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Abstract

:

(1) Background: aging is associated with functional changes such as balance, which plays a critical role in older adults. Physical exercise has been established as a factor capable of modulating these age-related alterations. (2) Methods: a meta-analysis of randomized clinical trials (RCTs) was conducted. The systematic search was performed in the PubMed/MEDLINE, Web of Science, the SPORTDiscus and Cochrane Library databases. Articles were included if participants were 65 years or older, healthy and performing resistance training, aerobic training, balance training or multicomponent training. Studies were excluded if there was a combination of training with other types of intervention. The protocol of this systematic review was published in the International Prospective Register of Systematic Reviews (PROSPERO) with the code CRD42021233252 (3) Results: the search strategy found a total of 1103 studies. After removing duplicates and the inclusion and exclusion criteria, eight articles were included in the meta-analysis, with a total of 335 healthy older adults analyzed. The results showed no significant differences between the intervention groups and the control groups after the exercise programs. (4) Conclusions: interventions based on different types of exercise improved static balance in elderly population, but without statistically significant difference in comparison with the control groups.
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1. Introduction


The global population of older adults is growing rapidly [1,2] and at the same time, life expectancy is lengthening. Aging is associated with biological, structural, metabolic and neuroendocrine changes that influence the musculoskeletal system, leading to a decline in physical abilities, cognition and brain structure [2,3,4]. Recent studies agree that with aging, and induced by decreases in strength, endurance and consequently balance, there is also an increased rate of falls, which increases rapidly at 75 years of age [1,5,6,7,8,9].



In everyday life, balance plays a critical role for older adults in avoiding and adapting to the external environment that threatens postural stability [6]. In sports practice, the static balance could be fundamental [7]. Researchers highlight that postural sway during static standing increases with each decade of life in healthy adults aged 40 to 80 years [1]. They found that older adults rely on their visual field input to maintain balance. They further report that by the age of 70 years, the vestibular system shows a reduction, leading to less instability, and moreover there is a significant decrease in muscle strength leading to impaired balance [1,6,10].



In order to reduce these structural changes that accompany aging [3], physical exercise has been established as a factor capable of modulating age-related alterations, preventing muscle atrophy, maintaining cardiorespiratory capacity and cognitive function, improving metabolic activity and maintaining functionality [2,11]. Higher levels of physical exercise, such as multimodal training regimens that include strength, balance or general endurance tasks, may reduce overall morbidity and improve quality of life [5,12,13,14,15].



It has been described in the scientific literature that there was no consensus regarding which of the critical elements of motor control needed to be trained to improve balance [8]. Currently, numerous multicomponent interventions (MCT) have been proposed to improve balance in older adults, such as strength training, aerobic exercise, or specific flexibility training [16]. In addition, the latest international consensus on exercise in older adults [17] described MCT programs as beneficial strategies to improve balance among other domains [12,17]. Other recent guidelines on fall prevention in older adults recommend in their guidelines exercise training modes that are highly challenging for balance, such as resistance training in addition to balance training [18].



In line with this, in recent years and research, several rehabilitation modalities with digital platforms, such as exergames or Wii fit [19,20,21], based on physical-cognitive interaction through body movements, have emerged as promising approaches in the treatment of balance in older adults.



Although there is a large amount of scientific literature on therapeutic exercise and the benefits it brings, among other capacities, to balance in the elderly, there are many exercise modalities that have been proposed in recent years. The aim of this review is to evaluate, through an analysis of the scientific literature, which exercise modalities have the greatest benefits for balance in the elderly.




2. Materials and Methods


The present systematic review and meta-analysis was reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [22]. The protocol of this systematic review was previously published in the International Prospective Register of Systematic Reviews (PROSPERO) with the code CRD42021233252.



2.1. Systematic Literature Search


First, a systematic literature search was conducted in the electronic search engines PubMed/MEDLINE and Web of Science, and in the SPORTDiscus and Cochrane Library databases until January 2023. Moreover, additional explorations were conducted weekly with automatic updates retrieved from the aforementioned databases. In addition, a manual search was conducted, and the bibliography of other similar systematic reviews was checked in order to find potential studies. The complete search strategies are available in the Supplementary Material S1.



