SLST. In the strength and core stability training
group, tests revealed significant differences in the 30-s chair stand test,
in the left SLST, in the right SLST, and finally in 2MST (61). In the
strength and aerobic training group, there was only a significant
difference between pre- and post-tests for 2MST. Others examined the
effectiveness of an 8-week complex exercise program on walking
ability and fall efficacy compared to a general exercise program. The
complex exercise program consisted of resistance exercises to
strengthen trunk, stretching exercises to increase flexibility, and
aerobic exercises. FSST was used to assess complex walking ability.
Figure-of-8 walking test (FSWT) is another test that is used to
measure curved walking ability. During FSWT, the subject is asked to
walk a “figure of 8” pattern around cones, the number of steps and
time to accomplish the test are considered. For FSST and FSW'T, in the
complex exercise program and general exercise program there was
significant difference between pre and post-tests. In addition, there
was a significant difference between the complex exercise program
and general exercise program for FSST, but not for FSWT. The results
signify complex exercise program effectiveness in improving balance
skills while changing direction and following a curved line (63).
Table 4 shows a complete summary of the key data extracted from the
studies on multi-component exercise interventions.

3.4.4. Risk of bias

The result of the risk of bias summary and risk of bias graph are
available in Supplementary Figures S1, S2, respectively. For random
sequence generation and allocation concealment, more than 50% of
the studies showed unclear risks as they were not clearly described.
For blinding of participants and personnel and blinding of outcome
assessment, slightly over 50% of the studies showed low risk. Almost
75% of the studies had low risk in the domain of incomplete
outcomes. All studies except one demonstrated a low risk for
selective reporting.

4. Discussion

This systematic review aimed to present a summary of the
effectiveness of resistance, balance, and multi-component exercise
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TABLE 2 A complete summary of the key data extracted from studies of strengthening exercise intervention.

References

Participants

Interventions
modality

Duration

Outcomes

10.3389/fpubh.2023.1209319

Summary of results

Age>65

Resistance training using

‘Thera-Band

Eckardt (52) 83 (48 women, 35 men) - M-SRT 10weeks - Isometric leg extension strength - Significant improvements for all
Age 65-80 - M-URT: followed a similar - CRT: muscle power outcome measures in all
training program with M-SRT, - TUGT: proactive balance intervention groups
but with additional unstable - FRT: proactive balance
devices placed between the - PRT: reactive balance
participant and the exercise
machine or floor, respectively,
F-URT using dumbbells
Hamed et al. (53) 63 (women and men) 14 weeks - Significant improvements for MoS
Age 65-80 - Lower extremity muscle - LoS and knee and ankle momentum in
strength using resistance - MosS at release muscle strength group
training machines and Thera, - MosS at touchdown “Significant improvement for LoS,
MoS$ and ankle momentum muscle
bands with different stiffness - BoS at touchdown strength group
- Perturbation-based dynamic - Maximum voluntary isometric knee
stability on different unstable extension moment
undergrounds - Maximum voluntary isometric
ankle plantar flexion moment
Jang and Park (54) 30 (women only) 4weeks - Significant differences in STST,
Age>65 - Lower limb muscle - STST: functional lower limb muscle OLST and YBT
strengthening strength, balance control ability, and =~ NO significant difference with
fall risk ruer
- TUGT: functional mobility and
dynamic balance ability
- OLST: static balance
- YBT: dynamic balance
Johnson et al. (46) 30 (16 women, 14 men) 8 weeks - Significant improvement in for
Age 68.2+3.7 - Eccentric exercise on a - 30CST: mobility 30SCST, BBS, FGA and TUGT
specialized eccentric - BBS: holistic assessment of balance - No significant improvement in
exercise machine - SLS-EC:D and SLS-EC:ND: balance SLS-EC:D, SLS-ECND and MES
- FGA: gait
- TUGT: mobility
- MES: Maximal eccentric strength
LaStayo et al. (32) 134 (47 men, 87 women) 3 months -No significant difference between
Age>65 - Resistance exercise via - 6MWT: mobility RENEW and TRAD in 6 MWT
negative, eccentrically-induced - ABC Scale: self-reported level of -No significant difference between
work (RENEW) balance confidence RENEW and TRAD in ABC Scale
-No significant difference between
- Traditional (TRAD) resistance - Leg extensor muscle power RENEW and TRAD in leg extensor
exercise - Fall and near-fall events (days muscle power
survived without a fall or near-fall) -No significant difference between
RENEW and TRAD in the number
of days survived without fall
Lee and Lee (56) 30 (women only) - Closed and open kinetic chain 4weeks _ OLST: static balance - Significant difference in OLST and
Agez65 exercises using elastic bands - FRT: dynamic balance FRT
- No significant difference between
the two groups
Pourtaghi et al. (59) 70 (48 women, 22 men) 6 weeks - Significant 1 in both lower

