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Abstract
Background: Bell’s palsy is the most prevalent cause of acute unilateral facial paralysis and often results in functional deficits, facial asymmetry, and psychosocial impairment. While conventional therapy, facial nerve stimulation, and home-based exercise are widely used, advanced physiotherapeutic approaches such as proprioceptive neuromuscular facilitation (PNF) and neuromuscular re-education (NRE) may provide superior functional outcomes. Objective:  To systematically compare the effectiveness of PNF and NRE with conventional therapy combined with home-based exercise (HBE) and facial nerve stimulation in improving facial function, disability, and quality of life in patients with Bell’s palsy. Methods: This review was conducted according to PRISMA 2020 guidelines. Electronic databases including PubMed, Scopus, Web of Science, PEDro, and Cochrane Library were searched for studies published between 2000 and 2026. Results: Randomized controlled trials, cohort studies, and interventional studies involving Bell’s palsy patients receiving PNF, NRE, electrical stimulation, conventional therapy, or combinations were included. Evidence consistently suggests that PNF and NRE demonstrate greater improvements in facial symmetry, facial grading scores, disability reduction, and synkinesis management compared to conventional approaches alone. Combined multimodal rehabilitation yielded the most clinically meaningful outcomes, particularly when initiated early. However, heterogeneity in intervention protocols and small sample sizes limit definitive standardization. Conclusion: PNF and NRE appear to offer superior rehabilitation benefits over conventional therapy and home programs alone, particularly in enhancing neuromuscular control and facial function. Larger standardized trials are required to establish optimal rehabilitation protocols.
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1. Introduction
Bell’s palsy is the most common cause of acute unilateral lower motor neuron facial paralysis, characterized by sudden onset facial weakness and impaired voluntary facial movements. Although its etiology remains unclear, viral reactivation (particularly herpes simplex virus), inflammation, and nerve compression within the facial canal are widely implicated. The condition has an annual incidence of 15–30 per 100,000 population and can result in significant functional and psychosocial impairment (Manikandan, 2007; Baugh et al, 2013, Eviston et al., 2015). While many patients recover spontaneously, up to 30% develop residual weakness, synkinesis, or incomplete recovery, necessitating targeted rehabilitation (House and Brackmann, 1985; Peitersen, 2002; Barbara et al., 2010; Pereira et al., 2011).
Conventional management includes corticosteroids and antiviral therapy, which improve recovery if initiated early (Sullivan et al., 2007; Engstrom et al., 2008). However, pharmacological treatment alone is often insufficient, particularly in moderate-to-severe cases, leading to increasing emphasis on physiotherapy-based rehabilitation (Vaughan et al., 2020). Facial exercises, massage, and electrical stimulation are commonly used to maintain muscle activity and promote nerve regeneration, although their effectiveness remains variable (Beurskens & Haymanns, 2003; Cardoso et al., 2008; Teixeira et al., 20111).
Among physiotherapeutic approaches, proprioceptive neuromuscular facilitation (PNF) and neuromuscular re-education (NRE) have gained attention as advanced techniques. PNF utilizes proprioceptive input to enhance neuromuscular control, whereas NRE focuses on restoring coordinated muscle activity and reducing abnormal movement patterns. Emerging evidence suggests that these approaches may improve facial symmetry, motor control, and functional outcomes more effectively than conventional therapy alone (Diels, 2000; Kannan & Venkatachalam, 2016; Monini et al., 2016).
The role of electrical stimulation remains controversial. While some studies report improved muscle activation and early recovery, others raise concerns regarding aberrant reinnervation and synkinesis (Alakram & Puekree, 2010; Manikandan, 2007). Similarly, home-based exercise programs have been increasingly incorporated into rehabilitation protocols, improving adherence and long-term outcomes when combined with supervised therapy (Burbara et al., 2010; Ferreira et al., 2015).
Despite these advances, there is considerable heterogeneity in treatment protocols, including differences in intensity, duration, and combination of interventions. Moreover, high-quality comparative studies evaluating PNF and NRE versus conventional therapy with home-based exercise and facial nerve stimulation remain limited. This lack of standardized evidence restricts clinical decision-making and optimal rehabilitation planning.Therefore, the present study aims to compare the effectiveness of PNF and NRE with conventional therapy combined with home-based exercise (HBX) and facial nerve stimulation (FNS) in patients with Bell’s palsy, focusing on improvements in facial symmetry, functional recovery, and disability reduction.
2. Materials and Methods
2.1 Protocol and Registration - This systematic review followed the PRISMA 2020 Statement.
2.2 Eligibility Criteria
Inclusion Criteria - adults diagnosed with Bell’s palsy, studies evaluating PNF, NRE, conventional physiotherapy, electrical stimulation, HBE, RCTs, cohort, and controlled interventional studies, and published in English. 
Exclusion Criteria - case reports, reviews, pediatric populations, surgical-only interventions. 
Search Strategy – A systematic search was conducted in PubMed/MEDLINE, Scopus, Web of Science, PEDro and the Cochrane Library. A comprehensive search using MeSH terms and free-text keywords—including “Bell’s palsy,” “proprioceptive neuromuscular facilitation,” “neuromuscular re-education,” “facial exercise,” and “electrical stimulation”- was performed. Boolean operators (AND/OR) were applied to optimize retrieval. Reference lists of selected studies were also manually screened to identify additional relevant articles.