In order to develop an accurate search strategy, the PICOS strategy was used [23]. Four domains were included. Population: healthy older adults; intervention: resistance training (RT), aerobic training (AT), balance training (BT) or multicomponent training (MCT), including at least 3 training modalities; comparison: no training; outcome: static balance; study design: randomized control trials (RCTs). Filters proposed by the Cochrane Collaboration for RCTs were also combined with the search strategy [24].




2.2. Selection Criteria


Inclusion criteria: randomized controlled trial study design, older adults aged >65, considered as healthy participants, intervention group with a RT, AT, BT or MCT, comparison group with no training, static balance as outcome and English language. Exclusion criteria: combination of training with other types of intervention.




2.3. Screening, Selection and Data Extraction Process


Once the systematic search was conducted, all titles, abstracts and full text were independently screened by two researchers (JRS and MCV) for potential inclusion. A third researcher (NLL) was consulted for a decision in case of discrepancy. Rayyan software (https://rayyan.qcri.org, accessed on 15 January 2023) was used in order to perform the screening process [25]. The following data were extracted from every included study: author’s last name, year of publication, sample size, sample characteristics (number of participants in each group, age and gender distribution), characteristics of the training (duration of the program, frequency, volume, intensity and exercise selection), control group characteristics, outcomes and main results. The data were extracted independently by two reviewers (NLL and CLdC).




2.4. Methodological Quality and Risk of Bias


Methodological quality and risk of bias of the included studies were independently evaluated by two authors (APB and NLL) using the Physiotherapy Evidence Database (PEDro) scale [26], and the Cochrane Risk of Bias (RoB2) assessment tool [27].



The PEDro scale was especially designed to assess the methodological quality of the physiotherapy studies. It was developed to assess 3 domains (external validity, internal validity and statistical reporting), and included the following 11 items: (1) eligibility criteria and source (2) random allocation, (3) concealed allocation, (4) baseline comparability, (5) blinding of participants, (6) blinding of therapists, (7) blinding of assessors, (8) adequate follow-up (>85%), (9) intention-to-treat analysis, (10) between-group statistical comparisons, (11) point measures and variability data. All items achieved are scored 1, and the total PEDro score is calculated by adding items 2 to 11, with a maximum score of 10. PEDro score <4 is considered “poor”; from 4 to 5 “fair”; from 6 to 8 “good” and 9 to 10 “excellent” [26].



RoB2 is a widely accepted tool in the biomedical scientific field, proposed by Cochrane Collaboration [27], to evaluate the potential risk of bias of a RCT. It is divided into six domains, involving the following 8 items: randomization sequence generation, allocation concealment, blinding participants, blinding therapist, blinding outcome assessor, incomplete outcome data, source of funding bias/selecting outcome reporting and other bias. Each item is categorized in 3 scores: low (green), unclear (yellow) or high (red) risk of bias.




2.5. Data Synthesis and Analysis


The Review Manager 5 software (Cochrane Collaboration, Oxford, UK) was used to perform the statistical analysis. As all outcomes were continuous, sample size, post-intervention means and standard deviation (SD) were extracted. Corresponding authors were contacted by e-mail if any data not reported in the paper were required.



The mean difference (MD) was chosen as the effect size, when studies used the same tool of measure. The standard mean difference (SMD) was chosen as the effect size when studies used different tools of measure. The effect size was expressed with a 95% confidence interval (95%CI). The inverse of the variance (IV) statistical test was used for the quantitative analysis, using a random-effects model to determine the overall effect size, as the number of included studies was considered small [28]. eStatistical significance was set at p < 0.05.



