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Background & purpose: Varicose veins may cause complications that require time away from work, in addition to
being cosmetic annoyances. Improvements in treatment have shortened recovery times and reduced complications. This
study was carried out to compare the impact of strengthening exercise versus intermittent pneumatic compression
(IPC) in pain levels as well as calf muscle circumference in patients suffering from varicose veins. Methods: A total of fifty
patients—twenty three males and twenty-seven females—reported varicose vein symptoms. They were between 35 and
55 years old. Each group of patients was given an equivalent number of patients. There were 25 patients in Group (A)
who treated using intermittent pneumatic compression equipment; 11 were male and 14 were female. Group (B) included
25 patients (12 males and 13 females) who, used elastic compression stockings and engaged in ergometer as well as
tip-toe strengthening exercises, for twelve weeks. Prior to and following the treatment program, all patients in both
groups had their pain severity recorded using a visual analog scale (VAS), and their calf muscle circumference was
evaluated using a tape measure. Results: Based on the findings of this research, both groups experienced statistically
significant reductions in pain intensity in favored IPC over exercise. Both groups showed no statistically significant
changes in calf muscle circumference. Conclusion Although there was no statistically significant difference in calf muscle
circumference between the two groups, the results showed that IPC was 9.32% more effective than exercise in lowering
pain intensity.
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INTRODUCTION

Varicose veins are a prevalent and progressive
disorder, the prevalence of which is subject to significant
variability and will progressively worsen (Abdullah et al.
2024). Venous twisting, bulging, as well as a superficial
appearance on the legs are common symptoms of
varicose veins. The prevalence of varicose veins is
commonly estimated to be quite substantial, although it
varies greatly. They affect between 10% to 20% of
males and 25% to 33% of females (AAM et al. 2020).

Instead of the incompetent or insufficient valves in
the venous system allowing blood flow in the opposite
direction or disruption of blood flow from superficial to
deep, venous disease caused by valve reflux is the that
underlies pathophysiology for the development of

varicose veins (George et al. 2017).

IPC devices consist of air-filled sleeve- or boot-
shaped chambers as well as electrical pumps having
gauges that deliver intermittent compression to the lower
limbs. Sequential pneumatic compression, or SPC, is the
application of a compression force to the calf whether
uniformly utilizing a single chamber device or
sequentially from the ankle to the thigh via a sequence
of chambers inflated (Al Daker et al. 2022).

Regeneration of fibrosis, enhancement of the
efficacy of the muscular-articular pump, and improved
tissue fluid penetration to the early lymph vessels are all
outcomes of compression therapy (Meijer, et al.2016).
The foot, calf, along with thigh is all parts of the lower
limb that have pumps. The most significant of them is
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the calf muscle pump due to its great efficiency, huge
capacitance, and exceptional pressure generation (200
mm of mercury during muscular contraction). With a
venous capacity of 100-150 cc and a calf volume of
1500-3000 cc, a typical limb can eject 40-60% of its
venous volume with only one contraction (Padera and
uhl, 2015)

In this study, researchers aimed to compare the
effects of strengthening exercises and IPC on the pain
levels and circumference of the calf muscles of
individuals with varicose veins. This study was carried-
out from December 2023 to April 2024 at the Samalout
Healthy Insurance Clinic, and Deraya University Center
of Physical Therapy at Minya Governorate, Egypt.

MATERIALS AND METHODS

This study included fifty men and women suffering from
varicose veins of the lower limbs. They were randomly
assigned to participate in this study and approved from
Deraya University ethical committee (No
P.T./REC/230001). Written consent was obtained.

All the patients had first-degree venous insufficiency
based on the clinical, etiological, anatomical as well as
pathophysiologic classification, with no signs or
symptoms of venous flow obstruction and/or ulceration.
Obesity and its associated health concerns can be
estimated using the body mass index (BMI), which is a
measurement of height and weight. A patient's BMl is
calculated by dividing their weight in kilograms by the
square of their height in meters (Nuttall, 2015).

Inclusion criteria:

Patients with symptomatic varicose vein C2 (classified
as a clinical severity class of the CEAP classification) the
study included individuals who had experienced lower-
limb pain, soreness, burning, discomfort, throbbing,
heaviness inlegs, muscle cramps or tiredness, or
nocturnal cramps for a minimum of six months, Patients
with bilateral varicose veins, they were aged from 35 to
55 years, BMI ranged from 30-34.9 kg/m2. (Class |,
obese).

