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Abstract

Impaired peripheral perfusion in the legs is the most common complaint experienced by
patients with type 2 Diabetes Mellitus (DM). One nursing intervention in the form of physical
exercise that can be administered to DM patients to prevent peripheral perfusion disorders
and increase vascularization of the lower extremities is the Buerger-Allen Exercise (BAE).
The goal of this study was to analyze the effectiveness of BAE in improving lower extremity
circulation. The population consisted of patients with type 2 DM. The research design
employed a quasi-experiment with pre-test and post-test, including a control group. A sample
of 24 respondents was divided into an intervention group and a control group. The sampling

technique used was purposive sampling. Data were obtained through direct Ankle-Brachial



Index (ABI) measurement using a Doppler ultrasound and an aneroid sphygmomanometer,
temporary blood sugar level measurements using a glucometer, and leg sensitivity
measurements using a monofilament tool. Paired T-tests and independent T-tests were used
as statistical tests. The results of the Paired T-test for lower limb circulation in the
intervention group yielded a p-value of 0.000, indicating a significant difference in the
circulation of the lower extremities before and after the intervention. The results of the
independent T-test also showed a p-value of 0.000, indicating significance. Thus, BAE can

improve lower limb circulation in patients with type 2 DM.

Introduction

Diabetes prevalence has been growing globally in recent years.! Diabetes Mellitus (DM) has
become a major health concern worldwide, particularly in developing countries, due to the
high number of complications it causes.? DM is infamous as the 'silent killer' because of its
slow-paced symptoms; therefore, most patients remain unaware until complications have
severely formed.? Diabetes is characterized by elevated blood glucose concentrations related
to the effects of abnormal B-cell biology on insulin action.* The complications of DM,
particularly on blood vessels for both microvascular and macrovascular, as well as neuro
systems, have a significant impact on higher therapy costs and lower patient productivity.’
Impaired peripheral perfusion in the legs is one of the most common complications in DM
patients. The right treatment is necessary to minimize this complication. Physical exercise is
considered the primary treatment to prevent its occurrence in patients.%’

As one of the most rapidly developing countries in Southeast Asia, Indonesia currently ranks

fifth in the number of people with type 2 DM.? The International Diabetes Federation (IDF)



(2019) stated that 429 million people out of the world's total population have DM. On the
other hand, the prevalence of DM in Indonesia has increased from 6.9% in 2013 to 8.5% in
2018, equivalent to 20.4 million people suffering from DM. According to the Indonesia
Health Ministry data in 2018, the highest prevalence of DM was in the Special Capital
Region of Jakarta (3.4%), Special Region of Yogyakarta (3.1%), East Kalimantan (3.1%),
South Sulawesi (3.0%), and East Java (2.6%). In Indonesia, as per the 2018 National Health
Survey report, the prevalence of DM in the population aged >15 years was 2.0%.° DM affects
10,276,100 of Indonesia’s 166,531,000 adults (aged 20-79 years), with a prevalence of
6.2%.!° The latest estimation from the Samarinda Public Health Office in 2020 recorded a
total of 546 type 2 DM cases. Particularly in the Public Health Center of Bengkuring
Samarinda, a total of type 2 DM visits from April until June 2020 were 176 patients. Data
shows that globally, there are 425 million people, or 8.8% of the world's population,
estimated to suffer from DM. This situation is projected to increase to 629 million people in

2045.!1

The complications that may occur in people with DM are classified into two parts: acute
complications and chronic complications. Chronic complications consist of microvascular
and macrovascular complications, with macrovascular complications including coronary
artery disease, stroke, and peripheral artery disease.!? However, the lack of knowledge or
understanding of DM is an obstacle in the healing process.!* Impaired peripheral
vascularization in DM patients needs to be detected early. One examination to detect
impaired peripheral vascularization is the implementation of the Ankle-Brachial Index (ABI)
test.!* ABI is a non-invasive vascular test and a simple method that functions to identify
vascularization within the leg by measuring the systolic blood pressure ratio (ankle) and limb

systolic blood pressure (brachial). An ABI score >1.0 is considered normal, and a score >0.9



is considered at risk of impaired peripheral circulation. Moreover, early proper treatment for

DM patients can be obtained through ABI measurement.!’