The heterogeneity was evaluated by using I2 statistics, and it was classified as low (I2 ≤ 25%), moderate (25 < I2 < 50%) or high (I2 ≥ 50%) [28]. When high heterogeneity (I2 > 50%) was found, a heterogeneity analysis using subgroups was performed. Finally, visual inspection of the funnel plots was performed to assess potential publication biases if the number of the included studies was more than 10 [29].





3. Results


3.1. Study Selection


The search strategy found 1103 studies (Cochrane Library: 258; PubMed: 338; Web of Science: 363; SPORTDiscus: 144). After removing duplicates, a total of 747 studies were initially considered to be included. Seven hundred and four studies were excluded after screening the titles and abstracts for not meeting the inclusion criteria. After assessing the full text, nine studies met the inclusion criteria for the qualitative analysis, and 34 articles were excluded. One study dropped out from the meta-analysis for not presenting the required data, after contacting the corresponding author. Finally, eight articles were included in the quantitative synthesis, three for the RT intervention [30,31,32], three for the BT intervention [31,33,34] and two for the MCT intervention [4,35]. Figure 1 presents the PRISMA flow diagram [22].




3.2. Study Characteristics


Table 1 summarizes the sample characteristics of the nine included articles. A total of 335 elderly individuals were included in this systematic review. Although most of the articles analyzed both men and women, the distribution was greater for women. The sample size varied between 12 [36] and 55 [31] individuals, with an average age between 67.5 [30] and 81.5 years old [36]. In terms of the duration of the interventions, the training programs varied from 3 [36] to 48 weeks [35], with a frequency of two to three sessions per week. As for the control group, seven studies included a non-training group, one included educational session [31] and another one included a walking activity [32]. Only the studies by Cadore et al. [37] and Forte et al. [38] included a resistance-training comparison group. Finally, regarding the study variables, static balance was assessed with the one-legged stance test in five studies, with the Berg balance scale in two studies [33,36], with the Romberg test in one study [34], and with the short physical performance battery (balance test) in another study [4].




3.3. Methodological Quality


The average score for the PEDro scale was 5/10, which is considered as a “fair” methodological quality across the studies included in the systematic review. The main recurrent methodological problems were blinding of participants and therapists (0/9 studies); and blinding of assessors, concealed allocation and intention-to-treat analysis (2/9 studies) (Table 2) [26].




3.4. Risk of Bias


Figure 2 shows the RoB 2 tool summary and graph. Again, a high risk of bias was found in terms of performance bias (9/9), selection bias (7/9) and detection bias (7/9). (+) signs in green indicates low risk of bias, (?) signs in yellow indicates unclear risk of bias, and red marks indicates high risk of bias.




3.5. Effectiveness of Interventions


3.5.1. Resistance Training


Four articles reported results about resistance training [30,31,32,39]. The study conducted by Earles et al. [32] focused on speed-based strength training. Among their results, they found improvements in strength, but not in functional capacity, which included the static balance variable. In the studies carried out by Kobayashi et al. and Marques et al. [30,39], they found improvements in static balance after performing a specific strength training protocol with respect to the control group. Finally, in the study conducted by Wolfson et al. [31], non-significant improvements in static equilibrium were found. For methodological reasons when reflecting the results, and after contacting the corresponding author, the data obtained in the study of Marques et al. could not be included in the quantitative analysis, so three studies were included, with a total of 119 participants. Figure 3 shows the comparison between RT and the control group. Analysis shows an overall SMD of 1.99 [95%CI −0.97; 4.95] and an overall effect of Z = 1.32 (p = 0.19). The heterogeneity was considered moderate (I2 = 49%).




3.5.2. Aerobic Training


In reference to aerobic training, only one article was included in the qualitative analysis. The study carried out by Marques et al. [39] found improvements in static balance with respect to the control group after an aerobic training program with an intensity from 50% to 85% of the reserve heart rate.




