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ABSTRACT  

Diabetic peripheral neuropathy is a common complication of type 2 diabetes mellitus that increases the risk 

of foot ulceration due to impaired protective sensation. This study evaluated the effect of Buerger Allen 

Exercise (BAE) on protective foot sensation among patients with type 2 diabetes mellitus. A pre-

experimental one-group pretest–posttest design was conducted among 31 patients selected through purposive 

sampling. Protective foot sensation was assessed using the Semmes–Weinstein 10 g monofilament test 

before and after BAE performed once daily for three consecutive days. Data were analyzed using the 

Wilcoxon Signed Rank Test. The mean monofilament score increased from 2,68 and 2,58 to 7,52 and 7,39 

in both feet, with a significant improvement after the intervention (p = 0.000). Buerger Allen Exercise 

effectively improved protective foot sensation and may serve as a simple, safe, and low-cost nursing 

intervention for preventing diabetic foot complications in primary healthcare settings. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) remains one of the most prevalent chronic 

diseases worldwide and continues to increase each year, posing a major public health 

challenge. Persistent hyperglycemia contributes to various microvascular complications, 

particularly diabetic peripheral neuropathy, which reduces quality of life and increases the 
risk of foot ulceration, infection, and lower-extremity amputation (Mawaddah, 2024). 

Hyperglycemia-induced microvascular dysfunction impairs peripheral nerve perfusion, 

leading to progressive nerve ischemia, disrupted nerve impulse transmission, and gradual 

loss of protective foot sensation manifested by numbness, tingling, and burning sensations 

(Suratun et al., 2025). 

According to the World Health Organization, more than 420 million people were 

living with diabetes in 2023, and the global burden is projected to reach approximately 700 

million by 2045 (Zaki et al., 2024). Previous studies have reported that the prevalence of 

diabetic peripheral neuropathy ranges from 6% to 51% worldwide (Harli et al., 2023). In 

Indonesia, diabetes affects approximately 19.47 million adults, with diabetic neuropathy 

occurring in nearly 43.9% of patients, highlighting the importance of early detection and 

effective interventions to preserve peripheral nerve function (Wulandari et al., 2023). 

Maintaining peripheral circulation through regular physical exercise is 

recommended as part of comprehensive diabetes management (Suryati et al., 2020). Buerger 

Allen Exercise (BAE), which combines postural changes with active ankle movements, has 

been shown to improve lower-extremity blood flow through activation of the muscle pump 

mechanism, thereby enhancing tissue perfusion and peripheral nerve function (Rahmi & 

Rasyid, 2023). Previous studies consistently demonstrated that BAE improves foot 

sensitivity and peripheral circulation in patients with diabetes mellitus (Firdaus et al., 2024).  
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Despite these promising findings, evidence regarding the effectiveness of Buerger 

Allen Exercise on protective foot sensation assessed using the standardized Semmes–

Weinstein 10 g Monofilament Test in primary healthcare settings remains limited. 

Furthermore, variations in intervention protocols and outcome measurements across previous 

studies limit the generalizability of existing evidence. Therefore, further investigation is 

needed to strengthen evidence supporting the implementation of Buerger Allen Exercise as 

a simple and feasible nursing intervention in community-based diabetes care. 

This study aimed to evaluate the effect of Buerger Allen Exercise on foot sensitivity 

measured using the Semmes–Weinstein 10 g Monofilament Test among patients with type 2 

diabetes mellitus at UPTD Puskesmas Dlanggu, Mojokerto Regency. The findings are 

expected to provide evidence supporting the integration of Buerger Allen Exercise into 

routine nursing practice to improve protective foot sensation and reduce the risk of diabetic 

foot complications in primary healthcare settings. 