One nursing intervention in the form of physical exercise that may be given to DM patients to
prevent impaired peripheral vascularization and enhance vascularization towards the lower
extremities is the Buerger-Allen Exercise (BAE). BAE was suggested by Leo Buerger in
1924 and was later modified by Arthur W. Allen in 1931. It is an exercise system for arterial
insufficiency of the lower ankle that applies gravitational position changes and muscle pumps
by implementing ankle movements to drive blood vessel smooth muscle. Gravitation
gradually helps empty and fill the blood column, eventually enhancing blood transportation
through the blood vessels.!6

Research by Hassan and Mehani stated that BAE has a positive effect on improving
peripheral blood circulation into extremities, thus improving the oxygen and nutrition
required by metabolism up to the body cells. Furthermore, the research by John and Rathiga
(2015) shows that practicing BAE for 10-17 minutes twice a day for five consecutive days
can improve circulation. A post-test was conducted on the fifth day using an ABI measuring
instrument.!” Previous arguments and an earlier study by the researcher about type 2 DM
patients inspired the researcher to conduct a study on the effectiveness of BAE towards lower

extremities circulation changes in type 2 DM patients.

Materials and Methods

The quasi-experimental design with pre and post-tests and a control group plan are employed
in this research. A total of 24 samples are divided between the intervention group (Buerger-
Allen intervention) and the control group (given education), chosen using the purposive

sampling technique with inclusion criteria. The characteristic criteria for the intervention and



control groups include individuals with type 2 DM, lower extremity muscle strength scores of
4-5, blood sugar levels higher than 6.7 mmol/L, absence of ulcers, and taking oral diabetic
medicine. Exclusion criteria involve individuals with type 2 DM who have hypoglycemia and
complications such as diabetic foot ulcers, joint problems, arterial calcification, or an ABI
score greater than 1.3. The number of samples in this study was determined using the Roscoe
formula, resulting in several respondents greater than or equal to 10. To anticipate potential
dropouts, an additional 10% was added, making the number of subjects per group 12. The
independent variable in this study was BAE, while the dependent variable was lower limb
circulation (ABI, temporary blood sugar level, and leg sensitivity). Data were obtained
through direct ABI measurements using a Doppler ultrasound and an aneroid
sphygmomanometer, temporary blood sugar level measurements using a glucometer, and leg
sensitivity measurements using a monofilament tool. Paired T-test and Independent T-test

were used as statistical tests.

The responses were initially evaluated/pre-tested by the researchers using a vascular Doppler
ultrasonography probe and an aneroid sphygmomanometer for ABI measurement, a
glucometer for temporary blood sugar level measurement, and a monofilament for leg
sensitivity measurement for both the intervention group (BAE) and the control group (given
education). After six visits over six days, the researcher administered the BAE intervention to
the intervention group. This intervention took place for about 21 minutes per session per day.
Using a vascular Doppler ultrasonography probe, an aneroid sphygmomanometer,
glucometer, and monofilament, the researcher performed a final assessment/post-test on the

responders in the intervention group and the control group after 6 days.

Results



Table 1 displays the characteristics of respondents in the intervention and control groups. It
can be observed that the most dominant gender in the intervention group is female,
comprising 9 respondents (75%). The control group is evenly distributed between 6 female
and 6 male respondents. Furthermore, regarding age characteristics in the intervention group,
ages 40-48 (33.3%) and ages 49-57 (33.3%) are equally dominant, each consisting of 8
respondents. In contrast, the control group is predominantly in the age range of 49-57

(66.7%), with 6 respondents.

Examining respondents' latest education, the intervention group is half-dominated by senior
high school graduates, comprising 5 respondents (41.7%), while the control group is also
evenly split, with 6 respondents (50%) having completed senior high school. In terms of
occupation, the intervention group is mostly dominated by housewives, accounting for

66.7%, while the control group is similarly divided, with 33.3% being housewives.

Table 2 shows that the ABI values increased by 0.25, blood glucose decreased by 55.17 dL/g,
and right leg sensitivity increased by 2.08 in the control group, while the ABI value

decreased by 0.01 in the control group.

The paired T-test results in Table 3 indicate that the p-value for the intervention group is
0.000, which is less than 0.05. Based on this value, it can be concluded that BAE has a
significant impact on the change in lower extremities circulation in the intervention group.
Furthermore, the control group results in a p-value of 0.241, which is greater than 0.05. The
conclusion is that education has no significant impact on the change in lower extremities

circulation in the control group.

