

[image: image1]
Acute and chronic effects of stretching on balance: a systematic review with multilevel meta-analysis









 


	
	
SYSTEMATIC REVIEW
published: 13 September 2024
doi: 10.3389/fmed.2024.1451180








[image: image2]

Acute and chronic effects of stretching on balance: a systematic review with multilevel meta-analysis

Lars Hubertus Lohmann1*†, Astrid Zech1†, Gerit Plöschberger2†, Manuel Oraže3†, Daniel Jochum4† and Konstantin Warneke5†


1Department of Human Movement Science and Exercise Physiology, University of Jena, Jena, Germany

2Institute of Sport Science, Alpen-Adria University of Klagenfurt, Klagenfurt am Wörthersee, Austria

3Viktor-Frankl Hochschule, Pädagogische Hochschule Kärnten, Klagenfurt am Wörthersee, Austria

4Department of Health Sciences and Technology, ETH Zürich, Zürich, Switzerland

5Institute of Human Movement Science, Sport and Health, University of Graz, Graz, Austria

Edited by
 Warren G. Darling, The University of Iowa, United States

Reviewed by
 Shuwan Chang, Chengdu Sport University, China
 Yuqi He, University of Pannonia, Hungary

*Correspondence
 Lars Hubertus Lohmann, lohmannlars@gmx.de 

†ORCID: Lars Hubertus Lohmann, http://orcid.org/0000-0002-5990-2290
 Astrid Zech, http://orcid.org/0000-0001-7147-4113
 Gerit Plöschberger, http://orcid.org/0009-0003-4551-585X
 Manuel Oraže, http://orcid.org/0009-0000-2835-2225
 Daniel Jochum, http://orcid.org/0000-0002-8478-4185
 Konstantin Warneke, http://orcid.org/0000-0003-4964-2867

Received 18 June 2024
Accepted 19 August 2024
Published 13 September 2024

Citation
 Lohmann LH, Zech A, Plöschberger G, Oraže M, Jochum D and Warneke K (2024) Acute and chronic effects of stretching on balance: a systematic review with multilevel meta-analysis. Front. Med. 11:1451180. doi: 10.3389/fmed.2024.1451180
 

Introduction: Balance is a multifactorial construct with high relevance in, e.g., everyday life activities. Apart from sensorimotor control, muscle strength and size are positively linked with balance performance. While commonly trained for via resistance training, stretch training has emerged as a potential substitution in specific conditions. However, no review has investigated potential effects of stretching on balance, yet.

Methods: PubMed, Web of Science and Scopus were searched with inception to February, 2024. Studies were included if they examined acute and/or chronic effects of any stretching type against passive and/or active controls on balance parameters – without any population-related restrictions concerning sex/gender, age, health status, activity level. Methodological quality was assessed using PEDro scale. Meta-analyses were performed if two or more studies reported on the same outcome. Certainty of evidence was determined based on GRADE criteria.

Results: Eighteen acute and eleven chronic effect studies were included. Stretching studies exhibited significant improvements for sway parameters with eyes open against passive controls of moderate magnitude for chronic (ES: 0.63, p = 0.047) and of small magnitude for acute studies (ES: 0.21, p = 0.032). Most other subgroups against passive controls as well as actively-controlled comparisons resulted in trivial and/or non-significant effects.

Conclusion: Even though some pooled effects slightly reached the level of significance, the overall results are biased by (very) low certainty of evidence (GRADE criteria downgrading for risk of bias, imprecision, publication bias). Moderators suggested by literature (strength, muscle size, flexibility, proprioception) were rarely assessed, which prevents conclusive final statements and calls for further, high quality evidence to clarify potential mechanisms–if any exist.

Keywords
 stretching; postural control; center of pressure; sway; Y-balance


1 Introduction

The ability to restore and maintain postural control during upright standing or gait is of paramount importance to master everyday life activities in all age groups, however, especially in older adults and (orthopedic) patients (1). Considering balance a multifactorial construct, the literature indicates parameters such as sensorimotor control and muscle strength to be positively linked with balance performance (2, 3). While sensorimotor function was frequently triggered by performing a variety of exercises on unstable surfaces (4) or increasing complexity in the exercise execution, strength capacity is commonly enhanced via resistance training (5).

In order to maintain or prevent loss of motor function until older age there is growing interest to develop effective balance exercise routines. The demographic change toward an aging population poses several challenges on many societies with one in particular revolving around the enhanced need for medical care and nursing. Specifically, people above the age of 65 years (yrs.) are at particular risk for falls: One third of those as well as half of people >80 yrs. olds fall at least once a year (6). While falls are first and foremost a leading cause of fatal and non-fatal injuries (6, 7) that entail substantial medical costs (8), the fear of falling alone is associated with activity restrictions and may thus be an important contributor diminishing the quality of life of community-dwelling older adults (9). Several previous works were performed to determine moderators of balance, outlining, for instance, limited physical activity as a predictor of reduced balance (10). It is well known that sedentary behavior and reduced physical activity is closely related to impaired muscular performance and sarcopenia (11, 12), making the link between maximal strength and balance performance not surprising.

