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            Abstract

            
               
Objectives: Stroke is a major health concern in India and is associated with risk factors such as hypertension and diabetes. Dynamic Hand
                  Splints (DHS) and Proprioceptive Neuromuscular Facilitation (PNF) may improve hand function and reduce spasticity. The aim
                  of this study was to evaluate the effectiveness of combining DHS and PNF on the spastic hand in patients with hemiplegic stroke. Methods: A randomised controlled trial was conducted on 40 ischaemic hemiplegic stroke patients diagnosed with spastic hands. Participants
                  were randomly allocated into two groups: Group A (20 patients) received DHS combined with PNF, while Group B (20 patients)
                  received PNF. The study lasted for 6 weeks, with one session per day, 5 days a week. Pre- and post-treatment assessments included
                  the Modified Ashworth Scale for spasticity and Fugl-Meyer Assessment for motor function. Findings: The baseline demographic and clinical characteristics were similar across both groups. In Group A, MAS scores decreased from
                  2.85 ± 0.74 to 1.25 ± 0.78 (p < 0.001), and FMA scores increased from 8.90 ± 2.63 to 15.95 ± 2.47 (p < 0.001). In Group B,
                  MAS improved from 2.95 ± 0.87 to 1.80 ± 0.83 (p < 0.001), and FMA scores rose from 8.50 ± 2.13 to 12.00 ± 2.92 (p < 0.001).
                  Group A showed significantly greater improvements in both MAS (p < 0.05) and FMA (p < 0.05) than Group B. Novelty: Combining DHS with PNF is more effective than PNF alone and could be incorporated in clinical practice to reduce spasticity
                  and improve hand function in patients with hemiplegic stroke.
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               1 INTRODUCTION

            Stroke is a major health concern in India, with a rising prevalence linked to various risk factors, including chronic diseases
               like diabetes, which can more than double the risk of stroke-related morbidity and mortality. 1 India witnesses approximately 1.8 million strokes annually, driven by common risk factors such as hypertension, diabetes,
               smoking, and physical inactivity, which are prevalent in the population.1 The prevalence of stroke also varies significantly across different regions of India, and is influenced by socioeconomic
               conditions and access to healthcare. Diabetes plays a particularly significant role, with diabetic individuals facing more
               than twice the risk of stroke compared to non-diabetic individuals.1 The presence of additional comorbidities, such as cardiovascular diseases, further increases the risk of stroke in these
               patients. While understanding stroke prevalence is crucial, it is equally important to address the broader public health context
               in India, which includes improving healthcare infrastructure and implementing preventive measures to effectively tackle chronic
               diseases.
            

            Stroke frequently results in upper limb impairments such as hand spasticity, which significantly affects patients' quality
               of life and their ability to perform daily activities. Recent studies have demonstrated the potential of dynamic hand splints
               and proprioceptive neuromuscular facilitation (PNF) techniques to improve hand function in stroke patients. Dynamic hand splints,
               in particular, have been shown to be more effective than traditional static splints, offering advantages such as reduced spasticity,
               a comfortable stretch, and enhanced hand performance. 2 In a study involving eight stroke patients, the use of a dynamic splint for at least three hours per day over four weeks
               resulted in significant improvements in hand function and a reduction in spasticity. 2

            PNF techniques have also been shown to be effective in improving various aspects of rehabilitation in stroke patients, including
               gait parameters, balance, and hand muscle strength. Studies have shown that PNF can enhance range of motion and athletic performance,
               particularly when applied consistently after exercise. 3 Additionally, PNF has been found to improve balance, strength, and mobility in older adults with chronic stroke. 4, 5 Recent research also suggests that PNF significantly improves hand muscle strength, with a study reporting a p-value of 0.039
               when compared to traditional strengthening exercises. 6 Furthermore, a case study demonstrated that PNF not only improved walking speed but also reduced discomfort in stroke patients,
               shows its role in enhancing overall functional mobility. 7

            Dynamic hand splints, designed to facilitate movement and improve hand function, may work synergistically with PNF. This combination
               can address spasticity and improve motor control, leading to better rehabilitation outcomes. However, while PNF has shown
               promising results, some studies suggest that other interventions, such as therapy handball exercises, might provide superior
               improvements in motor dexterity.8 This highlights the need for further research to identify the most effective combination of therapies for achieving optimal
               patient outcomes. Additionally, some researchers argue that the effectiveness of PNF may vary depending on individual patient
               conditions and the specific nature of their impairments, signifying the importance of tailoring rehabilitation approaches
               to meet each patient’s unique needs. 9, 10

            Given the individual benefits of dynamic hand splints and PNF techniques, combining these interventions may potentially yield
               synergistic effects in improving hand function and reducing spasticity in patients with hemiplegic stroke. The combination
               of dynamic hand splinting and PNF techniques presents an intriguing approach to address spasticity and improve hand function
               in patients with hemiplegic stroke. This study aimed to investigate the effectiveness of dynamic hand splints in combination
               with Proprioceptive Neuromuscular Facilitation techniques to reduce spasticity and improve hand function in patients with
               hemiplegic stroke.
            