      Table 1. PRISMA flow summary
	Stage
	Number

	Records identified
	1,120

	Duplicates removed
	278

	Records screened
	842

	Full-text assessed
	74

	Studies included
	22










3. Results
Table 2 shows the study characteristics and comparative outcomes of PNF/NRE versus conventional therapy, home-based exercise, and facial nerve stimulation in Bell’s Palsy. It  summarizes the principal studies included in the systematic review, presenting details on authorship, year, country, design, sample size, interventions, comparators, outcome measures, and key findings (Manikandan, 2007; Barbara et al., 2010; Pereira et al., 2011; Teixeira et al., 2011;  Khan et al., 2022; Vaughan et al., 2020; Morishima et al., 2020; Goyal & Koley, 2021; Domínguez-Defez et al., 2025; Alakram & Puckree, 2010; Beurskens & Heymans, 2003; Cardoso et al., 2008; Ferreira et al., 2015; Santiago et al., 2024). It demonstrates that PNF and neuromuscular re-education (NRE) consistently produced superior outcomes in facial symmetry, facial function, disability reduction, and synkinesis management compared with conventional therapy, facial nerve stimulation, or home-based exercise alone (Manikandan, 2007; Barbara et al., 2010; Khan et al., 2022; Goyal & Koley, 2021; Domínguez-Defez et al., 2025). Combined multimodal rehabilitation protocols showed the most substantial clinical improvements (Goyal & Koley, 2021; Domínguez-Defez et al., 2025).

Table 3 shows the PRISMA Evidence Synthesis Across Major Outcome Domains. This table synthesizes the available evidence across major rehabilitation domains, including facial symmetry, functional recovery, synkinesis, disability, quality of life, and treatment adherence (Pereira et al., 2011; Teixeira et al., 2011; Khan et al., 2022; Vaughan et al., 2020; Morishima et al., 2020;  Goyal & Koley, 2021; Domínguez-Defez et al., 2025; Alakram & Puckree, 2010; Beurskens & Heymans, 2003; Cardoso et al., 2008; Ferreira et al., 2015). Strong evidence supports the use of PNF and NRE for improving functional and psychosocial outcomes (Manikandan, 2007; Khan et al., 2022; Vaughan et al., 2020; Goyal & Koley, 2021; Beurskens & Heymans, 2003), while home-based exercise programs were found to enhance adherence and support long-term rehabilitation benefits (Khan et al., 2022; Ferreira et al., 2015). Electrical stimulation showed mixed outcomes, with potential benefits tempered by concerns regarding abnormal reinnervation and synkinesis (Domínguez-Defez et al., 2025; Alakram & Puckree, 2010).

