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​​ АBSTRАCT​​
​​Background:​​ This study investigated the effectiveness of Buerger-Allen exercises on lower extremity perfusion in hospitalized patients with type 2 diabetes mellitus, addressing the increased risk of peripheral arterial disease in this population.
​​Materials and Methods:​​ A true experimental, pretest-posttest repeated measures design with a control group (n=10 per group) was employed. Twenty patients were randomized, with the experimental group performing Buerger-Allen exercises three times daily for 15 days. Lower extremity perfusion was assessed at pretest and three post-tests (days 5, 10, 15) using a self-developed scale. Data were analyzed using repeated measures ANOVA and paired 't' tests.
​​Results:​​ At pretest, no significant difference in perfusion was observed between groups for either leg (Right Leg: F=0.802, p=0.440; Left Leg: F=0.802, p=0.440). Repeated measures ANOVA revealed significant main effects for Group (F=36.424, p=0.0001*) and Assessment (F=187.284, p=0.0001*), alongside a crucial ​​significant interaction effect between Assessment and Group​​ (F=291.21, p=0.0001*), indicating differential changes over time between groups for both legs.
For the ​​experimental group​​, significant progressive improvements in perfusion scores were observed from pretest to all post-tests for both right (e.g., Pretest vs. Post Test 3: Mean Difference=9.30, t=10.391, p=0.0001*) and left legs (e.g., Pretest vs. Post Test 3: Mean Difference=9.30, t=10.391, p=0.0001*). In contrast, the ​​control group​​ showed no significant changes in perfusion scores across any time points for either leg (all p > 0.05). Post-hoc tests confirmed significant between-group differences at all post-test time points for both legs (e.g., Post-test III: Mean Difference=8.900, p=0.0001*).
​​Conclusion:​​ Buerger-Allen exercises significantly improved lower extremity perfusion in patients with type 2 diabetes mellitus, with the experimental group demonstrating substantial and progressive improvements compared to the control group for both right and left legs. While promising, the small sample size (n=20) necessitates cautious interpretation and calls for further research with larger cohorts.


INTRODUCTION
Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from defects in insulin secretion, insulin action, or both. It is one of the leading non-communicable diseases worldwide and poses a major public health challenge. The long-term complications of T2DM include microvascular and macrovascular damage affecting the heart, kidneys, nerves, eyes, and peripheral blood vessels.
Peripheral Arterial Disease (PAD) is a significant macrovascular complication of T2DM, caused by atherosclerotic obstruction of arteries supplying the lower extremities. Individuals with diabetes are at a two- to three-fold increased risk of developing PAD. Reduced lower extremity perfusion leads to intermittent claudication, delayed wound healing, diabetic foot ulcers, gangrene, and ultimately lower limb amputation. Peripheral neuropathy may mask early symptoms, resulting in delayed diagnosis and increased morbidity.
Chronic hyperglycemia contributes to endothelial dysfunction, oxidative stress, and vascular inflammation, accelerating atherosclerosis and impairing tissue perfusion. Therefore, interventions aimed at improving lower extremity circulation are essential in preventing diabetic foot complications and reducing amputation rates.
Buerger-Allen Exercise (BAE) is a non-pharmacological, postural exercise designed to enhance peripheral circulation through gravitational changes and muscle pump activity. It is a simple, low-cost, and low-risk intervention that can be performed independently by patients. Evidence suggests that BAE may improve lower extremity perfusion and reduce vascular complications in individuals with T2DM.
Given the rising prevalence of T2DM and the significant burden of Peripheral Arterial Disease, there is a need to evaluate effective, accessible interventions. Therefore, this study aims to assess the effectiveness of Buerger-Allen Exercise in improving lower extremity perfusion among patients with Type 2 Diabetes Mellitus.



SIGNIFICANCE AND NEED FOR THE STUDY
Diabetes mellitus is a major global health problem characterized by inadequate insulin production or ineffective insulin utilization. Individuals with diabetes have a two- to four-fold increased risk of developing peripheral arterial disease (PAD), a serious complication that can lead to ischemic ulcers, gangrene, and lower limb amputation. In diabetic patients, symptoms of PAD may go unnoticed due to peripheral neuropathy, resulting in delayed diagnosis and advanced complications.
Early detection using the Ankle–Brachial Pressure Index (ABPI) can help identify reduced lower extremity perfusion and prevent severe outcomes. Buerger Allen Exercise is a simple, non-pharmacological intervention that promotes collateral circulation and improves blood flow to the lower limbs.
Globally, the prevalence of diabetes continues to rise, particularly in low- and middle-income countries. India has one of the highest numbers of people living with diabetes, with significant regional prevalence, including Tamil Nadu. Diabetic foot complications are a leading cause of hospitalization, disability, and amputation, with most amputations preceded by foot ulcers.
Nurses play a vital role in educating patients about preventive strategies and supervised exercises. During clinical experience, the investigator observed many patients with Type 2 diabetes suffering from PAD due to inadequate knowledge and poor management practices. Evidence suggests that Buerger Allen Exercise improves peripheral perfusion and may reduce complications.
Therefore, this study is necessary to evaluate the effectiveness of Buerger Allen Exercise in improving lower extremity perfusion among patients with Type 2 diabetes mellitus, thereby contributing to cost-effective and preventive patient care.

PROBLEM STATEMENT
Impact of Buerger-Allen Exercises on Peripheral Circulation in Hospitalized Patients with Type 2 Diabetes Mellitus: A Controlled Pretest–Posttest Study

AIM OF THE STUDY
The aim of the study is to prevent or delay the occurrence of diabetic foot ulcer by improving the lower extremity perfusion among clients with type 2 diabetes mellitus.

OBJECTIVES
· To identify clients who are at risk of developing diabetic foot ulcer
· [bookmark: _heading=h.tx6dv0xqcpe4]To assess and compare the pretest and posttest level of lower extremity perfusion among clients with type 2 diabetes mellitus in experimental and control groups.
· To evaluate the effectiveness of Buerger Allen exercise on lower extremity perfusion among clients with type 2 diabetes mellitus in the experimental group.
· To associate the mean pretest score of lower extremity perfusion of type 2 diabetes mellitus clients with their selected demographic and clinical variables in both experimental and control groups.

HYPOTHESIS

H1; There will be a statistically significant difference in the mean post-test level of lower extremity perfusion between the experimental group and the control group among clients with Type 2 Diabetes Mellitus following the implementation of Buerger-Allen Exercise.
H2; There is a significant difference between the post test level of lower extremity perfusion among clients with type 2 diabetes mellitus in both experimental and control groups.
H3; There is a significant association between the mean pretest score of lower extremity perfusion of type 2 diabetes mellitus clients with their selected demographic and clinical variables in both experimental and control groups.

OPERATIONAL DEFINITIONS
Effectiveness:
In this study, effectiveness refers to the extent to which Buerger-Allen Exercise produces a statistically significant improvement in lower extremity perfusion among clients with Type 2 Diabetes Mellitus, as measured by the Diabetic Foot Peripheral Perfusion Assessment Tool in a selected hospital at Coimbatore.
Buerger-Allen Exercise:
Buerger-Allen Exercise refers to a structured, active postural exercise involving alternate elevation, dependency, and horizontal positioning of the lower limbs to promote collateral circulation. In this study, it is administered for 15 minutes, three times daily, at 6-hour intervals, for 15 consecutive days to clients with Type 2 Diabetes Mellitus in a selected hospital at Coimbatore.
Lower Extremity Perfusion:
Lower extremity perfusion refers to the adequacy of blood flow through the arteries and veins supplying the hip, thigh, knee, leg, ankle, and foot among clients with Type 2 Diabetes Mellitus. In this study, it is assessed using the Diabetic Foot Peripheral Perfusion Assessment Tool.
Type 2 Diabetes Mellitus:
Type 2 Diabetes Mellitus is a chronic metabolic disorder characterized by insulin resistance, impaired insulin secretion, and increased blood glucose levels. In this study, it refers to male and female patients diagnosed with Type 2 Diabetes Mellitus and admitted to a selected hospital at Coimbatore during the data collection period.
ASSUMPTIONS:
· Type 2 diabetes mellitus clients may have varying levels of lower extremity perfusion due to physiological and anatomical changes in the body as a result of the disease process.
· Buerger Allen exercise may have a positive effect on improving the lower extremity perfusion in clients with type 2 diabetes mellitus.
· Buerger Allen exercise is cost effective and can be practiced without any adverse effects.

DELIMITATIONS:	
The study is delimited to 
· the clients with type 2 diabetes mellitus aged 40 to 60 years. 
· the clients who were admitted in a selected tertiary care hospital at coimbatore.
· the duration of 3 months period for data collection.
· the non smokers with type 2 diabetes mellitus
· the clients who are not on anticoagulant therapy
· the clients who were not having foot ulcers or gangrene.
· the clients who were conscious and well oriented.
· the clients who were not critically ill.