Exclusion criteria:

Patients with any of the subsequent conditions were
eliminated from the study: Patients who were medically
unstable (those with uncontrolled diabetes, uncontrolled
angina pectoris, or ischemic heart disease), Incompetent
sapheno-femoral junction, Liver cirrhosis, Orthopedic
problems or fractures of the lower limb, Cancer patients,
and Pregnant women.

Methods:

Fifty patients were homogenously assigned to two
groups:

Group (A) included 25 patients who received an
intermittent pneumatic compression device.

Group (B) included 25 patients who received tip-toe
strengthening exercises and ergometer exercises using
elastic compression stockings.

All the study parameters were detected and collected for
each patient according to the evaluation sheet before
and after twelve weeks of rehabilitation.

Lower-limb exercise was the primary form of exercise for
all patients in both groups. It comprised isometric
exercises of the quadriceps muscle and gluteus, as well
as active flexion and extension of hip and knee,
dorsiflexion, plantar flexion and straight leg rising.

Evaluation procedure

The following parameters were studied: pain intensity
measured by the VAS and calf muscle circumference
measured with a centimeter tape for all participants in
both groups at baseline and following 3 months of the
treatment program.

Pain intensity level measurement:

The visual analogue scale was utilized for the purpose of
measuring pain. The subjects were informed that the
VAS was a 10-centimeter horizontal line with a zero-
point scale for no pain and a ten-point scale for the worst
pain they had ever experienced. To determine the
severity of their pain, patients were requested to place a
mark on a pain scale from zero to ten (Delgado et al.
2018)

Calf Muscle Circumference:

Calf muscle circumference was measured in centimeters
at its maximum diameter while the patients were lying in
a relaxed supine position. Measurements were taken
from a fixed point of each patient's posterior knee crease
using standard measuring tape (Delis et al. 2001).

Slandered Weight and Height Scale:

Each patient's height as well as weight was recorded.
The formula for BMI is weight divided by the square of
height (kg/m?).

Il. Treatment procedure:

Patients in both groups were instructed to start sessions
with stretching of the calf muscle as they warmed up,
and the same procedure was used at the end of the
sessions as they cooled down. Both groups were
instructed to perform the following exercise:

Patients had received isometric
exercises of the quadriceps muscle and gluteus, as well
as active flexion and extension of hip and knee,
dorsiflexion, plantar flexion and straight leg raising ¢0
Patients had been wear open-toe elastic compression
stockings throughout the day (Escamilla et al. 2024).
(Care medical assistance. Healthy co. 34 — 46 mm hg.)
Treatment for chronic venous insufficiency (CVI) patients
mostly consists of leg compressions, with the idea being
that gradient compression provides symptom relief and
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better venous function. Even ancient Greeks and
Romans utilized compression bandages to treat CVI
(Bakar et al. 2016).

A- Exercise program for both groups.

1- Gluteal isometric exercises (gluteal sets)

The buttocks were squeezed together. The mixture was
held for five seconds and released, and this process was
repeated 10 times.

2- Isometric quadriceps exercises (quad sets)

With the leg straight, the muscles on top of the leg were
tightened as much as possible and held. The knee
became flat, and the knee cap moved slightly upward.
The cells were incubated for five seconds, and this
process was repeated 10 times.

3- Knee flexion

Prone lie. The knee should be bent as far as possible.
Then, the lower leg was relaxed, and the test was
repeated 10 times.

4- Knee extension

Sitting: straightened leg Hold for five seconds. The
lower leg was relaxed, and the test was repeated 10
times.

5- Ankle dorsiflexion/planter flexion (ANKLE PUMP)
Move the foot up and down as if pushing or letting up on
a gas pedal in a car.

While lying on the back, the quad set (above) is used to
lift the right leg straight up slowly to approximately 45.
The tension was increased, the lower leg was slowly
relaxed, and the test was repeated 10 times.

Patients in group (A) were instructed to perform IPC for
30 minutes three times a week for three months.

The patient was asked to maintain a comfortable
position (half lying). Patients were treated with an
intermittent pneumatic compression device (consisting of
four overlapping chambers). The compression sleeve
was fitted to the patient's extremity. The compression
device is linked to the deflated sleeve using a rubber
hose as well as a connecting valve. Two parameters had
been modified after the machine had been switched on:
total treatment time in addition to inflation pressure (time
of deflation and inflation). The treatment session lasted
thirty minutes, three sessions per week for 12 weeks.
The device inflation time was 15 seconds, and relaxation
was 2.4 seconds to allow venous refilling (Babber et al.
2021)

Patients in group (B), the exercise group, were
instructed to perform the following:

Tip-toe strengthening exercise:

The exercise program for the patients involved them
standing erect on a 5-centimeter-high step, with their
balls of the feet touching the edge. After being told to

slowly bring their heels down to the floor, the patients
were told to slowly bring them up as high as they could
go. Everyone was instructed to touch a side rail so they
wouldn't lose their balance while exercising (Ashraf et al.
2013).