The relevance of reaching high force output in the lower extremity was underlined by Cattagni et al. (13) who described strength capacity as a discriminator between fallers and non-fallers. Accordingly, the American Geriatrics Society and American Academy of Orthopedic Surgeons panel on fall prevention listed muscular weakness and muscular function impairments as the most important risk factor for falls in older adults (14) and emphasized the demand for strength-increasing exercise routines since muscle weakness – including muscle size (15), strength (16) and flexibility (17) – moderates postural control. Consequently, the current 2022 “World guidelines for falls prevention and management for older adults” (18) strongly recommend the use of individualized progressive resistance training to reduce the risk of falls, while Chang et al. (19) recently reported further increases in balance ability when strength training is combined with acupuncture interventions.

However, to ensure a safe movement execution, meaning avoidance of adverse events while exercising, and to increase training effects especially in untrained and/or unexperienced populations, training supervision is strongly recommended (20). This requirement imposes severe burdens on conditioned and older participants, thereby restricting access to prevention but also rehabilitation programs, which is considered a major contributor to muscle function and size loss (21). Consequently, there seems to be high demand for balance exercise routines that forgo the need for travel and supervision, being time- and location-independent in its application, to improve exercise commitment and adherence rates.

Recent literature raised the possibility of interchangeable use of resistance training and high volume stretching under special circumstances: While full range of motion resistance training provided comparable flexibility increases (22), high volume and intensive stretching significantly increased strength and hypertrophy (23–25). Even though the required exercise durations to induce meaningful strength and muscle size adaptations seem time-consuming for stretching interventions, Behm et al. (26) proposed its usage as a relevant resistance training alternative when integrated into daily activities such as watching television or working in the office.

While recent literature discusses the potential of replacing strength training with high-volume stretching when aiming to increase muscle strength and size (27, 28), to date, no review has examined whether stretching has acute or chronic effects on balance. Thus, the objective of this systematic review with meta-analysis was to quantify the overall available evidence for the implementation of stretching to improve balance since the literature is too scarce for population-specific calculations – and thereby explore a possible new perspective for training and therapy.



2 Methods

The authors conducted the systematic review following the “Reporting Items for Systematic Reviews and Meta-Analyses 2020” (PRISMA 2020) guidelines (29) and opted to register the review in the PROSPERO database which, however, was rejected following the automatic processing with possible reasons given of which either one or more applied to this review: (a) review appears to be a scoping review, (b) review revolves around sporting performance, (c) review has insufficient information in fields (usually a lack of information on data extraction, risk of bias or data synthesis methods), (d) information was submitted in non-English language.

The search term was designed under consideration of the PICOS (Patient/Population, Intervention, Comparison, Outcomes, Study design) guidelines (30). The following eligibility criteria were applied to the literature search:

1. Randomized and non-randomized studies investigating any type of stretching meeting the definition criteria listed below in comparison to a passive (non-intervened) or active (all other types of exercise such as balance training, cycling, yoga or manual therapy) control condition.

2. Studies which investigated acute (immediately following an intervention) or chronic (long-term interventions of at least two weeks of stretching with a minimum of one session per week) stretching effects, including the most common stretching types [static, dynamic, ballistic and proprioceptive neuromuscular facilitation (PNF)] (31–33).

3. Works that quantified static and dynamic balance performance outcomes via, on the one hand Y-balance reach or the star excursion test, and on the other hand, center of pressure (COP) sway measurements.

4. Studies that recruited both healthy participants and/or patients, while no restrictions were applied regarding the target population concerning sex/gender, age, health status and activity/athletic status.

Studies were excluded for the following reasons:

a. using combined interventions (stretching plus other exercise interventions except for warm-up through jogging or stationary bike),

b. having uncontrolled study designs,

c. lacking pre-post comparisons,

d. investigating parameters on an ordinal scale [e.g., the Berg-Balance-Scale, see Lima et al. (34)],

e. being of such low quality that vital aspects of the study design cannot be identified (e.g., lack of specificity regarding load control) and/or

f. not being published in English-speaking, peer-reviewed journals.

The search strategy was developed based on the aforementioned eligibility criteria and applied to the three databases MEDLINE/PubMed, Web of Science, and Scopus (inception to February 2024) which was supplemented by manual search of the first 500 Google Scholar results as well as snowballing citation searching. The search terms were created based on individual database requirements, e.g., for PubMed:


(stretch*[Title/Abstract]) AND (balance[Title/Abstract] OR “postural control”[Title/Abstract] OR stability[Title/Abstract] OR proprioception[Title/Abstract]) NOT (pilates[Title/Abstract] OR dance[Title/Abstract] OR “stretch-shortening”[Title/Abstract])
 

The search strings for Web of Science and Scopus are listed in the Supplementary material. The databases were searched until 3 March 2024.


