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An effort that might be made to prevent complications of Diabetes Mellitus
(DM) is by increasing peripheral blood circulation through the Buerger Allen
exercise (BAE). Previous studies recommend reviewing the standard
procedure of the BAE. Research related to the review of the effectiveness of
BAE application on type 2 DM, which is summarized from various studies in
latest original research is still lacking. The aim of this study is to describe the
standard form of the Buerger Allen implementation that has been evaluated
its effectiveness in patients with type 2 DM patients with complications. This
literature review was performed with PICO keywords in 4 databases,
including PubMed, Springer Link, Wiley Online Library, and Google Scholar
in 2011-2022. We have concluded that the standard procedure for
implementing the BAE consists of 5 stages and three main steps for each
cycle. The steps are supine position (pre-exercise), elevation, Hanging,
flexion-extension, and horizontal (post-exercise) steps. Each session
consists of at least 3 to 6 cycles with approximately 30 minutes. Fifteen
articles analyzed showed significant changes in lower peripheral perfusion
of patients with type 2 DM. BAE is a simple non-pharmacological
intervention that is considered an effective method for managing lower
peripheral perfusion.

INTRODUCTION

the last few decades [3]. International
Diabetes Federation (2021) mentions that

Diabetes Mellitus (DM) is one of the main
types of Non-Communicable Disease (NCD)
included in the Sustainable Development
Goals (SDGs), namely by reducing the early
death rate of NCD by 30% in 2030 [1,2]. The
target of SDGs is in line with the high
prevalence of DM, with its status as one of
the leading causes of death in the world. The
number of cases and the prevalence of
diabetes have continued to increase over
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around 637 million adults worldwide have
diabetes, and over 6.7 million adults will die
from diabetes-related causes in 2021[4].

DM has various complications that might
affect the quality of life of patients.
Complications that  occur include
complications in the skin (skin infections), a
complication in the eye (glaucoma,
cataracts, neuropathy, complications in the
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legs (foot ulcers), ketoacidosis,
nephropathy, high blood pressure, and
stroke. These complications can be divided
into complications that are acute and
chronic. Neuropathy is a form of chronic
complication that often occurs in DM
patients [5],[6]. The prevalence of
peripheral neuropathy in diabetic patients
reaches 72.2% and gets worse with
increasing age [7].

The high complications of neuropathy in
people with DM need to be accompanied by
efforts to prevent the adverse effects of
neuropathy. An effort often done is by doing
diabetic foot exercises to regulate
peripheral blood circulation [8]. Another
effort that might be done to improve
peripheral blood circulation is by doing the
Buerger Allen exercise [9]. Another study
also suggested that the Buerger Allen
exercise is more effective in increasing the
value of the ankle-brachial index than
diabetic foot exercise [10].

A systematic review article compiled by C.
Chang et al, (2015) provides further
research recommendations to examine the
standard procedure for the Buerger Allen
exercise [9]. Moreover, based on
researchers' observations, the application
of the Buerger Allen exercise is still quite
diverse in terms of its application. Thus, it
has not shown the similarity or a standard
used as a guide for implementation. In
addition, research related to the review of
the effectiveness of the application of BAE
on type 2 diabetes mellitus which is
summarized from various studies is still
lacking, especially those that summarize the
latest original research.

The literature review forms the basis for
high-quality medical education research
and helps maximize relevance, originality,
generalizability and impact. Literature
reviews provide context, inform
methodologies, maximize innovation, avoid
duplication of research, and ensure that
professional standards are met [11]. Hence,
to overcome this, the authors conducted a
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literature review to offer readers an
overview or description of the standard
form of the implementation of the Buerger
Allen exercise that has been evaluated its
effectiveness in patients with type 2 DM
patients with complications. This research
can add information related to evidence-
based practice from BAE to be widely
applied and taught as non-pharmacological
therapy in patients with DM.

METHOD
Data Sources

Literature search was performed in four
data-based settings namely PubMed,
Springer Link, Wiley Online Library, and
Google Scholar. Structured research
questions using the PICO electronic method
(patient, intervention, comparison, and
outcome) [12]. The literature search was
conducted by identifying relevant articles
using specific keywords such as: P: Diabetic
Type II OR Diabetic Foot Ulcer, I: Buerger
Allen Exercise OR Buerger Exercise, C: none,
O: Peripheral circulation.