Each patient was evaluated before the exercise
program began to establish the maximum number of tip-
toe exercises which could be completed in the given six
minutes.

In the first part of the program, patients were instructed
to conduct three sets of twenty-five repetitions of tip-toe
exercises at 50% their maximum capacity, with a five-
minute break between each set.

Patients were instructed to execute three sets of tip-toe
exercises three times weekly for six weeks throughout
the second half of the program, building up to the
maximum number of repetitions they could do on the first
pre-training test (Vratna et al. 2022).

Foot ergometer exercise:

Patients underwent isotonic training of the calf muscle
for twelve weeks (Bergenthal et al. 2019).

A standardized 6.5 kg resisted pedal ergometer was
used to have the patients engage in active plantar
flexion for duration of six minutes. While on the
examination couch, patients were instructed to position
their heels firmly on the seat back of the ergometer
pedal and knees slightly bent over a pillow.

Each patient was evaluated before the exercise
program began to establish the maximum number of
flexion's that could be achieved in 6 minutes at a rate of
one flexion per second.

Every training session was started with half of the
maximum flexion that could be achieved at baseline, and
then gradually raised to 360 flexion over the course of
the following six weeks (Ashraf et al. 2013).

Patients engaged in 3 sets of six-minute flexion
exercises for both feet during each session. Each set
was performed at a rate of one flexion each second,
followed by a five-minute interval between consecutive
sets for recovery 14- The exercise was conducted three
times per week for twelve weeks. Patients were
instructed to perform ergometer exercise for sex minutes
with a five-minute rest period (Knips et al. 2019).

Data analysis:

To test the study hypothesis, the following statistical
methods were used:

Descriptive statistics for all measured parameters are
represented as the mean + standard deviation (SD).
Inferential statistics in the form of Paired t tests were
utilized to compare the results of the same group for
both legs and to compare the differences between the
two legs.

Independent t tests were utlized to determine
differences between two groups.
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Statistical analysis:

The findings are represented as the mean + standard
deviation (SD). A dependent Student's t test was used to
compare the mean VAS scores prior to and following
treatment within the same group, and an
independent Student's t test was used to compare the
mean values of different parameters among the two
groups. For this data, we utilized the statistical package
SPSS (Windows, version 12). It was regarded as
significant if the P value was below or equivalent to 0.05.

RESULTS

This study aimed to compare the effectiveness of
strengthening training with IPC in reducing calf muscle
pain and measuring calf muscle circumference in
individuals with varicose veins. Measurements were
taken both prior to and after 12 weeks of treatment.

. Table (1): characteristics of both groups.

The independent variable of the study was
intermittent pneumatic compression. Two groups were
studied: the intermittent pneumatic compression group
(A) and the exercise group (B). The results of the study
are as follows:

Patient characteristics

Fifty participants of both genders participated in the
study. The patients were diagnosed with varicose veins.
Ages varied from 35 to 55. There were two
equivalent groups to which individuals were assigned at
random. In terms of age, weight, height, as well as BMI,
no statistically significant differences were found
between the groups (Tables 1 and 2). Furthermore,
when comparing the percentages of males and females
within groups, no significant differences were found.

Intermittent pneumatic | Exercise Comparison Significance
Variables compression group group
Mean X +S.D Mean X +sp |tvalue | pvalue
Age(Years) | 43.88 £6.73 44.52 +6.23 0.35 0.73 N.S
Weight 84.95 +8.77 83.22+8.28 0.72 0.48 N.S
Height 1.61+0.07 1.59+0.06 1.32 0.19 N.S
BMI 32.59+1.35 32.93+1.004 1.009 0.32 N.S
X : Mean

SD: Standard Deviation

Table (2): Distribution of males and females in both
groups

MD: Mean difference
T value: Unpaired t value  p value: Probability value

MALE FEMALE | TOTAL
Intermittent pneumatic | 11 14 25
compression group
Exercise group 12 13 25
Total 23 27 50

The chi-square is 0.08, while the p value is 0.78. This
result is not significant at p <.05.

II. Comparison of the mean values of each group
pretreatment and post treatment.
1- Group (A) Intermittent pneumatic compression group:

Right lower extremity:
Results from paired t-tests comparing pain and calf
muscle circumference before and after treatment (p <

NS: Non significant

0.0001) are presented in Table (3)

Left lower limb:

As shown in Table (4), paired t tests revealed significant
differences in pain and calf muscle circumference
between pretreatment and post treatment data, with p
values less than 0.0001.