PROJECTED OUTCOMES
The projected primary outcome is the reduction in the incidence rate of diabetic foot ulcers and improvement in the lower extremity perfusion among clients with type to diabetes mellitus in selected hospital at coimbatore. The secondary outcome includes the improvement in the self care and functional ability of clients with type 2 diabetes mellitus in a selected hospital at coimbatore.
CONCEPTUAL FRAMEWORK
This study is based on the modified conceptual framework of Wiedenbach’s Helping Art of Clinical Nursing Theory (1970), which defines nursing as the art of helping individuals meet their health needs. The theory emphasizes that every individual has the potential for independence, and nurses assist patients by identifying their need for help, providing appropriate care, and evaluating the effectiveness of that care.
Wiedenbach describes nursing practice in three steps:
1. Identification: Recognizing the patient’s need for help through assessment. In this study, lower extremity perfusion among clients with Type 2 Diabetes Mellitus is assessed to identify the need for intervention.
2. Ministration: Providing the required help through appropriate nursing actions. In this study, Buerger-Allen Exercise is administered to improve lower extremity perfusion.
3. Validation: Evaluating whether the intervention has met the patient’s need. In this study, effectiveness is determined by comparing pre-test and post-test perfusion levels.
Wiedenbach’s theory supports individualized, need-based nursing care and provides a systematic framework for implementing and evaluating Buerger-Allen Exercise to improve lower extremity perfusion among clients with Type 2 Diabetes Mellitus.

REVIEW OF LITERATURE
Review of literature is a systematic identification, analysis, and synthesis of existing research related to the study topic. It provides a scientific foundation for the study and helps in understanding current evidence, research gaps, and the need for further investigation.
The literature related to the present study is organized under the following sections:
· Section A: Prevalence of complications of Diabetes Mellitus
· Section B: Lower extremity perfusion among patients with Diabetes Mellitus
· Section C: Effectiveness of Buerger-Allen Exercise on lower extremity perfusion among clients with Type 2 Diabetes Mellitus
Section A: Prevalence of Complications of Diabetes Mellitus
Xiong et al. (2025) conducted an experimental validation study involving 15,847 patients to predict complications of Type 2 Diabetes Mellitus (T2DM). The predictive model showed high accuracy (94.7%) with improved sensitivity and specificity, highlighting the growing burden and need for early detection of diabetic complications.
Fan et al. (2025) analyzed data from 6,722 patients and reported that the incidence of diabetic foot ulcers (DFU) ranged from 13.4% to 25.9% among patients with diabetic neurovascular disease. Significant risk factors included peripheral vascular disorders, osteomyelitis, diabetic nephropathy, and elevated inflammatory markers. The study emphasized the high prevalence of DFU and the importance of vascular assessment in diabetic patients.
Section B: Lower Extremity Perfusion among Patients with Diabetes Mellitus
Feng et al. (2025) conducted a study among 3,638 T2DM patients to assess the association between Peripheral Arterial Disease (PAD) and metabolic syndrome components. The findings showed that the risk of PAD increased with the number of metabolic syndrome components, particularly among younger (<40 years), older (≥60 years), and female patients.
Haile et al. (2025) performed a systematic review and meta-analysis in sub-Saharan Africa and reported a pooled PAD prevalence of 32.97% among diabetic patients. Significant predictors included advanced age, high LDL levels, increased BMI, and longer duration of illness (>10 years). The study highlighted that PAD remains underdiagnosed despite its high prevalence.
Section C: Effectiveness of Buerger-Allen Exercise on Lower Extremity Perfusion
Barangkau et al. (2025) conducted a pre-experimental study among 20 T2DM patients and found that diabetic foot exercises significantly improved Ankle-Brachial Index (ABI) values and reduced foot pain (p < 0.05), indicating improved peripheral circulation.
Putri et al. (2025) conducted a quasi-experimental study with 42 participants to evaluate the effect of Buerger-Allen Exercise and walking exercise on ABI. The intervention group showed significant improvement in ABI values compared to the control group (p = 0.001). The study concluded that Buerger-Allen Exercise effectively enhances peripheral circulation and may help prevent diabetic foot complications.
Summary of Literature Review
The reviewed studies indicate a high prevalence of Peripheral Arterial Disease and diabetic foot complications among patients with Type 2 Diabetes Mellitus. Evidence suggests that Buerger-Allen Exercise is a promising non-pharmacological intervention for improving lower extremity perfusion. However, further controlled studies are required to strengthen the evidence base, thereby justifying the need for the present study.

METHODOLOGY
Methodology refers to the systematic process used to conduct research, including the design, data collection, and analysis procedures. This chapter describes the research approach, design, variables, setting, population, sample, sampling technique, tools, intervention, data collection procedure, plan for data analysis, and ethical considerations.
RESEARCH APPROACH
A quantitative research approach was adopted to evaluate the effectiveness of Buerger-Allen Exercise on lower extremity perfusion among clients with Type 2 Diabetes Mellitus.
RESEARCH DESIGN
A True Experimental Pretest–Posttest Repeated Measures Control Group Design was used. The design included manipulation, control, and randomization.

Design Representation:
	Group
	Pretest
	Intervention
	Posttest (Day 5)
	Posttest (Day 10)
	Posttest (Day 15)

	Experimental
	O1
	X
	O2
	O3
	O4

	Control
	O1
	—
	O2
	O3
	O4


O1 – Pretest assessment
X – Buerger-Allen Exercise
O2, O3, O4 – Repeated posttest assessments
VARIABLES
Independent variable : Buerger Allen exercise
Dependent variable : Lower extremity perfusion. 

SETTING OF THE STUDY
The study was conducted in the general medical ward, among patients admitted under general medicine in a selected hospital, Coimbatore.

POPULATION
The target population for the present study was patients with type 2 diabetes mellitus who are meeting the designated set of criteria. Accessible population is clients who were admitted with a risk of developing diabetic foot ulcer in a selected hospital at Coimbatore.

SAMPLE
The sample of the present study consist of 20 clients with type 2 Diabetes Mellitus between the age group of 40-60 yeаrs admitted in a selected hospital at Coimbatore.

SAMPLING TECHNIQUE 
Probability, systematic random sampling technique was used to select the samples (kth number) for the present study.

SAMPLE SIZE
Sample size was estimated as 164 by using cochran’s formula for the main study.
The sample size of this pilot study consists of 20 selected type 2 Diabetes mellitus patients with impaired lower extremity perfusion between the age group of 40- 60yeаrs. Among them 10 members are for the experimental group and 10 members are for the control group. (If we consider the attrition rate as 10%, the sample size will be 22. Therefore, 11 for experimental group and 11 for control group).

CRITERIA FOR SAMPLE SELECTION
Inclusion criteria
· Аge group of 40 – 60 yeаrs
· Both mаle аnd femаle with type 2 diabetes mellitus
· Clients who are able to participate
· Clients with HbA1C more than 7%
· Who are available during the data collection period
Exclusion criteria
Patient who are
· Having leg and foot ulcer
· With foot gangrene
· Critically ill.
· Disoriented
· On anticoagulant therapy
· Smokers 
DESCRIPTION OF TOOL
Section A): Demographic profile:
This section consist of 8 demographic variables such as age, sex, education, occupation, type of house, marital status, type of family and annual income.
Section B): Clinical variables:
This section deals with 15 clinical variables such as dietary pattern, type of activity, body mass index, alcoholism, chronicity of diabetes mellitus, duration of taking diabetes treatment, presence of cardiac disease, renal disease, hypertension, anemia, family history of peripheral artery disease, stroke, mode of diabetes treatment, RBS value and HbA1C Value.
Section C): Diabetic foot peripheral perfusion assessment tool: 
This Tool Consists Of 1.Assessment Of Skin Colour, 2.Skin Integrity, 3.Nail, 4.Cyanosis 5.Skin Temperature, 6.Capillary Refill, 7.Edema, 8.Assessment Of Pedal Pulse, 9.Erythema, 10.Dependent Rubor, and 11.Ankle Brachial Pressure Index.

DESCRIPTION OF INTERVENTION
Buerger Allen Exercise is one of the interventions to stimulate the development of collateral circulation in the legs. In this exercise there are three steps.
Step 1 Elevation
The lower extremities are elevated to 45 degree angle and supported with a pillow in this position until the skin blanches (4 minutes).
Step 2 Dependency
The feet and legs are then lowered below the level of the rest of the body until redness appears flex, extend and rotate the feet (4 minutes).
Step 3 Horizontal
The legs are placed flat on the bed for (7 minutes).

DEVELOPMENT OF INTERVENTION
The intervention package was developed by the investigator after reviewing the literature and by obtaining the expert's opinion. Buerger-Allen exercise is а specific exercises intended to improve circulation to the feet and legs. It also relieves the symptoms in patients with lower limbs arterial insufficiency.
Benefits of Buerger’s Allen exercise
· Improves lower extremity circulation
· Increases the rate of blood flow
· Prevent and treat diabetic foot problems
· Improves the walking ability,
· Reduces necrosis, venous embolism, pain, swelling, cyanosis and the bed-rest time

Mechanism of Buerger–Allen Exercise
Buerger–Allen exercise works through gravitational alterations in limb position, which influence the smooth musculature of blood vessels and promote improved peripheral circulation. The alternating elevation and dependency of the lower limbs facilitate rhythmic emptying and filling of blood vessels, thereby enhancing arterial inflow and venous return.
The procedure consists of three phases:
1. Elevation Phase (up to 4 minutes):
The patient lies supine and elevates both legs to approximately 45° until blanching occurs or for a maximum of 4 minutes. This promotes venous drainage.
2. Dependency Phase (minimum 4 minutes):
The patient sits at the edge of the bed with legs dependent. Active ankle and foot movements are performed, including dorsiflexion, plantarflexion, inversion, eversion, and toe flexion–extension, until rubor appears. This phase enhances arterial filling.
3. Resting Phase (7 minutes):
The patient returns to the supine position with legs placed horizontally and covered with a warm blanket to promote circulation stabilization.
The complete cycle is repeated 3–6 times per session, and sessions are performed three times daily.