Data Selection

The articles were selected based on
inclusion and exclusion criteria. Article
inclusion criteria include (1) focusing on the
intervention of BAE, (2) written in English,
(3) published from 2011-2022, and (4)
research articles conducted on type 2 DM
patients with or without complication. The
article exclusion criteria are (1) Double
publication, (2) No full text, and (3) Not a
result of research (review), the publication
is in the form of a thesis. Then to assess the
eligibility of articles that have met the
inclusion criteria, then filtered using The
Critical Appraisal Skills Program (CASP)
tools namely The Joanna Briggs Institute

(UBD) [13].

Research flow in Figure 1 shows a total of
146 articles were identified from four
database searches, namely PubMed,
Springer Link, Wiley Online Library, and
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Google Scholar which have been filtered
with the limitation of publication in the last
12 years (2011-2022). However, after
identifying the articles, Out of the 146

Thus, the remaining 52 articles included in
this study for having similarities with the
topic of this study. Therefore, there are only
15 articles that met the inclusion criteria.

articles, 94 of them were found irrelevant.

PubMed Springer Link Wiley Online Library Google Scholar
(n=6) (n=32) (n=32) (n=76)
Identification Record Identified Excluded:

(n=146) The tittle and abstract are not
fit this research Topic (n=94)

Screening Excluded:
Record Screened Not meet the inclusion citeria
(n=52) e Dobel Publication (n=8)
| e Not Full Teks (n=5)
T I e Not English (20)
Eligibility Study meets the research question * Thesis (n=2)
(n=17)
Excluded:
Inclusion Not Original Research (n=2)
Article included (Original
Research)
(n=15)
Figure 1

Research Flow

RESULTS

Based on 15 articles selected, there were 3
designs used. True experimental studies
was conducted in India (n=2). Quasi-
experimental studies (n = 11) were each
conducted in India (n = 6), Taiwan (n=2),
Egypt (n=2), and Indonesia (n=1). Cohort
study (n = 2) each was conducted in Taiwan
(n=2). The article (15 articles) was
conducted an eligibility assessment and
evidenced-based using critical appraisal
(critical assessment).
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Buerger Allen Exercise Steps

Out of 15 have been analyzed, only 9 articles
mention Standard Operating Procedure
(SOP) of BAE. Therefore, only 9 articles
were included for analysis based on
standard procedures. One article describes
6 steps, 2 articles describe 5 steps, and 6
articles describe 3 steps. The difference
between the various articles is in the
presence or absence of the 5 stages of
exercise that must be passed, but the core of
the exercise for all articles shows the same
thing, which consists of 3 steps, namely
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elevating the legs, hanging the legs on the
side of the bed, and the horizontal position
(supination in bed). Another article adds 1
stage each in pre and post exercise, namely
starting with a supine position and ending
with a straight position on the bed using a
blanket. The following table describes the
step of implementation of BAE from various
articles.

Effectiveness of Buerger Allen Exercise

The 15 articles analyzed showed significant
changes in lower peripheral perfusion of
patients with type 2 DM. The majority of
studies used the ABI score as an indicator to

178

assess lower peripheral perfusion with the
highest score increasing up to +0.4. Other
indicators used include Skin Perfussion
Pressure (SPPs), total hemoglobin, clinical
features of peripheral vascular disease, and
assessment scale of lower extremity
perfusion. The following table describes the
value of effectiveness BAE (significant
changes).

Table 1

Buerger Allen Exercise Steps from Several Articles

Step Description of

Researcher Step 1 Step2 Step3 Step4 Step5 6 the Intervention

Chang Feet The patient does  The patient  None None None Duration: £ 11

(2016) elevation  sitting position lies with minutes (1
with an and legs hanging  both feet cycle).

Taiwan angle of under the body. resting on Implementation:
45°(until  Thendo the bed with 3 times a day.
the skins flexion/extension a warm Evaluation:
turn pale) and pronation/ blanket until immediately

supination for 3 5 minutes. after BAE (post
minutes or until exercise real
redness appears. time).

