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Effectiveness of Buerger-Allen Exercise on 
Lower Extremity Perfusion and Peripheral 

Neuropathy Symptoms among Patients 
with Type 2 Diabetes Mellitus: A Quasi-

experimental Study from Puducherry, India

INTRODUCTION
The T2DM is one of the most common metabolic disorders 
worldwide. Insulin resistance and improper insulin secretion result 
in chronic high blood sugar and issues with the vascular or nervous 
systems [1]. The International Diabetes Federation states that more 
than 540 million adults globally have diabetes. By 2030, this figure 
will increase to 643 million, with India alone accounting for over 101 
million cases [2].

Complications of T2DM, such as cardiovascular disease, 
nephropathy, retinopathy, and neuropathy, lead to serious health 
challenges, with peripheral neuropathy and impaired lower limb 
perfusion being especially perilous [3]. About half of all people with 
diabetes experience  neuropathy, and 20-30% develop peripheral 
arterial disease,  causing ischaemia, foot ulcers, infections, and 
amputations [4].

Exercise therapy is generally considered a part of the diabetic 
management principles, which leads to improvement in glycaemic 
control and enhancement in endothelial function and peripheral 
circulation [5]. BAE is a clinical intervention used to improve lower 
limb blood flow and reduce neuropathic symptoms in people 
with diabetes [6]. The procedure involves a simple technique 
of elevating the dependent and elevated alternating the limb 

between dependent and elevated positions to increase venous 
return and promote collateral circulation, thereby improving 
tissue oxygenation and microvascular perfusion [7].

Among the various exercise regimens, the BAE has gained 
clinical attention for its specific efficacy in improving lower-limb 
blood flow and mitigating neuropathic symptoms in diabetic 
populations [8]. A systematic review and meta-analysis by Thakur 
A et al., provided empirical evidence of the clinical significance 
of the BAE as an effective intervention for improving ABI scores 
[9]. Studies support the use of BAE to improve the ABI, enhance 
sensory perception, and reduce neuropathic discomfort in people 
with Type 2 diabetes [10]. Similar studies have reported positive 
outcomes in lower-limb sensitivity and perfusion following 
physical activity practice among hospital-based diabetic cohorts 
[11,12].

Due to diabetes and neuropathic problems becoming more common 
in India, especially in South Indian states like Puducherry [13], 
diabetic care plans should include affordable physiotherapy methods. 
Consequently, the current study sought to evaluate the efficacy of 
the BAE in enhancing blood circulation to the lower extremities and 
alleviating peripheral neuropathy symptoms in individuals with Type 2 
Diabetes.
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ABSTRACT
Introduction: Type 2 Diabetes Mellitus (T2DM) is a prevalent 
chronic condition frequently associated with poor circulation 
and peripheral neuropathy, leading to complications such as foot 
ulcers and amputations. Non pharmacological interventions, 
including Buerger-Allen Exercises (BAE), have demonstrated 
efficacy in enhancing blood flow and alleviating neuropathic 
symptoms.

Aim: To assess the effectiveness of BAE in improving lower 
extremity perfusion and mitigating peripheral neuropathy 
symptoms among patients with T2DM.

Materials and Methods: The present study used a 
quasi‑experimental design (two-group pre-test and post-test) 
and was conducted from April 2025 to June 2025 at the Diabetic 
Outpatient wards of Mahatma Gandhi Medical College and 
Research Institute, Puducherry, India. A total of 110 subjects 
were purposively sampled, with 55 participants allocated to 
each group: the study group received BAE alongside routine 
care for 14 days, and the comparison group received routine 
care exclusively. Data collection involved a structured interview 

schedule, Ankle-Brachial Index (ABI) for perfusion assessment, 
and the Michigan Neuropathy Screening Instrument (MNSI) for 
neuropathy evaluation. Data were analysed using Statistical 
Package for the Social Sciences (SPSS) version 19.0, employing 
descriptive statistics and Mann-Whitney U test, with p<0.05 
considered statistically significant.

Results: The mean age±Standard Deviation (SD) of the study 
group was 50.52±5.77 years, and of the comparison group was 
50.66±6.42 years. In the study group, mean right ABI scores 
improved from 0.71±0.12 to 0.87±0.08, while mean MNSI scores 
decreased significantly from 4.49±1.27 to 2.02±0.85 (p<0.001). 
In contrast, the comparison group showed no significant change 
in ABI (0.71±0.11 to 0.71±0.12) and only minimal improvement 
in MNSI scores (4.69±1.26 to 4.49±1.43). Post-test comparisons 
demonstrated significantly better perfusion and reduced 
neuropathy symptoms in the study group compared to the 
comparison group (p<0.001).

