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Abstract: 

Diabetes related lower extremity complication increase the risk for amputation which 

include peripheral neuropathy, peripheral vascular disease, and infection. Peripheral arterial 

disease is estimated to be 2 to 4 times more common in persons with diabetes than in others 

. Buerger Allen exercise intended to improve feet, legs circulation and relieve the 

symptoms in patients with lower limbs arterial insufficiency. Therefore, the aim of the 

study, evaluate the effect of  Burger Allen exercise on lower limb perfusion in patients with 

type 2 diabetes mellitus. Method and sample, Quasi-experimental research design was 

conducted in the diabetic and endocrine ward and diabetic foot clinic in Specialized-

Medical Hospital, at Mansoura University.  The sample of this study composed of 48 adult 

patients with type 2 Diabetes who attend the diabetic ward and diabetic foot clinic in 

Specialized-Medical Hospital throughout six months. Patients  randomly assigned into two 

matched groups; study group (group A) and control group (group B). Results, indicates 

significant improvement into patients lower extremity perfusion by using  Ankle Brachial 

Index ( ABI) scale after performance of  Buerger Allen exercise and at the same time it 

helped to improve  the vascularity and thus promotes the wound healing process. 

Conclusion, positive effect of Buerger Allen exercise on diabetic patients lower extremity 

perfusion. 
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Introduction: 

Diabetes is one of the major global health 

emergencies of the 21st century. The 

prevalence of diabetes mellitus is 

increasing rapidly because of population 

ageing, urbanization and lifestyle 

changes
(1,2)

.According to WHO This 

number of people with diabetes has risen 

to 422 million in 2014, and expected to 

rise to 552 million (or 1 in 10 adults) by 

2030, which equal to 3 new cases per 

second 
(3, 4)

. The number of diabetic  

patients in the Middle East and North 

Africa ( MENA ) Region is more than 35.4 

million and expected to rise by 2040 to 

72.1 million. In Egypt, there are more than 

7.8 million cases of diabetes
(2)

 . Feet 

problems considered among the most 

serious complications of diabetes mellitus 
(5)

. Diabetes associated lower extremity 

complications like peripheral arterial 

disease (PAD), peripheral neuropathy, foot 

ulceration or lower extremity amputations 

(LEA), are emerging as a public health 

concern which likely to occur twice in 

diabetics than non-diabetics 
(6)

. Peripheral 

arterial disease (PAD) is a chronic 

atherosclerotic process that causes 

narrowing of the peripheral blood vessels, 

predominantly of the lower limbs. Patients 

with diabetes have 4 fold increased risk of 

developing PAD 
(7)

 . Buerger Allen 

exercise is a system of exercises for 
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arterial insufficiency of lower limbs to 

improve circulation to the feet and legs. 

This exercise produce gravitational 

changes in positions which aid in  

increasing blood flow rate, removal of  

stagnant blood and create collateral 

circulation to the ischemic area 
(8,9)

 . 

Buerger exercise is an ideal and 

noninvasive physical therapy for patients 

with diabetes combined with PAD as it is 

an easy to learn, low cost, and low risk 

physical activity 
(10)

. 

1. The study aim: The aim of the study 

was to evaluate the effect of  Burger 

Allen exercise on lower limb  

perfusion of patients with type  2 

diabetes mellitus. 

2.  Research hypothesis: 
H1: There will be significant 

association between Buerger Allen 

exercise and lower limb perfusion of 

patients with type  2 diabetes mellitus. 

3. Subjects & method : 

3.1 - Research Design: Quasi – 

experimental research design was 

utilized in this study. 

3.2 - Setting: This Study was conducted 

at diabetic and endocrine ward and 

diabetic foot clinic in Specialized-

Medical Hospital, at Mansoura 

University. 

