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Abstract

Background Lower limbs edema is one of the common problems in late pregnancy. This study aimed to determine the effect
of modified Berger—Allen exercises on lower limb swelling in late pregnancy.

Materials and Methods This randomized clinical trial was conducted on 105 pregnant women suffering from lower limbs
edema. Samples were randomly placed in three groups: modified Buerger—Allen exercises for five days, modified Buerger—
Allen exercises for ten days, and the control group. Foot circumferences and volume and pain were measured before and
after the study.

Results There was a significant difference between the average of right and left ankle circumference, right and left heel cir-
cumference, right and left foot circumference, left foot volume and pain score after the 5-day intervention group (p < 0.05).
In the 10-day intervention group, there was a significant difference in all averages of ankles, heels, foot circumference and
volume, and pain score 10 days after the intervention, compared to before the intervention (p <0.05).

Conclusion Performing innovative modified Buerger—Allen exercises in pregnant women with lower limbs edema may
reduce their pain and swelling. It can also reduce the leg areas in pregnant women with lower limb edema in late pregnancy.
Trial registration Approval number from Iranian Registry of Clinical Trials: IRCT20200713048096N1 (Registration date:

2020-11-12).
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Background

Pregnancy is one of the most important stages in a wom-
an’s life. Although it is a blissful period for most women,
it seems to be a stressful period attributed to physiologi-
cal and psychological changes [1]. It can be the origin of
many changes in the body system, changes that can take
a few weeks to return to the original [2]. Some of these
changes affect the lower body organs [3]. Affecting 80%
of pregnant women, edema is not considered as a symp-
tom of pregnancy-induced hypertension or preeclampsia
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[4]. Varney describes gestational edema as excessive fluid
accumulation in tissues without hypertension or proteinuria
[4, 5]. Lower limb edema occurs in 35-80% of all normal
pregnancies in late pregnancy [6].

A study, conducted in India in 2015, reported that the
prevalence of swelling is as such was 67%, in pregnant
women, 49% in legs, 33% in the sacral area, and 14% [7]
in both areas. According to a study conducted in Turkey,
the prevalence of physiological leg edema was 80% [6]. In
another study in Iran, the such prevalence was between 26
and 62.2% [8, 9]. Despite the fact that physiologic edema
during pregnancy is not dangerous, the pain associated with
it may be the most serious complication. Also, nocturnal
cramps, numbness (weakness), paleness, discomfort, feel-
ing of heaviness in the leg, painful paresthesia, and change
in the shape of the leg are other symptoms associated with
edema [10]. Physiological edema in the feet can be one of
the causes of sleep problems and disorders. Insufficient sleep
(6 h or less) reported to cause prolonged labor and increase
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the prevalence of instrumental delivery [11]. Thus, evaluat-
ing and treating such a problem seems necessary.

Buerger—Allen exercises may lead to the movement of
interstitial fluids in the extravascular space as well as the
venous system of blood circulation. It can be done by com-
bining two mechanisms: 1. the movement of fluid in the
extravascular space and 2. the movement of fluid from the
extravascular space to the venous system. It does not have
medical consequences [12].

Additionally, most pregnant women, who are in the third
trimester, cannot sleep on their backs for a long time. It can
lead to putting pressure on the great vein below, slowing
down the return of blood to the heart, and restricting blood
flow to the fetus [13]. Studies show that placing a pregnant
mother in the position of sleeping on her back can increase
the chance of still birth and ITUGR [14, 15] at the end of
pregnancy (third trimester). In the present study, we present
the modified Buerger—Allen exercises that tilt the pregnant
woman’s body to the left (the left lateral tilt (LLT) position
replaced the supine position), to remove the pressure of the
fetus from the collapsed inferior vena cava to the left aorta,
which is resistant to compression. Also, this can increase the
speed of blood flow [13].

Because limited studies have been conducted on the treat-
ment of edema related to pregnancy, and according to the
limitation of lying pregnant women in the supine position
during Berger—Allen exercises, the present study aimed to
determine the effect of modified Berger—Allen exercises
on the physiological peripheral edema of pregnancy in the
lower limbs.