Conclusion: The BAE is an effective, non pharmacological 
intervention for improving lower-extremity perfusion and reducing 
peripheral neuropathy symptoms among patients with T2DM.
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Each session consisted of doing the exercises for 12-13 minutes. 
BAE makes use of gravitational changes to stimulate vascular smooth 
muscles, causing blood to flow due to the difference between filling 
and emptying the vessels [18]. The teaching program was conducted 
using the demonstration BAE method for four consecutive days. The 
demonstration consisted of three stages of the BAE procedure. The 
intervention was repeated five times a day twice in the morning, from 
7 AM to 12 PM, and three times in the afternoon, from 3 PM to 6 PM. 
Following the educational phase, the second phase, the performance 
phase, began. During this stage, participants were asked to conduct 
BAE five to six times a day for five days under the researcher’s 
supervision. The third phase was the post-test measurement of 
lower extremity perfusion and peripheral neuropathy symptoms 
on the fourteenth day, using the same measuring instruments. The 
comparison group received routine diabetic care per hospital protocol, 
which included standard medical management, general physical activity 
advice, and foot care education. No structured BAE or supervised 
lower-limb positional exercise was provided to the comparison group 
during the study period.

Phase 3-Post-test: Post-test assessments were conducted for both 
the study and comparison groups to measure ABI and MNSI scores 
and to evaluate changes in lower-extremity perfusion and neuropathy 
symptoms after the intervention. Following the completion of post-
test assessments, participants in the comparison group were given 
instructions and demonstrated the BAE as part of routine ethical care.

STATISTICAL ANALYSIS
Data were analyzed using SPSS version 19 (IBM Corporation, 
Armonk, NY, USA). Descriptive statistics, including frequency, 
percentage, mean, and standard deviation, were used to summarize 
the data. Between-group differences at baseline (pre-test) and after 
the intervention (post-test) were analyzed using the Mann–Whitney 
U test. Within-group pre and post-test comparisons were not 
performed. A p-value <0.05 was considered statistically significant.

RESULTS
The mean age±SD of the study group was 50.52±5.77 years, and 
of the comparison group was 50.66±6.42 years. In the study group, 
the majority of participants were aged 46-60 years (76.4%), whereas 
in the comparison group, most were aged 56-60 years (32.7%). 
Females predominated in the study group (60%), while males were 
more prevalent in the comparison group (56.4%). Regarding the 
frequency and duration of physical activity, nearly 50% of participants 
in both groups reported no physical activity [Table/Fig-1].

MATERIALS AND METHODS
The present study used a quasi‑experimental design (two-group 
pre-test and post-test) and was conducted from April 2025 to June 
2025 at the Diabetic Outpatient wards of Mahatma Gandhi Medical 
College and Research Institute, Puducherry, India. Ethical approval 
was obtained from the Institutional Human Ethics Committee (Ref. 
No. KGNC/IHEC/2025/063, dated 07 April 2025). Written informed 
consent was obtained.

Inclusion criteria: Patients aged 40 to 60 years diagnosed with Type 
2 diabetes using the diagnostic criteria of the American Diabetes 
Association (ADA) [14], and experiencing Peripheral Neuropathy 
symptoms, regardless of gender. Individuals with a diagnosis of 
Type 2 diabetes, an ABI score above 0.41 to 0.99 (mild to borderline) 
were included [15]. An ABI value ≤0.40 indicates severe peripheral 
arterial disease or critical limb ischaemia, for which exercise 
interventions may be contraindicated. Therefore, participants with 
ABI ≥0.41 were selected to ensure patient safety and suitability 
for the BAE. Participants with MNSI scores [16] ≤7 were included 
to include patients with Normal-to-moderate neuropathy and to 
exclude those with severe neuropathy requiring advanced clinical 
management.

Exclusion criteria: Patients diagnosed with cardiovascular diseases, 
including acute coronary syndrome and coronary artery diseases, 
presenting with foot ulcers and gangrene, and exhibiting critical 
illness are excluded.

Sample size calculation: The sample size was calculated using 
the formula for a standardised mean difference (Cohen’s d) between 
two independent groups: n=2(Zα/2+Zβ)2/d2, assuming a two-sided 
α=0.05 (Zα/2=1.96), 80% power (Zb=0.84), and a moderate effect size 
d=0.56, n=2(1.96+0.84)2/0.562. After accounting for an anticipated 
10% attrition, the final sample size was N=110 participants (55 per 
group).