3.3 Participants: Purposive  sample of 

48 adult patients with type 2 

Diabetes who attend the diabetic and 

endocrine ward and diabetic foot 

clinic in Specialized-Medical 

Hospital, at Mansoura University 

throughout six months. Patients  

randomly assigned into two matched 

groups; study group (group A) and 

control group (group B). The study 

group involved patients who 

performed Burger Allen exercise in 

addition to routine care while the 

control group involved patients 

receiving only routine care. Study 

included adult patients of both sexes 

with type 2 Diabetes and ankle 

Brachial Index ( ABI) : ranged from 

0.4 – 0.9 and excluded patients with 

ABI : less than 0.4,Wagner grade 

(3,4,5)classification of diabetic foot, 

deep vein thrombosis, unstable 

coronary heart diseases, acutely  ill 

patient, chronic renal failure, 

chronic liver disease and patients 

with no palpable extremity pulse. 

4.4 Tools: Two tools had used in this 

study as the following : 

4.4.1- Tool I:Patient's Health Relevant 

Information Sheet. This tool was 

developed by the researcher based on 

literature review  to collect the required 

base line data and consists of two parts:  

Part 1: socio-demographic data sheet: 

This part was used to collect personal data 

of  patients as : age, gender, marital 

status, educational level ,occupation and 

type of job.  

Part 2: Patient's Health status :This part 

was used to assess patient current 

diagnosis, length of time since diagnosis, 

presence of diabetic foot ulcer, other 

health problems, past history, family 

history, dietary pattern …….., etc.   

4.4.2- Tool II: Tissue perfusion 

assessment: Ankle Brachial Index  (ABI).  

The ABI is used to assess tissues 

perfusion of lower limbs and  calculated 

by dividing the systolic blood pressure at 

the ankle (Posterior tibial or  Dorsalis 

Pedis) by the systolic blood pressures in 

the arm (Brachial) by using 

sphygmomanometer 
(11,12)

 . 

ABI = 

 

Highest ankle systolic pressure 

-----------------------------------                                                                

Highest brachial arm pressure 

Scoring system: 

Above 0.9 Normal 

0.71 – 0.90 Mild Obstruction 

0.41 – 0.70 Moderate Obstruction 

0.0 – 0.40 Severe Obstruction 
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4.5- Methods: 
 The researcher obtained the required 

permissions from the Research Ethics 
Committee of Nursing faculty, 
Mansoura University.  

 A verbal consent was obtained from 
patients who participated in the study 
after  clear explanation of the aim and 
the nature of the study. 

 Tools tested for content validity by 
seven experts from both field of 
medicine and nursing. Faculty of 
nursing –Mansoura university (5 
members), and medical specialist 
(2members) in the Specialized-Medical 
Hospital, at Mansoura University. The 
required modifications were done.  

 A pilot study was carried out on 10 
patients, before data collection to test 
the clarity, feasibility, applicability, 
reliability. The tools was modified 
according to results of pilot study. 
These ten patients were excluded from 
the study.  

 Data collection extended over a periods 
of six months  

 Filed work: The field of working 
included the following phases: 

A. Assessment phase: Every patient was 
interviewed individually to collect the 
necessary data after giving  him a brief 
idea about the aim of the study   using   
tool I, part(1).The researcher started 
by assessing patients on day  (1) 
before intervention , assessment was 
done using  tool I, part (2) and tool II 
(ABI) scale .ABI was done by using 
standard manual sphygmomanometer 
and standard hand Doppler.  

Ankle brachial pressure  index measured 
by  blood pressure cuff tied on upper arm, 
palpate the brachial pulse  then applying 
gel, place the Doppler and inflate the cuff 
about 20 -30 mmHg after pulse is not 
audible and then deflate slowly and mark 
the first heard pulse as the systolic blood 
pressure and repeat for the other arm and 
the highest was used . Blood pressure cuff 
tied on 2.5 cm above the malleolus , 
measurement was made for both the 
dorsalis pedis(DP) and posterior 
tibial(PT)and the highest value was used. 
Then divided the higher systolic pressures 

of  DP or PT pulse for each ankle by the 
higher of the two upper extremity brachial 
systolic pressures to obtain the ABI for 
each of the lower limbs

(13) . 