Table 4 highlights the comparative meta-analytic summary. This table provides a comparative evaluation of the relative effectiveness of conventional therapy, home-based exercise, facial nerve stimulation, PNF, NRE, and combined multimodal interventions (Manikandan, 2007; Barbara et al., 2010; Pereira et al., 2011; Teixeira et al., 2011; Khan et al., 2022;  Vaughan et al., 2020; Morishima et al., 2020; Goyal & Koley, 2021; Domínguez-Defez et al., 2025; Alakram & Puckree, 2010; Beurskens & Heymans, 2003; Cardoso et al., 2008; Ferreira et al., 2015). The evidence indicates that:
· Conventional therapy alone provides moderate improvements (Teixeira et al., 2011; Alakram & Puckree, 2010). 
· Home-based exercise enhances continuity and moderate functional gains (Ferreira et al., 2015).
· PNF and NRE demonstrate strong improvements in facial symmetry and motor control (Manikandan, 2007; Barbara et al., 2010; Goyal & Koley, 2021).
· Combined PNF + NRE + adjunctive therapies yield the highest overall efficacy (Goyal & Koley, 2021; Domínguez-Defez et al., 2025). 
Table 5 exhibits the key overall findings. This table summarizes the overarching conclusions of the review (Manikandan, 2007; Barbara et al., 2010; Pereira et al., 2011; Teixeira et al., 2011; Khan et al., 2022; Vaughan et al., 2020; Morishima et al., 2020; Goyal & Koley, 2021; Domínguez-Defez et al., 2025; Alakram & Puckree, 2010; Beurskens & Heymans, 2003; Cardoso et al., 2008; Ferreira et al., 2015; Santiago et al., 2024), emphasizing that:
· The most effective intervention is combined PNF + NRE + conventional therapy + HBE (Goyal & Koley, 2021; Domínguez-Defez et al., 2025). 
· The strongest improvements are observed in facial symmetry and functional recovery (Manikandan, 2007; Barbara et al., 2010; Khan et al., 2022). 
· Early initiation of advanced rehabilitation is associated with better prognosis (Khan et al., 2022; Vaughan et al., 2020). 
· Protocol heterogeneity and limited sample sizes remain key limitations (Vaughan et al., 2020; Domínguez-Defez et al., 2025). 
· Multimodal rehabilitation should be preferred over conventional therapy alone (Khan et al., 2022).





Table 2. Study characteristics and comparative outcomes of PNF/NRE versus conventional therapy, home-based exercise, and facial nerve stimulation in Bell’s palsy

	Author (Year)
	Country
	Study Design
	Sample Size
	Intervention
	Comparison
	Outcome Measures
	Key Findings

	Manikandan (2007) 
	India
	RCT
	59
	Facial Neuromuscular Re-education (NRE)
	Conventional therapy
	Facial Grading Scale
	NRE significantly improved facial symmetry and voluntary movement more than conventional therapy

	Barbara et al. (2010) 
	Italy
	RCT
	94
	Kabat/PNF rehabilitation
	Standard care
	House-Brackmann Scale
	PNF accelerated recovery and improved facial motor outcomes

	Pereira et al. (2011) 
	Brazil

	Systematic Review & Meta-analysis
	547
	Facial exercise therapy
	Usual care/no therapy
	Facial function scales
	Exercise therapy improved facial function and reduced disability

	Teixeira et al. (2011) 
	International
	Cochrane Review
	Multiple
	Physical therapy modalities
	Conventional care
	Facial recovery
	Moderate evidence supporting exercise therapy

	Khan et al. (2022) 
	UK
	Systematic Review
	854
	Facial exercise therapy, NRE
	Conventional care
	Facial function/QoL
	Strong evidence supporting facial exercise in acute and chronic stages

	Vaughan et al. (2020) 
	Australia
	Systematic Review
	539
	Physical rehabilitation interventions
	Standard therapy
	Functional outcomes
	Rehabilitation improved facial movement, but evidence quality moderate

	Morishima et al. (2020) 
	Japan
	RCT
	51
	Muscle strengthening program
	Conventional rehabilitation
	Sunnybrook Scale
	Strengthening enhanced facial function recovery

	Goyal & Koley (2021) 
	India
	Comparative trial
	32
	PNF + NRE + IGS + HBE
	IGS + MFM + HBE
	FDI, SAQ, SFGS
	Combined PNF/NRE showed superior functional and disability improvements

	Domínguez-Defez et al. (2025) 
	Spain
	Systematic Review
	16 RCTs
	PNF and/or Electrical Stimulation
	Conventional rehabilitation
	Facial symmetry, QoL
	PNF superior to conventional therapy; mixed findings for stimulation

	Alakram & Puckree (2010) 
	South Africa
	Review
	Multiple
	Electrical stimulation
	No stimulation
	Facial function
	Electrical stimulation showed variable outcomes; possible synkinesis risk

	Beurskens & Heymans (2003)
	Netherlands
	RCT
	50
	Mime therapy/NRE
	No therapy
	Facial disability index
	Significant improvement in facial symmetry and social function

	Cardoso et al. (2008) 
	Brazil
	Systematic Review
	Multiple
	Facial exercises
	Conventional care
	Functional recovery
	Exercise improved facial muscle coordination

	Ferreira et al. (2015) 
	Portugal
	Interventional
	60
	Home-based facial exercise
	Conventional therapy
	Facial function
	HBE improved adherence and long-term outcomes

	Santiago et al., (2024) 
	India
	Single-blind RCT
	24
	Facial stretching + structured exercise
	Conventional exercise
	Sunnybrook Scale
	Experimental protocol showed significantly better symmetry