Group (B) Exercise group:

Right lower limb:

Results from paired t tests showing a statistically
significant difference (p < 0.0001) among before and
after treatment data on pain and calf muscle
circumference are presented in Table (5).
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Table (3): Paired t test for the intermittent pneumatic compression group (right lower limb):

Pretreatment Post treatment
Variable s > MD percentage t value P value significance
Mean X +S.D Mean X +S.D
V'S”saégga'og 7.4620.99 3.62+0.53 -3.84 51.47% 34.67 | Less than 0.0001 Significant
Calf muscle 39.58+2.39 39.33+2.4 0.25- 0.63% 105.7 | Lessthan0.0001 | Significant
circumferences
: Mean SD: Standard Deviation MD: Mean difference
T value: Unpaired t value p value: Probability value S: significant
which showed that neither the pain nor the

Left lower limb:

As shown in Table 6, paired t tests showed that there
was a significant difference in pain and calf muscle
circumference among the pretreatment and post-
treatment data, with p values less than 0.0001.

Comparison of the mean values of both pretreatment
and post treatment groups:

A- For the pretreatment data:
Table (7) shows the results of an independentt test

circumference of the calf muscles were significantly
different between the groups.

B- For the post treatment data:

The results of an independent t test showing a significant
difference among the groups with respect to pain (p <
0.0001) are presented in table (8). With a t-value of 0.25
and a probability value of 0.799, no statistically
significant difference was found between the groups
when it came to calf muscle circumference.

Table (4): Paired t test for the intermittent pneumatic compression group (left lower limb):

Pretreatment Post treatment
Variable e e MD Percentage | tvalue P value significance
Mean X+S.D | Mean X +S.D
Visual analog scale 7.4+1.1 3.5+0.52 -3.9 52.70% 28.8 Less than 0.0001 Significant
Calf muscle o -
circumferences 39.58+2.39 39.31+2.4 -0.27 0.68% 81.38 Less than 0.0001 Significant

: Mean SD: Standard Deviation
T value: Paired t value p value: Probability value

MD: Mean difference

S: Significant

Table (5): Paired t test for the exercise group (right lower limb):

Pretreatment Post treatment
Variable o s MD Percentage t value P value Significance
Mean X +S.D Mean X +S.D
V'Susé;réa'og 8.12+0.803 4.68+0.64 -3.44 42.36% 34.67 | Lessthan0.0001 | Significant
Calf muscle N
circumferences 39.78+2.57 39.46+2.55 -0.32 0.80% 18.76 Less than 0.0001 Significant
: Mean SD: Standard deviation MD: Mean difference
T value: Paired t value p value: Probability value S: Significant
Table (6): Paired t test for the exercise group (left lower limb):
Variable Pretreatment Post treatment | MD Percentage | tvalue | Pvalue significance
Mean X +S.D Mean X +S.D
Visual analog scale | 7.9+0.64 4.54+0.52 -3.36 42.53% 35.89 Less than 0.0001 | Significant
Calf muscle 39.77+£2.57 39.46+2.55 -0.31 0.77% 19.33 Less than 0.0001 | Significant
circumferences

X - Mean SD: Standard Deviation

t value: Paired t value p value: Probability value

MD: Mean difference

S: Significant

Table (7): Unpaired t test for pretreatment data of the exercise and intermittent pneumatic compression groups:

Intermittent pneumati

Variable )
compression

C

Exercise group
Mean X +S.D

t value P value Significance
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Mean X +S.D
Visual analog scale 7.66+1.13 8+0.73 1.79 0.077 Not significant
Calf muscle circumferences 39.58+2.37 39.78+2.55 0.404 0.69 Not significant

: Mean  SD: Standard Deviation
T value: Paired t value p value: Probability value

MD: Mean difference

NS: Not Significant

Table (8): independent t-test for post treatment data of the exercise and intermittent pneumatic compression

groups:
Intermittent pneumatic Ex. group
Variable compression fpe MD % IPC MD %EX. t value P value S.
X Mean X +S.D IPC Ex.
Mean +S.D -
Visual analog scale 3.7+0.63 4.61+0.58 -3.96 | 51.69% | -3.39 | 42.37% | 7.49 "%Sgotgi” S.
Calf muscle 39.33+2.37 39.46+2.52 025 | 063% | -0.32 | 0.80% 0.25 0.799 Not S.
circumferences
: Mean SD: Standard Deviation MD: Mean difference  NS: Not significant
T value: Paired t value p value: Probability value S.: significant  EX.: Exercises. S: Significant

DISCUSSION

This study was carried out to compare the impacts
of strengthening exercises versus in terms of pain
intensity as well as calf muscle circumference. Both the
pain level and the circumference of the calf muscles
have been measured utilizing and tape measures,
respectively.