 

METHOD 

This study employed a pre-experimental design with a one-group pretest–posttest 

approach to evaluate the effect of Buerger Allen Exercise (BAE) on protective foot sensation 

among patients with type 2 diabetes mellitus (T2DM). The study was conducted from 17 to 

23 April 2026 at UPTD Puskesmas Dlanggu, Mojokerto Regency, East Java, Indonesia. The 

study population consisted of 51 patients with T2DM who were actively enrolled in the 

Chronic Disease Management Program (Prolanis). Participants were recruited using 

purposive sampling based on predefined inclusion and exclusion criteria, resulting in a final 

sample of 31 participants. 

Baseline protective foot sensation was assessed using the standardized Semmes–

Weinstein 10 g Monofilament Test before the intervention. Subsequently, participants 

performed Buerger Allen Exercise according to the standardized operating procedure. The 

intervention consisted of lower-limb elevation, dependent positioning, and active ankle 

dorsiflexion and plantarflexion movements. Each session lasted approximately 15–20 

minutes and was performed once daily for three consecutive days. Protective foot sensation 

was reassessed after completion of the intervention using the same standardized 

monofilament examination. 

Data were analyzed using IBM SPSS Statistics. Descriptive statistics were used to 

summarize participants' demographic and clinical characteristics. Data normality was 

assessed using the Shapiro–Wilk test. Since the pretest and posttest scores were not normally 

distributed, differences in protective foot sensation before and after the intervention were 

analyzed using the Wilcoxon signed-rank test. Statistical significance was established at a 

two-tailed p-value of <0.05. 
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FINDING AND DISCUSSION 

RESEARCH RESULT 

Table 1 Age characteristics 

Variabel N Mean Median Standar Deviasi Min-Max 

Usia 31 55.94 54.00 7.155 46-72 

A total of 31 participants were included in this study. The mean age of the 

participants was 56 years, with a median age of 54.00 years. Participants ranged in age from 

46 to 72 years, indicating that the study population predominantly consisted of middle-aged 

and older adults. 

 

Table 2 Respondent characteristics 

Karakteristik Responden Frekuensi (f) Persentase (%) 

Jenis kelamin   

Laki-laki 3 9,7 

Perempuan 28 90,3 

Total  31 100 

Lama menderita DM   

≤5 24 77,4 

>5 7 22,6 

Total 31 100 

Riwayat merokok   

≤5 batang/hari 1 3,2 

Tidak merokok 30 96,8 

Total  31 100 

Keluhan   

Kesemutan 16 51,6 

Kebas 11 35,5 

Nyeri terbakar 4 12,9 

Total 31 100 

Penyakit penyerta   

Hipertensi 19 61,3 

Jantung 1 3,2 

Lain-lain 11 35,5 

Total  31 100 

The characteristics of the participants are presented in Table 2. Most participants 

were female, accounting for 28 participants (90.3%). Most participants had been diagnosed 

with type 2 diabetes mellitus for ≤5 years, comprising 24 participants (77.4%). The majority 

did not smoke 30 participants (96.8%). Tingling was the most frequently reported complaint 

16 participants (51.6%), while hypertension was the most common comorbidity 19 

participants (61.3%). 
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Table 3 Foot sensitivity before BAE 

 Mean Min-Max Std. Deviation 

Pre-Test Kaki Kanan 2.68 1-5 .979 

Pre-Test Kaki Kiri 2.58 1-4 .886 

Before the intervention, participants generally demonstrated decreased protective 

foot sensation in both feet. The mean protective foot sensation score was 2.68 for the right 

foot and 2.58 for the left foot, indicating impaired peripheral sensory function prior to the 

implementation of Buerger Allen Exercise. 

 

Table 4 Foot sensitivity after BAE 

 Mean Min-Max Std. Deviation 

Post-Test Kaki Kanan 7.52 5-9 .996 

Post-Test Kaki Kiri 7.39 6-9 .844 

Following three consecutive days of Buerger Allen Exercise, protective foot 

sensation improved in both feet. The mean score increased to 7.52 in the right foot and 7.39 

in the left foot after completion of the intervention. 