Kumari Feet Feet hanging at The None None None Duration: 7-11

(2019) elevation  90°. horizontal minutes (1
with an leg position cycle) and 1

India angle of forms an session:5cycle.
45° using angle of Implementation:
a 180°. 2 times a day.
footboard. Evaluation: On

fifth day.

Chen Supine Feet elevation The patient ~ Next, do The patient None Duration: +10

(2017) position 45-60° using sits on the dorsal-and lies with a minutes .
initially pillow support edge (side) plantar- blanket Implementation:

Taiwan (pre- for 3 minutes. of the bed flexion covering None.
exercise). with his feet  together his legs for Evaluation: Real

below. with 3 minutes time (during
inward and (post- exercise).
outward exercise
movements step).
for 3
minutes.

Chang Supine The patient sits The patient  None None None Duration: 30

(2015) position on the bed or lies for 3 minutes (1
with feet  chair with feet minutes. cycle) and 1

Taiwan elevation = hanging down, session:3-6
at45°- and do cycle.
60° dorsiflexion and Implementation:
supported plantar-flexion 3 times a day.
by positions, moves
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Step Description of

Researcher Step 1 Step2 Step3 Step4 Step5 6 the Intervention

pillows, feet in and out, Evaluation: 1
tables,or  then flexes and year (cohort).
walls for extends for 3
3 minutes.
minutes.
Hassan Feet The feetand legs  Feet flat on None None None Duration: + 13
(2020) elevation  are thenlowered the bed for minutes.
atan at the other 3-5 minutes. Implementation:
Mesir angle of lower body level 2 times a day.
451090 until redness Evaluation: On
degrees appears for 3-5 sixth weeks.
(until pale minutes.
for 2-3
minutes).

Sasi Feet The patient sits The patient  None None None Duration: 12-13

(2020) elevation  on the bed with lies (supine) minutes.

45 the feet hanging  with legs Implementation:

India degrees down. Next, do closed with None.

(until pale exercisesinclude warm Evaluation: On
oratmost dorsiflex, plantar  blanket (5 third day
2 flex, then inward  minutes).
minutes). and outward
movement, toe
flexion and
extension for 2
minutes.

Lin (2018) Supine Feetelevationat The patient = Repeated The patient None Duration: +11

position 45° -60° sits end of leg flexion/ lies and minutes.

Taiwan supported by the  the bed with  extension rest the feet Implementation:
object for 3 the feet and then in a warm 3 times a day.
minutes. hanging. pronation/  blanket for Evaluation: On

supination 5 minutes. eighth weeks.
for 3
minutes.

Thakur & Feet Rest for 1 min Dependency; Restfor1 The legs Rest  Duration: 20

Sharma elevation The feetand min are placed for1 minutes.

(2019) 45-90 legs are then horizontal min  Implementation:

degrees lowered at position in 2 times a day.

India (until pale the other the bed. Put Evaluation: On

or at most lower body the towel third day.
2 level until under the
minutes). redness knees andn

appears. apply

Next, move pressure on

the finger the towel

aout 2 for 2

minutes. minutes.

El-Fattah Feet Dependency; The The lower None None None Duration: 12-15

(2019) elevation feetandlegsare  extremities minutes.

45-90 then lowered at are placed Implementation:

Mesir degrees the other lower horizontal 2or 3timesa

(until body level until position in day.
pale). redness appears, the bed for a Evaluation: after
next do flexion, few minutes. fifteenth day.