Lower extremity strength (leg press,
twin press, front thigh press, back
thigh press, and posterior leg press)

using a dynamometer

extremities strength

30SCST, 30-Second Chair Stand Test; 6 MWT, 6-Minute Walk Test; ABC, Activities Specific Balance Confidence; BBS, Berg Balance Scale; BoS, Base of support; CRT, chair Rise Test; F-URT,
Free-weight Unstable Resistance Training; FGA, Functional Gait Assessment; FRT, Functional Reach Test; LoS, Limits of Stability; M-SRT, Machine-based Stable Resistance Training; M-URT,
Machine-based Unstable Resistance Training; MES, Maximal Eccentric Strength; MoS, Margin of Stability; OLST, One Leg Standing Test; PRT, Push and Release Test; SLS-EC,D, Single Leg
Stance assessment with Eyes Closed on the Dominant; SLS-EC,ND, Single Leg Stance assessment with Eyes Closed on the Non-Dominant; STST, Sit To Stand Test; TUGT, Timed Up and Go

Test; YBT, Y-Balance Test.
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TABLE 3 A complete summary of the key data extracted from studies of balance exercise intervention.

Interventions

10.3389/fpubh.2023.1209319

References Participants : Duration Outcomes Summary of results
modality
Arghavani et al. (50) 60 (men only) 8weeks - Significant 1 in Balance
Age 65-80 - Perturbation training: - ABC: balance confidence confidence in both training
catching, throwing, dribbling programs
and passing balls while sitting
and standing on stable and
unstable surfaces
- Balance training: standing
balance, walking balance and
strength training
Arnold et al. (39) 28 (women and men) 9weeks - Significant improvement in STST
Age>65 - Standard balance: progressive - STST: balance and postural control for both interventions
strengthening for upper and - MoS: balance and postural control - No significant improvement in
lower body, 10 to 15 min MoS for both interventions
functional balance exercises
- Enhanced balance: same as
above, with the addition of a
progressive core stabilization
El-Khoury et al. (42) 706 (women only) 2years - Significant improvements
Age 75-85 - Progressive balance training: - Rate of serious injurious falls in all balance and gait
postural stability, muscle - Rate of moderate injurious falls tests at one and 2 years
extensibility, joint flexibility, - Rate of all falls
balance, reaction time, - TUGT: balance, gait, and motor function
coordination, muscle strength - 6MWT: balance, gait, and motor function
and internal sense of spatial - 5TSST: balance, gait, and motor function
orientation - SLST: balance, gait, and motor function
Hamed et al. (53) 63 (women and men) 14 weeks - Significant improvements for
Age 65-80 - Lower extremity muscle - LoS MosS and knee and ankle
strength using resistance - MosS at release momentum in muscle strength
training machines and Thera, - MosS at touchdown group
-Significant improvement for LoS,
bands with different stiffness - BoS at touchdown MoS and ankle momentum muscle
- Perturbation-based dynamic - Maximum voluntary isometric knee strength group
stability on different unstable extension moment
undergrounds - Maximum voluntary isometric ankle plantar
flexion moment
Hirase et al. (43) 93 (65 women, 28 men) 4months - Significant Ttime (Improvement)
Age>65 - Balance training program on a - OLST: static balance in OLST on foam rubber, but not
foam rubber pad or on a stable - CST: lower-extremity strength significant in stable surfaces
flat surface - TUGT: dynamic balance - Significant [time (Improvement)
in CST and TUGT for both
- TST: static balance intervention groups
- Significant Ttime (Improvement)
in TST for both intervention
groups
Kocaman et al. (48) 42 (women and men) 8weeks - Significant improvements in
Age>65 - Posturography balance exercise - Composite balance score: postural control composite balance score and ADT
- Square step exercise - ADT: dynamic balance for both interventions
Okubo et al. (57) 44 (25 women, 19 men) 1week - Significant | in all falls and slip
Age 65-90 - Reactive balance training - Fallincidence falls, but not significant in trip falls
- MoS (cm)
- Trunk sway range (degree): (postural stability
during recovery)
Rieger et al. (47) 30 (women and men) 1week Local divergence exponent for anterior— - Significant differences for all
Age>65 - Treadmill training session with posterior: local dynamic stability outcome measures in the
16 anterior-posterior Local divergence exponent for medio-lateral: intervention group
perturbations local dynamic stability