STEPS OF PROCEDURE
Buerger Allen exercise includes the following.  
· General instruction
· Preparation
· Buerger Allen Exercise
· After care
Step 1 – General instruction
· Establishing and maintaining a trustworthy relationship
· Explaining about the importance of lower extremity perfusion and benefits of Buerger Allen exercise.
Step 2 – Preparation
· Explaining the procedure to the patient
· Providing comfortable bed
Step 3 – Buerger allen exercises
· Buerger Allen exercises intended to improve circulation to the feet and legs.
· The lower extremities are elevated to a 45 to 90 degree angle and supported in this position until the skin blanches.
· The feet and legs are then lowered below the level of the rest of the body until redness appears, flex extend and rotate the feet.(care should be taken that there is no pressure against the back of the knees);
· Finally, the legs are placed flat on the bed for a few minutes.
· The procedure is given three times per day with a 6 hours interval for the period of 15 consecutive days.
Step 4 – After care
· Once finished check the pedal pulse
· Assess the peripheral sensation
· Find out any discoloration in the lower extremity.
· Document in nurse’s record.

CONTENT VALIDITY
The Content validity of the tool was established on the basis of the opinion of 16 experts. 1 consultаnt and diabetologist, 1 general surgeon, 1 vascular surgeon, 1 Neuro physiotherapist, 1 professor from community health nursing depаrtment, 8 professors from Medical surgical nursing depаrtment, 1 Statistitian,1 English professor аnd 1 Tamil professor. The necessary suggestions and modifications are in-corporated in the final preparation of the tool.

RELIABILITY
The reliability was done by the Test-Retest method. Hence, the tool is considered reliable for proceeding with the study.
ETHICAL CONSIDERATIONS
Ethical approval for the proposed study was obtained from the Institutional Human Ethics Committee prior to the commencement of data collection. 
Approval number: PSG/IHEC/2022/Renew/175
The approval was valid for one year (21/12/2024 to 20/12/2025)
The following ethical principles were strictly adhered to:
· Formal permission was obtained from the Institutional Human Ethics Committee.
· Administrative approval was secured from the hospital authorities for conducting the study in the selected setting.
· Written informed consent was obtained from all participants before their inclusion in the study.
· Participants were protected from physical and psychological harm throughout the study period.
· Confidentiality and anonymity of the participants were maintained at all stages of data collection and reporting.
· Participants had the right to withdraw
· The study complied with the principles of the Declaration of Helsinki
The study was conducted in accordance with established ethical guidelines for human research.

PILOT STUDY
The current study is a pilot work for a large scale study.

DATA COLLECTION PROCEDURE
· The researcher obtained permission from the hospital and obtained the informed consent          from the study samples for conducting the study.
· The researcher used probability systematic random sampling technique to select the samples. Every kth number of sample has been allocated to experimental group. Remaining samples has been allocated as control group. 
· Pre test was conducted for both groups by Diabetic Foot Peripheral Perfusion and Peripheral Neuropathy Symptoms Assessment Tool which is developed by the researcher by obtaining expert’s opinion on its validity and reliability test.
· The intervention package was developed by the investigator after reviewing the literature and by obtaining the expert's opinion.
· Buerger Allen exercise procedure includes General instruction, Preparation, Buerger Allen Exercise and After care.
· The researcher established and maintained a trustworthy relationship and educated the clients about the importance of lower extremity perfusion and benefits of Buerger Allen exercise.
· Then explained the procedure to the patient and provided comfortable bed and privacy.
· Buerger Allen exercises intended to improve circulation to the feet and legs. The lower extremities are elevated to a 45 to 90 degree angle and supported in this position until the skin blanches. 
· The feet and legs are then lowered below the level of the rest of the body until redness appears, flex extend and rotate the feet. (Care should be taken that there is     no pressure against the back of the knees).
· Finally, the legs are placed flat on the bed for a few minutes.
· The procedure is given 3 times per day with a 6 hours interval for the period of 15 consecutive days.
· The researcher conducted training and developed training manual which includes data collection protocols, background materials, instructions and copies of all data forms.
· Post test was conducted for the same groups on 5th, 10th and 15th repeatedly along with other trained investigators by using the same Diabetic Foot Peripheral Perfusion Assessment Tool. 

PLAN FOR DATA ANALYSIS
Data analysis is the systematic organization and synthesis of research data and testing of hypotheses using those data. The data will be analyzed by using descriptive and inferential statistics
Descriptive Statistics
· Frequency and percentage distribution will be used to analyze the selected demographic variable
· Mean and standard deviation is used to assess the level of lower extremity perfusion 
Inferential Statistics
· Paired ‘t’ test (within group) is used to assess and compare the level of lower extremity perfusion among clients with type 2 diabetes mellitus within the experimental and control group.
· Independent ‘t’ test (between group) is used to assess the effectiveness of Buerger Allen Exercise on lower extremity perfusion among clients with type 2 diabetes mellitus.
· F test is used to compare the difference in level of lower extremity perfusion among clients with type 2 diabetes mellitus at baseline, 5th   day, 10th   day and 15th   day.
· Repeated measure ANOVA is used to measure the effectiveness of Buerger Allen Exercise on lower extremity perfusion among clients with type 2 diabetes mellitus in different intervals.
· Univariate, Bivariate and Multivariate statistical method are selected for analyzing the data by using SPSS package.
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Figure: 1. Schematic Representation Of Research Methodology


DATA ANALYSIS AND INTERPRETATION
This chapter presents the analysis and interpretation of data, collected from in order to determine their level of lower extremity and effectiveness of Buerger Allen exercise. The data collected were organized, tabulated, analyzed and interpreted by means of statistical table and figures. Description and inferential statistics were used for analyzing the data on the basis of objectives of the study. 
Descriptive Statistics
· Frequency and percentage
· Mean and standard deviation
Inferential Statistics
· Paired t-test (within-group comparison)
· Independent t-test (between-group comparison)
· F-test
· Repeated Measures ANOVA
· Multivariate analysis using SPSS
PRESENTATION OF DATA
Section I: 
1. Frequency and percentage distribution of the level of lower extremity perfusion among patients with diabetes mellitus according to the demographic variables in experimental and control group.
2. Frequency аnd percentаge distribution of the level of lower extremity perfusion among patients with diabetes mellitus according to the clinical variables in experimental and control group.
Section II: 
1. Comparison of pretest and post tests Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus between the experimental and control group 
2. Multiple comparison of mean Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus in experimental and control group.
3. Comparison of pretest and post tests mean Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus in experimental and control group by using Repeated Measures ANOVA.
4. Pairwise comparison of mean Foot Peripheral Perfusion score (Right Leg) among clients with Type II diabetes mellitus in experimental and control group.
Section III: 
1. Comparison of pretest and post tests Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus between the experimental and control group (Two-way ANOVA Repeated Measures Test with Bonferroni multiple Comparison)
2. Multiple comparison of mean Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus in experimental and control group.
3. Comparison of pretest and post tests mean Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus in experimental and control group by using Repeated Measures ANOVA (RM ANOVA).
4. Pairwise comparison of mean Foot Peripheral Perfusion score (Left Leg) among clients with Type II diabetes mellitus in experimental and control group.
Section IV:
1. Association of pre test level of lower extremity perfusion among patients with diabetes with their selected demographic variables mellitus in experimental and control group.
2. Association of pre test level of lower extremity perfusion among patients with diabetes with their selected demographic variables mellitus in experimental and control group
Table 1: Frequency аnd percentаge distribution of the level of lower extremity perfusion among patients with diabetes mellitus according to the demographic variables in experimental and control group.
N = 20(10+10)
	Demographic Variables
	Experimental Group
	Control  Group

	
	F
	%
	F
	%

	Age in years
	
	
	
	

	40 – 45
	0
	0
	3
	30.0

	46 – 50
	1
	10.0
	1
	10.0

	51 – 55
	4
	40.0
	2
	20.0

	56 – 60
	5
	50.0
	4
	40.0

	Gender
	
	
	
	

	Male
	8
	80.0
	7
	70.0

	Female
	2
	20.0
	3
	30.0

	Education
	
	
	
	

	Illiteracy
	1
	10.0
	2
	20.0

	Primary education
	2
	20.0
	5
	50.0

	Secondary education
	6
	60.0
	2
	20.0

	Graduate
	1
	10.0
	1
	10.0

	Occupation
	
	
	
	

	Unemployment
	2
	20.0
	1
	10.0

	Self employment
	1
	10.0
	3
	30.0

	Private employee
	7
	70.0
	5
	50.0

	Government employee
	0
	0
	1
	10.0

	Type of house
	
	
	
	

	Katcha house
	2
	20.0
	7
	70.0

	Pacca house
	8
	80.0
	3
	30.0

	Marital status
	
	
	
	

	Married
	10
	100.0
	9
	90.0

	Unmarried
	0
	0
	1
	10.0

	Type of family
	
	
	
	

	Nuclear 
	8
	80.0
	8
	80.0

	Joint
	2
	20.0
	2
	20.0

	Income
	
	
	
	

	<2 lakhs
	3
	30.0
	6
	60.0

	2 – 4 lakhs
	5
	50.0
	4
	40.0

	>4 lakhs
	2
	20.0
	0
	0


	Table:1 Shows the frequency and percentage distribution in the experimental and control groups on the basis of demographic variables. Example: age. It shows that, in experimental group, more than one third 5 (50 %) were in the 56-60 age group, whereas 4(40%) in the control group were between 56 - 60. The mean ages of the participants in the control and the experimental groups were 56.61 and 48.20 years respectively.