extension, and
circumduction.
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Table 3
Effectiveness of Buerger Allen Exercise.
No Researcher [tem Outcomes Pre Post Improvement P
Intervention Intervention Value
1. Chang (2016) Skin Perfussion 58.3 70.0 +11.7 <0.01
Taiwan Pressure (SPPs)
2. Kumari (2019) ABI 0.84 (R) 0.95 (R) +0.11 0.001*
India 0.83 (L) 0.94 (L) +0.11
3. Satyha & Karthi ABI 0.710 0.921 +0.211 <0.05
(2019) India
4. Chen (2017) Dorsal Blood 121.03 123.67 +2.64 0.007
Taiwan Circulation: HbT
5. Mellisha (2016) Lower Extremity 44.50 52.00 +7.5 0.001*
India Perfussion
(assessment scale)
6. Chang (2015) ABI 0.6 (R) 0.9 (R) +0.3 <0.01
Taiwan 0.5 (L) 0.9 (L) +0.4 <0.01
7. Hassan (2020) Clinical Features of 20% 58% +38% <0.01*
Mesir Peripheral Vascular (Normal) (Normal)
Disease
8. Sasi (2020) ABPI 0.07 (Day 0.19 (Day +0.12 0.001
India 1)** 3)**
9. Radhika (2020) ABI 0.73 (R) 0.83 (R) +0.1 <0.001
India 0.79 (L) 0.84 (L) +0.05 <0.001
10. Lin (2018) Haemoglobin  Total 0.130 (Stage 0.159 (Stage +0.029 0.023
Taiwan Concentration in 1) 1) +0.03 0.02
Tissue 0.132 (Stage 0.162 (Stage
2) 2)
11. Lamkang ABPI 0.68 0.84 +0.16 0.0001
(2017b) India
12. Thakur & Sharma ABI 2.5 1.4 1.1 <0.001
(2019) India
13. Bhuvaneshwari ABI 0.7 0.9 +0.2 <0.05
& Tamilselvi
(2018)
India
14.  El-Fattah (2019) ABI 0.885 (R) 1.097 (R) +0.212 0.001
Mesir 0.937 (L) 1.086 (L) +0.149
15. Mayangsari & ABI 0.737 0.913 +0.176 <0.05
Lutfi (2021)
Indonesia
Description:
*Comparison of the effectiveness of the control and intervention groups.
**Mean and standard deviation of Ankle brachial pressure index among control and experimental group.
DISCUSSIONS assessment scale of lower extremity

The 15 articles analyzed showed significant
changes in lower peripheral perfusion of
patients with type 2 DM. The majority of
studies used the ABI score as an indicator to
assess lower peripheral perfusion with the
highest score increasing up to +0.4. Other
indicators used include Skin Perfusion
Pressure (SPPs), total hemoglobin, clinical
features of peripheral vascular disease, and

perfusion. The following table describes the
value of effectiveness BAE (significant
changes).

All the articles that have been analyzed
show that the application of BAE effective in
increasing peripheral perfusion of the lower
limb in patients with type 2 DM or with DFU
complications. The majority of research
articles employed a quasi-experimental
Quasi-experimental

research

design.
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research design does not have random
assignments but instead lead to conditions
(treatment or intervention VS.
nontreatment or intervention, or both) by
self-selection (participants choose to care
for themselves) or selection by the
administrator, or by both [29]. The quasi-
experiment method is often seen as the
second-best design option when the true
experiment method is not feasible [30].

The results of the literature study found the
number of samples used varied from 14, 30,
60, 66, to 100 people, and majority divided
into two groups, intervention and control
groups, . However, there was a study that
used one group only (intervention only).
The average number of samples often used
was 60 samples divided into two groups.
According to Faber & Fonseca (2014), 60
subjects (30 patients in each group) are
needed to ensure sufficient power to be able
to estimate the results of statistical analysis
for the overall population of the target study
[31].

The analysis of the characteristics of
respondents most frequently contained in
the article is that the characteristics of type
2 DM patients who have the risk of
developing DFU in this case experience
peripheral problems in the lower
extremities. Study shows that DFU is caused
by inflammation and internal trauma
resulting from neuropathy (35%), PAD
(15%), or both PAD and neuropathy (50%)
[32].

We further determine the standard
implementation procedure as the essence of
several articles that have been reviewed.
Standard operational procedures are
standard procedures (based on evidence-
based) consisting of steps that must be
passed to complete a particular work
process [33]. The standard implementation
procedures of Buerger Allen exercise are as
follows (based on 15 articles were
analyzed). Patient Preparation: (1) Criteria
for type 2 DM patient (prevention of
complications in the lower extremities);
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(2)Criteria for type 2 DM patients with
complications, specifically those who have
tissue perfusion problems in the lower
extremities as well as those who have DFU
(who can still tolerate exercise). Tool
preparation: footrests: pillows/ tables/
walls and blanket.