Study Procedure
Description of the tool: The data were collected using a structured 
instrument comprising four parts. Part A consisted of the following 
sociodemographic variables: age, gender, education, occupation, 
dietary pattern, duration of diabetes, family history of DM, alcohol 
and smoking habits, current exercise pattern, and frequency and 
duration of physical activity. Part B: Lower extremity perfusion was 
evaluated by using the ABI scale. The score was interpreted as above 
0.91-1.30 was considered normal, 0.71-0.90 was mildly obstructed, 
0.41-0.70 was moderately obstructed, and 0-0.40 was severely 
obstructed [16]. Part C: Symptoms of peripheral neuropathy were 
assessed using the MNSI, which includes  a 15-question patient 
questionnaire. It examines sensory symptoms such as numbness, 
tingling, scorching pain, loss of sensation, sensitivity to warmth, 
cramping, and a history of foot ulcers or amputation, reflecting early 
and advanced nerve dysfunction. In the questionnaire component, 
13 symptom-based items are scored; each abnormal response is 
assigned one point, yielding a maximum score of 13. Scores ≥7 
indicate severe neuropathy, whereas lower scores reflect Normal to 
moderate involvement [17].

Data Collection

Phase  1-Pre-test:    During the pre-test phase, demographic 
and clinical variables were collected utilising a semi-structured 
questionnaire.

Phase 2-Intervention (study group): The study group was given 
BAE, which involves a series of positional changes and active exercises 
of the lower limbs to augment circulation. Elevation is done by lifting 
the legs to a 45° elevation until pallor is achieved (2-3 minutes). 
Dependency requires the patient to sit with the legs hanging while 
doing dorsiflexion, plantar flexion, inversion, eversion, and toe flexion/
extension (3-5 minutes). Horizontal positioning involves laying the legs 
flat on the bed and covering them with a warm blanket (3-5 minutes). 

Variables

Study group (n=55) Comparison group (n=55) 

n (%) n (%)

Age (in years)

40-45 13 23.63% 17 30.90%

46-50 14 25.45% 8 14.54%

51-55 14 25.45% 12 21.81%

56-60 14 25.45% 18 32.72%

Gender

Male 22 40.00% 31 56.36%

Female 33 60.00% 24 43.63%

Educational status

No formal education 5 9.10% 13 23.63%

Primary education 14 25.45% 15 27.27%

Secondary education 14 25.45% 16 29.09%

Higher secondary education 11 20.00% 9 16.36%

Graduate and above 11 20.00% 2 3.63%

Occupational status

Employed 18 32.72% 27 49.10%
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scores  in both lower limbs (p<0.001) [7]. Another comparative 
research by Abbass M et al., (2024) showed that the BAE significantly 
improved blood flow and reduced nerve-related symptoms in 
patients with type 2 diabetes [8]. The ABI increased significantly 
after the exercise, going from a mean right ABI of 0.6883 to 1.0250; 
p<0.001. The MNSI score also decreased significantly, from 7.5 
to 4.5 (p=0.003). Similarly, Chang CF et al., (2015) showed that 
a combination of complex treatment, including the BAE, with a 
systematic health-promoting program significantly improved ABI, 
MNSI scores, and leg discomfort in patients at risk of diabetic foot 
ulceration [19].

The current study demonstrated a significant reduction in MNSI 
scores among participants who engaged in the BAE, indicating a 
decrease in the severity of peripheral neuropathy-related neuropathic 
symptoms. Saleh MA et al., (2024) observed that BAE resulted in 
substantial improvements in ABI and neuropathy symptoms, with 
highly significant improvements (p<0.01) in ABI, clinical signs of 
peripheral vascular disease, and neuropathy scores among 62 
diabetic patients following the BAE intervention, indicating better 
nerve function and reduction of symptoms [20]. The clinical signs 
of peripheral vascular disease improved in the patients studied after 
implementing the BAE, with a highly significant statistical difference 
(p<0.01). Moreover, there was also a notable enhancement in the 
history and symptoms of peripheral neuropathy post-exercise, again 
with a highly significant difference (p<0.01). Enhanced perfusion 
and oxygen transport to peripheral nerves may help explain the 
decrease in neuropathic symptoms observed in those studies and 
in the present investigation. From a clinical and nursing perspective, 
the results of this study endorse the integration of BAE into routine 
diabetic management as a basic, economical, and practical 
intervention. Given its non invasive nature and minimal resource 
requirement, BAE may be particularly beneficial in resource-limited 
settings and tertiary care hospitals catering to large diabetic 
populations.