2.1 Stretching definitions for inclusion criteria

While there are several stretching definitions with broad extensions (22), the following definitions for static stretching, dynamic stretching and PNF were used to differentiate stretching from other interventions. In accordance with Behm (35) static stretching was defined as the lengthening of a muscle until stretch sensation/the point of discomfort and holding the muscle in a lengthened position, which can be performed passively by external devices, a partner or external weight, or actively by active movements. PNF is a stretching technique that incorporates a maximal voluntary contraction to a static stretching bout with or without antagonist contraction (contract-relax or contract-relax-antagonist-contract) (35). Interventions were considered dynamic stretching (36) if the exercise was performed as controlled back and forth movements in the end ROM, with ballistic stretching assumed a subcategory of dynamic stretching including less controlled, bouncing movements in the end ROM. Another specific subcategory of dynamic stretching was cyclic stretching, if participants performed constant velocity/angle stretching via a computerized system (37). All interventions that fit one of the aforementioned definitions were eligible for inclusion in this review.



2.2 Methodological study quality and risk of bias

PEDro rating was performed by two investigators (LHL & MO) in accordance with official guidelines (see Supplementary material) to assess the risk of bias (38). If no consensus was reached, a third author (KW) had the decisive vote. Additionally, risk of publication bias (39) was assessed by visual inspection of modified funnel plots, which was supplemented by the Egger’s regression test (40, 41).



2.3 Data processing and statistics

Study selection and data extraction were performed by GP, MO and DJ, and consequently double-checked by LHL and KW. Each record was screened by three reviewers independently. Data was extracted from the original studies into an Excel file (Microsoft 365, Microsoft Corp., Redmond, WA, USA) using a dual control principle via screen sharing. If a study did not contain means (M) and standard deviations (SD) in writing or in graphic illustrations, data were requested via e-mail or ResearchGate from the corresponding author of the respective study. If neither the corresponding author responded, nor there was another possibility to exactly determine M and SD, the study was excluded. Effect sizes (ES) were calculated based on MDiff from pre-to post-test by applying
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while pooled SDs were determined by
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Accounting for multiple study (multiple outcomes of the same balance test, or different balance tests, or different stretching interventions tested against the same control) outcomes with co-variance originating from unknown sources, the robust variance estimation (RVE) meta-analysis calculation model (42) was used to pool the standardized mean differences (SMDs) and 95% confidence intervals (CIs) for acute and chronic stretching effects on balance. While comparisons with passive controls may indicate a general effectivity of the intervention, the attribution of potential effects to the specific intervention would require superior effects compared to other interventions (43). Thus, acute as well as chronic stretching effects were also compared to active, alternative control conditions. Due to the highly specific nature of balance tasks and subsequently differences that each task places on the underlying abilities needed, separate analyses were performed based on the test used to obtain the balance outcomes. Therefore, we differentiated 3 subgroups as (1) combining Y-Balance test (YBT), Star Excursion (SEBT) (and Forward reach test (FRT)), (2) sway/COP eyes open, and (3) sway/COP eyes closed. The rationale for dividing the analyses into static (sway/COP open eyes, sway/COP closed eyes) and dynamic (YBT/SEBT/FRT) balance lies in the task specificity of tests and different underlying control mechanisms such as the involvement of the neuromuscular system (44, 45). While YBT/SEBT(/FRT) demand control of the body’s center of gravity during dynamic, one-legged movement/reach, sway/COP tests quantify the extent of sway during static standing. Hereby, open-eyes and closed-eyes conditions were distinguished due to the known impact of visual feedback on static standing balance (46) that increases reliance on vestibular and proprioceptive input during eyes-closed balance performance (47). Improving postural control is of particular interest in people with functional limitations such as in older adults and patients with chronic diseases.

If possible, the analyses were further refined for stretching types (static, dynamic, PNF). To further reduce intra-study heterogeneity, stability index outcomes were removed for sensitivity analyses.

Outcome heterogeneity was assessed with τ2 and categorized in accordance to pooled effect sizes (ES), interpreted as follows: trivial: 0 ≤ ES < 0.2; small: 0.2 ≤ ES < 0.5; moderate: 0.5 ≤ ES < 0.8; and large: ES ≥ 0.8 (48). All calculations were performed using R (version 4.2.3) with the robumeta and meta package (42) under special consideration of the study design (parallel and cross-over design).