(Continued)
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TABLE 3 (Continued)

Interventions

10.3389/fpubh.2023.1209319

References Participants 5 Duration Outcomes Summary of results
modality
Sadeghi et al. (60) 64 (men only) 8 weeks - No significant difference in
Age>65 - Balance Training: single-leg - Isokinetic muscle strength of lower limbs was muscle strength
stance with eyes open and quantified by means of the Biodex - Significant 1 time (Improvement)
in SLST
closed, standing on heels or Isokinetic Dynamometer
-Significant 1 time (Improvement)
toes, tandem and semitandem - SLST: balance .
in TST
foot stance, tandem walking, - TST: balance - Significant |time (Improvement)
walking backward and - TUGT: functional mobility in TUGT (improvement)
forward, and weight shifting. - 10mWT: functional mobility - Significant | time (Improvement)
in I0mWT
Sitthiracha et al. (62) 60 (53 women, 7 men) - Progressive step marching 8weeks - TUGT: balance ability - Significant | time (Improvement)
Age 65t0 75 X - - in TUGT
exercise: balance training - OLST: balance ability
- No significant improvement in
- 5TSST: lower limb muscle strength OLST
- Significant | time (Improvement)
in FTSST
- Significant 1 steps
(Improvement) in 2MST
Zhao et al. (64) 61 (42 women, 19 men) . Exercise for Balance 16 weeks - ERT: postural control ability (dynamic - Significant improvement in FRT
Age 65-74 and m-CTSIB
Improvement Program, ExBP balance test)
- m-CTSIB: static balance with compromised
vision, vestibular, and somatosensation
Zhao et al. (65) 61 (42 women, 19 men) 16 weeks - Significant 1 repetition
Age 65-74 - Exercise for Balance - 30SCST: lower extremity muscle strength (Improvement) in 30SCST
Improvement Program - UG: agility and dynamic balance - Significant | time (Improvement)
in UG

5TSST, Five Times Sit to Stand Test; 10mWT, 10-Meter Walk Test; 30SCST, 30-Second Chair Stand Test; 6 MW T, 6-Minute Walk Test; ABC, Activities Specific Balance Confidence; ADT,
Adaptation Test; BoS, Base of support; CST, Chair Standing Test; FRT, Functional Reach Test; LoS, Limits of Stability; m-CTSIB, Modified Clinical Test of Sensory Organization and Balance;
MoS, Margin of Stability; OLST, One Leg Standing Test; SLST, Single Leg Stance Test; STST, Sit To Stand Test; TST, Tandem Stance Tet; TUGT, Timed Up and Go Test, UG, 8 ft Up-and-Go

Test.

interventions, which consist mainly of combined resistance and
balance exercises in addition to one or more types of exercises, namely,
aerobic, walking, and weight-bearing, on the parameters of functional
ability (e.g., lower extremities muscle strength, balance performance,
and mobility), which accordingly prevent falls in ambulatory
community-dwelling adults aged 65 years or above.

Although poor muscle strength is an established risk factor for
falls (66), it has been found that the inclusion of strength training had
no substantial effect on falls (23, 35, 37) when the person has sufficient
strength to avoid falling (35). Moreover, strength training as a single
intervention showed no evidence to be effective in fall prevention (23).
However, strength training is likely to offer older adults with longer-
term fall prevention and other health gains (37, 67-69), and these
types of exercises are recommended to be included in addition to
other training (i.e., balance training) (37). To be effective, strength
training should provide a certain amount of resistance in an exercise
and maximally 10-15 repetitions should be completed before reaching
muscle fatigue (67). A systematic review concluded that there is a
positive association between the type of resistance exercise and the
effect on strength gain and that resistance exercises also help in
preserving functional independence and quality of life in older adults
(70). In a previous study, eccentric strengthening exercise, when
compared to traditional strengthening exercise, yielded greater
improvements in muscle strength, balance, and mobility (71).
Concerning the improvement in balance abilities after strengthening
exercises, previous studies showed that they are able to improve
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balance recovery and dynamic and static balance skills in older adults,
and consequently prevent falls (72, 73), whereas for others, the use of
strengthening exercises alone failed to show clear effects on balance
abilities (68, 74). One RCT in this review found that resistance
exercises when done on either stable or unstable surfaces using
exercise machines or free weights, demonstrated significant
improvements in muscle power and reactive balance, with no
significant differences between the three interventions, though gains
in muscle strength (isometric leg extension strength) and gains in
muscle power (chair rise test) were greater in exercises accomplished
on unstable surfaces. Therefore, the authors recommended following
resistance training with unstable surfaces and moderate instability as
in machine-based unstable resistance training if the goal is to enhance
muscle strength and the power of the lower extremities. While if great
load is a concern and limited to a degree, then free-weight unstable
resistance training is recommended (52).