Table 2: Frequency аnd percentаge distribution of the level of lower extremity perfusion among patients with diabetes mellitus according to the clinical variables in experimental and control group.
N = 20(10+10)
	Clinical Variables
	Experimental Group
	Control Group

	
	F
	%
	F
	%

	Dietary pattern
	
	
	
	

	Vegetarian
	2
	20.0
	3
	30.0

	Non-vegetarian
	8
	80.0
	7
	70.0

	Type of activities
	
	
	
	

	Sedentary worker
	0
	0
	4
	40.0

	Moderate worker
	7
	70.0
	5
	50.0

	Heavy worker
	3
	30.0
	1
	10.0

	Body Mass Index
	
	
	
	

	Underweight
	0
	0
	3
	30.0

	Healthy weight
	7
	70.0
	3
	30.0

	Overweight
	2
	20.0
	4
	40.0

	Obesity
	1
	10.0
	0
	0

	Alcoholism
	
	
	
	

	Yes
	2
	20.0
	3
	30.0

	No
	8
	80.0
	7
	70.0

	Chronicity of diabetes mellitus
	
	
	
	

	Below 1 year
	1
	10.0
	2
	20.0

	1 – 4 years
	2
	20.0
	4
	40.0

	5 – 8 years
	3
	30.0
	1
	10.0

	Above 8 years
	4
	40.0
	3
	30.0

	Duration of taking anti diabetic drug
	
	
	
	

	Below 1 year
	1
	10.0
	2
	20.0

	Above 1 year – 3 years
	3
	30.0
	4
	40.0

	Above 3 years - 4 years
	1
	10.0
	1
	10.0

	Above 4 years
	5
	50.0
	3
	30.0

	Cardiac Disease
	
	
	
	

	Yes
	3
	30.0
	2
	20.0

	No
	7
	70.0
	8
	80.0

	Renal disease
	
	
	
	

	Yes
	3
	30.0
	1
	10.0

	No
	7
	70.0
	9
	90.0

	Family history of peripheral vascular disease
	
	
	
	

	Yes
	4
	40.0
	1
	10.0

	No
	6
	60.0
	9
	90.0

	Hypertension
	
	
	
	

	Yes
	5
	50.0
	4
	40.0

	No
	5
	50.0
	6
	60.0

	Anemia	
	
	
	
	

	No 
	2
	20.0
	2
	20.0

	Mild
	6
	60.0
	6
	60.0

	Moderate
	2
	20.0
	1
	10.0

	Severe
	0
	0
	1
	10.0

	Stroke
	
	
	
	

	Yes
	4
	40.0
	0
	0

	No
	6
	60.0
	10
	100.0

	Mode of treatment
	
	
	
	

	OHA
	5
	50.0
	3
	30.0

	Insulin
	0
	0
	2
	20.0

	OHA / Insulin
	5
	50.0
	5
	50.0

	RBS
	
	
	
	

	<140 mg/dl
	0
	0
	1
	10.0

	140 – 199 mg/dl
	4
	40.0
	4
	40.0

	200 – 299 mg/dl
	5
	50.0
	5
	50.0

	≥300 mg/dl
	1
	10.0
	0
	0

	HbA1c
	
	
	
	

	7 – 8.5%
	3
	30.0
	7
	70.0

	8.6 – 10%
	3
	30.0
	2
	20.0

	>10%
	4
	40.0
	1
	10.0


Table:2 Shows the frequency and percentage distribution in the experimental and control groups on the basis of clinical variables.
Table 3: Comparison of pretest and post tests Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus between the experimental and control group (Two-way ANOVA Repeated Measures Test with Bonferroni multiple Comparison)
N=20(10+10)
	Source
	F
value
	P
Value
	Repeated contrast test

	Between Subjects 
	

	Groups 
	45.525
	0.0001*
	

	Within subjects
	Comparison
	Group
	Mean difference
	F
Value
	P
Value

	Assessment
	49.553
	0.0001*
	Pretest
Vs
Post test 1
	2.650
	60.05
	0.0001*

	
	
	
	Post test 1
Vs
Post test 2
	0.700
	14.23
	0.0001*

	
	
	
	Post test 2
Vs
Post test 3
	1.400
	36.0
	0.0001*

	Assessment
*Group
	97.161
	0.0001*
	Pretest
Vs
Post test 1
	EG
	5.000
	66.05
	0.0001*

	
	
	
	
	CG
	0.300
	
	

	
	
	
	Post test 1
Vs
Post test 2
	EG
	1.500
	36.0
	0.0001*

	
	
	
	
	CG
	0.100
	
	

	
	
	
	Post test 2
Vs
Post test 3
	EG
	2.800
	29.89
	0.0001*

	
	
	
	
	CG
	0.000
	
	


EG- Experimental group.  CG – Control Group.
S – Significant at P < 0.05 level                               
* Interaction effect
Table 3 shows the comparison of pre test & post test I, II, and III peripheral perfusion score among experimental group and control group. The mean difference was 2.67 in pretest vs post test I, 0.5 in posttest I vs post test II and 1.4 in post test II vs post test III, which is statistically significant at 0.05 levels. The result reveals a significant difference between the pretest and the posttest I, II, and III mean peripheral perfusion score of right leg in the experimental group. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.

Table 4: Multiple comparison of mean Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus in experimental and control group.
N=20(10+10)
	Assessment
	Group
	Mean
	S.D
	ANOVA
	Posthoc Bonferroni “t” test

	
	
	
	
	F-Value
	p-value
	Comparison
	M.D
	p-value

	Pretest
	Experimental Group
	14.30
	4.00
	0.623
	0.440
	Experimental
Vs.
Control
	1.300
	0.090

	
	Control Group
	13.00
	3.33
	
	
	
	
	

	Posttest-I
	Experimental Group
	9.30
	3.27
	5.774
	0.027*
	Experimental
Vs.
Control
	3.400
	0.001*

	
	Control Group
	12.70
	3.06
	
	
	
	
	

	Posttest-II
	Experimental Group
	7.80
	2.89
	15.712
	0.001*
	Experimental
Vs.
Control
	5.000
	0.0001*

	
	Control Group
	12.80
	2.74
	
	
	
	
	

	Posttest-III
	Experimental Group
	5.00
	1.63
	59.777
	0.0001*
	Experimental
Vs.
Control
	7.800
	0.0001*

	
	Control Group
	12.80
	2.74
	
	
	
	
	


*p<0.05 – Significant
Table 4 shows the comparison of pre test & post test I, II and III peripheral perfusion score  among experimental group and control group. The mean value was 14.30 (SD 4) in pretest experimental group and 13 (SD 4) in pretest control group. The mean value was 9.3 (SD 3.27) in posttest I experimental group and 12.70 (SD 3.06) in posttest I control group. The mean value was 7.80 (SD 2.89) in posttest II experimental group and 12.80 (SD 2.74) in posttest II control group. The mean value was 5 (SD 1.63) in posttest III experimental group and 12.80 (SD 2.74) in posttest III control group. The result reveals a significant difference between the pretest and the posttest I, II, and III mean peripheral perfusion score in the experimental group. 
It shows the comparison of pre test & post test I, II and III peripheral perfusion score (right leg) among experimental group and control group. The pre test F value is 0.623, the mean difference of pretest experimental vs control group is 1.3. The post test I, F value is 5.774, the mean difference of posttest I experimental vs control group is 3.4. The post test II, F value is 15.712, the mean difference of posttest II experimental vs control group is 5.0. The post test III, F value is 59.777, the mean difference of posttest III experimental vs control group is 7.8. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.


Table 5: Comparison of pretest and post tests mean Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus in experimental and control group by using Repeated Measures ANOVA (RM ANOVA).
N=20(10+10)
	Group
	Foot Peripheral Perfusion
	Mean
	S.D
	Mean Difference
	RM ANOVA “F” & 
p-value

	Experimental Group
	Pretest
	14.30
	4.00
	9.30
	F = 89.764
p=0.0001
S*

	
	Post Test 1
	9.30
	3.27
	
	

	
	Post Test 2
	7.80
	2.89
	
	

	
	Post Test 3
	5.00
	1.63
	
	

	Control Group
	Pretest
	13.00
	3.33
	0.20
	F = 0.241
p=0.734
N.S

	
	Post Test 1
	12.70
	3.06
	
	

	
	Post Test 2
	12.80
	2.74
	
	

	
	Post Test 3
	12.80
	2.74
	
	


*p<0.05, S – Significant					N.S – Not Significant, p>0.05


Table 5 shows that the F value of pretest and post tests mean Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus in experimental group is 89.764 which is statistically significant comparing to the F value of control group is 0.241 which is statistically not significant by using Repeated Measures ANOVA (RM ANOVA). Thus the researcher has to accept the research hypothesis.