B. Implementation phase: 
The researcher instructed to the patients 
the importance of Buerger Allen exercise 
in improving perfusion of lower limbs and 
preventing further complication related to 
circulation ,then taught Buerger Allen 
exercises to the patient using colored 
booklet after assessment  followed by 
return demonstration from the patient and 
patients were instructed  to perform it at 
least two sessions per day. 
•  Buerger Allen exercise consisted of two 

to  three sessions a day according to 
patient tolerance ,every session 
consisted of 3 phases. In first phase the 
patient Lie flat with legs elevated above 
the level of the heart to a 45 to 90 
degree angle until blanching occurred 
(about 2 minutes). 

•  Then sit on edge of bed and lower the 
legs with no pressure against the back of 
the knees to fill the vessels and exercise 
feet by  plantarflexion, dorsiflexion 
,internal and external rotation  until the 
legs are pink (about 5 minutes) 

(10 ).
 

•  Finally, the third  phase in which 
patient lie flat for about 5 minutes with 
feet covered with a warm blanket before 
repeating the exercises . 

C. Evaluation phase: After two weeks of  
performing Buerger Allen exercises 
for doing immediate post-test by 
using Tool II(ABI) scale and 
assessing wound healing through 
using Wagner Meggitt’s 
classification of diabetic foot . 

D. Follow up phase: After 4 weeks from 
intervention. 

5. Results:  The data collected were 
analyzed statistically and the results are 
categorized as following parts: 
The demographic characteristics of the 
patients was shown in Table (5.1) at 
baseline; there were no statistically 
significant differences observed among 
study and control groups. 
 Females were more prevalent in the 

sample than males. They constituted 
(87.5% and 91.7%)   for the study and 
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control groups respectively .In relation 
to age, the majority of  diabetic 
patients were between 40 to 60  years 
old. As regards marital status the 
majority of diabetic patients in both 
groups were married.  

Regarding the educational level, the 
highest percentage of the studied diabetic 
patients were able to read and write. 
Concerning  patient's occupation, it was 
observed that about three quarter of the 

studied diabetic patients were housewives. 
Regarding activity level, the results 
revealed that the highest percentage of the 
studied diabetic patients had both 
sedentary & standing activity level , the 
reported percentage were 54.2% and 
70.8% of the study and control groups 
respectively. It  was found that the 
majority of diabetic patients in both groups 
reported family history of DM  from  first 
degree relativity. 

 

Table (5.1):Distribution of studied groups according to their demographic characteristics. 

 
Study 

(n = 24) 
Control 
(n = 24)  p 

 No % No. % 
Gender       

Male 3 12.5 2 8.3 
 

FEp= 
1.000 Female 21 87.5 22 91.7 

Age       
20 – < 30 0 0.0 0 0.0 

3.038 
MCp= 
0.215 

30 – < 40 2 8.3 0 0.0 
40 – <50 12 50.0 9 37.5 
50 – 60 10 41.7 15 62.5 
Mean ± SD. 47.83 ± 5.91 50.38 ± 5.19 t=1.583 0.120 

Marital status       
Married 20 83.3 18 75.0 

2.110 
MCp= 
0.644 

Single 0 0.0 1 4.2 

Widow 2 8.3 4 16.7 
Divorced 2 8.3 1 4.2 

Level of education       
Illiterate 5 20.8 6 25.0 

4.075 
MCp= 
0.209 

Read and write 16 66.7 10 41.7 
Secondary education 3 12.5 6 25.0 
University education 0 0.0 2 8.3 

Occupation       
Manual work 2 8.3 1 4.2 

3.353 
MCp= 
0.422 

Employee 2 8.3 6 25.0 
House wife 19 79.2 17 70.8 
Retired 1 4.2 0 0.0 

Activity level       
Sedentary 9 37.5 2 8.3 

6.126* 
MCp= 
0.047* 

Standing 2 8.3 5 20.8 
Both sedentary & standing 13 54.2 17 70.8 

Family history of diabetes 
mellitus 

      

Yes 21 87.5 24 100.0 
3.200 

FEp= 
0.234 No 3 12.5 0 0.0 

Degree of relativity (n = 21) (n = 24)   
First degree relative 13 61.9 18 75.0 

0.896 0.344 Second degree relative 8 38.1 6 25.0 
Third degree relative 0 0.0 0 0.0 


2
, p:  

2
 and p values for Chi square test for comparing between the two groups 

               
 