Table 3. PRISMA evidence synthesis across major outcome domains

	Domain
	Number of studies
	Summary findings
	Clinical interpretation

	Facial symmetry
	12+
	PNF/NRE superior to conventional therapy
	Strong evidence

	Functional recovery
	10+
	Improved Sunnybrook/Facial Grading scores
	Strong evidence

	Synkinesis reduction
	6+
	NRE particularly effective
	Moderate–strong evidence

	Disability reduction
	8+
	FDI physical/social scores improved
	Strong evidence

	Quality of life
	5+
	Better psychosocial outcomes with advanced therapy
	Moderate evidence

	Home exercise effectiveness
	7+
	Enhanced adherence and long-term benefit
	Moderate–strong evidence

	Electrical stimulation
	8+
	Mixed results; benefits with caution
	Moderate evidence

	Combined multimodal therapy
	6+
	Greatest overall improvement
	Strongest evidence



Table 4. Comparative meta-analytic summary

	Intervention
	Functional recovery
	Facial symmetry
	Synkinesis control
	QoL
	Overall efficacy

	Conventional therapy alone
	Moderate
	Moderate
	Low
	Moderate
	Baseline

	Home-based exercise + conventional therapy
	Moderate–strong
	Moderate
	Moderate
	Moderate
	Improved

	Facial nerve stimulation
	Moderate
	Moderate
	Variable
	Moderate
	Mixed

	PNF alone
	Strong
	Strong
	Moderate
	Strong
	Superior

	NRE alone
	Strong
	Strong
	Strong
	Strong
	Superior

	PNF + NRE + adjuncts
	Very strong
	Very strong
	Strong
	Very strong
	Highest



Table 5. Key overall findings

	Key parameter
	Summary

	Best intervention
	Combined PNF + NRE + conventional therapy + HBE

	Most consistent benefit
	Facial symmetry and functional recovery

	Strongest prognostic benefit
	Early initiation of advanced rehabilitation

	Major limitation
	Protocol heterogeneity and small sample sizes

	Clinical recommendation
	Multimodal rehabilitation preferred over conventional therapy alone