 

Table 5. Difference in mean left and right foot sensitivity before and after BuergerAllen 

exercises in patients with Type II Diabetes Mellitus 

Sensitivitas 

kaki 

Mean Selisih Min-

Max 

Std. 

Deviation 

Std. 

Error 

p-value 

Pre-Test Kaki 

Kanan 
2.68 

4.84 

1-5 .979 .176 

0.000 
Post-Test Kaki 

Kanan 
7.52 5-9 .996 .179 

The Wilcoxon signed-rank test demonstrated statistically significant differences in 

protective foot sensation before and after the intervention for both feet. Significant 

improvements were observed in the right and left feet (p < 0.001). 

 

DISCUSSION  

The present study demonstrated that Buerger Allen Exercise (BAE) significantly 

improved protective foot sensation in patients with type 2 diabetes mellitus. The Wilcoxon 

Signed Rank Test showed a statistically significant difference between pre- and post-

intervention measurements in both feet (p = 0.000), with the mean monofilament score 

increasing from 2.68 to 7.52 in the right foot and from 2.58 to 7.39 in the left foot after three 

consecutive days of intervention. These findings indicate that BAE effectively restores 

protective foot sensation, which is an important clinical indicator for reducing the risk of 

diabetic foot ulceration and lower-extremity amputation in patients with diabetic peripheral 

neuropathy (Pop-busui et al., 2017). The present findings are consistent with previous studies 

reporting significant improvements in foot sensitivity and peripheral circulation following 

Buerger Allen Exercise among patients with diabetes mellitus (Mukaromah et al., 2026). 

Collectively, these studies suggest that BAE provides measurable benefits in improving 
peripheral sensory function and may serve as an effective complementary nursing 

intervention for preventing diabetic foot complications in primary healthcare settings. The 
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observed improvement may be attributed to the combination of postural changes and active 

ankle movements during BAE, which enhance peripheral blood flow, increase oxygen and 

nutrient delivery to peripheral nerves, and support the recovery of sensory nerve function 

(Wijayanti & Warsono, 2022). 

The improvement in protective foot sensation observed after Buerger Allen Exercise 

is closely related to its physiological effects on peripheral circulation. Chronic hyperglycemia 

in type 2 diabetes mellitus induces endothelial dysfunction, microvascular impairment, and 

reduced tissue perfusion, which gradually compromise peripheral nerve metabolism and 

contribute to diabetic peripheral neuropathy (Hall & Hall, 2021). Buerger Allen Exercise 

combines lower-limb elevation, dependent positioning, and repetitive dorsiflexion–

plantarflexion movements that stimulate the calf muscle pump, enhance venous return, and 

improve arterial perfusion to the lower extremities (Rahmi & Rasyid, 2023). Improved blood 

flow increases oxygen and nutrient delivery to peripheral nerves, facilitating nerve 

metabolism and recovery of protective sensation, which may explain the significant increase 

in monofilament scores observed in the present study. Similar physiological responses have 

been reported by (Harli et al., 2023) and (Firdaus et al., 2024), who found that enhanced 

peripheral circulation following Buerger Allen Exercise was associated with improved 

sensory function among patients with diabetes mellitus. Likewise, (Novitasari et al., 2024) 

and (Mukaromah et al., 2026) demonstrated that regular implementation of Buerger Allen 

Exercise contributed to better lower-extremity perfusion and neurological function, 

supporting its role as an evidence-based intervention for preventing diabetic foot 

complications. 

The findings of the present study further strengthen the existing evidence regarding 

the effectiveness of Buerger Allen Exercise in improving protective foot sensation among 

patients with type 2 diabetes mellitus. The significant increase in monofilament scores 

observed after three consecutive days of intervention is consistent with previous studies 

reporting improvements in foot sensitivity, peripheral circulation, and lower-extremity 

vascular status following Buerger Allen Exercise (Suryati et al., 2019). Although variations 

in intervention duration, exercise frequency, sample characteristics, and outcome measures 

were reported across these studies, the direction of the findings consistently indicates that 