Stage: Pre-exercise: The patient starts in the
supine/lying position (initial preparation).
Step 1: Elevation, the patient legs/lower
extremities are elevated to an angle at 45-
60° (or 90°, if possible) supported by the
object (pillow/table/wall) for 3 minutes or
until the skin looks pale. Step 2: Hanging,
the patient sits on the side of the bed/chair
in a relaxed position with legs rested and
hung at an angle of 90°. Step 3: Flexion-
Extension, leg flexion extensions and
pronation-supination were performed
repeatedly for 3-5 minutes or until the skin
looks reddish. Post-exercise: Horizontal, the
patient lies on his back with a blanket (using
a warm blanket if possible) covering both
legs for 3-5 minutes. Precautions: if at any
time the patient feels discomfort (e.g. pale),
the exercise should be stopped or there is a
need to change the position as soon as
possible. The length of time for each
position can vary with the patient’s
tolerance and the speed of skin
discoloration.

Criteria for patients who can be given BAE
treatment were dominated by criteria for
type 2 DM patients (without injury)
[9,19,22,24,28,34-36]. Other criteria may
also be given to patients with DFU (Diabetic
Foot Ulcer) [14,16,20], or ABI score < 0.9
[9,19,22]. The duration of exercise given for
one cycle of BAE ranges from 10 minutes to
13 minutes with each session consisting of
3-6 cycles [9,36]. The recommended
duration for each session is 30 minutes [17].

The recommended frequency of exercise is
twice a day or 3 times a day. Exercising
twice a day can be divided into 6-hour to 12-
hour intervals [18,23] . Meanwhile, exercise
3 times a day is divided into 4-hour intervals
[24]. As for the time of effectiveness
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assessment also varies. The increase in
peripheral tissue perfusion in real-time
extremities directly during exercise can be
assessed using near-infrared spectroscopy
(NIRS) [16], proven to be effective. Several
other studies predominantly assessed
changes in the 5th day after [23,24,35], and
the longest was done for a 1-year
assessment (cohort study) [17]. All of them
show good effectiveness in enhancing limb
perfusion.

The measuring instrument for evaluating
the effectiveness of the Buerger Allen
exercise also varied. However, it was
dominated by measuring the value of the
ankle-brachial index (ABI) using Doppler
and blood pressure cuff [9,19,21-
23,25,27,28,35,36]. ABI is a test that can be
applied in clinical applications to assess
vascular function in a patients’ limb. ABI
examination can assess the level of
obstruction in the arteries of the lower limb
[37]. Other measuring instruments used
were assessing capillary refilling time (CRT)
[15], hemoglobin total [20], foot assessment
instruments [24], and checklist for checking
for symptoms of PVD [18].

BAE have shown good effects in improving
lower peripheral tissue perfusion. BAE is a
simple non-pharmacological intervention
that is considered an effective method for
the management of lower limb perfusion.
BAE has a significant impact on ABI values
[38]. The results of this study are similar to
previous studies that Buerger Allen
exercises make ABI in patients with
diabetes mellitus normal. Ankle movements
can increase muscle strength and ankle
joints can increase spasm of the small
muscles of the calf veins, causing the pump
to rise back to the heart of the veins.
Contractions occur in small areas of
diabetes muscles can increase the amount
of oxygenated blood and nutrients in the leg
circulation [39].

BAE is a simple exercise that is easy to do
and does not require difficult and expensive
equipment. This exercise can be done

Ahmad Jamaluddin / Buerger Allen Exercise In Type 2 Diabetes Mellitus Patients: A Literature Review

anytime and can be done independently by
the patient. This exercise is an independent
nursing intervention that can be applied in
health services, especially in health centers
and hospitals.

CONCLUSION

This literature review concludes that BAE is
a simple non-pharmacological intervention
that is considered an effective method for
the management of lower limb perfusion.
BAE is effective in increasing peripheral
perfusion of the lower extremities in type 2
DM patients as well as complications of
DFU. This review in the form of the standard
procedure of the BAE can be a reference
guide for practitioners that can be applied in
health services, especially in health centers
and hospitals. The standard procedure for
implementing the BAE has 5 stage and 3
main steps, namely supine position (pre-
exercise), step 1: elevation, step2: hanging,
step 3: flexion-extension, and horizontal
(post-exercise). Each session consists of at
least 3-6 cycles with a duration of
approximately 30 minutes. This research
uses a literature review method that is still
basic. In addition, references related to the
Buerger Allen exercise are still lacking,
especially in randomized control trials.
Future research can develop a method with
a systematic review.
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