3.5.3. Balance Training


Four studies [31,33,34,36] evaluated the effectiveness of balance training in improving static balance. Only studies conducted by Bieryla et al. and Wolfson et al. reported significant improvements. For methodological issues when reporting the results, and after contacting the corresponding author, the data obtained in the study of Bieryla et al. could not be included in the quantitative analysis, so three studies were included, with a total of 119 participants. Figure 4 shows the comparison between BT and the control group. Analysis shows an overall SMD of 1.24 [95%CI −0.58; 3.06] and an overall effect of Z = 1.33 (p = 0.18). The heterogeneity was high (I2 = 95%).




3.5.4. Multicomponent Training


Two studies [4,35] evaluated the effectiveness of MCT in improving static balance, without obtaining differences with respect to the control group in any of them. Sixty-nine participants were included in the meta-analysis. Figure 5 shows the comparison between MCT and the control group. Analysis shows an overall SMD of 0.33 [95%CI −0.31; 0.97] and an overall effect of Z = 1.01 (p = 0.31). The heterogeneity was moderate (I2 = 41%).



After analyzing the results of the different interventions, it has been observed that all the articles present moderate or high heterogeneity, and it can be concluded that none of the interventions present statistically significant differences with respect to their control groups.






4. Discussion


The present study aims to analyze the effects of different types of training such as aerobic, resistance, multicomponent and balance training on static balance in the healthy elderly population. This systematic review summarizes the findings from a total of eight studies and includes a total of 335 participants. Having described the results in the previous section, our review shows no significant statistical differences between any of the training modalities mentioned and their respective CGs, in terms of improvements in static balance.



4.1. Resistance Training


It is important to note that the heterogeneity between studies was moderate for resistance training (I2 = 49%). This could be explained by the difference in the years of publication of the studies analyzed by Earles et al., Kobayashi et al. and Wolfson et al., the difference in sampling and that the study by (Wolfson et al.) [31] adds balance training to their intervention.



The results of the present study are in agreement with those of previous studies (Knerl C et al.) [40] that found no significant improvement in balance after a resistance exercise programme compared to CG. Furthermore, Motalebi SA et al. [41] found significant improvements in lower limb strength and dynamic balance when applying a resistance programme, but static balance values measured with tandem stand (TS) and one leg stand (OLS) showed no improvement after 12 weeks. Schlicht et al. [42] also found no significant improvement in static balance after 8 weeks of intensive lower limb resistance training. This could be explained by the fact that several studies (Kobayashi et al., Schlicht et al. and Knerl C et al.) [30,40,43] present an intervention time shorter than 12 weeks, which is the minimum recommended time by Fragala MS et al. [44]. Still, more research should be carried out to analyze the effects of resistance training with durations shorter than 12 weeks.




4.2. Multi-Component Training


Multicomponent training has considerable adherence among older populations, being a modality that has the characteristic of encompassing different abilities [42]. Previous trials have highlighted the potential benefits of a multicomponent exercise programme (resistance, aerobic endurance, flexibility and balance exercises) of long duration (i.e., 6 months or more) on functional capacity in older populations [16].



After analyzing the results, we highlight that the heterogeneity between studies (Adcock et al. and Mian et al.) [4,35] was moderate for multicomponent training (I2 = 41%). This could be due to the difference in the year of publication between the studies, the type of intervention and the duration of the sessions.



In our review, no significant statistical differences in terms of improvement of physical abilities such as static balance were found between the intervention group and the CG after an MCT programme. In controversy with our results, another study by Sadjapong U et al. [45], where a multicomponent exercise programme was performed in older adults, found significant improvements in balance (BERG test and TUG test) compared to baseline (p < 0.001), compared to the CG. The study by Casas HA et al. [16] found significant differences after a multicomponent programme in older adults in Spain, with 0.86 points in the SPPB score (95%CI 0.32, 1.41; p < 0.01) after 1 month and 1.40 points (95%CI 0.82, 1.98; p < 0.001) after 3 months.