Methods
Study Design

This randomized clinical trial was conducted on 105 preg-
nant women who went to the prenatal care at health centers
covered by Zahedan University of Medical Sciences. It was
performed from August 2020 to August 2021, after obtain-
ing the code of ethics from the ethics committee of Tarbiat
Modares University (IR. MODARES. REC. 1399.105) and
registration in the Iranian Clinical Trial Registration Center
(N120200713048096IRCT). The criteria for entering the
research include: first pregnancy and singleton, age between
18 and 35, normal pregnancy between 30 and 40 weeks,
presence of bilateral edema in the feet and legs of two plus
or more, BMI in the normal range, normal state of amniotic
fluid, not having the history of infertility, no symptom of
systemic diseases such as heart and lung disorders, diabetes,
thrombophlebitis, and high blood pressure, no skin disease
such as severe eczema and absolute rest, no mental prob-
lems, no preeclampsia and eclampsia, no drug use except

for the supplements during pregnancy, not having the history
of drug addiction, no pain except to the area of the soles of
the feet and ankles that spread from other organs. Evaluated
in terms of compliance with the inclusion criteria, the sam-
ples of the research were randomly selected from the health
centers covered by Zahedan University of Medical Sciences
using a random number table. They were divided into test
groups (5-day and 10-day exercises) and control (35 people
in each group).

Sampling

The size of the sample was based on the pain scores before
the intervention and five days after it in the control group
and on the pilot intervention in ten people. The average of
the two groups was 5 and 4, respectively, and the standard
deviation difference was 1. First type of error a was 0.05, so
z1 =a/2=1.96. The second type of error 3 was 0.2, and so
21 =6=0.84. The sample size for each group was 32 people.
By taking into account the drop of 10%, it was 35 people
(105 people in total).

Data Collection Tools

Data collection tools include demographic characteristics
and obstetric history forms that was completed by the par-
ticipants, pain ruler, inflexible tape measure, and volumeter
of the lower limb.

Intervention

The participant of the study included 105 primiparous preg-
nant women who met the inclusion criteria and were referred
to health centers covered by Zahedan University of Medical
Sciences for prenatal care. Then, demographic character-
istics and obstetric history forms were completed. Consid-
ering the privacy of the research samples, the researcher
helped them sit on the examination bed. In order to maintain
the health of the research samples and prevent the possi-
bility of COVID-19, health protocols (social distance, use
of two three-layer masks, and disposable latex gloves by
the researcher and the research sample, as well as disinfec-
tion of the meter and equipment with alcohol spray) were
met. In order to check the amount of edema, the examiner’s
thumb was pressed firmly and gently for 2 seconds on the
area around the sole of the foot, behind the inner ankle or
on the leg. Then, the depth of the indentation was estimated
in centimeters. The size of the circumference around the
wrist, around the heel, and between the fingers and metatar-
sal phalangeal joint (MPJ) metatarsal bones was measured
using an inflexible tape measure.

Then, the volume of each leg was evaluated by a volume-
ter. Measuring the amount of water, the patient was asked
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to slowly dip her foot into the volumeter until the horizontal
rod which is placed at the end of the volumeter is between
the second and third toes. The severity of the pain reported
by the participants was evaluated using the VAS scale.

A training session on modified Buerger—Allen exercises
along with the presentation of slides and a training booklet
was performed in the intervention groups. Following the
intervention, the researcher contacted the research units
daily in the intervention groups to ensure that the exercises
were carried out (by phone or social networks). The inter-
vention groups included two groups: the group that per-
formed modified Buerger—Allen exercises at home for five
days and the group that performed modified Buerger—Allen
exercises at home for ten days. All subjects of the interven-
tion and control groups received routine pregnancy care.

The measurements were done once again on the fifth day.
Furthermore, determining the consistency of the effect of
the exercises in the third stage, the measurements were per-
formed ten days after the beginning of the exercises. The
measurement duration takes 15 minutes at each stage.

The exercises performed by the pregnant woman were as
follows: First, the sample was lain down on the left hand with
an angle of 30° toward the supine (LLT), and at the same
time, the lower limb was raised up to an angle of 45°-90°

Fig. 1 Modified Buerger—Allen
exercise steps

and was kept until the skin turns white (appears dead white).
Then, sitting on a chair, she lowered her legs below the sur-
face of the rest of the body until redness appears (note that
there is no pressure on the back of the knees) and the toes
are bent and stretched. Finally, straightening her legs, she lay
on the bed on her left side for a few minutes. The duration
of each position depends on the patient’s tolerance and the
amount of skin color change. Typically, exercises were pre-
scribed in such a way that the legs were raised for 2—-3 min
and lowered for 4-6 min. Then, the participant was straight-
ened on the bed for 10 min (Fig. 1). The sample in the con-
trol group also completed the questionnaire of demographic
and midwifery information. The measurements were done by
the researcher in the same way as the test group. After that,
they were asked to return to the research center in the next 5
and 10 days to re-measure the above-mentioned indicators.