2.4 Certainty of evidence

The certainty of evidence was rated adhering to the GRADE working group criteria with categorizations as “very low” (effect estimate very uncertain), “low” (further research is very likely to change the effect estimate), “moderate” (further research is likely to change the effect estimate), or “high” (further research is very unlikely to change the effect estimate) (49). Accordingly, certainty is downgraded for risk of bias (limitations in study design and execution, e.g., lacking allocation concealment or blinding of subjects and/or investigators), inconsistency of results (unexplained heterogeneity of results assessed, e.g., via τ2), indirectness of evidence (evidence stems from research that does not directly compare the interventions of interest, is not delivered to the populations of interest, and/or does not measure the outcomes of interest), imprecise data (generally, if studies include only few participants and events and have a wide CI around the estimate of the effect, e.g., when the 95%CI overlaps no effect and CI fails to exclude important harm or benefit), and publication bias (systematic over- or underestimation due to selective publication of studies assessed, e.g., via Egger’s regression and/or funnel plots), while strong evidence of association (large or very large magnitude of effect with good precision regarding the CI – see above), evidence of a dose–response gradient, and plausible confounders (confounding is expected to have influenced the result in a way that the effect is even higher when adjusted for the confounders, e.g., when confounding is expected to have reduced a demonstrated (large magnitude) effect) enabled an upgrade.




3 Results

The flow chart (Figure 1) illustrates the literature search, that resulted in a total of 29 (50–78) studies of which 18 (50, 52–59, 61, 63, 65, 67, 68, 71, 73–75) investigated acute and eleven (51, 60, 62, 64, 66, 69, 70, 72, 76–78) chronic effects. Fifteen acute effect studies compared stretching to a passive control while four opposed stretching to an active control. For chronic effects, seven studies compared stretching groups to passive and five studies to active control groups (see Figure 2). More detailed study descriptions can be found in Table 1.
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FIGURE 1
 PRISMA flow-chart diagram.
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FIGURE 2
 Overview of included studies.




TABLE 1 Study characteristics.
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3.1 Methodological quality and risk of bias

With a PEDro score (M ± SD) of 4.2 ± 1.8 out of 10 (range: 1 to 8 points), risk of bias was rated as fair. When differentiating for acute and chronic studies, the average score is 3.5 and 5.4, respectively, indicating that acute studies had a lower quality. While the classification fair fits the chronic studies’ quality assessment, the acute studies’ overall quality must be rated as poor. Overall, all studies provided both point measures and measures of variability (29/29), while almost all studies reported statistical between-group comparisons (26/29) and random group (for parallel group designs) or intervention sequence (for cross-over designs) allocation (22/29). While blinding of the participants and therapists was never achieved, investigator-blinding was performed in seven studies. Only seven studies concealed the allocation and only five studies adhered to the application of the intention-to-treat principle. In 13 out of 29 studies the groups were not considered similar at baseline regarding the most important prognostic factors. Only ten studies specifically stated both, the number of subjects in both pre- and post-testing and collected data from at least 85% of the initially included subjects (see Appendix Table 1).



3.2 Chronic stretching effects

Seven studies investigated chronic effects of stretching compared to passive controls, whereby one study (70) incorporated both passive and active controls. For the passive control comparisons, six studies (51, 60, 62, 66, 69, 70) incorporated young adults (18–65 yrs. of age). There was only one study (78) that investigated the chronic effects of stretching on older adults’ balance performance, who performed stretching for eight weeks, thrice per week with 150 s of stretch per session and found no change. Furthermore, two out of the seven studies investigated patients post ankle sprain (51) or with multiple sclerosis (70). Sensitivity analysis excluding the patient populations (due to the possibility of different neuromuscular responses for interventions in patients settings (79, 80)) resulted in non-significant results (p = 0.094–0.241).

Out of the seven studies, four investigated static standing sway/COP parameters with eyes open of which three (60, 66, 69) found a positive effect, one (70) no change and one (69) a negative effect. Hereby, Todde et al. (69) found both a large increase and large decrease for two different subgroups following different stretching interventions. Effect size pooling exhibit a moderate magnitude improvement (ES: 0.63 95%CI 0.02–1.24, p = 0.047, τ2 = 0.12) (see Figure 3). Sensitivity analysis (excluding stability index outcomes to account for the possible impact of an index ceiling effect (81–84)) resulted in small magnitude effects, however, non-significant for the same outcomes (ES: 0.44 95%CI -0.18–1.06, p = 0.091, τ2 = 0) (see Table 2).

[image: Figure 3]

FIGURE 3
 Forest plot for chronic stretching effects on sway balance against passive control conditions.




TABLE 2 Meta-analytic calculations for chronic and acute effects.
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Two of the studies also investigated eyes-closed conditions that both (60, 70) found no significant change. As a consequence, the quantitative analysis reveals no changes (ES: -0.02 95%CI -0.96–0.93, p = 0.840, τ2 = 0).

