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Abstract.  

Background Functional recovery is a key goal in rehabilitation, particularly for individuals with neurological and 

musculoskeletal impairments. Proprioceptive and balance training are widely used to improve postural 

control and motor function. 

Objectives This study aims to synthesize evidence on the effectiveness of proprioceptive and balance training in 

functional recovery and identify existing research gaps. 

Methods A systematic literature review was conducted following PRISMA guidelines using databases including 

Scopus, ScienceDirect, Web of Science, and PubMed. Studies published between 2022 and 2026 were 

selected based on predefined inclusion criteria and analyzed using a narrative synthesis approach. 

Results The findings show that proprioceptive and balance training significantly improve postural stability, 

coordination, and neuromuscular control. Combined interventions with conventional rehabilitation 

yield greater functional improvements; however, variability in protocols and lack of standardization 

remain key limitations. 

Conclusion Proprioceptive and balance training are effective components of rehabilitation for enhancing functional 

recovery. Further research is needed to establish standardized protocols and evaluate long-term 

outcomes. 
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INTRODUCTION 

Functional recovery remains a central goal in rehabilitation science, particularly for individuals 

with neurological and musculoskeletal impairments. The global burden of disability continues to 

increase due to aging populations and the rising prevalence of chronic diseases such as stroke, 

osteoarthritis, and low back pain [1]; [2]. Neurological disorders alone affect nearly one billion people 

worldwide and significantly contribute to long-term functional limitations [3]. Impairments in balance, 

coordination, and motor control are among the most common consequences, often leading to increased 

fall risk and reduced quality of life [4]. In developing countries, including Indonesia, limited access to 

rehabilitation services further exacerbates these outcomes, emphasizing the urgent need for effective, 

evidence-based rehabilitation interventions [5]. Proprioception is a critical component of motor control, defined as the body’s ability to perceive 
joint position, movement, and spatial orientation through mechanoreceptors in muscles, tendons, and 

joints [6]. This system plays a vital role in maintaining postural stability and coordinated movement. 

Proprioceptive deficits are highly prevalent in neurological populations, particularly in stroke patients, 

where impairment rates can reach up to 64% [7]. Such deficits are strongly associated with decreased 

functional performance and independence in activities of daily living (ADL) [8]. From a theoretical 

perspective, proprioception is closely linked to sensorimotor integration and neuroplasticity, both of 

which are essential mechanisms underlying recovery in rehabilitation [9]; [10]. 

To address these impairments, proprioceptive and balance training have been widely 

implemented as core components of exercise-based rehabilitation. These interventions aim to enhance 
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sensory feedback, improve postural control, and facilitate motor relearning through repetitive and task-

specific exercises [11]. Techniques such as proprioceptive neuromuscular facilitation (PNF), balance 

exercises, and neuromuscular training have demonstrated positive effects on strength, coordination, 

and functional outcomes [9]; [12]. Furthermore, emerging approaches such as vibration therapy and 

sensorimotor stimulation have shown potential in enhancing neural activation and promoting 

functional recovery through neuroplastic mechanisms [13]. 

Despite the growing body of evidence, findings regarding the effectiveness of proprioceptive and 

balance training remain inconsistent. Several studies have reported significant improvements in 

postural control and functional performance; however, variations in intervention protocols, training 

intensity, and patient characteristics contribute to heterogeneity in outcomes [14]. For example, [15] 

found that different proprioceptive training modalities yield comparable improvements, yet the lack of 

standardized protocols limits the comparability of results. Similarly, [16] demonstrated improvements 

in balance among stroke patients following proprioceptive stimulation, but its superiority over 

conventional rehabilitation remains inconclusive. 

In addition to inconsistent findings, several critical research gaps persist. First, there is limited 

understanding of the optimal dose-response relationship, including frequency, intensity, and duration 

of proprioceptive and balance training required to maximize functional recovery Manapure. Second, 

long-term sustainability of intervention effects remains underexplored, particularly beyond short-term 

clinical outcomes Apriliyasari, Renny Wulan. Third, while combined interventions (e.g., proprioceptive 

training integrated with task-oriented or strength-based programs) have been proposed, their 

synergistic effects on functional independence and quality of life are not yet well established [10]. These 

gaps indicate the need for a comprehensive synthesis of current evidence. 