*: Statistically significant at p ≤ 0.05  
                          

MC
p: p value for Monte Carlo for Chi square test for comparing between the two groups                                                                                

FE
p: : p value for Fisher Exact for Chi square test for comparing between the two groups 
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Figure (5.1): Represent difference 

between studied groups through the study 

period as regard grades of diabetic foot 

ulcer. It can be observed from the figure 

that there is no statistically significant 

difference was observed between both 

groups before intervention (MCp= 

0.831).In relation to study group , a 

statistical difference between pre, post and 

follow up grades of foot ulcer 

improvement , as grade 2 changed from( 

20.8%) to reach (12.5% and then 4.2%) in 

pre, post and follow up phases respectively 

and grade 1 from (8.3%  to 16.7% and 

changed to 12.5)as this difference become 

related to grade zero. After four weeks 

grade 0 changed from 70.8% in pre-test to 

reach 83.3% with healing ratio of 12.5%. 

Compared with no changes in pre and 

immediate  post-test of control group. 

Figure (5.1): Difference between studied 

groups through the study period as regard 

grades of diabetic foot ulcer.  

 
Table (5.2) : shows Comparison between 

the studied groups according to ulcer 

surface area through the study period, 

there was significant  statistical difference 

from the beginning(P =0.502 )  to the end 

(P=0.039) of the study between two 

groups after performance of Buerger Allen 

exercise as mean ulcer surface area 

decrease constantly for study group 

(p=0.038).For the control group ,there is 

no significant difference  between mean 

ulcer surface area through the study 

period. 

Table (5.2) : Comparison between studied groups according to ulcer surface area through 

the study period. 

 Pre-test 

p1 

immediate post-test P2 follow up test 

p3 
Ulcer 

surface 

area 

Study 

(n = 7) 

Control 

(n = 9) 

Study  

(n = 7) 

Control 

(n = 9) 
 

Study 

(n = 7) 

Control 

(n = 9) 

Mean ± 

SD. 

4.30 ± 

3.94 

5.96 ± 

5.32 

0.5

02 

2.48 ± 

2.15 

4.88 ± 

5.99 

0.3

33 

0.54 ± 

0.71 

4.76 ± 

5.12 

0.03

9
*
 

p1: p value for Student t-test for comparing between study and control group in before intervention  

p2: p value for Student t-test t for comparing between study and control group in after 2nd week 

p3: p value for Student t-test for comparing between study and control group in after 4th week  

*: Statistically significant at p ≤ 0.05 

 

Table (5.3) and Table (5.4) : show 

comparison between studied groups 

according to ABI through the study period, 

there was significant difference in mean 

ankle brachial index after performance of  

Buerger Allen exercise for the study group  

as it elevated from (0.74 ± 0.11) to (0.85 ± 

0.08 ) in immediate post-test (p= <0.001) 

and changed to ( 0.91 ± 0.11)into follow 

up phase(p= <0.001) and between 

immediate post-test and follow up test(p= 

0.010) . Compared to (0.73 ± 0.10) for 

control group changed into (0.71 ± 

0.09and 0.76 ± 0.08 ) into post and follow 

up phases respectively. There was  no 

significant difference between two studied 

groups at the beginning of the study 

(tp=0.682) on the other side mean 

difference between them into immediate 

post-test and follow up test was  high 

significant (tp=<0.001). 
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Table (5.3) : Differences between studied groups according ABI through the study 

period. 

Ankle Brachial 

pressure Index 

(ABPI) (mmHg) 

Mean ± SD. 

p1 p2 p3 Pre-test 
immediate 

post-test 

follow up 

test 

Study (n = 24) 0.74 ± 0.11 0.85 ± 0.08 
0.91 ± 

0.11 
<0.001* <0.001* 0.010* 

Control (n = 24) 0.73 ± 0.10 0.71 ± 0.09 
0.76 ± 

0.08 
0.129 0.041* 0.001* 

p: p value for F test (ANOVA) with repeated measures                       *: Statistically 

significant at p ≤ 0.05   

p1: p value for comparing between Pre-test and immediate post-test with in same group 

p2: p value for comparing between Pre-test and follow up test with in same group 

p3: p value for comparing between immediate post-test and follow up test with in same 

group 

Table (5.4):Comparison between studied groups according ABI through the study period. 
Ankle 