In the same way as strength training, balance training when
followed as a single intervention revealed no evidence to
be effective in reducing the rate of falls and the risk of falling
(23), yet the inclusion of balance training in exercise programs
appeared to be a crucial factor in reducing falls (23, 27, 35, 37).
Additionally, it is recommended that exercises must provide a
moderate or high challenge to balance in order to prevent falls
(37). Hence, this explained that different exercise programs that
included balance training were similarly effective in reducing
falls (35, 75, 76). According to one RCT in our review, a higher
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TABLE 4 A complete summary of the key data extracted from studies of multi-component exercise intervention.

10.3389/fpubh.2023.1209319

References Participants  Interventions modality Duration = Outcomes Summary of results
Ansai et al. (49) 69 (47 women, 22 - Multicomponent training 16 weeks - 5TSST: muscle strength of the lower limbs - Significant improvements for all
men) group: warm-up, aerobic, - OLST: balance outcome measures
Age>80 strength, balance, and cool- - TT:balance
down exercises - TUGT-M: dual task
- Resistance training group: - Fallincidence
strength exercises using six
adapted machines
Chittrakul et al. (51) | 72 (women and MPE program (proprioception | 12weeks - Knee extension strength - Significant improvements for knee
men) training, muscle strength - Postural sway extension strength and Postural sway
Age>65 training, reaction time exercise
training with auditory cues,
and postural balance training)
Karinkanta et al. (55) | 149 (women only) - Combined resistance and 12 months - Rate of injured fallers during the 5-year follow-up | - | rate of injured fallers for COMB
Age 70-78 balance-jumping training period - | risk for injurious falls for COMB
(COMB) - Rate of injurious falls - | risk for fractures COMB
- Resistance training - Fall-induced fractures
- Balance-jumping training
Lacroix et al. (44) 66 (41 women, 25 - Combined balance and 12 weeks - ROMT: static steady-state balance - Significant (Improvement) in ROMT,
men) strength training: using - Stride velocity: dynamic steady-state balance stride velocity and length, for supervised
Age 65-80 participants’ own body weight - Stride length: dynamic steady-state balance group only
or with the help of small, - FRT: proactive balance - Significant (Improvement) in FRT,
low-cost equipment (e.g., - TUGT: proactive balance TUGT, PRT, CST and SADT for both
towels, bottles, balls). - Mediolateral perturbation impulse: reactive supervised and unsupervised groups
balance - Significant (Improvement) in
- PRT: reactive balance mediolateral perturbation for
- CST: lower extremity muscle power unsupervised group only
- SADT: lower extremity muscle power
Lietal. (40) 670 (436 women, - Multimodal exercise: balance, 24 weeks - Incidence of falls - Significant |incidence of falls
234 men) aerobics, strength, and - iTUG: walking duration (in seconds) and 3 - Significant | time (Improvement) in
Age>70 flexibility activities subdomain timed-based activities; sit-to-stand, iTUGT
turning, and turn and stand-to-sit—during a - Significant fscore (Improvement) in
14-m walk at normal pace SPPB
- SPPB: repeated chair stands (strength), 3
increasingly challenging standing balance tasks,
and a 4-m speed walk.
Lietal (41) 670 (436 women, Multimodal exercise: balance, 24 weeks - Number of moderate injurious falls during the - Significant | injurious falls
234 men) aerobics, strength, and 12months - Significant | serious injurious falls
Age>70 flexibility activities - Number of serious injurious falls during the - Significant | fall-related emergency
12months department visits
- Number of fall-related emergency department - No significant | in fall-related
visits hospitalizations
- Number of fall-related hospitalizations
Park et al. (58) 22 (women only) - Walking, senior-robic exercises, =~ 12weeks - Muscle activation of the right and left rectus - Significant 1 in muscles activation
Age>65 and muscle strengthening femoris
exercises for the lower - Muscle activation of the right and left biceps
extremities using elastic bands femoris
- 5.Muscle activation of the right and left tibialis
anterior
- Muscle activation of the right and left
gastrocnemius
Patil et al. (45) 409 (women only) - Multimodal exercise (balance 24months - Maximal isometric leg extensor strength (usinga | - Significant improvement in isometric