Table 6: Pairwise comparison of mean Foot Peripheral Perfusion score (Right Leg) among clients with Type II diabetes mellitus in experimental and control group.
N=20(10+10)
	Group
	Time
	Mean
	S.D
	Mean Difference
	Paired “t” test

	
	
	
	
	
	t-Value
	p-value

	Experimental group
	Pretest
	14.30
	4.00
	5.00
	9.682
	0.0001*
(S)

	
	Post Test 1
	9.30
	3.27
	
	
	

	
	Post Test 1
	9.30
	3.27
	1.50
	5.582
	0.0001*
(S)

	
	Post Test 2
	7.80
	2.89
	
	
	

	
	Post Test 2
	7.80
	2.89
	2.80
	6.332
	0.0001*
(S)

	
	Post Test 3
	5.00
	1.63
	
	
	

	
	Pretest
	14.30
	4.00
	9.30
	10.391
	0.0001*
(S)

	
	Post Test 3
	5.00
	1.63
	
	
	

	Control Group
	Pretest
	13.00
	3.33
	0.30
	0.818
	0.434
(N.S)

	
	Post Test 1
	12.70
	3.06
	
	
	

	
	Post Test 1
	12.70
	3.06
	-0.10
	-0.557
	0.591
(N.S)

	
	Post Test 2
	12.80
	2.74
	
	
	

	
	Post Test 2
	12.80
	2.74
	0.00
	0.000
	1.000
(N.S)

	
	Post Test 3
	12.80
	2.74
	
	
	

	
	Pretest
	13.00
	3.33
	0.20
	0.391
	0.705
(N.S)

	
	Post Test 3
	12.80
	2.74
	
	
	


*p<0.05 – Significant						N.S – Not Significant, p>0.05
Table 6 shows the paired ‘t’ test value of mean Foot Peripheral Perfusion score (Right Leg) among clients with Type II diabetes mellitus in control group is 0.391, which is statistically not significant and  the paired ‘t’ test value of  of mean Foot Peripheral Perfusion score (Right Leg) among clients with Type II diabetes mellitus in experimental group is 10.394, which is more than the table value, hence it is considered as statistically significant. Thus the null hypothesis is rejected.

Table 7: Comparison of pretest and post tests Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus between the experimental and control group (Two-way ANOVA Repeated Measures Test with Bonferroni multiple Comparison)
N=20(10+10)
	Source
	F
value
	P
value
	Repeated contrast test

	Between Subjects 
	

	Groups 
	36.424
	0.0001*
	

	Within subjects
	Comparison
	Group
	Mean difference
	F
Value
	P
Value

	Assessment
	187.284
	0.0001*
	Pretest
Vs
Post test 1
	2.900
	315.37
	0.0001*

	
	
	
	Post test 1
Vs
Post test 2
	1.100
	57.32
	0.0001*

	
	
	
	Post test 2
Vs
Post test 3
	1.750
	88.20
	0.0001*

	Assessment
*Group
	291.21
	0.0001*
	Pretest
Vs
Post test 1
	EG
	5.900
	324.0
	0.0001*

	
	
	
	
	CG
	-0.100
	
	

	
	
	
	Post test 1
Vs
Post test 2
	EG
	1.900
	22.15
	0.001*

	
	
	
	
	CG
	0.300
	
	

	
	
	
	Post test 2
Vs
Post test 3
	EG
	3.200
	109.69
	0.0001*

	
	
	
	
	CG
	0.300
	
	


EG- Experimental group.  CG – Control Group.
S – Significant at P < 0.05 level                               
* Interaction effect

Table 7 shows the comparison of pre test & post test I, II and III peripheral perfusion score among experimental group and control group. The mean difference was 2.9 in pretest vs post test I, 1.1 in posttest I vs post test II and 1.75 in post test II vs post test III, which is statistically significant at 0.05 levels. The result reveals a significant difference between the pretest and the posttest I, II, and III mean peripheral perfusion score of right leg in the experimental group. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.
Table 8: Multiple comparison of mean Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus in experimental and control group.
N=20(10+10)
	Assessment
	Group
	Mean
	S.D
	ANOVA
	Posthoc Bonferroni “t” test

	
	
	
	
	F-Value
	p-value
	Comparison
	M.D
	p-value

	Pretest
	Experimental Group
	17.50
	4.06
	0.802
	0.440
	Experimental
Vs.
Control
	1.600
	0.053

	
	Control Group
	15.90
	3.93
	
	
	
	
	

	Posttest-I
	Experimental Group
	11.60
	3.50
	7.129
	0.016*
	Experimental
Vs.
Control
	4.400
	0.0001*

	
	Control Group
	16.00
	3.86
	
	
	
	
	

	Posttest-II
	Experimental Group
	9.70
	3.06
	15.713
	0.001*
	Experimental
Vs.
Control
	6.000
	0.0001*

	
	Control Group
	15.70
	3.68
	
	
	
	
	

	Posttest-III
	Experimental Group
	6.50
	2.37
	46.023
	0.0001*
	Experimental
Vs.
Control
	8.900
	0.0001*

	
	Control Group
	15.40
	3.40
	
	
	
	
	


*p<0.05 – Significant
Table 8 shows the comparison of pre test & post test I, II and III peripheral perfusion score  among experimental group and control group. The pre test F value is 0.802, the mean difference of pretest experimental vs control group is 1.6. The post test I, F value is 7.129, the mean difference of posttest I experimental vs control group is 4.4. The post test II, F value is 15.713, the mean difference of posttest II experimental vs control group is 6.0. The post test III, F value is 46.023, the mean difference of posttest III experimental vs control group is 8.9. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.

Table 9: Comparison of pretest and post tests mean Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus in experimental and control group by using Repeated Measures ANOVA (RM ANOVA).
N=20(10+10)
	Group
	Foot Peripheral Perfusion
	Mean
	S.D
	Mean Difference
	RM ANOVA “F” & 
p-value

	Experimental Group
	Pretest
	17.50
	4.06
	11.0
	F = 296.353
p=0.0001
S*

	
	Post Test 1
	11.60
	3.50
	
	

	
	Post Test 2
	9.70
	3.06
	
	

	
	Post Test 3
	6.50
	2.37
	
	

	Control Group
	Pretest
	15.90
	3.93
	0.500
	F = 2.953
p=0.078
N.S

	
	Post Test 1
	16.00
	3.86
	
	

	
	Post Test 2
	15.70
	3.68
	
	

	
	Post Test 3
	15.40
	3.40
	
	


*p<0.05, S – Significant					N.S – Not Significant, p>0.05

Table 9 shows that the F value of pretest and post tests mean Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus in experimental group is 296.353 which is statistically significant comparing to the F value of control group is 2.953 which is statistically not significant by using Repeated Measures ANOVA (RM ANOVA). Thus the researcher has to accept the research hypothesis.


Table 10: Pairwise comparison of mean Foot Peripheral Perfusion score (Left Leg) among clients with Type II diabetes mellitus in experimental and control group.
N=20(10+10)
	Group
	Time
	Mean
	S.D
	Mean Difference
	Paired “t” test

	
	
	
	
	
	t-Value
	p-value

	Experimental group
	Pretest
	17.50
	4.06
	5.90
	18.762
	0.0001*
(S)

	
	Post Test 1
	11.60
	3.50
	
	
	

	
	Post Test 1
	11.60
	3.50
	1.90
	8.143
	0.0001*
(S)

	
	Post Test 2
	9.70
	3.06
	
	
	

	
	Post Test 2
	9.70
	3.06
	3.20
	12.829
	0.0001*
(S)

	
	Post Test 3
	6.50
	2.37
	
	
	

	
	Pretest
	17.50
	4.06
	11.00
	19.721
	0.0001*
(S)

	
	Post Test 3
	6.50
	2.37
	
	
	

	Control Group
	Pretest
	15.90
	3.93
	-0.10
	-1.000
	0.343
(N.S)

	
	Post Test 1
	16.00
	3.86
	
	
	

	
	Post Test 1
	16.00
	3.86
	0.30
	1.406
	0.193
(N.S)

	
	Post Test 2
	15.70
	3.68
	
	
	

	
	Post Test 2
	15.70
	3.68
	0.30
	1.406
	0.193
(N.S)

	
	Post Test 3
	15.40
	3.40
	
	
	

	
	Pretest
	15.90
	3.93
	0.50
	1.861
	0.096
(N.S)

	
	Post Test 3
	15.40
	3.40
	
	
	


*p<0.05 – Significant						N.S – Not Significant, p>0.05

Table 10 shows the paired ‘t’ test value of mean Foot Peripheral Perfusion score (Left Leg) among clients with Type II diabetes mellitus in control group is 1.861, which is statistically not significant and  the paired ‘t’ test value of  of mean Foot Peripheral Perfusion score (Left Leg) among clients with Type II diabetes mellitus in experimental group is 19.721, which is more than the table value, hence it is considered as statistically significant. Thus the null hypothesis is rejected.

RESULT AND DISCUSSION

The mаin аim of the study wаs to assess the effectiveness of Buerger Allen exercise on level of lower extremity perfusion among patients with type 2 diabetes mellitus in selected hospitals at Coimbatore.
True experimental pre test post test repeated measure control group design was adopted in this study. The tool consists of demographic variables, clinical variables, diabetic foot peripheral perfusion assessment tool for selected clinical features of PVD to assess the Lower extremity perfusion. This pilot study was conducted on 20 patients admitted with type 2diabetes mellitus who met the inclusion criteria and selected by probability systematic sampling technique. After the selection of sample, the level of PVD was assessed by using the diabetic foot peripheral perfusion assessment tool. Buerger Allen Exercise intervention was administered three times per day with 6 hours interval for the period of 15 days on patients with type 2 diabetes mellitus. On  5th, 10th and 15th days of Buerger Allen Exercise, post test was conducted on the samples using the diabetic foot peripheral perfusion assessment tool. The descriptive statistics (frequency, percentage, mean, standard deviation) and inferential statistics (‘chi’squаre, pаired t test, ANOVA, RMANOVA) were used to analyze the data and to test the study hypotheses.