Previous trials [46] have highlighted the potential benefits of an MCT programme (resistance, endurance, flexibility and balance exercises) on functional capacity in older populations following exercise interventions of longer duration, i.e., 6 months or more. This could explain why there is no significant change in the results of the study by Adcock et al., as in their study, the intervention was performed without professional supervision from home and for a duration of less than 6 weeks. In the study by Mian et al., part of the intervention was also conducted from home, unlike the study by Sadjapong U et al. [45] where the 12-week multicomponent exercise intervention was guided and supervised by therapists. Recent studies [45] concur on the problems of older adults in finding strategies to increase their adherence and motivation to home-based exercise programs.




4.3. Balance Training


Balance is defined as the ability to maintain an upright posture during static and dynamic tasks and requires complex interactions between central factors such as vision, somatosensation, vestibular sensation, motor skills and musculature [40]. Intervention programs that incorporate balance-challenging exercises have been shown to reduce the risk of falls among older adults [21].



With regard to the characteristics of the different interventions, once the results have been analyzed, we have seen that there is heterogeneity of over 40% in all the variables studied, with the studies on balance training being those with the highest heterogeneity (I2 = 93%). This could be due to the fact that the three studies were published in very different years, the difference in sample size and that the study by Wolfson et al. also performed resistance training in addition to balance training.



In the study by Lopez JC et al. [47], they observed that both groups improved unipodal and bipodal balance with both eyes open and closed after the intervention on unstable platforms; both differences were statistically significant (p < 0.01). This study is in agreement with the balance improvements reported in our review study (Wolfson L et al.) [31], who performed balance and strength interventions on stable surfaces, including Ti-Chi methods. Javadpour S et al. and Sinaei E et al. [48,49] showed significant improvements in static balance and dynamic balance in the single-task (ST) and dual-task (DT) training groups after 6 weeks in the Javadpour S study and 4 weeks of training in the Sinaei E study, while no statistically significant changes were shown in the control group.



In our review, no statistically significant changes were observed between the balance exercise-based intervention and CG groups. Only Wolfson et al. showed significant improvements. This could be due to the fact that in the Wolfson et al. study, in addition to balance training, resistance training was also performed. Two studies (Sato K et al. and Kronhed ACG et al.) [33,34] did not show significant results compared to the control group in comparison to the other studies mentioned [47,48,49]. This could be explained by the fact that the studies by Sato K et al. and Kronhed ACG et al. did not use dual task exercises in their interventions and by the fact that the intervention by Sato K et al. used exergames in older adults, as it has been described [19] that research on persuasion in technology has not yet focused on older adults, which may not motivate or hinder their rehabilitation if carried out through exergames.




4.4. Aerobic Training


One of the reported benefits of aerobic activity is the improvement of balance and the reduction of the risk of falls and subsequent injuries caused by such an accident [50].



The study by Marques et al. found that aerobic exercise has a similar effect to that produced by strength training on static balance in older women aged 61–83 years, with respect to CG after an aerobic training programme, at an intensity of 50% to 85% of heart rate reserve. Spagnuolo et al. [51] and colleagues also found contrasting results with a strong correlation between the performance achieved on the incremental out-and-back walking test (ISWT) and the Berg balance scale in older adults, but aged 40–84 years (r = 0.61). The above results are consistent with the following study [52]: a programme that included dancing as an aerobic exercise for 1 h, three times per week, for 12 weeks, observed significant changes in static balance in women over 70 years of age. In addition, Vidarte-Claros JA et al. [53] showed changes in balance in older people who performed the exercise programme for 12 weeks, with similar effects on reducing the risk of falls.



In controversy, Hayashi D et al. [54], found no correlation between postural balance and exercise capacity in the whole group of older adults. This could be due to the fact that part of their sample were physically independent older adults according to the classification proposed by the Functional Status Spirduso.




4.5. Limitations of the Study


Regarding the limitations of this study, it is important to comment on the heterogeneity of the results of each study, as well as the intrinsic characteristics of the studies. It can be stated that the lack of homogeneity of the different studies, due to among other factors differences in the year of publication, sample size and type of intervention, may have contributed to show statistically non-significant results.