The three studies investigating YBT/SEBT/FRT found an increased performance in one (62) and no change in two (51, 78). However, one (78) of these two studies used the FRT, also being the only one throughout this analysis. While the meta-analytic procedure for YBT/SEBT/FRT as well as sensitivity analysis excluding the FRT (sensitivity analysis because this test differs from YBT/SEBT as it involves mostly movement in the upper body while trying to maintain balance bipedally (85)) showed moderate improvements (ES: 0.53–0.61), these effect sizes were not significant (p = 0.440–0.560) additionally exhibiting high heterogeneity (τ2 = 1.43–2.2).

As for passive control comparisons, almost all (4 out of 5) of the included active-control studies (64, 70, 76, 77) tested young or middle-aged adults (18–65 yrs. of age). The remaining study (72) investigated effects in individuals aged 65 yrs. and older. Additionally, the majority of studies (4 out of 5) took place in clinical settings (64, 70, 72, 77). However, the sway/COP eyes open patient subgroup analysis (across different diseases) resulted in non-significant effects (p = 0.148).

Out of the five studies with active comparison groups, four investigated static standing sway/COP parameters with eyes open for which one study (77) found an improved performance and three (64, 70, 72) no change. Two of these studies additionally determined sway/COP with eyes closed whereby one found enhanced performance (77) and one no change (70). One subgroup also investigated the effects on sway/COP with eyes open of interventions solely employing static stretching (64, 72, 77). However, all calculations exhibited non-significant effects (p = 0.397–1). The remaining, fifth study (76) determined YBT/SEBT outcomes and showed performance increases.



3.3 Acute stretching effects

Fifteen (15) studies investigated the acute effects of stretching compared to passive controls, whereby one of these (68) also incorporated active controls. For the passive control comparisons, all 15 studies incorporated healthy, young adults (18–65 yrs. of age), thus no results can be presented for older adult and patient populations.

Fourteen (14) studies investigated static standing sway/COP parameters with eyes open of which six (53, 55, 63, 65, 67, 75) found enhanced post-intervention balance performance, four (57, 58, 71, 74) no change and four (52, 59, 61, 73) a decreased performance. Pooling led to significant, small magnitude effects indicating beneficial effects for acute stretching on balance improvement (ES: 0.21 95%CI 0.02–0.39, p = 0.032, τ2 = 0.28) (see Table 2). Sensitivity analysis for stability index outcomes (excluding stability index outcomes to account for the possible impact of an index ceiling effect (81–84)) does not impact the effect size (ES: 0.20) but the level of significance (p = 0.066). While static and dynamic stretch subgroups yield trivial to moderate (ES: 0.04–0.52) magnitude effects that are, however, all non-significant (p = 0.086–0.537), both PNF subgroups for open-eyes outcomes show significant (p = 0.009–0.04) small magnitude effects (ES: 0.29–0.31).

Additionally, four of these 14 studies included static standing sway/COP tests with eyes closed, whereby two (53, 55) found significant positive effects, one (74) no difference and one (52) significant negative effects. The meta-analytical calculation exhibited a significant, trivial magnitude effect (ES: 0.19 95%CI 0.08–0.31, p = 0.010, τ2 = 0) when including all stretching types, with the subgroups for static and PNF stretching not reaching the level of significance (p = 0.070–0.635).

Moreover, two studies investigated YBT/SEBT outcomes both originating from static stretching interventions. While one found an increased performance (55), the other found no effects (68), pooling resulted in no significant change (p = 0.840).

All four studies (50, 54, 56, 68) incorporating active control conditions investigated young adults (18–65 yrs. of age). Out of the four studies, only one (56) used static standing sway/COP outcomes and found no effects. The remaining three studies investigated YBT/SEBT outcomes, whereby two (50, 54) showed performance increases and one (68) no change for which the meta-analytic calculation did not reach the level of significance (p = 0.550).

Modified funnel plot inspection indicated no publication bias for chronic effects, while some outliers caused a right shift of values. With p = 0.08 for chronic and p = 0.02 for acute effects, the Egger’s regression test supported these results.



3.4 Certainty about the evidence

Applying the GRADE criteria, certainty of evidence for the comparison of stretching studies on balance performance was initially rated as high due to the inclusion of (randomized) controlled trials. The level of evidence for chronic studies was downgraded for risk of bias (1 level, PEDro score of 5.4 being fair) and imprecision (1 level, few events and 95%CIs overlap no effect), resulting in low level of evidence meaning further research is very likely to impact the estimate of effect. The level of evidence for acute studies was downgraded for risk of bias (2 levels, PEDro score of 3.5 being poor), imprecision (1 level, few events and 95%CIs overlap no effect) and publication bias (1 level, as per visual inspection of funnel plots and the result of the Egger’s regression test), resulting in very low level of evidence meaning the effect estimate is very uncertain.