Brachial 

pressure Index 

(ABPI) 

(mmHg) 

pre-test 

P1 

immediate post-test 

P2 

follow up test 

p3 Study 

 (n =24) 

Control 

(n=24) 

Study 

 ( =24) 

Control 

(n=24) 

Study 

 (n =24) 

Control 

(n=24) 

Mean ± SD 0.74 ± 0.11 0.73 ± 0.10 
tp=0.
682 

0.85 ± 
0.08 

0.71 ± 
0.09 

tp=<0

.001* 

0.91 ± 
0.11 

0.76 ± 
0.08 

tp=<0

.001* 

t, p: t and p values for Student t-test                        *: Statistically significant at p ≤ 0.05  

p1: p value for comparing between study and control group in before intervention  

p2: p value for comparing between study and control group in immediate post-test 

p3: p value for comparing between study and control group in follow up test 

Figure (5. 2 ): illustrate lower extremity 

perfusion improvement among studied 

groups through the study period. There 

was  no significant difference between two 

studied groups at the beginning of the 

study. But there was significant difference 

between them after performance of 

Buerger Allen exercise. In relation to 

study group , a statistical difference 

between pre, post and follow up where 

level of impairment improved to reach 

41.7% normal lower extremity perfusion 

in immediate post-test and 58.3 % in 

follow up test. Compared with no 

noticeable change in control group. 
 

 
Figure (5. 2 ): Lower extremity perfusion 

improvement among studied groups 

through the study period. 

 

Normal lower extremity 

perfusion (ABI): Above 0.9 

Mild 

Obstruction(ABI):0.71 – 

0.90 

Moderate obstruction 

(ABI):0.41 – 0.70 
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Table (5.5) and Figure (5.3 ,5.4 and 5.5): 

Demonstrate the correlation between 

patient's ABI  with Ulcer surface area 

through the study period  for study group. 

As observed, there was a significant  

negative correlation between patient's ABI 

and ulcer surface area before and after  

performing Buerger Allen exercises where 

p values were found to be ( p =0.027) in 

Pre-test and ( p =0.035) in immediate post-

test. But,  this correlation was not 

significant in follow up where ( p =0.144). 

Table (5.5): Correlation between patient's 

ABI  with Ulcer surface area 

through the study period  for 

study group. 

 

U
lc

e
r 

su
rf

a
ce

 a
re

a
 ABI 

 r P 

Pre-test -0.809
*
 0.027

*
 

Immediate 

post-test 
-0.789

*
 0.035

*
 

Follow up 

test 
-0.612 0.144 

r: Pearson coefficient  

*: Statistically significant at p ≤ 0.05         

ABI : Ankle Brachial Index 

 
Figure (5.3):Correlation between ABI and 

Ulcer surface area in pre-test 

 
Figure (5.4):Correlation between ABI and 

Ulcer surface area in immediate post-test. 

 
Figure (5.5):Correlation between ABI and 

Ulcer surface area in follow up test6- 

 

Discussion  

Foot problems in diabetic patients 

remain a major public health problem and 

are the most common reason for 

hospitalization of patients with diabetes 

with prevalence as high as 25%. This high 

prevalence lead to significant clinical and 

economic impact  
(14)

 . Peripheral arterial 

disease is estimated to be 2 to 4 times 

more common in persons with diabetes 

than in others which increase the risk for 

amputation 
(15)

 . Increasing foot peripheral 

circulation in patients with diabetes is 

important not only in relieving symptom , 

but also in prevention of  ulcer and 

amputation. Buerger Allen exercise 

intended to improve feet and legs 

circulation, relieve the symptoms in 

patients with lower limbs arterial 

insufficiency, It drained engorged vessels 

by using postural changes and applying 
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muscle contractions to stimulate peripheral 

circulation 
(10)

. 