Statistical Analysis

Finally, data were analyzed using SPSS software ver-
sion 26. The normality of the data was checked with
Kolmogorov—Smirnov test. Chi-square test was used to
analyze the qualitative data, and the analysis of variance
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(Kruskal-Wallis) test was used to compare the quantitative  and after the intervention). Significant level was considered
variables. Additionally, the Kolmogorov—Smirnov statistical ~ as P <0.05.

tests were used for the inferential analysis of the data, the

paired t test (Wilcoxon) was used for checking the normal-

ity of the data, and the independent t test (Mann—Whitney)

was used to compare two periods (before the intervention

[ Enrollment ] Assessed for eligibility (n= 850 )

Excluded (n=750 )

+ Not meeting inclusion criteria (n=700 )
+ Declined to participate (n=45 )

+ Other reasons (n=0 )

Allocation
v
Randomized (n=105 )
v v
Allocated to control group (n= Allocated to intervention 5 days (n= 35 Allocated to intervention 10 days (n=
35) ) 35)
+ Received allocated + Received allocated intervention (n= + Received allocated intervention
intervention (n= 35) 35) (n=35)
( )
| Follow-Up J l
Lost to follow-up (n=5) Lost to follow-up (give reasons) (n= 4) Lost to follow-up (give
. .. reasons) (n=4 )
Failure to visit due to the outbreak of Non-referral and non-response (n= 2)
Covid-19 pandemic (n= 1) Failure to visit due to the
] ) Failure to visit due to the outbreak of outbreak of Covid-19 pandemic
Reluctance to continue studying (n= 2) Covid-19 pandemic (n= 1) (n=1)
Failure to visit to measure the _
circumference of the foot due to severe Preterm labour(n=2) travel (n=1)
pain ( N=2) ] Preterm labour (n= 1)
( Analysis

—

y ‘ v

Analysed (n=30 ) Analysed (n=31) Analysed (n=31)
+ Excluded from analysis + Excluded from analysis + Excluded from analysis
(give reasons) (n=5 ) (give reasons) (n=4 ) (give reasons) (n=4)

Fig.2 Consort flow diagram
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Results

In this study, 105 pregnant women were investigated. In each
group, 35 people participated. Five people in the control
group, four in the 5-day intervention group, and four people
in the 10-day intervention group were excluded from the
study (Fig. 2).

According to the research findings, the average age of
women was as follows: 25.61 +4.1 years in the 5-day inter-
vention group, 26 +4.16 years in the 10-day intervention
group, and 25.84 +3.79 years in the control group. Also,
the length of marriage was as follows: 2+0.93 years in the
5-day intervention group, 1.82+0.95 years in the 10-day
intervention group, and 1.97 +0.76 years in the control
group. The average body mass index was: 23.22 +1.43 in the
5-day intervention group, 23.66 + 1.24 in the 10-day inter-
vention group, and 23.88 + 1.49 in the control group. 66.67%
of women participated in this study, and 61.29% of their
spouses had university degrees. The demographic data were
not significantly different between groups. (Tables 1 and 2.)

Based on the Wilcoxon and Mann—Whitney U test, there
was not a significant difference between the volume of the
right foot, five days after the intervention, in comparison
with before study (P=0.27) and the control group (p=0.2).
However, Wilcoxon test showed that the average circumfer-
ence of right ankle, left ankle, right heel, left heel, right

Table 1 Demographic characteristics by groups

foot, left foot, left foot volume, and pain score showed a
significant difference in the 5-day intervention group com-
pared to before the intervention (p <0.05) (Table 3). The
Mann—Whitney U test, however, showed no significant dif-
ferences between two groups, five days after the interven-
tion. In the 10-day intervention group, Wilcoxon test showed
there was a significant difference in all averages of right
ankle circumference, left ankle circumference, right heel
circumference, left heel circumference, right foot circum-
ference, right foot circumference, right foot volume, left foot
volume, and pain score compared to before the intervention
(p<0.05) (Table 3). After 10 days, no significant differences
were observed between the intervention and control groups
in any of the above parameters.