4 Discussion

This is the first systematic review with meta-analysis that found, in accordance with the GRADE score, low level evidence for the effectiveness of chronic muscle stretching for improvements in standing postural sway (significant, moderate magnitude effects). The chronic stretching effects on dynamic balance control (YBT/SEBT) were not significant. Overall, only one of the three studies (78) on chronic effects included older individuals (over age 65 years) and two (51, 70) patients with multiple sclerosis or post ankle sprain.

Acute effects of stretching interventions exhibit very low level of evidence with significant but trivial (for closed-eyes condition) to small (for open-eyes condition) effects for standing postural sway. Acute effects on dynamic balance (YBT/SEBT) following stretching interventions were non-significant. Similar to the chronic effects, only one study (71) investigated acute effects in individuals aged 65 yrs. and older.

This review also calculated the effects of studies comparing stretching to alternative, active interventions such as self-mobilization (50), jumps (56), cycling (70), trunk stabilization exercises (77) or balance training (70). Since the meta-analysis showed non-significant effects for both acute and chronic studies opposing alternative interventions, it must be questioned whether the effects found when comparing stretching to passive controls can actually be attributed to the stretching interventions or just enhanced physical activity.

The literature provides several mechanisms that could explain stretch-induced chronic and acute adaptations in balance control, including flexibility, stiffness, strength and muscle size.


4.1 Mechanisms of chronic effects


4.1.1 Flexibility

While stretching is known as the most common flexibility training method (32) it remains uncertain if changes in flexibility actually explain the improvements in balance control. Literature speculated about the role of range of motion on postural control and balance performance as flexibility-impairments might be associated with difficulties to regain standing stability following perturbations (86). Hereby, limited ankle dorsiflexion range of motion could lead to increased subtalar joint pronation (17) that in turn could increase sway due to problems in stabilization during ankle pronation or supination. However, there might be a ceiling effect once a certain threshold of “adequate” flexibility is met, depending on how balance is measured (84). Naturally, test-specifications play a major role which is true for how balance is evaluated as well: While YBT/SEBT require a subject to lower the body’s center of gravity and keep balance standing on one foot while reaching into different directions with the other, high levels of active movement and significant changes in the body’s center of gravity are not relevant for sway/COP measurements. Therefore, it seems that YBT/SEBT performance might benefit from increased flexibility to a higher degree compared to sway/COP performance. Another factor that appears un- or underinvestigated revolves around body dimensions such as the relation of upper to lower body or thigh to lower leg in sway measurement.

The three chronic stretching studies comparing stretching with passive control conditions that found unidirectional, positive effects for all measured outcomes in the stretching groups evaluated either SEBT (51), YBT (62) or postural stability measured on a force plate during jump landing (66), which can be, depending on the definition, described as dynamic balance test conditions. Due to the small samples and effect sizes, no meaningful subgroup analyses were performed in our meta-analysis to differentiate between dynamic and static balance performance.



4.1.2 Stiffness

Another parameter that could moderate the effects of stretching on balance is muscle stiffness. Stretching seems sufficient to reduce muscle stiffness parameters (87). Kim et al. (15) showed a relation of stiffness with balance performance assessed via FRT and standing balance in tandem, semi-tandem and side-by-side standing. This is in accordance with Epro et al. (16), who associated muscle-and/or tendon compliance with reduced postural control.

Unfortunately, muscle stiffness was only investigated in two of the included chronic stretching studies with passive controls showing conflicting results. While Sakai et al. (66) found decreased muscle stiffness following the intervention and increased balance performance, Gajdosik et al. (78) did neither find significant stiffness nor balance performance changes. Moreover, to the best of the authors’ knowledge, no review article investigated how stiffness affects balance.



4.1.3 Maximal strength and hypertrophy

Maximal strength is associated with balance in, e.g., children and old adults (2), elite soccer players (88) and adolescent gymnasts (89). While Mühlbauer et al. (2) focused on healthy participants showing a positive relationship, no current systematic review investigated the role of maximum strength on balance in patients. However, there are several articles investigating the strength-balance relationship in patients with several indications. For instance, Hu et al. (90) showed that maximal strength positively influences balance after reconstruction of the anterior cruciate ligament while Yahia et al. (91) and Brech et al. (92) confirmed benefits on postural control in patients with multiple sclerosis and osteoporosis. This relationship was especially strong for the plantar flexors. Multiple studies (93, 94) emphasized the possibility of increasing calf muscle maximal strength and size via stretching. Muscle strength abilities might, therefore, explain the results of Kim et al. (15) and Epro et al. (16) who positively associated plantar flexor muscle strength and thickness with balance. While systematic reviews highlight the possibility of increasing maximal strength and muscle size via stretching (23, 25), only two studies from the present review measured maximal strength alongside the balance adaptations. However, both studies (51, 66) did not find significantly increased balance performance following four weeks of stretching. The maximal strength, hereby, did also not change. Thus, the influence of stretch-induced maximal strength or muscle size increases on postural control remains speculative.