Table 4 displays a significant change in values regarding lower extremities circulation in both

the intervention and control groups, with a p-value of 0.000, which is less than 0.005. This



value indicates a significant difference in circulation change in the lower extremities between

the intervention group and the control group.

Discussion

Ankle-Brachial Index (ABI) circulation value variations in the extremity bottom before
Buerger-Allen's intervention exercise

According to the study's findings, the ABI resulted in a mean of 0.82 before the BAE.
Disorders of arterial and venous ulcers numerous factors, including the age profiles of
responders (66.6%) and as many as 8 individuals in the early elderly (40-57 years), affect the
veins in respondents. Disorders of arterial and venous ulcers are influenced by numerous
factors, including the age profiles of responders (66.6%), with as many as 8§ individuals in the
early elderly age group (40-57 years) affecting the veins in the respondents. Thiruvoipati,
Kielhorn, and Armstrong (2015) claim that individuals older than 50 are at a higher risk of
developing high-risk peripheral vascular diseases.!® According to Dick et al. (2009), a
person's risk of developing arteriosclerosis and endothelial blood vessel diseases increases
with age.!

This is consistent with a study in Indonesia’s assertion that the condition of diabetic foot is a
result of various factors, including neuropathy and a lack of sensitivity.2? Sensitive feet in
DM patients are the first sign of excessive blood sugar levels that interfere with metabolism.
Increasing physical activity, especially in the legs, can help address this issue. Based on sex,
the majority of respondents are male (75%). According to Arnetz, Ekber, and Alvarsso
(2014), testosterone levels in males can lead to abdominal fat and insulin resistance,

increasing the risk of type 2 DM.2! Meanwhile, according to McIntosh and Karen (2008),



distal occlusion in geriatrics with diabetes and atherosclerosis variables are the main causes

of lower limb arterial circulation insufficiency in men.??

Ankle-Brachial Index (ABI) circulation value variations in the extremity bottom after
Buerger Allen's intervention exercise

According to the study's findings, the ABI resulted in a mean value of 1.07, with the ABI
value increasing by 0.25 following the BAE. According to Rosales-Velderrain et al. (2013),
continuous and repetitive exercise is necessary to improve the blood flow of muscle
microvascular flow.?* This is related to artery dilation (vasodilation), resulting in an increase
in capillary permeability and enabling muscle cells to absorb glucose.?*

The results obtained from this research, using the Paired T-test, show that there is a
significant difference before and after the BAE intervention, with a p-value of 0.000, which is
less than 0.005. This means that BAE can improve lower extremities circulation in type 2
DM patients. Impaired peripheral blood vessels in type 2 DM patients may result in diabetic
foot ulcers caused by static flow in veins, resulting from blood vessel physiology function
being agitated by the stream from the lower extremities to the heart. Effective contraction of
extremities muscles is required by performing routine 900 dorsiflexion movements on the
ankle. BAE, in improving peripheral circulation, utilizes the muscle pump principle on the
ankle, consisting of two movements. The first movement is dorsiflexion and plantarflexion,
which are expected to set contraction and lower extremities muscle relaxation to improve
peripheral blood circulation.?> Additionally, the BAE’s gravitational principle affects body
fluid distribution by helping each blood vessel to empty and fill the blood column, eventually
aiding in improving blood transportation through blood vessels.?¢ Impaired neuropathy and

vascular issues are among the main factors contributing to the formation of wounds in type 2



DM patients. Wounds occurring in these patients correlate with the presence of peripheral
neuropathy. Additionally, DM patients often experience poor circulation, which is related to
peripheral arterial disease and is characterized by a decreased ABI.!6

The BAE is effective in improving lower extremities perfusion and minimizing the pain in
lower extremities for type 2 DM patients. It enhances blood supply to the extremities and
triggers the formation of new vascular structures, aiding in the wound-healing process.?’
Patients with DM who have diabetic foot ulcers are at risk of foot amputation. Those with
peripheral circulatory insufficiency, defined by an ankle-brachial index of less than 0.9 or a
Michigan Neuropathy Screening Index of more than 2, can benefit from diabetes treatments
that include foot exercises, such as the BAE.?® This research is supported by previous studies
that found BAE has a positive impact on circulation, strengthens footwork, decreases
necrosis, prevents embolism, minimizes pain, and reduces cyanosis in blood vessels. The
study's limitations include a lack of control for other variables that can affect lower extremity
circulation, such as a history of hypertension, smoking, and dietary patterns in type 2 DM

patients.