Demographic Variables (Table 1)
Table 1 presents the frequency and percentage distribution of participants according to demographic variables in both experimental and control groups.
In the experimental group, half of the participants (50%) were aged 56–60 years, while in the control group, 40% were in the same age category. The majority of participants in both groups were male (80% in experimental; 70% in control).
Regarding education, most participants in the experimental group had secondary education (60%), whereas in the control group, half (50%) had primary education. Most participants were private employees (70% in experimental; 50% in control).
The majority of participants in the experimental group lived in pucca houses (80%), while 70% of the control group lived in katcha houses. All participants in the experimental group (100%) and most in the control group (90%) were married. Nuclear family structure was predominant in both groups (80%).
In terms of annual income, 50% of participants in the experimental group earned 2–4 lakhs per year, whereas 60% of the control group earned less than 2 lakhs annually.
Overall, the demographic characteristics of both groups were reasonably comparable.
Clinical Variables (Table 2)
Table 2 shows the frequency and percentage distribution of participants according to clinical variables.
The majority of participants in both groups were non-vegetarians (80% in experimental; 70% in control). Most participants were moderate workers (70% in experimental; 50% in control).
With respect to BMI, 70% of the experimental group had healthy weight, while 40% of the control group were overweight. Most participants in both groups were non-alcoholic (80% experimental; 70% control).
Regarding duration of diabetes, 40% of the experimental group had diabetes for more than 8 years, while 40% of the control group had diabetes for 1–4 years. Half of the experimental group (50%) had been taking antidiabetic drugs for more than 4 years.
Hypertension was present in 50% of the experimental group and 40% of the control group. Mild anemia was observed in 60% of participants in both groups. Stroke was reported in 40% of the experimental group, whereas none in the control group had a history of stroke.
Regarding treatment modality, 50% of participants in both groups were on combined OHA and insulin therapy. Most participants in both groups had RBS levels between 200–299 mg/dl (50%). HbA1c levels above 10% were observed in 40% of the experimental group and 10% of the control group.
Overall, the clinical characteristics between the two groups were comparable, though minor variations were observed.

Right Leg – Foot Peripheral Perfusion Scores
Two-Way Repeated Measures ANOVA (Table 3)
A two-way repeated measures ANOVA with Bonferroni correction demonstrated a statistically significant main effect of group (F = 45.525, p < 0.001), time/assessment (F = 49.553, p < 0.001), and a significant group × time interaction effect (F = 97.161, p < 0.001).
Post-hoc comparisons showed significant improvements in perfusion scores across:
· Pretest vs Posttest I (MD = 2.65, p < 0.001)
· Posttest I vs Posttest II (MD = 0.70, p < 0.001)
· Posttest II vs Posttest III (MD = 1.40, p < 0.001)
The interaction analysis revealed that the experimental group showed marked improvement across all time points, whereas the control group demonstrated minimal or no change.

Between-Group Comparison at Each Time Point (Table 4)
At baseline, no statistically significant difference was observed between groups (F = 0.623, p = 0.440).
However, significant differences emerged post-intervention:
· Posttest I: F = 5.774, p = 0.027
· Posttest II: F = 15.712, p = 0.001
· Posttest III: F = 59.777, p < 0.001
Mean scores in the experimental group progressively reduced from 14.30 ± 4.00 (pretest) to 5.00 ± 1.63 (posttest III), while the control group scores remained relatively unchanged.

Within-Group Analysis (Repeated Measures ANOVA – Table 5)
Experimental group:
· F = 89.764, p < 0.001 (statistically significant)
Control group:
· F = 0.241, p = 0.734 (not significant)
This indicates a significant improvement over time in the experimental group only.

Pairwise Comparison (Table 6)
Paired t-tests in the experimental group showed significant differences between all time points (p < 0.001).
In contrast, no significant changes were observed in the control group (p > 0.05).


Left Leg – Foot Peripheral Perfusion Scores

Two-Way Repeated Measures ANOVA (Table 7)
There was a statistically significant main effect of:
· Group (F = 36.424, p < 0.001)
· Time (F = 187.284, p < 0.001)
· Group × Time interaction (F = 291.21, p < 0.001)
Significant improvements were observed between:
· Pretest vs Posttest I (MD = 2.90, p < 0.001)
· Posttest I vs Posttest II (MD = 1.10, p < 0.001)
· Posttest II vs Posttest III (MD = 1.75, p < 0.001)

Between-Group Comparison (Table 8)
No significant baseline difference was found (F = 0.802, p = 0.440).
Post-intervention comparisons revealed significant differences:
· Posttest I: F = 7.129, p = 0.016
· Posttest II: F = 15.713, p = 0.001
· Posttest III: F = 46.023, p < 0.001
The experimental group mean reduced from 17.50 ± 4.06 (pretest) to 6.50 ± 2.37 (posttest III), whereas the control group showed minimal variation.
Within-Group Analysis (Repeated Measures ANOVA – Table 9)
Experimental group:
· F = 296.353, p < 0.001 (statistically significant)
Control group:
· F = 2.953, p = 0.078 (not significant)

Pairwise Comparison (Table 10)
Significant improvements were observed in the experimental group at all time comparisons (p < 0.001).
No statistically significant changes were observed in the control group (p > 0.05).

Overall Interpretation
The findings demonstrate a statistically significant improvement in foot peripheral perfusion scores in both right and left legs among participants in the experimental group following Buerger-Allen Exercise. No significant improvement was observed in the control group.
The null hypothesis is therefore rejected, and the research hypothesis is accepted, indicating that Buerger-Allen Exercise is effective in improving lower extremity perfusion among clients with Type II Diabetes Mellitus.

The first objective of the study was to assess the levels of lower extremity perfusion among patients with type 2 diabetes mellitus in both experimental and control group.
Table 3 shows the comparison of pre test & post test I, II, and III peripheral perfusion score (right leg) among experimental group and control group. The mean difference was 2.67 in pretest vs post test I, 0.5 in posttest I vs post test II and 1.4 in post test II vs post test III, which is statistically significant at 0.05 levels. The result reveals a significant difference between the pretest and the posttest I, II, and III mean peripheral perfusion score of right leg in the experimental group. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.
Table 7 shows the comparison of pre test & post test I, II and III peripheral perfusion score (left leg) among experimental group and control group. The mean difference was 2.9 in pretest vs post test I, 1.1 in posttest I vs post test II and 1.75 in post test II vs post test III, which is statistically significant at 0.05 levels. The result reveals a significant difference between the pretest and the posttest I, II, and III mean peripheral perfusion score of right leg in the experimental group. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.

The findings of the present study are supported by previous research. Likhila Abraham (2015) conducted a pre-experimental, one-group pretest–posttest study to assess the effectiveness of a structured teaching programme on knowledge of varicose veins and the practice of Buerger–Allen exercises in improving peripheral perfusion among 60 male workers in a tile factory in Mangalore. Participants were selected using a simple random sampling technique. Knowledge regarding varicose veins was evaluated through interviews, while peripheral perfusion was assessed using a structured checklist. The pretest results indicated a mean peripheral perfusion score of 18.33, with 39 participants (65%) exhibiting mild symptoms and 21 participants (35%) demonstrating moderate symptoms of reduced perfusion.
Similarly, Balaha et al. (2010) investigated the effect of Buerger exercises on lower extremity perfusion in 250 patients admitted to medical wards at King Faisal University Hospital, Saudi Arabia. Peripheral arterial disease (PAD) was diagnosed using the ankle–brachial index (ABI), with PAD detected in 35.6% of patients: 45% mild, 32.6% moderate, and 22.4% severe. These findings corroborate the present study, which observed reduced lower extremity perfusion among patients with type 2 diabetes mellitus.