However, due to its impact on general joint stability, it seems reasonable to hypothesize that an improved maximal strength capacity would help to positively influence postural sway and balance performance.



4.1.4 Neuromuscular activity and proprioception

Even though results from Kubo et al. (95) reported no changes in electromyographic activity following stretching training, findings of Miyahara et al. (96) suggested potential neuromuscular adaptations. Accordingly, Nelson et al. (93) described maximal strength increases of 11% in the non-stretched, contralateral leg after a 12-week intervention period, which might be attributed to remote central nervous learning responsible for optimized muscle activity in general (97, 98). However, changes in muscle activation patterns increasing maximal strength do not automatically suggest transferability on balance performance to decrease postural sway.

Previous studies showed the involvement of reflex mechanisms, including the stretch-and H-reflex, to maintain or restore standing postural control (99). Furthermore, since the Golgi-tendon unit (100) and muscle spindle activity (101) are involved in muscle tension and muscle length control one may also expect changes in proprioception due to stretching. This may further adjust the center of pressure regulation during standing (102) and consequently, balance performance in general. This agrees with findings of Gruber et al. (103, 104) who reported reduced peak-to-peak amplitudes in soleus electromyography (EMG) activity in specific balance tasks and changes in H-reflex activity after balance training.




4.2 Acute effects

Due to findings showing diminished strength performance as an acute response to (static) stretch performance (43), it was hypothesized that stretching would also acutely reduce balance performance. Surprisingly, the present analysis found small but significant positive effects of acute stretching on balance performance compared to passive controls. While stretching is frequently reported to negatively influence reflex-responses acutely (105, 106), Behm et al. (33) reported these effects to dissipate within seconds after the induced stimulus. Consequently, their influence on subsequent balance performance was classified unlikely.

Since no significant differences in acute balance performance could be obtained when comparing stretching or other interventions, it must be questioned whether the effects found in comparison to passive controls are stretch-specific. This is in line with most recent evidence from a systematic review with meta-analysis (36) that did not find stretch-specific acute changes in flexibility and stiffness when compared to any other warm-up intervention and hypothesized that, at least with the current state of literature, any activity that increases core and muscle temperatures is sufficient to elicit these changes.

Muscle stiffness, when measured in a relaxed state, and flexibility, when measured passively, are both outcomes that are not directly linked to neural control. In contrast, acute changes in balance performance might comprise further mechanisms that alter, e.g., proprioception and cognitive awareness, which, however, are also known to be enhanced following any kind of warm-up activity (107, 108).

Thus, at the current state, the explanations of stretch-specific effects for acutely improved balance performance remain speculative. To specifically attribute potential stretching effects on balance, further research controlling alternative explanatory approaches is needed. Hereby, the post-test timing needs to be considered critically, as muscular fatigue significantly decreases balance performance (109).



4.3 Limitations

Although small effects were shown for chronic stretching on balance, there are several limitations that limit the findings’ generalizability. First, the number of studies is too small for sensible subgroup analyses of chronic and acute effects in different populations. As consequence, (a) some subgroup analyses do not reach the level of significance despite exhibiting moderate effect sizes or (b) pooled effects did not distinguish between healthy adults, patients and older adults or different stretching types/routines. The authors accounted for this by performing sensitivity analyses (excluding patient populations) or further subgroups (patients only) if possible. Though, the small number of outcomes resulted in no significant effects.

Also, high levels of heterogeneity can be observed for the included studies leading to difficulties regarding the interpretation of results. This might also be due to the heterogeneous study designs regarding the stretching interventions (intensity being oftentimes not even reported, frequency and session/overall stretching volume).

While a general warm-up prior to the stretching interventions was allowed in studies examining chronic effects, the control groups oftentimes did not receive structured interventions and thus remained non-active. Thus, it cannot be ruled out that small effects could actually be attributed to the warm-up program instead of stretching. This issue is exacerbated in one study (60) with a 15 min jogging-and jumping warm up. This study design only allows a biased interpretation of the influence of stretching.

Since no studies could be found that investigated underlying mechanisms, explanations regarding adaptations in sensorimotor or neuromuscular control mechanism can only be speculated upon. Further, the number of studies and effects in older adults settings were too small for meaningful effect pooling. Therefore, the present review calculated the effects based on heterogeneous study designs, outcomes and age groups leading to concerns regarding the validity of findings for specific populations.

The scarce number of (high quality) studies for the different age groups, stretching types and outcome measures in the field underlines the need for further investigations. Future randomized controlled stretching trials should be of high(er) methodological quality and include the investigation of different balance outcomes and a broad(er) range of potential underlying factors, such as muscle size and strength, flexibility, stiffness, neuromuscular activity and proprioception, to clarify the impact of stretching on specific outcomes such as fall prevention and motor function, especially in older adults and patients.