Limitation(s)
The present study does have some limitations, the first of which is the 
rather small sample size and the short duration of the intervention. This 
precludes generalising the findings to a wider diabetic population. The 
quasi-experimental design, not randomised, may have introduced 
selection bias, and reliance solely on ABI and MNSI limited the 
scope of vascular and neuropathic evaluation. Besides, long-term 
adherence to BAE and its long-term effects could not be verified, 
and confounders such as diet, glycemic control, and medication 
adherence could not be fully controlled.

Unemployed 5 9.10% 3 5.45%

Retired 3 5.45% 10 18.18%

Self employed 7 12.72% 8 14.54%

Home maker 22 40.00% 7 12.72%

Dietary pattern

Vegetarian 12 21.80% 6 10.90%

Non-vegetarian 43 78.18% 49 89.10%

Physical nature of the job

Sedentary 9 16.36% 10 18.20%

Active 10 18.18% 7 12.72%

Mixed activity 31 56.36% 32 58.18%

None 5 9.10% 6 10.90%

Time since diagnosis of Diabetes mellitus in years

1-5 28 50.90% 28 50.90%

6-10 12 21.81% 15 27.27%

Above 10 15 27.27% 12 21.80%

Family history of Type 2 Diabetes Mellitus (T2DM)

Yes 32 58.18% 30 54.54%

No 23 41.81% 25 45.45%

Habit of alcoholism

Yes 7 12.72% 15 27.27%

No 48 87.27% 40 72.72%

Habit of smoking

Yes 4 7.27% 11 20.00%

No 51 92.72% 44 80.00%

Currently pattern of exercise

Walking 30 54.54% 23 41.81%

Aerobic workout 3 5.45% 4 7.27%

Others 2 3.63% 1 1.81%

None 20 36.36% 27 49.10%

Frequency of physical activity

1-3 times a week 20 36.36% 20 36.36%

3-5 times a week 15 27.30% 8 14.54%

None 20 36.36% 27 49.10%

Duration of physical activity

Less than 1 hour per day 15 27.27% 14 25.45%

1-2 hours per day 5 9.10% 4 7.27%

3-4 hours per day 10 18.18% 6 10.90%

More than 4 hours per day 5 9.10% 4 7.27%

None 20 36.36% 27 49.10%

[Table/Fig-1]:	 Demographics of the study and comparison groups (N=110).

Observation Groups Mean
Mann-Whitney 

U test p-value

Right 
ABI

Pre-test
Study group 0.71±0.12

1474 0.82
Comparison group 0.71±0.11

Post-test
Study group 0.87±0.08

2574.5 <0.001***
Comparison group 0.71±0.12

Left 
ABI

Pre-test
Study group 0.69±0.07

1347 0.322
Comparison group 0.7±0.09

Post-test
Study group 0.86±0.10

2497.5 <0.001***
Comparison group 0.7±0.11

MNSI

Pre-test
Study group 4.49±1.27

1399.5 0.449
Comparison group 4.69±1.26

Post-test
Study group 2.02±0.85

198 <0.001***
Comparison group 4.49±1.43

[Table/Fig-2]:	 Comparison between pre-test and post-test of ankle-brachial index 
and Michigan Neuropathy Screening Instrument (MNSI) in the study group and the 
comparison group (N=110).
ABI: Ankle-Brachial index; MNSI: Michigan neuropathy screening instrument; p<0.05; **p<0.01; 
***p<0.001

There was no notable difference in the pre-test scores for right ABI 
(p=0.82), left ABI (p=0.322), and MNSI (p=0.449). However, the post-
test results showed significant improvements in the study group for 
both right (p<0.001) and left (p<0.001) ABIs. Similarly, the study 
group’s MNSI scores showed a significant decrease (p<0.001) 
[Table/Fig-2].

DISCUSSION
The present quasi-experimental investigation indicated that BAE is 
an effective non pharmacological intervention that improves lower 
extremity perfusion and reduces peripheral neuropathy symptoms 
in patients with T2DM.

Regarding lower-extremity perfusion, the present investigation 
observed a substantial increase in post-test ABI values in the study 
group relative to the comparison group. Radhika J et al., (2020) 
reported that foot perfusion was significantly improved with BAE, 
as evidenced by increased ABI and a marked reduction in MNSI 
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CONCLUSION(S)
These findings indicate that the BAE is a simple, inexpensive, 
evidence-based non pharmacological intervention that significantly 
improves peripheral perfusion and reduces neuropathic symptoms 
in patients with T2DM. Analysis of post-intervention data showed 
significant increases in ABI values and decreases in MNSI scores in 
patients who performed BAE.
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