Discussion

In the present study, an innovative modification of
Buerger—Allen exercises was investigated to determine
whether it had an effect on lower limb edema in late preg-
nancy. The results of the study showed that performing the
modified Buerger—Allen exercise for 10 days can reduce the
pain and swelling of the lower limbs in pregnant women.
According to the results of the study, there was not a sig-
nificant difference between the average circumference of
the legs after the intervention in the 5-day test group and

Characteristics Control group Intervention 5-day Intervention 10-day All p value
Age 25.84(3.88) 25.61(4.1) 26(4.63) 25.82(4.16) 0.065 0.93
Age of spouse 28.84(3.84) 29.48(5.17) 28.67(4.06) 29(4.36) 0.295 0.74
Length of marriage 1.97(0.76) 2(0.93) 1.93(0.87) 1.93(0.87) 0.374 0.68
BMI 23.88(1.49) 23.22(1.43) 23.59(1.41) 23.59(1.14) 1.81 0.16
Standing time 5.41(1.93) 5.35(1.68) 5.47(1.78) 5.47(1.78) 0.29 0.76
Table 2 Qualitative variables’ characteristics of participants
Variables Level Control group Intervention 5-day Intervention 10-day All p value
Level of education Under diploma and diploma  8(25) 9(29.03) 9(29.03) 31(33.33) G=3.65
Academic 24(75) 22(70.97) 22(70.97) 62(66.67) P=0.16
Spouse’s level of education ~ Under diploma and diploma 11(34.38) 11(70.97) G=1.021
Academic 21(65.63) 20(64.52) 16(53.33) 57(61.29) P=0.60
Employment status Housewife 21(65.63) 14(45.16) 19(63.33) 54(58.06) G=3.21
Employee 11(34.38) 17(54.84) 11(34.38) 39(41.94) P=0.20
Spouse’s employment status  Free 17(53.13) 14(45.16) 18(60) 49(52.69) G=1.35
Employee 15(46.88) 17(54.84) 12(40) 44(47.31) P=0.50
The economic situation Lower middle-income level 8(25) 4(12.9) 7(23.33) 19(20.43) G=1.87
Middle-income level 19(59.38) 20(64.52) 17(56.67) 56(60.22) P=0.75
Higher middle-income level ~ 5(15.63) 7(22.58) 6(20) 18(19.35)

@ Springer



The Effect of Modified Buerger—Allen Exercises...

493

Table 3 The mean and standard deviation of the environments measured in the legs, in centimeters and the volume of the legs in millimeters, separately for the 5-day, 10-day test groups and the

study control, before, and after the intervention

Intervention 10-day group

Intervention 5-day group

Control group

Post p value

Pre

p value

Post

Pre

p value

Post

Pre

Variables

Mean + SD

Mean + SD

Mean + SD

+ Mean + SD

Mean + SD

Mean + SD

0.003
P<0.001

2371 +2.12

25.36+ 1.89

23.74 +2.12
2547 +1.87

0.04
0.59

26.14 + 3. 54

23.69 +2.99
2228 +2.91

23.61 +2.84
26.28 +3.56

0.04
0.59

23.68 +2.949
25.05 +2.62

21.58 +1.38

23.68 +2.94
25.05 +2.62

Ankle
Instep

MPJ

Right

21.75+1.38

21.85+1.36

22.23 +1.09

21.58 +1.38

0.035

269.83 + 28.69

274.83 +27.62

0.011
0.19

269.32 +34.98

264.55 +5.97

0.001
0.19
0.19

278.59 +24.24

278.59 +24.24

0.001

P<0.001
P<0.001
P<0.001
P<0.001

23.64 +21.91

23.67 +£2.48

2371 +2.91

26.35 + 3.48

23.64 +2.91

Volume
Ankle

25.43+1.83

25.43+1.83

0.001

26.38 +3.44
22.18+1.92

263.35 +56.18

23.67+2.48
25.12 +£2.48

21.60 + 1.33

25.12+2.48

23.67 +2.48
21.60 + 1.33

Left

21.85+1.33

21.85+1.33

0.002
0.001
<0.001

2226+ 1.94

0.002

Instep
MPJ

275.50 + 28.66

275.50 + 28.66

272.45 +34.80

0.001
P <0.001

278.75 +25.11

278.75 +25.11

Volume

MPJ: Metatarsal-phalanges joint

the average volume of the right leg compared to before the
study. In the 10-day intervention group, there was a signifi-
cant difference in all averages of right ankle circumference,
left ankle circumference, right heel circumference, left heel
circumference, right foot circumference, right foot circum-
ference, right foot volume, left foot volume, and pain score
compared to before the intervention.