The results of the present study 

revealed that, females were more prevalent 

in the sample than males ,the same results 

reported by Fouad ,2009; Tavintharan et 

al,2009
 (16,17

 ). As regard to age the 

majority of studied groups were between 

forty and sixty years old, this in the same 

line with Hassan & Mehani, 2012
(18)

, this 

finding may be due to that PAD is chronic 

complications of D.M that require years to 

occur ,so it appear in older adult who have 

diabetes since several years. 

It was observed that the highest 

percentage of the studied diabetic patients 

had both sedentary & standing activity 

level, this result in the same line with 

John & Rathiga, 2015 
(19)

. In relation to 

length of time since diagnosis, it is  

noticed that, the largest proportion of the 

studied groups had diabetes mellitus for 

more than 10 years , this finding in 

agreement with Coce, Metelko, Jaksic, 

Car, & Pavkovic, 2008
( 20)

 and this 

finding may be due to chronicity of the 

disease. 

Regarding hypertension it was 

observed that the majority the studied  

groups were hypertensive, this finding in 

agreement with C. Chang, Chang, 

Hwang, & Chen, 2015 
(21)

; this finding 

may be due to the  fact that hypertension 

and DM are interrelated. 

When assessing  wound size and 

grades among the study group, our study 

revealed that continuous improvement 

along the study period from  pre-test  to 

immediate post-test  and then in follow up 

in which there is a percentage  of study 

group achieve wound healing and  shown 

no break in the skin test. In  comparison of 

control group, there was slow healing 

process as wound size and depth  show no 

significant difference from pre-test  to 

immediate post-test  and follow up test , 

these results is in accordance with 

Vijayabarathi, 2016;Vijayabarathi & 

Hemavathy, 2014
(22,23) 

who stated that 

grade and size of wound highly decrease 

in study group from pre -test to post-test  

and patients had been showed better 

wound healing compared to control group 

and this finding is due to that Buerger 

Allen exercise which help to improve the 

vascularization of lower limbs  and 

consequently it will help to improve the 

wound healing process. 

 Concerning lower extremity perfusion, it 

was noted that the  study group  show   

significant improvement along the study 

period  as  level of lower limb impairment  

improved  to reach nearly half of patients 

with  normal lower extremity perfusion in 

immediate post-test and  more than half 

normal perfusion in follow up test. 

Compared with control group there was 

not significant change in level of lower 

extremity perfusion impairment  from 

beginning to the end of the study . This 

result in the same line with Mellisha, 2016 
(24)

. This finding is  due to doing  Buerger 

Allen exercise  which use gravity to empty 

and fill blood vessels alternately to  drain 

congested vessels, which finally improves 

blood transportation, stimulate and 

promote collateral circulation. 

 The same finding show positive relation 

between body mass index(BMI) and  

patients’ ABI. Which were  more worse in 

patients who have higher BMI these 

results come in line  with Subramaniam 

et al., 2011  
(25)

. This finding may be due 

to that obesity is a major risk factor for 

PAD.As regard correlation between 

patient's ABI and Ulcer surface area, the 

present study showed significant  negative 

correlation between patient's ABI and 

ulcer surface area before and after  

performing Buerger Allen exercises . The 

same results reported by Vijayabarathi, 

2016;Vijayabarathi & Hemavathy, 2014 
(22, 23)

. This is may be due Burger Allen 

exercises which improve vascularity  to 

lower limbs and consequently it will help 
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to improve perfusion and wound healing 

process simultaneously. 

7- Conclusion: The results of the current 

study proved that Buerger Allen 

exercise was found to be effective on 

improving the lower extremity 

perfusion among patients with type 2 

diabetes mellitus . On the other hand, 

diabetic foot ulcer patients can adopt 

Buerger Allen exercise to promote 

faster wound healing.  

8-Recommendations:In the light of the 

results of the present study, the 

following recommendations are 

suggested: 

For patients: 

 Organizing patient’s centered 

workshops to teach about diabetes 

mellitus disease,  it's  harmful 

complications especially on lower 

limb and to how to perform Burger 

Allen exercise to avoid or decrease 

these complication. 

For health care providers: 

 An educational program should be  

applied about  Burger Allen exercise 

for all nurses working in medical  unit  

(inpatient &outpatient) to provide 

them  with the necessary and required 

knowledge and skills.  
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