The second objective of the study to evaluate the effectiveness of buergerallen exercise on levels of lower extremity perfusion among patients with type 2 diabetes mellitus in experimental group.
After Buerger Allen Exercise post test was conducted on 3 phases.
Table 4 shows the comparison of pre test & post test I, II and III peripheral perfusion score (right leg) among experimental group and control group. The mean value was 14.30 (SD 4) in pretest experimental group and 13 (SD 4) in pretest control group. The mean value was 9.3 (SD 3.27) in posttest I experimental group and 12.70 (SD 3.06) in posttest I control group. The mean value was 7.80 (SD 2.89) in posttest II experimental group and 12.80 (SD 2.74) in posttest II control group. The mean value was 5 (SD 1.63) in posttest III experimental group and 12.80 (SD 2.74) in posttest III control group. The result reveals a significant difference between the pretest and the posttest I, II, and III mean peripheral perfusion score in the experimental group. 
It shows the comparison of pre test & post test I, II and III peripheral perfusion score (right leg) among experimental group and control group. The pre test F value is 0.623, the mean difference of pretest experimental vs control group is 1.3. The post test I, F value is 5.774, the mean difference of posttest I experimental vs control group is 3.4. The post test II, F value is 15.712, the mean difference of posttest II experimental vs control group is 5.0. The post test III, F value is 59.777, the mean difference of posttest III experimental vs control group is 7.8. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.
Table 5 shows that the F value of pretest and post tests mean Foot Peripheral Perfusion scores (Right Leg) among clients with Type II diabetes mellitus in experimental group is 89.764 which is statistically significant comparing to the F value of control group is 0.241 which is statistically not significant by using Repeated Measures ANOVA (RM ANOVA). Thus the researcher has to accept the research hypothesis.
Table 6 shows the paired ‘t’ test value of mean Foot Peripheral Perfusion score (Right Leg) among clients with Type II diabetes mellitus in control group is 0.391, which is statistically not significant and  the paired ‘t’ test value of  of mean Foot Peripheral Perfusion score (Right Leg) among clients with Type II diabetes mellitus in experimental group is 10.394, which is more than the table value, hence it is considered as statistically significant. Thus the null hypothesis is rejected.
Table 8 shows the comparison of pre test & post test I, II and III peripheral perfusion score (left leg) among experimental group and control group. The pre test F value is 0.802, the mean difference of pretest experimental vs control group is 1.6. The post test I, F value is 7.129, the mean difference of posttest I experimental vs control group is 4.4. The post test II, F value is 15.713, the mean difference of posttest II experimental vs control group is 6.0. The post test III, F value is 46.023, the mean difference of posttest III experimental vs control group is 8.9. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.
Table 9 shows that the F value of pretest and post tests mean Foot Peripheral Perfusion scores (Left Leg) among clients with Type II diabetes mellitus in experimental group is 296.353 which is statistically significant comparing to the F value of control group is 2.953 which is statistically not significant by using Repeated Measures ANOVA (RM ANOVA). Thus the researcher has to accept the research hypothesis.
Table 10 shows the paired ‘t’ test value of mean Foot Peripheral Perfusion score (Left Leg) among clients with Type II diabetes mellitus in control group is 1.861, which is statistically not significant and  the paired ‘t’ test value of  of mean Foot Peripheral Perfusion score (Left Leg) among clients with Type II diabetes mellitus in experimental group is 19.721, which is more than the table value, hence it is considered as statistically significant. Thus the null hypothesis is rejected.

Jissy Jacob(2013) Effectiveness of Buerger Allen Exercise on Peripheral Perfusion among patients with Type 2 Diabetes Mellitus in selected hospital, Bangalore. In this study also depicted that   after the Buerger allen exercise in experimental group, the post test mean score of lower extremity perfusion among Type 2 DM was highest
2.40 (8.57%), which was improved than compared to the control group.

Priyanka Jayakumar (2014) a quasi experimental pre and post test control group design circulation among clients with diabetes mellitus in selected hospitals at Bangalore. The findings of the study revealed that post test mean score was 6.18, with stаndard deviаtion 2.2 pаired ‘t’ test vаlue is 11.12 which is stаtisticаlly significаntat p< 0.05 level.

The third objective of the study was to find out the association between the post test levels of lower extremity perfusion among patients with type 2 diabetes mellitus and selected demographic variables.

The ‘chi’ squаre test wаs cаlculаted to find out the association between the pretest levels of lower extremity perfusion and selected demogrаphic vаriаbles such аs type of family (χ2 vаlue 10.0 df 2) which is Significant at p<0.05 level. where аs other demogrаphic vаriаbles аre not Significant at p <0.05 level. Therefore the reseаrcher pаrtiаlly reject the null hypothesis аnd pаrtiаlly аccepts the reseаrch hypothesis for except type of family.
The ‘chi’ squаre test wаs cаlculаted to find out the association between the pretest levels of lower extremity perfusion and selected clinical vаriаbles, which is Significant at p<0.05 level. whereas none of the clinical vаriаbles аre Significant at p <0.05 level. Therefore, the null hypothesis was accepted and hence the research hypothesis (H4) was rejected.



.	Pranitha (2010) conducted to determine the effectiveness of Buerger Allen Exercise on lower extremity perfusion. It concluded thаt the computed ‘chi’square value showed that there was no association between pre-test peripheral perfusion with selected variables such as age, education, BMI and dietary pattern at p<0.05 level of significance.

This study was supported by NishaGhimire (2013) conducted to determine the effectiveness of Buergerallen exercises in improving peripheral perfusion among Type II diabetes mellitus patients admitted in selected hospitals at Mangalore. The study results shows that chi-square value of occupation, type of work are statistically significant at p<0.05 level.


SUMMARY, NURSING IMPLICATIONS AND RECOMMENDATIONS

[bookmark: _GoBack]The present study aimed to evaluate the effectiveness of Buerger–Allen exercises on lower extremity perfusion among patients with type 2 diabetes mellitus in selected hospitals in Coimbatore. Specifically, the study was conducted at Mallika Nursing Home, Coimbatore, to assess the impact of these exercises on peripheral perfusion in patients admitted with type 2 diabetes mellitus. A review of the literature was conducted using both primary and secondary sources, which informed the selection of the research problem, the development of the assessment tool, and the conceptual framework. The study applied a modified version of Wiedenbach’s Helping Art of Clinical Nursing Theory (1970) as the guiding framework. A true experimental, pretest–posttest repeated-measures control group design was employed. The data collection tool comprised three sections: Section A included eight demographic variables; Section B contained 15 clinical variables; and Section C consisted of 11 items from the diabetic foot peripheral perfusion assessment scale developed by the researcher. Tool validity was established through review by 16 experts, and revisions were made based on their recommendations. A pilot study was conducted over a three-month period (February–April 2025) to determine feasibility, which confirmed that the main study could proceed. Ethical clearance and institutional permission were obtained from the director of Mallika Nursing Home, and informed consent was secured from 20 patients meeting the inclusion criteria. Participants were selected using a probability systematic sampling technique. Baseline lower extremity perfusion was assessed using the diabetic foot peripheral perfusion assessment tool. Subsequently, Buerger–Allen exercises were administered three times daily, at six-hour intervals, over a 15-day period. Post-intervention assessments were conducted on days 5, 10, and 15 using the same assessment tool. Data analysis included descriptive statistics (frequency, percentage, mean, and standard deviation) and inferential statistics to test hypotheses. Paired t-tests, ANOVA, repeated-measures ANOVA, and chi-square tests were employed, with statistical significance set at p < 0.05.
Mаjor findings of the study
Distribution of pre test аnd post test level of lower extremity perfusion among patient with type 2 diabetes mellitus in both experimental and control group
The study findings reveal that the level of lower extremity perfusion during pretest were 3 (30%) among the samples had moderate inadequate perfusion, 5 (50%) had severe and 2 (20%) had profound inadequate perfusion in right leg of experimental group. 2 (20%) of population had moderate inadequate perfusion, 7 (70%) had severe and 1 (10%) had profound inadequate perfusion in right leg of control group. 5 (50%) among the samples had moderate inadequate perfusion, 4 (40%) had severe and 1 (10%) had profound inadequate perfusion in left leg of experimental group. 4 (40%) of population had moderate inadequate perfusion, 5 (50%) had severe and 1 (10%) had profound inadequate perfusion in left leg of control group. The score was gradually increased from post test –I to post test -3 about 40%. But in the control group only 10% of increase in the score. Thus the intervention made a significant change in the experimental group compared to the control group.
Comparison of post test level of lower extremity perfusion among patient with diabetes mellitus in experimental and control group
The obtained lower extremity perfusion comparison score of pre test & post test I, II and III (right leg) among experimental group and control group. The pre test F value is 0.623, the mean difference of pretest experimental vs control group is 1.3. The post test I, F value is 5.774, the mean difference of posttest I experimental vs control group is 3.4. The post test II, F value is 15.712, the mean difference of posttest II experimental vs control group is 5.0. The post test III, F value is 59.777, the mean difference of posttest III experimental vs control group is 7.8. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.
The obtained lower extremity perfusion comparison score of pre test & post test I, II and III (right leg) among experimental group and control group. The pre test F value is 0.802, the mean difference of pretest experimental vs control group is 1.6. The post test I, F value is 7.129, the mean difference of posttest I experimental vs control group is 4.4. The post test II, F value is 15.713, the mean difference of posttest II experimental vs control group is 6.0. The post test III, F value is 46.023, the mean difference of posttest III experimental vs control group is 8.9. No support for the null hypothesis is seen from the above findings. The researcher is driven to accept the research hypothesis.
Association between the post test level of lower extremity perfusion among patients with type2 diabetes mellitus in experimentаl аnd control group with their selected demographic variables
The ‘chi’ squаre test wаs cаlculаted to find out the association between the pretest levels of lower extremity perfusion and selected demogrаphic vаriаbles such аs type of family (χ2 vаlue 10.0 df 2) which is Significant at p<0.05 level. where аs other demogrаphic vаriаbles аre not Significant at p <0.05 level. Therefore the reseаrcher pаrtiаlly reject the null hypothesis аnd pаrtiаlly аccepts the reseаrch hypothesis for except type of family.
The ‘chi’ squаre test wаs cаlculаted to find out the association between the pretest levels of lower extremity perfusion and selected clinical vаriаbles, which is Significant at p<0.05 level. whereas none of the clinical vаriаbles аre Significant at p <0.05 level. Therefore, the null hypothesis was accepted and hence the research hypothesis (H4) was rejected.