Therefore, this study aims to systematically review and synthesize the existing literature on 

proprioceptive and balance training in functional recovery. Specifically, this review seeks to (1) evaluate 

the effectiveness of these interventions across various clinical populations, (2) examine the 

physiological and neuroplastic mechanisms underlying functional improvements, and (3) identify 

existing research gaps that may guide future investigations. By integrating findings from recent studies, 

this research intends to provide a more comprehensive and coherent understanding of the role of 

proprioceptive and balance training in rehabilitation. 

This study is expected to contribute both theoretically and practically. From a theoretical 

perspective, it advances understanding of sensorimotor integration and neuroplasticity in rehabilitation 

science [10]. From a practical standpoint, the findings may assist clinicians in designing more effective, 

evidence-based intervention protocols tailored to individual patient needs. Furthermore, this review 

may serve as a foundation for future research aimed at developing standardized and optimized 

rehabilitation strategies, ultimately improving functional outcomes and quality of life for patients 

undergoing rehabilitation. 

 

METHOD 

Research Design 

This study employed a systematic literature review design following the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure transparency, rigor, 

and reproducibility in the review process. The PICO framework (Population, Intervention, Comparison, 

Outcome) was utilized to guide the identification of relevant studies and extraction of key data. The 

population (P) included individuals with neurological or musculoskeletal impairments; the intervention 

(I) focused on proprioceptive and balance training; the comparison (C) involved conventional 

rehabilitation or other exercise-based interventions; and the outcomes (O) included functional recovery 

measures such as balance performance, mobility, and activities of daily living (ADL). This review 

specifically focused on synthesizing evidence related to proprioceptive and balance training 

interventions and their role in enhancing functional recovery within rehabilitation contexts. 
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Search and Selection Strategy 

A comprehensive literature search was conducted using multiple electronic databases, including 

Scopus, ScienceDirect, Web of Science (WoS), and PubMed. The search strategy was designed to identify 

relevant peer-reviewed articles published between 2022 and 2026. The keywords used in this study included: “proprioceptive training,” “balance training,” “functional recovery,” “rehabilitation,” “sensorimotor training,” and “postural control.” Boolean operators (AND, OR) were applied to refine the 
search results. 

All identified articles were imported into reference management software (Mendeley) to facilitate 

organization, duplication removal, and screening processes. The selection process consisted of three 

stages: (1) title screening, (2) abstract screening, and (3) full-text review based on predefined inclusion 

and exclusion criteria. A total of approximately 180 articles were initially identified, of which 120 

articles published between 2020 and 2024 were considered eligible for further screening. The final 

selection of articles included those that met all eligibility criteria and were relevant to the objectives of 

this study. The detailed process of article identification and selection is illustrated in the PRISMA flow 

diagram (Figure 1). 

 

Inclusion and Exclusion Criteria 

The inclusion criteria for this systematic review were: (1) peer-reviewed journal articles focusing 

on proprioceptive training, balance training, or sensorimotor interventions; (2) studies examining the 

effects of these interventions on functional recovery outcomes such as balance, mobility, coordination, 

and ADL; (3) studies involving clinical populations (e.g., stroke, musculoskeletal disorders, elderly 

individuals); (4) articles published between 2020 and 2024; and (5) articles available in full-text and 

written in English. 

Conversely, articles were excluded if they: (1) were not published in peer-reviewed scientific 

journals; (2) did not specifically address proprioceptive or balance training interventions; (3) lacked 

sufficient outcome data related to functional recovery; (4) were conference abstracts, editorials, or 

narrative opinions without empirical evidence; or (5) were not accessible in full-text format. Only 

studies that fulfilled all inclusion criteria were included in the final analysis. The overall process of 

article selection and screening is presented in the PRISMA flowchart (Figure 1)..Figure 1. PRISMA Research 

Flowchart 
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RESULTS AND DISCUSSION 

Table 1 summarizes the methodological characteristics of the included studies published between 