Furthermore, we are aware that the number of studies added to the review is small and that in one of the studies, the author did not provide us with the data. Regarding the characteristics of the sample, we note that although all the studies analyzed older adults, in some of the studies, the physical abilities of the participants varied, which may have increased the heterogeneity.





5. Conclusions


In view of our results, we can conclude that different modalities of training improve functional capacities such as strength, balance and the risk of falls in healthy elderly people, but the difference in static balance is not significant when comparing with the control groups. These results make us see the need to continue studying different modalities of interventions that can significantly improve balance in older adults. Further research should be carried out to analyze the effects of these interventions in the long terms and with larger sample sizes. The present study focuses on the static analysis of equilibrium, the results may differ if the dynamic equilibrium is analyzed.
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Figure 1. PRISMA 2020 flow diagram. 
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Figure 2. Risk of bias graph and summary [4,30,31,32,33,34,35,36,39]. 
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Figure 3. Effectiveness of resistance training on static balance [30,31,32]. 
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Figure 4. Effectiveness of balance training on static balance [31,33,34]. 
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Figure 5. Effectiveness of multicomponent training on static balance [4,35]. 
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Table 1. Study characteristics.
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	Study
	N (IG/CG)
	Age (±SD)
	Gender (F/M)
	Modality
	Variable





	Wolfson, 1996 [31]
	55 (28/27)
	80
	32/23
	BT
	OLS-CE



	Wolfson, 1996 [31]
	55 (28/27)
	80
	34/21
	RT
	OLS-CE



	Earles, 2001 [32]
	40 (18/22)
	78 ± 5
	26/14
	RT
	OLS



	Kronhed, 2001 [34]
	30 (15/15)
	73 ± 2
	16/14
	BT
	Romberg



	Mian, 2007 [35]
	38 (25/13)
	73 ± 3.4
	19/19
	MCT
	OLS



	Kobayashi, 2012 [30]
	24 (17/7)
	67.5 ± 5.23
	14/10
	RT
	OLS-CE



	Bieryla, 2013 [36]
	12 (6/6)
	81.5 ± 5.5
	10/2
	BT
	BBS



	Sato, 2015 [33]
	58 (29/28)
	69.25 ± 5.41
	43/14
	BT
	BBS



	Marques, 2017 [39]
	47 (24/23)
	69
	47/0
	RT
	OLS



	Marques, 2017 [39]
	48 (24/24)
	69
	48/0
	AT
	OLS



	Adcock, 2020 [4]
	31 (15/16)
	73.9 ± 6.4
	16/15
	MCT
	SPPB Balance







IG: intervention group; CG: control group; BT: balance training; RT: resistance training; MCT: multicomponent training; AT: aerobic training; M: male; F: female; SD: standard deviation; OLS: one-legged stance test; CE: closed eyes; BBS: Berg balance scale; SPPB: short physical performance battery.
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Table 2. PEDro score.
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	Study
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	Total





	Wolfson, 1996 [31]
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	6



	Earles, 2001 [32]
	1
	1
	0
	1
	0
	0
	0
	1
	0
	1
	1
	5



	Kronhed, 2001 [34]
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	6



	Mian, 2007 [35]
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	4



	Kobayashi, 2012 [30]
	1
	1
	0
	1
	0
	0
	0
	1
	0
	1
	1
	5



	Bieryla, 2013 [36]
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	1
	3



	Sato, 2015 [33]
	0
	1
	0
	1
	0
	0
	0
	1
	0
	1
	1
	5



	Marques, 2017 [39]
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	6



	Adcock, 2020 [4]
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	5



	Average
	
	
	
	
	
	
	
	
	
	
	
	5 *







1: Inclusion/exclusion criteria; 2: random allocation of participants; 3: concealed allocation; 4: similarity between groups at baseline; 5: participant blinding; 6: therapist blinding; 7: assessor blinding; 8: fewer than 15% dropouts; 9: intention- to-treat analysis; 10: between-group statistical comparisons; 11: point measures and variability data. * Item 1 is not used to calculate the PEDro score.
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