Coban and Sirin studied the effect of massage on the
reduction of physiological edema of the lower limbs in
pregnancy. They found that after 5 days of daily massage,
the average of all the leg circumferences except around
the left ankle was significantly reduced in the test group
compared to the control group. It confirms the effect of
massage on reducing the amount of physiological edema in
pregnancy [16]. Nevertheless, according to the results of
this study, there was a reduction in the average of dimen-
sions of the leg circumferences on the left side, which
seems to be due to the modified LLT position.

In a study done by Ahmed et al. with the aim of com-
paring effleurage massage and water immersion exercise
in reducing physiological leg swelling among primiparous
women for 5 days, it was shown that effleurage massage
was more effective than water immersion in reducing the
symptoms of edema in the lower limbs of women. This
reduction was reported in all circumferences of foot and
degree of edema. The results may be due to the fact that
aphrodisiac massage can stimulate blood flow, fluid move-
ment, and the function of the lymphatic system. It can also
move excess fluid in the vessels without disturbing the
intravascular fluid [17].

The results of Rahimikian et al.’s study showed that foot
massage is effective in reducing the physiological edema
of pregnancy. Moreover, the results showed that there is
a significant statistical difference between the average
amount of the measured circumference in the legs (around
the wrist, heel, and joint between the fingers and metatar-
sal bones) in the two tests and control groups after five
days of massage for 20 min a day(P <0.001) [18]. The
different mechanisms of massage in relation to modified
Buerger—Allen exercises can be one of the reasons for the
inconsistency of this study with the current study, despite
the similarity in the duration of the intervention.

Hartmann and Huch investigated the response of leg
edema in pregnancy to a session of immersion in water, it
was shown that the average size of the leg and the volume
of the right foot decreased (P =0.007) and it was consist-
ent with the present study. It seems that the reason for this
correspondence is the use of the same tool in measuring
the volume of the legs and estimating the amount of edema
[19].

The results of the recent study showed that the average
pain score before doing the Modified Buerger—Allen exer-
cises was 5.23, while the average pain score after doing the
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exercises for ten days was 3.8. Thus, there was a significant
difference in all dimensions of the feet, the volume of the
feet, and the amount of pitting with before the study. There-
fore, the hypothesis was supported, because doing modi-
fied Buerger—Allen exercises in pregnant women can reduce
pain and lower limb edema. According to the results of the
10-day intervention study and the evaluation after ten days,
there was a significant difference and an acceptable level in
the improvement of the average foot circumferences, foot
volume, and pain, which can be attributed to the improve-
ment of blood supply in the lower limbs during the ten days
of performing modified Buerger—Allen exercises.

This means that performing modified Buerger—Allen
exercises for ten days is effective in improving the periph-
eral blood flow of the lower limbs, which is in line with the
results of Hassan et al. [20] who reported a significant dif-
ference in the average ankle—brachial index (ABI) score after
performing these exercises for 15 days. However, after five
days of intervention, no significant difference was observed
in the ABI score, which is consistent [20]. The resulting
change may be due to the improvement of the lateral blood
circulation of the lower limbs, the peripheral blood circu-
lation, and blood perfusion. Also, like other exercise pro-
grams, increasing the time may help increase the production
of desired results.

Considering that the conditions in pregnant women are
different, the studies in people who suffer from diabetes
were like this. In this regard, the systematic study done
by Chyong-Fang Chang et al. (2015) and with the aim of
investigating the effectiveness of Buerger—Allen exercise on
improving peripheral blood circulation showed that there
might be some evidence for the beneficial effects of Buerger
exercises, the low cost, and the safety of performing these
exercises at home in diabetic patients [12, 21]. This review
has shown that Buerger -Allen exercises can be beneficial
for peripheral artery disease patients, postoperative patients
with orthopedic, and gynecological problems by improving
local blood circulation.