The participants in this trial all engaged in lower limb
activities, which activated the veins in the arch of the
foot, the muscles within the thigh as well as calf
muscles, and then pumped blood back to the heart. Leg
and calf muscles that are strong reduce the risk of vein
disease and improve blood circulation. Group A's
findings confirmed those of other research that had
previously suggested and supported IPC therapy as a
viable option for varicose vein care since it significantly
reduced pain and improved venous blood flow.
Significant reductions in pain intensity occurred
simultaneously with these advantages (Morris and
Woodcock, 2010).

Furthermore, the group (A)'s findings were in line
with those of Mandini, et al.2022, which suggested that
gait and strength training could play a part in the
rehabilitation of individuals suffering from severe chronic
venous insufficiency. Results showed that after
completing a specific gait training program, participants'
gait characteristics improved and their calf muscle
endurance rose.

According to the following  physiological
consequences, the present investigation established that
IPC significantly affects venous blood flow. As a result of
increasing shear stress on the walls of blood vessels
and stimulating endothelial cells to produce of nitric
oxide, IPC enhances the velocity of venous returns and
decreases the amount of blood within the veins at any
given time. This is likely to be the physiological

mechanism for improved nitric oxide the production
process. Platelet aggregation as well as neutrophil
adherence is critical steps in the progression of
secondary hypoxia damage; however, increased nitric
oxide generation slows both processes. Another
neurotransmitter that has the ability to increase blood
flow is nitric oxide (Capps, 2009). When used as an
auxiliary tool in the treatment of venous, lymphatic, as
well as arterial disease, IPC is typically a painless and
noninvasive  procedure that has demonstrated
effectiveness (Aziz and Comerota, 2009).Swelling
causes greater tissue tension, which in turn causes pain
in varicose vein patients. Accordingly, relief of pain is
possible by reduction of edema. By enhancing venous
pump function as well as lymphatic drainage, as well as
by promoting venous return towards the heart,
compression therapy opposes venous hypertension. By
raising the local hydrostatic pressure and reducing the
superficial venous pressure, it decreases edema, which
in turn improves cutaneous blood flow, lowers pain, and
stops the leaking of fluids and macromolecules (Singh
and Zahra, 2024). Yamany and Hamdy, 2016 found that
successive pneumatic compression therapy according to
the applied parameters increased venous blood flow,
decreased pain, and improved quality of life for women
suffering from varicose veins. This study's results are
consistent with those findings. Alpagut et al. 2021 also
found similar results, suggesting that gait and strength
training may play a part in the rehabilitation of patients
suffering from severe chronic venous insufficiency. After
completing a chosen gait training program, participants
showed improvements in gait outcomes measurements
and enhanced calf muscle endurance. Consistent with
Silva et al. 2021 this investigation found that following six
months (3 months of a supervised treatment program to
strengthen calf muscles along with improving joint
mobility), both dynamic calf strength as well as calf
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muscle pump function improved. The researchers
proposed that by strengthening the calfand
mobilizing the ankles more effectively, an individual's
venous hemodynamics could be improved (CP, et al.
2021). Moreover, this study's findings are in agreement
with those of Flavell, et al. 2016 who compared the
physiological effects of four distinct types of knee-thigh
compression stockings and studied the mechanism
underlying the action of compression stockings. Rather
than enhancing calf muscle pump performance, surgical
support stocking appears to be more beneficial in
reducing venous reflux, according to their findings.

Furthermore, Jeanneret et al. 2014 disagreed with
our study. Results showed that compared to when
people weren't wearing graded compression stockings,
calf muscle diameter, venous lumen diameter, and the
total number of perforators all decreased significantly
when individuals wore the stockings throughout the work
day.

The mechanism was generally thought to be due to
the following: (1) compression stockings considerably
reduce CVI symptoms across time; (2) they treat CVI
regardless of disease severity; and (3) they enhance the
quality of life among CVI patients, and (4) prevent the
progression of CVI to more severe manifestations (AG,
2014).

CONCLUSIONS

According to the results of this study, IPC had a
greater beneficial effect than exercise on reducing pain
intensity by 9.32%, while it had no significant effect on
calf muscle circumference. Varicose veins can now be
effectively treated with IPC therapy, which improves
venous blood flow by a significant clinical margin. There
is a marked decrease in the severity of pain associated
with these advantages.
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