2020 and 2024. The findings indicate that proprioceptive and balance training play a significant role in 

improving functional recovery, particularly in enhancing postural stability, coordination, and 

neuromuscular control [9]; [17]; [10]. Several interventions, including sensorimotor training and 

specific modalities such as Gyrokinesis and proprioceptive-based exercises, demonstrate positive 

effects on balance and functional outcomes [8]; [18]. Furthermore, combining proprioceptive training 

with conventional rehabilitation appears to produce greater improvements compared to single 

interventions [17];. However, limitations remain, as some rehabilitation protocols do not adequately 

address sensorimotor deficits and there is a lack of standardization across training methods [19]. 

Overall, these findings highlight the importance of optimizing and individualizing proprioceptive and 

balance training to achieve more effective functional recovery. 

 
Table 1. Summary of Proprioceptive and Balance Training Interventions in Functional Recovery 

Author Characteristics of 

the sample 

Method Conclusion 
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Records identified through database search (Scopus, 

ScienceDirect, Web of Science (WOS), and PubMed)  (N = 

1360) 

Notes are excluded because bahasa non-Inggris  (N=101) 

Total records after filtering 

(N=15) 
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Full text articles are assessed 

for eligibility (N=14) 
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In
cl
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Studies included in 

quantitative synthesis (N=7) 

Duplicate notes and original 

articles have been removed 

(N=1) 

Articles were excluded if they did not 

specifically address proprioceptive and 

balance training interventions, their 

effects on functional recovery, or 

underlying sensorimotor and 

neurophysiological mechanisms. (N=7) 

Published in the Last 5 

Years 2022-2026 

(N=441) 
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[9] Adults undergoing 

rehabilitation with 

balance 

impairments 

Randomized controlled trial with 

progressive balance training 

intervention 

Progressive balance training significantly 

improves functional performance, 

stability, and postural control 

[8] Individuals 

participating in 

movement-based 

rehabilitation 

programs 

Experimental study comparing 

Gyrokinesis exercise with 

conventional therapeutic exercise 

Gyrokinesis training demonstrates 

greater effectiveness in improving 

functional outcomes and mobility 

[17] Patients requiring 

rehabilitation for 

functional 

recovery 

Comparative intervention study 

combining sensorimotor training 

with conventional rehabilitation 

Combined sensorimotor and 

conventional rehabilitation yields 

superior improvements in functional 

recovery 

[10] Individuals with 

impaired balance 

and postural 

instability 

Quantitative study using 

structured balance and 

proprioceptive training program 

Training significantly enhances balance 

performance and postural control in 

affected individuals 

[19] Patients with 

lateral ankle 

sprain (LAS) 

Study protocol evaluating 

rehabilitation strategies focusing 

on sensorimotor deficits 

Existing rehabilitation approaches may 

be insufficient; enhanced sensorimotor 

training is required 

[20] Patients 

undergoing 

multimodal pain 

therapy with 

functional 

limitations 

Intervention study integrating 

sensorimotor training into 

rehabilitation programs 

Sensorimotor training improves 

functional outcomes and contributes to 

pain management effectiveness 

[18] Individuals with 

balance deficits 

and altered weight 

distribution 

Intervention study using 

proprioceptive mat-based balance 

training 

Proprioceptive training improves balance 

control and weight distribution, 

supporting functional recovery 

 

The findings of this review demonstrate that proprioceptive and balance training play a crucial 

role in enhancing functional recovery across various clinical populations. Based on the seven included 

studies, most interventions consistently reported improvements in postural stability, coordination, and 

neuromuscular control, which are essential components of functional performance. For instance, Makan 

[9]; [10]. Found that structured balance training programs significantly improve postural control and 

stability, supporting previous evidence that balance-oriented exercises are effective in reducing 

functional impairments and fall risk [21]. These findings align with the theoretical framework of motor 

control, where improved sensory integration contributes to better movement efficiency and functional 

outcomes. 