Conclusions

BAE can improve lower limb circulation in patients with type 2 DM. These exercises do not
require expensive equipment and can be done at home. For future researchers, we
recommend conducting research with a larger sample size and exploring additional
parameters and characteristics that have not been previously studied concerning the
symptoms of patients with type 2 DM. Additionally, comparing BAE with other physical
exercises in improving lower extremity circulation in patients with type 2 DM would be

valuable.



References

1.

Susilo H, Alsagaff MY, Pikir BS, et al. Type II diabetes as the main risk factor of
arterial stiffness in chronic kidney disease patients. ACM Int Conf Proceeding Ser
2022;210-4.

Sukartini T, Nursalam N, Pradipta RO, Ubudiyah M. Potential methods to improve
self-management in those with type 2 diabetes: a narrative review. Int J Endocrinol
Metab 2023;21.

Kusnanto K, Pradipta RO, Arifin H, et al. What I felt as a diabetes fatigue survivor: a
phenomenology study. J Diabetes Metab Disord 2022;21:1753-62.

Ong KL, Stafford LK, McLaughlin SA, et al. Global, regional, and national burden of
diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic
analysis for the Global Burden of Disease Study 2021. Lancet 2023;402:203-34.
Darma Karingga D, Efendi F. Effect of mobile structured educational applications on
self-care management in diabetes mellitus patients. Gac Med Caracas 2023;131:278-
86.

Soelistijo SA, Lindarto D, Decroli E, et al. Pedoman pengelolaan dan pencegahan
diabetes melitus tipe 2 dewasa di Indonesia 2019. Perkumpulan Endokrinologi
Indonesia 2019;1-117.

Mellisha MES. Effectiveness of Buerger Allen Exercise on lower extremity perfusion
and pain among patients with Type 2 Diabetes Mellitus in selected hospitals in
Chennai. Int J Sci Res 2016;5:1822-6.

Mboi N, Syailendrawati R, Ostroff SM, et al. The state of health in Indonesia’s
provinces, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet Glob Heal 2022;10:¢1632-45.

Sartika RAD, Sigit FS, Purwanto E, et al. Association of birth weight with risk of



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

diabetes mellitus in adolescence and early adulthood: analysis of the Indonesian
Family Life Survey. Ann Pediatr Endocrinol Metab 2023;28:267-74.

Zairina E, Sulistyarini A, Nugraheni G, et al. Screening for identifying individuals at
risk of developing type 2 diabetes using the Canadian diabetes risk (CANRISK)
questionnaire. J Public Heal 2023;31:985-91.

Dewi EU, Widari NP, Nursalam N, et al. The relationship between diabetes self-care
management and blood glucose level among type 2 diabetes mellitus patients. Int J
Public Heal Sci 2023;12:1165.

Ndraha S. Diabetes Mellitus Tipe 2 Dan Tatalaksana Terkini. Medicinus 2014;27:9-16.
Purbandini, Purwanti E, Hariyanti E, Ramadhan FY. Application of the Decision Tree
C4.5 Method on the classification of diet types of people with Diabetes Mellitus. AIP
Conf Proc 2023;2975:060004.

Nadrati B. Pengaruh Buerger Allen Exercise Terhadap Ankle Brachial Index (ABI)
Pada Penyandang DM Di Rumah Sakit Umum Daerah Kota Mataram. 2018;1-7.

Sari A, Wardy AW, Sofiani Y. Efektivitas Perbandingan Buerger Allen Exercise Dan
Senam Kaki Terhadap Nilai ABI Pada Penderita DM Tipe II. J Telenursing
2019;24:233-44.

Pebrianti S. Buerger Allen Exercise dan Ankle Bractial Index ( ABI ) Pada Pasien
Ulcus Kaki Diabetik di RSU DR. Slamet Garut. Indones J Nurs Sci Pract 2017;94-110.
Hassan S, Mehani M. Comparison between two vascular rehabilitation training
programs for patients with intermittent claudication as a result of diabetic
atherosclerosis. Bull Fac Phys Ther Cairo 2012;17:7-14.