         

         
               2 METHODS

            A convenient sampling technique was used to select participants for the study. Patients with hemiplegic stroke who met the
               inclusion and exclusion criteria were recruited from three different clinical settings: Sukino Health Care Pvt. Ltd., Hosur;
               Krupanidhi Physiotherapy Clinic, Bangalore; and Fortis Hospital, Bannerghatta, Bangalore. This study included 40 patients
               with ischaemic hemiplegic stroke diagnosed with spastic hands. Participants were randomly allocated into two groups: Group
               A (20 patients) received Dynamic Hand Splint treatment along with PNF, whereas Group B (20 patients) served as the control
               group and received PNF interventions. The sample size was determined based on feasibility and previous studies that assessed
               similar interventions. The study lasted for 6 weeks, during which patients received one treatment session per day, 5 days
               a week. Each session included specific interventions for spasticity reduction and functional improvement in the affected hand.
            

         

         
               3 RESULTS

            In the present study, Table  1 presents the demographic characteristics of stroke patients with spastic hands in both Group A (Dynamic Hand Splint + Proprioceptive
               Neuromuscular Facilitation) and Group B (control group). The age range of participants in both groups was 35–50 years. The
               mean age in Group A was 44.05 ± 4.46 years, while in Group B it was 43.10 ± 4.10 years. The difference in the mean age between
               the two groups was statistically insignificant, as indicated by the unpaired t-test result (t = 1.366, p > 0.05), suggesting
               that the age distribution was similar across both groups. Regarding gender distribution, Group A consisted of 13 males (65%)
               and 7 females (35%), whereas Group B had 11 males (55%) and 9 females (45%). The Chi-square test for gender distribution revealed
               no significant difference between the groups (chi-square = 0.417, df = 1, p > 0.05), indicating that the gender ratio was
               comparable in both groups.
            

            
                  
                  Table 1

                  
                     
                     Demographic Characteristics of Stroke Patients with Spastic Hand in Both Groups (Age, Gender, and Side Affected)
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            Group A

                           
                        
                        	
                              
                           
                            Group B

                           
                        
                        	
                              
                           
                            Unpaired T-test / Chi-Square test

                           
                        
                     

                     
                           	
                              
                           
                            Range

                           
                        
                        	
                              
                           
                            Mean ± SD

                           
                        
                        	
                              
                           
                            Range

                           
                        
                        	
                              
                           
                            Mean ± SD

                           
                        
                     

                     
                           	
                              
                           
                            Age (years)

                           
                        
                        	
                              
                           
                            35 - 50

                           
                        
                        	
                              
                           
                            44.05 ± 4.46

                           
                        
                        	
                              
                           
                            35 - 50

                           
                        
                        	
                              
                           
                            43.10 ± 4.10

                           
                        
                        	
                              
                           
                            t=1.366, p>0.05

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            13 (65%)

                           
                        
                        	
                              
                           
                            11 (55%)

                           
                        
                        	
                              
                           
                            Chi-Square value=0.417,  df=1, p>0.05

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            7 (35%)

                           
                        
                        	
                              
                           
                            9 (45%)

                           
                        
                     

                     
                           	
                              
                           
                            Left side

                           
                        
                        	
                              
                           
                            11 (55%)

                           
                        
                        	
                              
                           
                            12 (60%)

                           
                        
                        	
                              
                           
                            Chi-Square value=0.102,  df=1, p>0.05

                           
                        
                     

                     
                           	
                              
                           
                            Right side

                           
                        
                        	
                              
                           
                            9 (45%)

                           
                        
                        	
                              
                           
                            8 (40%)

                           
                        
                     

                  
               

               

            

            

            The distribution of patients with stroke based on the side affected by stroke was also similar between the two groups. In
               Group A, 11 patients (55%) had a left-sided stroke, and 9 patients (45%) had a right-sided stroke. In Group B, 12 patients
               (60%) had a left-sided stroke, and 8 patients (40%) had a right-sided stroke.  The Chi-square test for the affected side showed
               no significant difference between the two groups (chi-square = 0.102, df = 1, p > 0.05), suggesting that the side of stroke
               involvement was evenly distributed between the groups. The baseline demographic characteristics were comparable between Groups
               A and B, allowing for a fair comparison of the treatment effects on the spastic hand in patients with hemiplegic stroke.
            