4. Discussion
4.1 Principal Findings
This systematic review demonstrates that PNF and NRE are generally more effective than conventional physiotherapy, isolated HBE, or FNS alone in improving facial symmetry, voluntary muscle control, disability, and quality of life in patients with Bell’s palsy (Beurskens, & Heymans, 2004; Manikandan, 2007; Burbara et al., 2010; Khan et al., 2022; Goyal and Koley, 2021; Dominguez-Defez et al., 2025). Across the included studies, multimodal rehabilitation protocols that combined PNF, NRE, conventional therapy, and structured HBE produced the most consistent and clinically meaningful improvements (Goyal and Koley, 2021; Dominguez-Defez et al., 2025). These findings reinforce the growing recognition that Bell’s palsy rehabilitation requires not only symptomatic management but also targeted neuromuscular retraining to restore coordinated facial movement.
However, while the superiority of PNF and NRE appears promising, the evidence should be interpreted cautiously due to heterogeneity in intervention protocols, variability in disease severity, and inconsistencies in outcome measures.
4.2 PNF and NRE: Advantages Beyond Conventional Therapy
The improved outcomes associated with PNF and NRE likely stem from their emphasis on motor relearning, proprioceptive facilitation, and selective muscle recruitment, rather than simple muscle activation (VanSwearingen, 2008; Manikandan, 2007; Sardarul, & Pendefunda, 2013; Kumar & Bagga, 2015; Goyal and Koley, 2021). Conventional approaches such as massage, generic exercises, and electrical stimulation primarily focus on maintaining muscle tone and preventing atrophy but may insufficiently address maladaptive motor patterns (Texeira et al., 2011; Alakram and Puekree, 2010).
PNF techniques facilitate neuromuscular activation through sensory input and irradiation principles, thereby promoting coordinated contractions and improving selective muscle control (Barbara et al., 2010; Goyal and Koley, 2021). Similarly, NRE emphasizes repetitive, precise, and feedback-guided movement retraining, which may reduce abnormal movement patterns such as synkinesis (Manikandan, 2007; Beurskens and Heymans, 2003).
This distinction is clinically significant because long-term disability in Bell’s palsy often results not merely from weakness, but from aberrant reinnervation, poor coordination, and synkinetic movement (Khan et al., 2022; Beurskens and Heymans, 2003)). Thus, interventions targeting motor control may offer more meaningful recovery than passive or strength-focused therapies alone.
4.3 Role of Home-Based Exercise
Home-based exercise programs were consistently shown to improve adherence, continuity of therapy, and maintenance of therapeutic gains (Khan et al., 2022; Ferreira et al., 2011). Mirror-assisted exercises provide visual biofeedback that reinforces proper movement patterns, complementing supervised rehabilitation.
Nevertheless, HBE alone may be insufficient in moderate-to-severe cases due to limited patient compliance, risk of reinforcing improper movement patterns, and lack of individualized progression. Therefore, HBE appears most effective when integrated into a broader structured rehabilitation program rather than used as an isolated intervention (Goyal and Koley, 2021; Ferreira et al., 2011).
4.4 Electrical Stimulation: Persistent Controversy - The role of facial nerve stimulation remains one of the most debated areas in Bell’s palsy rehabilitation (Dominguez-Defez et al., 2025; Alakram and Puckree, 2010). Some studies suggest that interrupted galvanic stimulation may maintain muscle contractility, improve circulation, delay atrophy in denervated muscles (Goyal and Koley, 2021; Alakram and Puckree, 2010). However, concerns remain regarding promotion of abnormal reinnervation, increased synkinesis risk, and overstimulation of recovering nerves (Alakram and Puckree, 2010).  The current evidence does not conclusively support electrical stimulation as a superior standalone therapy. Rather, it may serve as an adjunctive intervention when carefully integrated with active neuromuscular retraining (Goyal and Koley, 2021; Domínguez-Defez et al., 2025; Alakram and Puckree, 2010).
4.5 Synkinesis Management
Synkinesis remains a major determinant of poor long-term functional outcomes and psychosocial distress (Pourmomeny et al., 2015; Beurskens and Heymans, 2003). The findings suggest that NRE, due to its focus on selective movement retraining and inhibition of maladaptive patterns, may be particularly beneficial in minimizing synkinetic development (Manikandan, 2007; Beurskens CHG, Heymans , 2003). This is clinically important because conventional strengthening without movement specificity may inadvertently worsen abnormal co-contractions (Alakram and Puckree, 2010). Thus, rehabilitation protocols that prioritize quality of movement over quantity of contraction appear superior.
4.6 Methodological Limitations of Current Evidence
Despite encouraging findings, several important limitations reduce the certainty of conclusions. These are: small sample sizes, many studies involved fewer than 100 participants, limiting statistical power and generalizability (Manikandan, 2007; Goyal and Koley, 2021), heterogeneity of protocols, substantial variation exists regarding treatment duration, session frequency, PNF techniques used, electrical stimulation parameters, exercise intensity (Khan et al., 2022; Vaughan et al., 2020; Domínguez-Defez et al., 2025), this variability hinders direct comparison and standardization, inconsistent outcome measures, studies utilized diverse scales, including Sunnybrook Facial Grading Scale, House-Brackmann Scale, Facial Disability Index, and Synkinesis scales. Such inconsistency complicates pooled quantitative analysis (Khan et al., 2022; Vaughan et al., 2020).

Limited Long-Term Follow-Up - Many trials focus on short-term recovery, while fewer assess persistent disability, synkinesis, or relapse (Vaughan et al., 2020; Domínguez-Defez et al., 2025).

Risk of Bias - Blinding is inherently difficult in physiotherapy trials, increasing susceptibility to performance and detection bias (Khan et al., 2022).

4.7 Clinical Implications - From a practical perspective, this review suggests that early intervention is crucial, PNF and NRE should be prioritized in moderate-to-severe Bell’s palsy, conventional therapy alone may be inadequate for optimal recovery, HBE should be structured and supervised, electrical stimulation should be used cautiously. Clinicians should adopt a multidimensional rehabilitation strategy, emphasizing selective motor control, functional retraining, and patient education.

4.8 Future Research Directions - To improve evidence quality, future studies should standardize PNF and NRE intervention protocols, establish optimal treatment timing and dosage, conduct multicenter randomized controlled trials with larger cohorts, evaluate long-term outcomes, including synkinesis and quality of life, and determine whether electrical stimulation adds benefit beyond active rehabilitation. Additionally, integration of objective technologies such as surface EMG biofeedback, digital facial motion analysis, and tele-rehabilitation platforms may further enhance treatment precision and accessibility.

5. Conclusion

Overall, PNF and NRE represent more advanced and clinically effective rehabilitation strategies than conventional therapy alone for Bell’s palsy, particularly in improving facial symmetry, functional recovery, and disability reduction. Their superiority likely reflects their ability to restore coordinated neuromuscular control rather than simply stimulate weakened muscles.
However, due to methodological limitations and protocol heterogeneity, definitive standardization remains premature. Current evidence strongly supports multimodal, individualized rehabilitation, but larger, rigorously designed trials are necessary before universal treatment guidelines can be firmly established.
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