CONCLUSION
The present study evaluated the effectiveness of Buerger–Allen Exercise on lower extremity perfusion among patients with Type 2 Diabetes Mellitus admitted to Mallika Nursing Home, Coimbatore. The study included 20 participants, with 10 in the experimental group and 10 in the control group, and was conducted over a period of three months.
Baseline assessment revealed that most participants had inadequate or severely inadequate peripheral perfusion. Following the intervention, participants in the experimental group demonstrated marked improvement, with perfusion levels shifting to adequate and moderately adequate categories. No participants in the experimental group remained in the inadequate categories after the intervention.
Statistical analysis using Independent t-test, Paired t-test, Post hoc Bonferroni test, and Repeated Measures ANOVA showed a significant improvement in peripheral perfusion in the experimental group compared to the control group. No significant improvement was observed in the control group. The association between pretest perfusion scores and selected demographic and clinical variables was analyzed using the Chi-square test.
The findings of the study conclude that Buerger–Allen Exercise is an effective non-pharmacological intervention for improving lower extremity peripheral perfusion among patients with Type 2 Diabetes Mellitus. The study recommends that education and training regarding Buerger–Allen Exercise should be incorporated into routine patient care to promote vascular health and prevent complications.

Consent 
As per international standards or university standards, Participants’ written consent has been collected and preserved by the author(s).

NURSING IMPLICATIONS
The findings of the study on the effectiveness of Buerger Allen Exercise in improving lower extremity perfusion among patients with type 2 diabetes mellitus have implications in nursing practice, education, administration, and research.
Nursing Practice
Nurses can incorporate Buerger Allen Exercise as a simple, non-pharmacological intervention in routine care. Health education regarding its benefits can help diabetic patients reduce the risk of peripheral vascular complications. Evidence-based practice should be encouraged.
Nursing Education
Nurse educators can train students to practice and demonstrate Buerger Allen Exercise. It can be included in in-service education and continuing nursing education programs to enhance knowledge and skills.
Nursing Administration
Nurse administrators can develop and implement standard protocols for Buerger Allen Exercise for patients with type 2 diabetes mellitus and those at risk of decreased lower extremity perfusion.
Nursing Research
Further research can be conducted on larger samples and in different settings. Dissemination of findings can promote evidence-based practice in nursing care.

LIMITATION AND DIFFICULTIES IDENTIFIED
1. The sample size wаs smаll (20) hence generаlizаtion is not possible for а lаrge populаtion.
2. Though the intervention is intended to be for the clients who meet the inclusion criteria, it was not practically possible to not include other clients with type 2 diabetes mellitus during the time of intervention. However the data was not collected from those clients.
3. The interactive sessions have been planned for 15 days continuously. However the timing is interfered due to the routines of the hospitals at times.
4. The study participants are not available in the hospital setup for continuous 15days. So I got their address and contact numbers to get access with them and continued the intervention as per the clients convenient.
5. The trained data collectors ability to contribute fully to the study should be ensured and there is a need to monitor their quality in intervention and assessment every time.

RECOMMENDATIONS

On the basis of the findings of the study, the following recommendations have been made for the further study:
The study can be replicated by using a large samples there by findings can be generalized.
A comparative study may be conducted to evaluate the effectiveness of Buerger Allen Exercise with other non-pharmacological measures for improving the level of lower extremity perfusion.
A descriptive study can be conducted to assess the knowledge and attitude of nurses towards various type of exercise for peripheral vascular disease.
A longitudinal study can be done on the patients withdiabetes to elicit the effectiveness of Buerger Allen Exercise.
The study can be conducted for different samples and in different settings there by findings can be generalized.

SUMMARY
This chapter highlights that Buerger–Allen Exercise is a simple, safe, and cost-effective non-pharmacological intervention that can be independently implemented in nursing practice to improve lower extremity perfusion among patients with Type 2 Diabetes Mellitus.
Conducting this study provided valuable learning experience to the investigator, enhancing research knowledge, clinical skills, and understanding of evidence-based practice. The findings of the study contributed meaningful insights and enabled the investigator to formulate appropriate recommendations for improving patient care.

Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 


In text Citation 

Journal References
1. Allen, A. W. (2022). Effectiveness of Buerger-Allen exercises on lower extremity perfusion among patients with type 2 diabetes mellitus. Journal of Nursing and Health Science, 11(2), 15–20.
2. Ashok, P., et al. (2023). Prevalence of peripheral arterial disease among patients with type 2 diabetes mellitus. International Journal of Diabetes in Developing Countries, 43(1), 45–52.
3. Balaha, M. H., et al. (2010). Effect of Buerger exercise on lower extremity perfusion among patients admitted in medical wards at King Faisal University Hospital, Saudi Arabia. Journal of Clinical Medicine, 5(3), 112–120.
4. Barangkau, et al. (2025). The effect of diabetic foot exercise on preventing chronic complications of type 2 DM. International Journal of Health Sciences, 13(1), 88–95.
5. Baykara, et al. (2020). Nursing theories and models in the management of diabetes complications. Journal of Advanced Nursing, 76(4), 980–988.
6. Baysan, et al. (2019). The application of Wiedenbach’s helping art of clinical nursing theory in patient care. Nursing Philosophy, 20(2), e12245.
7. Edward, B., et al. (2024). Exercise as a fundamental principle for preventing peripheral vascular disease in diabetes patients. Journal of Vascular Nursing, 42(1), 30–38.
8. Edwin Stephen. (2021). Distribution and severity of peripheral vascular disease in diabetic and non-diabetic patients. Indian Journal of Surgery, 83(2), 412–418.
9. Fan, et al. (2025). Prevalence and risk factors for diabetic foot ulcers in patients with neurovascular complications: A multi-center study. The Lancet Diabetes & Endocrinology, 13(2), 105–115.
10. Feng, et al. (2025). Association between peripheral artery disease and metabolic syndrome across different age and gender groups in T2DM. Cardiovascular Diabetology, 24(1), 12.
11. Haile, et al. (2025). Pooled burden and associated factors of peripheral artery disease among patients with diabetes mellitus in sub-Saharan Africa: A systematic review and meta-analysis. PLOS ONE, 20(1), e0297011.
12. Jayamalini, & Priya. (2020). Effectiveness of nursing interventions based on Wiedenbach's theory. International Journal of Nursing Education and Research, 8(3), 345–350.
13. Jenyfer Renu Margret. (2021). Effectiveness of Buerger-Allen exercise on improving lower extremity perfusion among patients with type 2 diabetes mellitus in a selected hospital at Erode. Journal of Nursing Research, 29(4), 210–215.
14. Kawasaki, T. (2013). The effect of different positions on lower limbs skin perfusion pressure. Indian Journal of Plastic Surgery, 46(3), 520–524. https://doi.org/10.4103/0970-0358.121995.
15. Marso, P., et al. (2010). Peripheral arterial disease in patients with diabetes. Journal of the American College of Cardiology, 56(12), 920–928.
16. Mohammed, E. (2023). Physical inactivity and its association with type 2 diabetes mellitus. Global Health Journal, 7(2), 65–70.
17. Priyanka, et al. (2024). Impact of Buerger-Allen exercise on lower extremity perfusion among staff nurses. Journal of Human Health & Diseases, 45(7), 677–689.
18. Song, et al. (2021). Maximizing health-related quality of life in diabetes management. Quality of Life Research, 30(5), 1345–1355.
19. Vijayabarathi. (2014). Buerger-Allen exercise for type 2 diabetes mellitus foot ulcer patients. International Journal of Innovative Research in Science, 3(12), 18234–18240.
20. Wiedenbach, E. (1970). Nurses' wisdom in nursing theory. American Journal of Nursing, 70(5), 1057–1062.
21. Williams, T. (2012). The influence of diabetes and lower limb arterial disease on cutaneous foot perfusion. Journal of Vascular Surgery, 44(4), 770–775. https://doi.org/10.1016/j.jvs.2005.06.040.
22. Xiong, et al. (2025). Interpretable deep learning models for early intervention in type 2 diabetes complications. Nature Machine Intelligence, 7(1), 45–55.
Internet (Net) References
· MedicineNet. (n.d.). Type 2 diabetes: Article. https://www.medicinenet.com/type2_diabetes/article.htm.
· Wikipedia. (n.d.). Diabetes mellitus type 2. https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2.
· The Hindu. (2011, September 6). Incidence of peripheral arterial disease in Chennai. The Hindu. https://www.thehindu.com.
Books 
· Brunner, L. S., & Suddarth, D. S. (2023). Textbook of medical-surgical nursing (15th ed.). Wolters Kluwer.
· Jayakumar, P. (2014). Effectiveness of Buerger-Allen exercise in improving peripheral circulation among clients with diabetes mellitus in selected hospitals at Bangalore [Unpublished master's thesis]. Rajiv Gandhi University of Health Sciences.
· Lewis, S. L. (2023). Medical-surgical nursing: Assessment and management of clinical problems (12th ed.). Elsevier.
· Likhila Abraham. (2015). Effectiveness of structured teaching programme on knowledge regarding varicose vein and practice of Buerger-Allen exercise [Unpublished master's thesis]. Mangalore University.
· Polit, D. F. (2022). Essentials of nursing research: Appraising evidence for nursing practice (10th ed.). Lippincott Williams & Wilkins.
Theses
· Thakur, A., et al. (2022). Effect of buerger allen exercise on foot perfusion among patient with diabetes mellitus: A systematic review & meta-analysis. Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 16(2), 102393.
· Jayakumar, P. (2014). Effectiveness of Buerger-Allen exercise in improving peripheral circulation among clients with diabetes mellitus in selected hospitals at Bangalore [Unpublished master's thesis]. Rajiv Gandhi University of Health Sciences.
· Likhila Abraham. (2015). Effectiveness of structured teaching programme on knowledge regarding varicose vein and practice of Buerger-Allen exercise [Unpublished master's thesis]. Mangalore University.