4.4 Outlook

Although some subgroups showed small to moderate magnitude balance improvements, our analysis showed no significant effects. While one possible explanation for this lack of significance is that stretching per se does not provide a sufficient stimulus to enhance balance, it could be argued that the load control parameters chosen in the included studies were inadequate to affect balance. Assuming structural parameters such as muscle strength/size (2, 15, 16, 88, 89) or stiffness (15, 16) as potential moderators for balance, recent reviews determined the used stretching intensity (24), weekly volume (duration per bout times frequency) (25) or supervision (110) to impact the stretch-induced effects. Therefore, the lack of significance could also be the result of low stretching intensities [e.g., stretching until point/sense of discomfort (62, 67, 75)], pain-free stretching (69), stretching until slight level of discomfort (71)), insufficient weekly volume [(e.g., 78)] or frequency [(e.g., 72, 77)], insufficient intervention period [(e.g., 64, 76)] or performing stretching unsupervised [most did not state supervision, (e.g., 69, 71, 73, 76, 78)], which could, in turn, be associated with insufficient intensity (110). In contrast, since Konrad et al. (32) did not find these parameters to affect stretching results on flexibility, it could be speculated that flexibility might not be the primary outcome to affect balance. As a consequence, future studies should adopt research designs that have the potential to actually affect strength and hypertrophy (stretching durations >15 min per bout on more than 5 days per week for >6 weeks (25) or moderate stiffness (thus, be performed supervised (110)) to investigate the potential role of stretch-mediated effects in balance improvements to provide robust results.

Assuming muscle strength, size and flexibility to moderate balance, there are more common training interventions to target, for example maximal strength. Indeed, LaCroix et al. (20) found resistance training to be beneficial for balance capabilities, especially when supervised, while Hu et al. (111) showed that plantar massage as well as whole body vibration training also improved static balance with comparable effect sizes (0.54 and 0.66, respectively). Obviously, the highest effect sizes were reported for specific balance training, with, for example, ES = 0.83 for dynamic balance (112). It must be noted that there are several concurrent training approaches with partly very different effect sizes in specific patient groups such as chronic ankle instability patients (113, 114), Parkinson disease (115, 116) or back pain patients (117). Therefore, it seems necessary to investigate specific balance interventions for specific group settings and explore the outcomes to determine the most effective way to enhance balance in each of these. However, due to the currently limited number of stretching studies, direct subgroup comparisons will not reveal any valuable insights.




5 Conclusion

Due to the limited number of studies, high methodological heterogeneity as well as (very) low levels of certainty in the found evidence according to the GRADE score, it is nearly impossible to provide conclusive statements for the practical relevance of stretching for balance control. Reduced muscle strength in the lower leg is associated with ankle instability, however, especially immobilized and conditioned populations face obstacles when aiming to implement resistance training in an effective and safe manner. Especially in populations with limitations in motor function, stretching could provide a safe training intervention which could be implemented as an unsupervised training. However, the practical applicability of a resistance training substitution through stretching must be further investigated using higher stretching volumes in future randomized controlled trials that are of high(er) methodological quality. Consequently, stretching performed with the required volume and intensity might not only be relevant in counteracting immobilization-related muscle strength and size decreases (118), but could help prevent functional performance impairments, i.e., balance.
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COP/Sway EO (without stability index outcomes) static stretch 0.04(=0.12-0.21) 0537 0 8/40
COP/Sway EO (without stability index outcomes) dynamic stretch 0,52 (~1.43-2.46) 0.183 0 2110
COP/Sway EO (without stability index outcomes) PNF 031(0.01-0.61) 0.040 0 4
COP/Sway EO (with stability index outcomes) 021 (0.02-0.39) 0032 0.28 14/71
COP/Sway EO (with stability index outcomes) static stretch 0.06(~0.08-0.21) 0372 0 10/43
COP/Sway EO (with stability index outcomes) dynamic stretch 0.46 (~0.16-1.07) 0.086 0 31
COP/Sway EO (with stability index outcomes) PNF 0.29(0.11-0.46) 0.009 0 6/18
COP/Sway EC 0.19(0.08-0.31) 0010 0 4129
COP/Sway EC static stretch 0.21 (~0.09-0.50) 0070 0 215
COP/Sway EC PNF 0.08 (~1.59-1.76) 0635 0 8
YBT/SEBT ~0.04 (~2.08-2.00) 0.840 0 221
YBT/SEBT static stretch ~0.04 (~2.08-2.00) 0.840 0 221

Acute effects vs. active controls
YBT/SEBT 0.5 (~0.27-037) 0.550 0 3/26

ES, effect size; 95% CI, 95% confidence interval; N, number; COP, center of pressure; EO, eyes open; EC, eyes closed; PNE, proprioceptive neuromuscular faciltation; YBT, Y-balance test; SEBT, Star Excursion balance test; FRT, Forward reach test
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