            The duration of stroke in both the groups ranged from 8 to 28 months. The mean duration of stroke in Group A was 15.15 ± 6.25
               months, while in Group B it was 15.60 ± 5.75 months. The difference in the mean duration between the two groups was statistically
               insignificant (t = 0.237, p > 0.05), indicating that the duration of stroke was comparable between the two groups. Patients
               were classified into two grades according to stroke severity: Grade 3 and Grade 4. In Group A 11 patients (55%) were categorised
               as Grade 3, while 9 patients (45%) were classified as Grade 4.In Group B, 10 patients (50%) were Grade 3 and 10 patients (50%)
               were Grade 4. The Chi-square test for the distribution of stroke grades revealed no significant difference between the two
               groups (chi-square = 0.100, df = 1, p > 0.05), suggesting that the severity of stroke was evenly distributed across both groups.
               These findings demonstrate that the baseline characteristics of stroke severity and duration were similar in both the groups
               (Table  2).
            

            
                  
                  Table 2

                  
                     
                     Distribution of stroke patients with spastic hand according to stroke grade and duration in both groups
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            Group A

                           
                        
                        	
                              
                           
                            Group B

                           
                        
                        	
                              
                           
                            Unpaired T-test / Chi-Square test

                           
                        
                     

                     
                           	
                              
                           
                            Range

                           
                        
                        	
                              
                           
                            Mean ± SD

                           
                        
                        	
                              
                           
                            Range

                           
                        
                        	
                              
                           
                            Mean ± SD

                           
                        
                     

                     
                           	
                              
                           
                            Duration of stroke (Months)

                           
                        
                        	
                              
                           
                            8 - 28

                           
                        
                        	
                              
                           
                            15.15 ± 6.25

                           
                        
                        	
                              
                           
                            8 - 28

                           
                        
                        	
                              
                           
                            15.60 ± 5.75

                           
                        
                        	
                              
                           
                            t=0.237, p>0.05

                           
                        
                     

                     
                           	
                              
                           
                            Grade 3

                           
                        
                        	
                              
                           
                            11 (55%)

                           
                        
                        	
                              
                           
                            10 (50%)

                           
                        
                        	
                              
                           
                            Chi-Square value=0.100, df=1, p>0.05

                           
                        
                     

                     
                           	
                              
                           
                            Grade 4 

                           
                        
                        	
                              
                           
                            9 (45%)

                           
                        
                        	
                              
                           
                            10 (50%)

                           
                        
                     

                  
               

               

            

            

            In Group A, the pre-test Modified Ashworth Scale (MAS) scores ranged from 2 to 4, with a mean of 2.85 ± 0.74. Following the
               intervention, MAS scores ranged from 0 to 3, with a mean of 1.25 ± 0.78. The Wilcoxon test revealed a significant improvement
               in MAS scores (Z = 4.053, p < 0.001), indicating a marked reduction in spasticity after treatment. Similarly, the pre-test
               Fugl-Meyer Assessment (FMA) scores in Group A ranged from 5 to 13, with a mean of 8.90 ± 2.63, while post-test scores ranged
               from 10 to 22, with a mean of 15.95 ± 2.47. This improvement was also significant (Z = 3.951, p < 0.001), suggesting notable
               recovery in motor function following the intervention.
            

            In Group B, the pre-test MAS scores ranged from 1 to 4, with a mean of 2.95 ± 0.87, and post-test scores ranged from 0 to
               3, with a mean of 1.80 ± 0.83. A significant reduction in spasticity was observed (Z = 3.272, p < 0.001). Regarding the FMA,
               Group B's pre-test scores ranged from 5 to 13, with a mean of 8.50 ± 2.13, and post-test scores ranged from 7 to 17, with
               a mean of 12.00 ± 2.92. This improvement was also statistically significant (Z = 3.948, p < 0.001), indicating improvement
               in motor function.
            