Hafid et al. [22] and Kumari et al. [23] showed that the
Buerger—Allen exercise is effective in improving the periph-
eral blood circulation of the lower limbs in diabetic patients,
and it was in line with the results of the present study which
indicated that there was a reduction in edema.

This study showed that the modified Buerger—Allen
exercise can reduce edema in the 10-day intervention group
and to some extent the 5-day intervention group in com-
parison with before the intervention. It can be due to the
positions used to improve blood circulation and improve
peripheral blood flow. This way leads to the reduction of
edema in the lower limbs. Therefore, it is better to use modi-
fied Buerger—Allen training for a longer period of time to
increase the effect of the exercise in reducing edema.

@ Springer

The findings of this research supported the possibility of a
greater effect of the modified Buerger—Allen exercises as an
intervention to reduce the physiological edema of pregnancy
or to prevent the development of leg edema. Therefore, mod-
ified Buerger—Allen exercises can be performed as a useful,
low-risk, and low-cost method by trained midwives either
in centers that provide prenatal care or in women’s homes.
Modified Buerger—Allen exercises with correct positions can
be used for healthy pregnant women as a useful technique by
trained midwives without obstetric complications in prenatal
care centers or in the homes. Also, because of the prevalence
of pregnancy physiological problems in courtship and its
impact on the quality of life, it is recommended that the
medical and health staff become familiar with such exercises
and use them.

Conclusion

Thus, it is suggested that wider studies be carried out on the
effect of the modified Berger—Allen exercise on the swelling
of the lower limbs in pregnant women. If it is effective, we
can benefit from the low-cost and low-complication comple-
mentary treatment in reducing the severity of the symptoms
of such physiological problems in pregnancy. Generally,
according to the findings of the present study, the modi-
fied Buerger—Allen exercise can be effective in reducing
the severity of symptoms of lower limb edema in pregnant
women.

Acknowledgements This article is part of the results of a research
thesis approved by Tarbiat Modares University in 2019. It was done
with the cooperation and support of Zahedan University of Medical
Sciences. The authors would like to express their gratitude to Tarbiat
Modares University Research Assistant, Research and Health Assistant,
Zahedan City Health Centers, and dear pregnant mothers who sincerely
participated in this research.

Funding The financial resources of this research were provided by
Tarbiat Modares University of Tehran. This organization evaluated only
the design of the study and did not affect the progress of the study.

Declarations

Conflict of interest The author declares that there is no conflict of in-
terest in this article.

Ethics approval and consent to participate The ethics code of this
study has been approved by the Ethics Committee of Tarbiat Modares
University (IR. MODARES. REC. 1399.105), and written informed
consent has been obtained from all participants in the study.



The Effect of Modified Buerger—Allen Exercises...

495

References

10.

11.

12.

13.

14.

Estebsari F, Kandi ZRK, Bahabadi FJ, Filabadi ZR, Estebsari
K, Mostafaei D. Health-related quality of life and related factors
among pregnant women. J Educ Health Promot. 2020;26(9):299.
Shrestha SS, Adhikari R, Tamrakar S, Shrestha R, Shrestha A.
Adherence to iron, folic acid and calcium supplement and factors
affecting it among the antenatal care attending women in a tertiary
care hospital: a cross sectional study. Kathmandu Univ Med J.
2020;18(2):83-90.

Gao M, HuJ, Yang L, Ding N, Wei X, Li L, et al. Association of
sleep quality during pregnancy with stress and depression: a pro-
spective birth cohort study in China. BMC Pregnancy Childbirth.
2019;19(1):1-8.

Soma-Pillay P, Catherine NP, Tolppanen H, Mebazaa A, Tolp-
panen H, Mebazaa A. Physiological changes in pregnancy Car-
diovasc. J Afr. 2016;27(2):89-94.

Malakouti J, Sehhati F, Mirghafourvand M, Nahangi R. Relation-
ship between health promoting lifestyle and perceived stress in
pregnant women with preeclampsia. J Caring Sci. 2015;4(2):155.
Ponnapula P, Boberg JS. Lower extremity changes experienced
during pregnancy. J Foot Ankle Surg. 2010;49(5):452-8.
Tanveer F, Shahid S. Frequency of lower extremity edema during
3rd trimester of pregnancy. South Asian Journal of Medical Sci-
ences. 2015;1(2):41-3.