Thiruvoipati T. Peripheral artery disease in patients with diabetes: Epidemiology,
mechanisms, and outcomes. World J Diabetes 2015;6:961.

Dick F, Diehm N, Galimanis A, et al. Surgical or endovascular revascularization in



20.

21.

22.

23.

24.

25.

26.

27.

28.

patients with critical limb ischemia: influence of diabetes mellitus on clinical outcome.
J Vasc Surg 2007;45:751-61.

Faizah R, Efendi F, Suprajitno S. The effects of foot exercise with audiovisual and
group support foot exercises to diabetes mellitus patients. J Diabetes Metab Disord
2021;20:377-82.

Arnetz L, Ekberg NR, Alvarsson M. Sex differences in type 2 diabetes: focus on
disease course and outcomes. Diabetes, Metab Syndr Obes 2014;7:409-20.

Mclntosh C, Ousy K. Lower extremity wound: a problem-based learning approach.
John Wiley & Sons Ltd.; Hoboken, USA; 2008.

Rosales-Velderrain A, Padilla M, Choe CH, Hargens AR. Increased microvascular
flow and foot sensation with mild continuous external compression. Physiol Rep
2013;1:1-6.

John J, Rathiga A. Effectiveness of Buerger Allen Exercise to improve the lower
extremity perfusion among patients with type 2 Diabetes Mellitus. Int J Curr Res Acad
Rev 2015;3:252-63.

Bryant RA, Nix DP. Acute and Chronic Wounds. Fifth edition. Elsevier. Elsevier;
Philadelphia, USA; 2016. 200 pp.

Nadrati B, Hadi M, Rayasari F. Pengaruh Buerger Allen Exercise terhadap sirkulasi
ekstremitas bawah bagi penyandang diabetes melitus. Holistik J Kesehat 2020;14:248-
56.

Vijayabarathi M, Hemavathy V. Buerger Allen Exercise for Type 2 Diabetes Mellitus
foot ulcer patients. 2015. Available from:
https://www.ijirset.com/upload/2014/december/30 15.%20M.pdf

Trisnawati I, Sudiana IK, Supriyanto S. Effect of leg exercise on the lower limb

circulation of patients with Diabetes Mellitus: a systematic review. J Ners



2020;15:497-507.

Table 1. Frequency distribution based on respondents’ characteristics.

Characteristic Intervention group | Control group
n % n %
Gender
Female 3 25.0 6 50.0
Male 9 75.0 6 50.0
Age (years)
31-39 0 0 1 8.3
40-48 4 333 0 0
49-57 4 333 6 66.7
58-66 3 25.0 2 16.7
67-75 1 8.3 1 8.3

Latest education

Elementary school 3 25.0 1 8.3
Junior High school 3 25.0 3 25.0
Senior High school 5 41.7 6 50.0
University 1 8.3 2 16.7
Occupation

Self-employed | 8.3 2 16.7
Farmer 2 16.7 3 25.0
Civil servant 1 8.3 2 16.7
Housewife 8 66.7 4 333
Others 0 0 1 8.3

Total 12 100% 12 100%




Table 2. Frequency distribution based on Ankle-Brachial Index (ABI), temporary blood

sugar level, and leg sensitivity.

Pre-test Post-test
Variable Difference
Mean Mean
Intervention group (n=12)
Ankle Brachial Index 0.82 1.07 +0.25
Temporary blood sugar level P44.17 189 +55.17
Right leg sensitivity 6.5 8.58 +2.08
Left leg sensitivity 7.42 0.33 +1.91
Control group (n=12)
Ankle Brachial Index 0.65 0.64 -0.01
Temporary blood sugar level | 198 225.25 +27.25
Right leg sensitivity 5.58 5.58 0
Left leg sensitivity 7.42 9.33 +1.91

Table 3. The paired T-test of the intervention group and control group.

Variable Pre-test Post-test P

Intervention group

Lower extremities circulation | 0.82+0.97 1.07+0.15 0.000

Control group

Lower extremities circulation | 0.65+0.22 0.64+0.21 0.241




Table 4. Independent T-test on intervention group and control group.

Lower extremities circulation N Mean p
Pre-test

Group 1 12 0.82+0.97 | 0.028
Group 2 12 0.65+0.22
Post-test

Group 1 12 1.07+0.15 | 0.000
Group 2 12 0.64+0.21
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