Buerger Allen Exercise contributes to improved lower-extremity sensory function. One 

possible explanation is that participants in the present study were routinely monitored during 

the intervention period, ensuring that each exercise session was performed according to the 

standardized protocol. Furthermore, the use of the Semmes–Weinstein 10 g monofilament 

test, a widely recommended tool for assessing protective foot sensation in patients with 

diabetes mellitus, provides an objective evaluation of neurological function and strengthens 

the clinical relevance of the findings (Smeltzer et al., 2010). Therefore, the present study not 

only confirms previous evidence but also supports the application of Buerger Allen Exercise 

in primary healthcare settings using standardized neurological assessment. 

The findings of this study have important implications for nursing practice, 

particularly in primary healthcare settings where early prevention of diabetic foot 

complications is a priority. Considering that Buerger Allen Exercise is simple, safe, 

inexpensive, and does not require specialized equipment, nurses can easily incorporate this 

intervention into routine diabetes management and patient education programs (Rahmi & 

Rasyid, 2023). In addition to regular screening using the Semmes–Weinstein 10 g 
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monofilament test, nurses should encourage patients to perform Buerger Allen Exercise 

consistently as part of diabetes self-management to maintain peripheral circulation and 

preserve protective foot sensation (Pop-busui et al., 2017). Previous studies have 

demonstrated that routine implementation of Buerger Allen Exercise not only improves 

lower-extremity circulation but also contributes to better sensory function and reduces the 

risk of diabetic foot complications (Firdaus et al., 2024) .Therefore, integrating Buerger Allen 

Exercise into evidence-based nursing care may enhance patients' quality of life, reduce 

disability associated with diabetic peripheral neuropathy, and potentially decrease the 

healthcare burden related to diabetic foot ulceration and lower-extremity amputation. 

Despite the promising findings, several limitations should be considered when 

interpreting the results of this study. The use of a one-group pretest–posttest design without 

a control group limits the ability to attribute the observed improvement exclusively to 

Buerger Allen Exercise. In addition, the relatively small sample size and recruitment from a 

single primary healthcare center may restrict the generalizability of the findings to broader 

populations with different demographic and clinical characteristics (Chang et al., 2016). 

Furthermore, the intervention was conducted over only three consecutive days; therefore, the 

long-term effects of Buerger Allen Exercise on protective foot sensation remain uncertain. 

Future studies are recommended to employ randomized controlled trial designs, larger and 

more diverse samples, longer intervention periods, and follow-up assessments to evaluate the 

sustainability of treatment effects. Combining Buerger Allen Exercise with other evidence-

based nursing interventions may also provide a more comprehensive strategy for preventing 

diabetic peripheral neuropathy and diabetic foot complications (Pop-busui et al., 2017). 

Nevertheless, the present study adds to the growing body of evidence supporting Buerger 

Allen Exercise as a practical, safe, and cost-effective nursing intervention for improving 

protective foot sensation among patients with type 2 diabetes mellitus in primary healthcare 

settings. 

 

CONCLUSION  

This study demonstrated that Buerger Allen Exercise significantly improved 

protective foot sensation in patients with type 2 diabetes mellitus, indicating its effectiveness 

as a non-pharmacological nursing intervention for individuals with impaired peripheral 

sensory function. The improvement in protective sensation suggests that Buerger Allen 

Exercise enhances peripheral circulation, thereby supporting sensory nerve function and 

reducing the risk of diabetic foot complications. Given that the intervention is simple, safe, 

inexpensive, and can be performed independently, it has the potential to be integrated into 

routine nursing care and diabetes self-management programs, particularly in primary 

healthcare settings. Incorporating Buerger Allen Exercise into comprehensive diabetes 

management may contribute to the early prevention of diabetic peripheral neuropathy and 

diabetic foot ulcers while improving patients' quality of life. Further studies using 

randomized controlled designs, larger sample sizes, and longer intervention periods are 

recommended to strengthen the evidence regarding the long-term effectiveness of this 

intervention. 
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