Kafaei Atrian M, Sarafraz N, Baghery A, Abaszade F. Physiologic
skin changes during pregnancy in hospitalized women at post-
partum unit at Shabih Khani Hospital in Kashan/Iran in 2009. J
Dermotol Cosmet. 2010;1(3):125-1339.

Abasi H, Delavari Nasrabadi F, Jalali Gerow H, Yadi F, Khora-
shadizadeh F. The frequency of pregnancy complaints and the
effective socio-demographic factors among pregnant women refer-
ring to neyshabur health centers in 2021. Middle East J Rehabil
Health Stud. 2022;10(2):e130394.

Mollaelahi F, Shahali S. Non-pharmacological interventions for
the management of lower extremity edema during pregnancy a
narrative review study. Med Surg Nurs J. 2022;11(1):0-0.
Hensley JG. Leg cramps and restless legs syndrome during preg-
nancy. J] Midwifery Womens Health. 2009;54(3):211-8.

Chang C-F, Chang C-C, Chen M-Y. Effect of Buerger’s exercises
on improving peripheral circulation: a systematic review. Open J
Nurs. 2015;5(02):120.

Benninger B, Delamarter T. Anatomical factors causing
oedema of the lower limb during pregnancy. Folia Morphol.
2013;72(1):67-71.

McCowan LM, Thompson JM, Cronin RS, Li M, Stacey T, Stone
PR, et al. Going to sleep in the supine position is a modifiable

16.

17.

18.

19.

20.

21.

22.

23.

risk factor for late pregnancy stillbirth; Findings from the New
Zealand multicentre stillbirth case-control study. PLoS ONE.
2017;12(6):e0179396.

. Gordon A, Raynes-Greenow C, Bond D, Morris J, Rawlinson

W, Jeftery H. Sleep position, fetal growth restriction, and late-
pregnancy stillbirth: the Sydney stillbirth study. Obstet Gynecol.
2015;125(2):347-55.

Coban A, Sirin A. Effect of foot massage to decrease physiological
lower leg oedema in late pregnancy: a randomized controlled trial
in Turkey. Int J Nurs Pract. 2010;16(5):454—-60.

Ahmed AH, Ismail NIAA, Hassan NMM. Effect of effleur-
age massage versus water immersion with exercise on physi-
ological foot edema among primigravidae. Egypt J Health Care.
2021;12(2):56-345.

Rahimikian F, Kiani M, Shadmehr A, Kiani M, Kiani M, Niazi Z.
The effectiveness of massage and feet elevation on physiological
edema of pregnancy: a comparison. Payesh. 2015;14(6):703-10.
Hartmann S, Huch R. Response of pregnancy leg edema to a
single immersion exercise session. Acta Obstet Gynecol Scand.
2005;84(12):1150-3.

Hassan Z, Bader El Din S, El Rasek A. Impact of Buerger—Allen
Exercise on improving selected clinical features of peripheral
vascular disease among diabetic patients. J] Nurs Health Sci.
2020;9(2):4-13.

Chang C-C, Chen M-Y, Shen J-H, Lin YB, Hsu W-W, Lin B-S.
A quantitative real-time assessment of Buerger exercise on dor-
sal foot peripheral skin circulation in patients with diabetes foot.
Medicine. 2016;95(46):1-5.

Hafid MA, Ilhamsyah I, Sari M. The effect of Buerger—Allen exer-
cise on the lower extremity peripheral circulation in type 2 diabetic
patients. STRADA Jurnal Ilmiah Kesehatan. 2021;10(1):612-21.
Kumari A, Rai K, Kumari V, Sarin J. A study to assess the effec-
tiveness of Buerger—Allen exercise on foot perfusion among
patients with diabetes mellitus admitted in selected hospital of
Ambala, Haryana. Int J Heal Sci Res. 2019;9(1):112.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer



	The Effect of Modified Buerger–Allen Exercises on Lower Extremities Edema in Late Pregnancy: Randomized Clinical Trial
	Abstract
	Background 
	Materials and Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	Study Design
	Sampling
	Data Collection Tools
	Intervention

	Statistical Analysis
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