In addition to balance training, sensorimotor and proprioceptive-based interventions were shown 

to enhance rehabilitation outcomes through improved neuromuscular coordination. Studies by [17]. 

demonstrated that integrating sensorimotor training with conventional rehabilitation leads to superior 

functional recovery compared to single-modality interventions. This supports previous research 

suggesting that combined interventions can facilitate neuroplasticity and optimize motor relearning 

processes [10]. The synergistic effect observed in these studies indicates that rehabilitation programs 

should incorporate multiple training components to maximize recovery outcomes. 

Furthermore, specific exercise modalities such as Gyrokinesis and proprioceptive mat-based 

training were found to provide additional benefits in improving functional performance. Mauri et al. 

reported that Gyrokinesis exercises improved mobility and coordination more effectively than 

conventional therapy, while Marotta et al. showed that proprioceptive training using unstable surfaces 

enhances balance and weight distribution. These findings are consistent with previous studies 

indicating that unstable surface training and dynamic movement exercises stimulate proprioceptive 

feedback and improve postural control [16]. Such interventions are particularly relevant in promoting 

sensorimotor adaptation and functional independence. 

However, despite the overall positive outcomes, several limitations were identified across the 

reviewed studies. Tennler et al. highlighted that current rehabilitation approaches for conditions such 

as lateral ankle sprain often fail to adequately address sensorimotor deficits, which may result in 

incomplete recovery or increased risk of reinjury. This finding is supported by existing literature 

emphasizing that insufficient proprioceptive rehabilitation is associated with persistent functional 

instability [9]. Additionally, variability in intervention protocols, including differences in training 
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intensity, duration, and frequency, contributes to inconsistencies in reported outcomes across studies 

[21]. 

Another important issue identified in this review is the lack of standardization in proprioceptive 

and balance training programs. Although most studies report positive effects, the absence of clearly 

defined training parameters makes it difficult to determine the optimal intervention strategy. Previous 

research suggests that exercise dose-response relationships are critical in achieving maximal functional 

improvements, yet this aspect remains insufficiently explored in current literature [16].. Moreover, 

long-term follow-up data are limited, making it unclear whether the observed improvements are 

sustainable over time. 

In addition to intervention-related factors, individual characteristics such as age, severity of 

impairment, and baseline functional status may influence rehabilitation outcomes. Evidence suggests 

that older adults and individuals with chronic conditions may experience slower adaptation to 

proprioceptive training due to reduced neuroplastic capacity [9]. This highlights the importance of 

individualized rehabilitation approaches tailored to patient-specific needs and conditions. Furthermore, 

incorporating behavioral and adherence-related factors into rehabilitation programs may enhance the 

effectiveness of these interventions. 

Overall, this review confirms that proprioceptive and balance training are essential components 

of rehabilitation strategies aimed at improving functional recovery. The integration of sensorimotor 

training, combined interventions, and task-specific exercises appears to produce the most effective 

outcomes. However, the findings also reveal significant research gaps, particularly regarding the 

standardization of training protocols, long-term effectiveness, and individualized intervention design. 

Future research should focus on developing evidence-based guidelines that optimize training 

parameters and address patient-specific factors to enhance functional recovery outcomes.  

 

CONCLUSION 

This study concludes that proprioceptive and balance training play a critical role in enhancing 

functional recovery by improving postural stability, coordination, neuromuscular control, and overall 

functional performance across rehabilitation populations. The findings indicate that integrating 

sensorimotor training with conventional rehabilitation produces more optimal outcomes than single 

interventions, highlighting the importance of a multidimensional approach. Theoretically, this study 

contributes to the understanding of sensorimotor integration and neuroplasticity as key mechanisms 

underlying recovery, while practically it provides guidance for clinicians to design evidence-based and 

individualized rehabilitation programs. The implications emphasize the necessity of incorporating 

structured proprioceptive and balance training into standard rehabilitation protocols to improve 

outcomes and reduce the risk of reinjury. However, variability in intervention protocols, limited 

standardization, and the lack of long-term follow-up data may affect the generalizability of the findings. 

Therefore, future research should focus on developing standardized training guidelines with clear 

parameters (intensity, frequency, and duration), as well as investigating long-term effects and 

population-specific interventions to further optimize functional recovery strategies. 
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