Age 70-80

challenging, weight bearing,
strengthening, agility, and

functional exercises)

strain gauge dynamometer)

SPPB: mobility

4-m fast walking speed: mobility

TUGT: mobility

6.1-m backward walking test: dynamic balance
Rate of falls During the 24-Month intervention
No. of fallers with different consequences during

the 24 Month intervention

leg strength and fast walking speed

- No significant differences between
groups in TUGT

- Significant probability of completing
backward walking

-No significant

difference between groups in the total
falls incidence

rate ratio or falls

with any reported injury

- Significant | medically attended fall
injuries and medically attended fallers

-No significant difference in the number

of fallers who were injured
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TABLE 4 (Continued)

10.3389/fpubh.2023.1209319

References Participants  Interventions modality Duration Outcomes Summary of results
Sannicandro (61) 65 (34 women, 31 - Strength and core stability 8weeks - CST: lower limb strength - Significant difference (Improvement) in
men) group (SCG) - SLST: static balance CST and SLST for SCG
Age>65 Strength and aerobic group - No significant differences in CST and
(SAG) SLST for SAG
Song and Kim (63) 40 (women and Complex exercise program 8weeks - FSST: complex walking ability - Significant improvements in FSST,
men) CEP (resistance and aerobic - F8WT: walking skills in older adult persons with F8WT and FES for both interventions
Age 68.81+3.48 exercises) mobility impairments
General exercise program GEP - FES: degree of self-confidence regarding falling
Uusi-Rasi et al. (5) 409 (women only) - Strength, balance, agility, and 2years - IRR for all falls - No differences in all falls or minor

Age 70-80 mobility

- SPPB: static balance, 4 m normal walking speed injurious falls IRR.
and five-time chair stand tests (strength), Timed
up and go (TUGT)

- Dynamic balance

- | medically attended injurious falls.
- | medically attended injured fallers.
- TUGT time remained unchanged at
- isometric leg-extensor strength

- IRR minor falls

follow up tests.

- Significant Tof maximal isometric leg
- IRR for medically attended injurious falls
- HRfor all fallers

extensor strength

- HR for medically attended injurious fallers

5TSST, Five Times Sit to Stand Test; CST, Chair Standing Test; FSW'T, Figure-of-8 Walking Test; FES, Falls Efficacy Scale; FRT, Functional Reach Test; FSST, Four Square Step Test; HR, Hazard
Ratio; IRR, Incidence Rate Ratio; iTUGT, Instrumented Timed Up and Go Test; OLST, One Leg Standing Test; PRT, Push and Release Test; ROMT, Romberg Test; SADT, Stair Ascent and
Descent Test; SLST, Single Leg Stance Test; SPPB, Short Physical Performance Battery; T'T, Tandem Test; TUGT, Timed Up and Go Test.

effect of balance intervention in reducing falls can be found in
studies that are of a single-center nature (42). A previous study
found that balance training on a foam rubber affected postural
reflex in older adults (77) through improvement in the
proprioception and sensitivity of lower limbs and cutaneous
receptors in the soles (78). An interesting result in our review is
that both foam rubber and stable surface interventions improved
lower extremity muscle strength in addition to balance, with no
significant difference between both (43). This is consistent with
other studies that reported improvement in muscle strength after
balance interventions (33, 34, 36). Other studies found a
relationship between single-leg standing similar to the
intervention in this trial and muscle activation (79, 80). This
would prove that the progressive step marching exercise in our
review is able to improve lower limb strength and eventually
reduce the rate of falls in older adults (62). On the contrary, one
trial we investigated did not reveal significant improvement in
leg strength outcomes at the end of the balance intervention
compared with pre-intervention, however, it was significant when
compared to a combined intervention of virtual balance and
static and dynamic balance exercises (60).