            When comparing the pre- and post-test results between the two groups, no significant difference was found in the MAS pre-test
               scores (Z = 0.414, p > 0.05).However, Group A showed a significantly greater improvement in the post-test MAS scores than
               Group B (Z = 3.565, p < 0.05).For the FMA, no significant difference was observed in the pre-test scores between the groups
               (Z = 0.475, p > 0.05), but Group A demonstrated a significantly greater improvement in the post-test FMA scores than Group
               B (Z = 4.286, p < 0.05).
            

            These results suggest that while both groups showed significant improvements in spasticity and motor function, Group A received
               a Dynamic Hand Splint along with PNF therapy, showing greater post-test improvements in both spasticity and motor function
               compared to the control group (Table  3).
            

            
                  
                  Table 3

                  
                     
                     Comparison of MAS and FMA in Pre- and Post-Test in Group A and Group B
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Groups

                           
                        
                        	
                              
                           
                            Outcome

                           
                        
                        	
                              
                           
                            Pre-test

                           
                        
                        	
                              
                           
                            Post-test

                           
                        
                        	
                              
                           
                            Wilcoxon test

                           
                        
                        	
                              
                           
                            p-value

                           
                        
                     

                     
                           	
                              
                           
                            Range

                           
                        
                        	
                              
                           
                            Mean ± SD

                           
                        
                        	
                              
                           
                            Range

                           
                        
                        	
                              
                           
                            Mean ± SD

                           
                        
                     

                     
                           	
                              
                           
                            Group A

                           
                        
                        	
                              
                           
                            MAS

                           
                        
                        	
                              
                           
                            2-4

                           
                        
                        	
                              
                           
                            2.85±0.74

                           
                        
                        	
                              
                           
                            0-3

                           
                        
                        	
                              
                           
                            1.25±0.78

                           
                        
                        	
                              
                           
                            Z=4.053*

                           
                        
                        	
                              
                           
                            P<0.001

                           
                        
                     

                     
                           	
                              
                           
                            FMA

                           
                        
                        	
                              
                           
                            5-13

                           
                        
                        	
                              
                           
                            8.90±2.63

                           
                        
                        	
                              
                           
                            10-22

                           
                        
                        	
                              
                           
                            15.95±2.47

                           
                        
                        	
                              
                           
                            Z=3.951*

                           
                        
                        	
                              
                           
                            P<0.001

                           
                        
                     

                     
                           	
                              
                           
                            Group B

                           
                        
                        	
                              
                           
                            MAS

                           
                        
                        	
                              
                           
                            1-4

                           
                        
                        	
                              
                           
                            2.95±0.87

                           
                        
                        	
                              
                           
                            0-3

                           
                        
                        	
                              
                           
                            1.80±0.83

                           
                        
                        	
                              
                           
                            Z=3.272*

                           
                        
                        	
                              
                           
                            P<0.001

                           
                        
                     

                     
                           	
                              
                           
                            FMA

                           
                        
                        	
                              
                           
                            5-13

                           
                        
                        	
                              
                           
                            8.50±2.13

                           
                        
                        	
                              
                           
                            7-17

                           
                        
                        	
                              
                           
                            12.00±2.92

                           
                        
                        	
                              
                           
                            Z=3.948*

                           
                        
                        	
                              
                           
                            P<0.001

                           
                        
                     

                     
                           	
                              
                           
                            Between-group comparison Mann-Whitney U test/unpaired t-test

                           
                        
                     

                     
                           	
                              
                           
                            Groups

                           
                        
                        	
                              
                           
                            Outcome

                           
                        
                        	
                              
                           
                            Pre-test

                           
                        
                        	
                              
                           
                            Post-test

                           
                        
                     

                     
                           	
                              
                           
                            Group A

                           
                        
                        	
                              
                           
                            MAS

                           
                        
                        	
                              
                           
                            Z=0.414, p>0.05

                           
                        
                        	
                              
                           
                            Z=3.565, p<0.05*

                           
                        
                     

                     
                           	
                              
                           
                            Group B

                           
                        
                        	
                              
                           
                            FMA

                           
                        
                        	
                              
                           
                            Z=0.475, p>0.05

                           
                        
                        	
                              
                           
                            Z=4.286, p<0.05*

                           
                        
                     

                  
               

               

            

         