Perturbation-based balance exercises showed improvement
in local dynamic stability and balance recovery with effects lasting
for a week after the intervention, though it was a one-session
intervention (47), others showed a reduction in the rate of all falls
and slip falls (57). This is in agreement with other studies that
showed quick effects (81, 82) and long-lasting ones with marginal
reduction in gains (83, 84). Other trials of perturbation training in
this review with longer intervention exhibited significant
improvement in balance confidence using the ABC scale, dynamic
stability, balance ability, and functional capacity compared to
control, even more effective than traditional balance training (50,
53). Mean scores on the ABC scale improved from 65 to 80. One
study revealed that the ABC scale is a strong predictor of falls in
older adults, with those with a score <67 having a high probability
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to fall (82). Others reported improvement in balance confidence
after 4 weeks of perturbation training (85).

The multi-component intervention included a combination of
trunk stability exercises and stretching (63), demonstrating significant
improvement in complex walking ability. Combined strength and
aerobic exercise interventions led to enhancement of lower limb
strength (58), and improvement in aerobic capacity (63). In a study; it
was found that improvements in balance and mobility persisted for up
to lyear after participating in a-32week combined resistance and
flexibility training program (86). Others reported that multi-
component interventions had positive effects on the rate of falls (23,
27,87, 88) and the risk of falling (23, 27) in addition to improvements
in strength and balance outcomes (87, 88). Multiple categories of
exercise programs containing balance training and muscle
strengthening demonstrated their effectiveness in reducing both rate
of falls and the risk of falling (23), whereas for others, balance and
functional exercises plus strengthening revealed the same effectiveness
(27). A previous study of combined strengthening and balance
interventions found that physical performance was maintained during
the follow-up, and that medically-attended injurious falls were
significantly less after 5 years, while gains diminished in strengthening-
only or balance-only interventions (89). It has been recommended
that exercises for fall prevention must be of sufficient doses (i.e., at
least 2h a week) as well as in an ongoing manner (37).

Chronic diseases and multimorbidity (i.e., the coexistence of >2
chronic diseases in the same person) are prevalent among adults over
the age of 65years (90-93), and studies found that coronary artery
diseases, stroke, diabetes, and arthritis are associated with physical
inactivity in the older population (94, 95). However, participating in
physical activity is believed to prevent and reduce the number of
chronic diseases in older adults. (96). Others reported that the risks of
falls and recurrent falling are directly proportional to the number of
chronic diseases (97, 98). Frailty (99) and polypharmacy (100) (i.e.,
taking >2 drugs) are possible explanations for the connections
with multimorbidity.
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When studying the multimorbidity patterns (i.e., the classification
of chronic diseases into different combinations based on the
associations between them), the increased risk of falls was higher in
the visceral-arthritic and mental-sensory patterns (97), while
recurrent falling was significantly associated with a cluster of the
highest prevalence of osteoporosis and a cluster that had the highest
number of chronic conditions (98).

Therefore, practicing regular physical activity is crucial in
reducing and preventing chronic diseases, maintaining a healthy
musculoskeletal system and balance, and reducing the risk
of falling.

A major strength of our review is that, to our knowledge, it is the
first systematic review of RCTS to investigate the effects of different
exercise interventions on ambulatory community-dwelling older
adults. This study has several limitations that need to be taken into
consideration. First, this review was limited to older adults who were
free of dementia, stroke, Parkinson’s disease, multiple sclerosis, or
recent fractures, therefore findings cannot be generalized to higher-risk
populations. Second, trials with home exercise programs and virtual
reality exercises were excluded. Third, the review results can only
be generalized to home-dwelling older adults; trials with
institutionalized older adults were excluded as well. Fourth, performing
a meta-analysis was not possible due to the heterogeneity available in
the included studies; variabilities in outcomes and interventions that
obviously appear in prior sections of the current review. Therefore, as
an alternative to a meta-analysis, we used other methods to compare
the effects among the included studies. Finally, there is a lack of RCTs
that particularly consider older adults with limited access to health care
or in low-income countries.

5. Conclusion

In conclusion, our review addressed numerous RCTs of physical
exercises composed of strengthening, balance, or multi-component
interventions on physical functionality and risk of falls in community-
dwelling older adults. The present review confirms the previous
findings that physical exercise improves the components of functional
ability, i.e., lower extremity strength, balance, and mobility.
Additionally, physical exercise reduces falls and minimizes their serious
sequelae. Further research on fall prevention is required that specifically
considers high-risk older adults, low-income countries, and older
adults in vulnerable contexts with limited access to health care.
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