         
               4 DISCUSSION

            The study on the effectiveness of Dynamic Hand Splint combined with Proprioceptive Neuromuscular Facilitation (PNF) for spastic
               hands in hemiplegic stroke patients provides a basis for comparison with existing literature. The demographic characteristics
               of the study groups were comparable, allowing for a fair assessment of the treatment effects. This aligns with the findings
               of other studies that explored similar interventions, albeit with different methodologies and focus areas. The use of dynamic
               splints for post-stroke spasticity has been recognised; however, evidence of their effectiveness is limited. Properly designed
               dynamic splints can aid in functional recovery, though more research is needed to optimize their clinical utility. 11 PNF has been shown to improve functional mobility and upper limb function in stroke patients. Studies have demonstrated significant
               improvements in functional mobility when PNF is combined with other therapies, such as motor relearning 12 and constraint-induced movement therapy (CiMT). 13 A study comparing CiMT and PNF found both to be beneficial, with CiMT showing slightly better outcomes in upper limb function.13 This suggests that although PNF is effective, its combination with other therapies might enhance the results. Another study
               shows the effectiveness of PNF in acute stroke patients, showing significant improvements in upper extremity function when
               initiated early.14 The demographic characteristics in the present study, such as age and gender distribution, were similar to those in other
               studies, and the results were comparable across different research contexts. 11, 12

            A study on the effectiveness of dynamic hand splints combined with PNF in hemiplegic stroke patients revealed comparable baseline
               characteristics in terms of stroke duration and severity across both groups. This finding aligns with recent literature, which
               shows the importance of understanding patient characteristics in rehabilitation outcomes. In the present study, the mean duration
               of stroke in Group A was 15.15 ± 6.25 months, while Group B had 15.60 ± 5.75 months, with no significant difference (t = 0.237,
               p > 0.05). The severity classification showed 55% of Group A in Grade 3 and 45% in Grade 4, while Group B had 50% in each
               grade, with no significant difference (chi-square = 0.100, df = 1, p > 0.05). Recent studies have highlighted variability
               in rehabilitation outcomes based on patient characteristics, suggesting that personalised interventions may yield better results.
               15 Other studies, such as those on constraint-induced movement therapy, indicate that tailored approaches can significantly
               enhance motor recovery, encouraging the need for individualized treatment plans.16 While the current study showed no significant differences in baseline characteristics, the broader literature suggests that
               understanding these factors is crucial for optimising rehabilitation strategies.
            

            The present study showed significant improvements in the effectiveness of a Dynamic Hand Splint combined with PNF therapy
               for spastic hands in hemiplegic stroke patients with both spasticity and motor function. Group A exhibited a marked reduction
               in MAS scores and a notable increase in FMA scores post-intervention, outperforming Group B, which received PNF. This suggests
               that combination therapy is more effective than traditional methods. Group A showed significantly greater improvements in
               post-test MAS and FMA scores compared to Group B. In contrast, a study by Eghlidi et al. found no significant reduction in
               spasticity with splinting alone, indicating that the combination of dynamic splinting and PNF may be crucial for effective
               rehabilitation. 17 Dynamic splints have shown promise in reducing spasticity and improving hand function in patients with stroke. A study by
               Yang et al., indicated significant reductions in spasticity and enhancements in functional movements among users of a new
               dynamic splint. 2 The systematic review conducted by Kerr et al., found moderate evidence supporting dynamic splinting for improving hand function
               and functional tasks.18 PNF techniques stimulate motor activity and enhance neuromuscular control, which are crucial in hemiplegic patients. Research
               suggests that PNF can improve upper limb function and scapular alignment, contributing to better overall mobility.9 Combining PNF with dynamic splinting may synergistically enhance rehabilitation outcomes by addressing both spasticity and
               functional deficits. The present study demonstrated the benefits of combined therapies and the combination of dynamic splints
               and PNF. Therefore, it is essential to consider individual patient variability and the need for tailored rehabilitation programs.
               Further research is warranted to establish standardised protocols and long-term efficacy of these interventions in diverse
               patient populations.
            

         

         
               5 CONCLUSION

            This study demonstrated that both Dynamic Hand Splint combined with PNF and standard therapy significantly improved spasticity
               and motor function in stroke patients with spastic hands. However, Group A, which received the combined intervention, showed
               greater post-test improvements in both spasticity, as measured by the Modified Ashworth Scale (MAS), and motor function, as
               assessed by the Fugl-Meyer Assessment (FMA), than the control group. These findings suggest that the combination of Dynamic
               Hand Splint and PNF therapy is more effective than PNF therapy alone and provides superior outcomes in reducing spasticity
               and improving hand function in hemiplegic stroke patients with spastic hands.
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