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Abstract: Delayed onset muscle soreness (DOMS) is a common problem that affects
performance when left untreated. Intermittent pneumatic compression (IPC) was a recovery
method used to reduce pain intensity. However, the effects of IPC on pain intensity and leg
muscle strength had not been extensively studied, and the effectiveness remained unclear.
Objec-tives: This study aimed to analyze the benefits of IPC as a recovery aid after physical
activ-ity. Method: The experimental study comprised 16 young men who were randomly
assigned to two groups, namely intervention (IN) and control (CN). Both groups carried out
countermovement jumps (CMJ), completing 20 repetitions in each of 5 sets. The IN group
then received IPC intervention for 20 minutes, while the CN group rested. Pain intensity in
leg muscles, vertical jump performance, leg muscle strength, and creatine kinase (CK) levels
were measured. A pre-test was conducted before the intervention, and a post-test was
conducted 24 hours after the intervention. Result: There were significant results for quad-
riceps muscle pain intensity (p=0.000), hamstring muscle (0.005), vertical jump (p=0.000), leg
muscle strength (0.003), and CK levels (p=0.044). Conclusion: IPC application was effective in
reducing pain intensity due to delayed-onset muscle soreness. This method was also effective
as a clearance to aid recovery by reducing CK levels after plyometric training.

Keywords: intermittent Pneumatic Compression, DOMS, Plyometric, Creatine Kinase

1. Introduction

Injury is the main problem encountered by people during physical training.
Sports injuries can occur in muscles, bones, ligaments, and tendons, caused by sev-
eral factors, including overtraining, overuse, being overweight, field conditions, or
environmental factors. However, some complaints resulting from physical training
do not constitute injuries, such as delayed onset muscle soreness (DOMS). This con-
dition occurs 8 to 24 hours after exercise and can peak, then gradually subside within
48-72 hours [1,2,3,4].

DOMS is characterized by a sensation felt when muscles are moved or
stretched, with increased pain and stiffness [5]. The onset of pain is due to physio-
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logical damage to the sarcomere, which causes a decrease in muscle strength, func-
tion, and rate of velocity development (RVD) [6,7,8,9]. However, muscle strength
and RVD return to normal on the second and third days after exercise [9]. In addition
to causing pain, microtrauma from DOMS leads to increased indicators of muscle
damage in the blood. Creatine kinase (CK) is a serum biomarker widely used to as-
sess exercise-induced muscle damage (EIMD) [10,11,12]. CK is an enzyme found in
the cytosol and mitochondria with high energy requirements, especially in skeletal
muscle. An increase in CK levels shows disruption and leakage of intracellular en-
zymes in the muscle cell membrane into the bloodstream [10,13]. CK levels increase
sharply within 24 hours after exercise and then gradually decrease and return to
baseline levels [14]. DOMS can be reduced with several other treatments, such as
taking antioxidant supplements, intermittent pneumatic compression, massage, and
roller massage [15,16,17].

Intermittent pneumatic compression (IPC) is a device that uses pressurized
methods, such as peristaltic motion, to enhance blood circulation, leading to in-
creased oxygen in the muscles and aiding in the removal of metabolic waste from
the body [18]. The function of this device is similar to blood vessel compression to
increase blood circulation, thereby enabling temporary pain reduction and benefit-
ing people who are physically and psychologically active [17]. Physiologically, IPC
improves blood circulation and metabolic recovery by mimicking the function of
natural muscle pumps. This increases venous and lymphatic return, as well as met-
abolic cleansing, such as blood lactate [19,20,21]. IPC can also prevent the formation
of deep vein thrombosis (DVT) by reducing venous stasis and activating fibrinolysis
[22,23]. However, studies discussing the effects of IPC on exercise-induced muscle
soreness are still limited. Skeletal muscles play a significant role in the human body
during activity, exercise, recovery, and injury. Exercises that significantly use
eccentric contractions often cause DOMS.

Eccentric contractions cause the series elastic component (SEC) and the par-
allel elastic component (PEC) to stretch, generating greater force and causing micro-
trauma. This condition leads to the release of hydroxyproline, which triggers a pain
response [24]. Plyometrics produce eccentric contractions and generate 10-40%
greater force compared to concentric contractions [24]. According to previous
studies, Plyometric training, known as the stretch-shortening cycle (SSC), uses
explosive movements that increase muscle strength and speed [25,26]. Therefore,
this study aimed to analyze the effectiveness of IPC as a recovery modality after
physical training.

2. Materials and Methods

Study Participant

Participants in this study included young and healthy men, aged 19-24 years,
who met the inclusion criteria. These inclusion criteria comprise performing a min-
imum of 150 minutes per week of moderate intensity aerobic exercise [27], no history
of musculoskeletal injury, and a normal body mass index (BMI) based on the Asia
Pacific criteria of 18.5-22.9 kg/m? [28]. Meanwhile, participants who performed ec-
centric activities within three days before the study and consumed nonsteroidal
anti-inflammatory drugs (NSAIDs), muscle relaxants, opioids, and corticosteroids
were excluded [29,30].
Study Design

A true-experimental pre-test and post-test design was adopted, and partici-
pants were randomly divided into two groups, namely intervention (IN, n=8) and
control (CN, n=8). Group assignment was carried out by lottery, with the subjects’
names kept confidential. All participants from the IN and CN group carried out
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plyometric training in the form of countermovement jump (CM]J) for 20 repetitions
for each of 5 sets with a 1-minute rest between sets [31,32].

After carrying out plyometrics, IN immediately received IPC (Normatec Re-
covery System, Watertown, MA, USA). Pressure was applied to the IPC intermit-
tently with an intensity of 110 mmHg for 20 minutes to the limb [33,34]. During the
treatment, the participant was in an upright sitting position with both legs extended.
The IPC operated through several stages, commencing with pre-inflation, during
which the device expanded and conformed to the shape of the limb. During pulsing,
the device produced gentle pulsations resembling peristaltic movement. Backflow
prevention stopped blood from flowing backward in the vessels. In the sequential
pulse stage, pulsations moved sequentially from distal to proximal, alternating be-
tween limbs, with each pulsation lasting approximately 60 seconds. This protocol
was consistent with the manufacturer's recommendations and previous studies
[17,33,34]. Meanwhile, the CN group rested in the same position as the participants
in the IN group for 20 minutes. All procedures carried out in this study have passed
ethical review and were declared sound by the Health Research Ethics Committee,
Faculty of Medicine, Universitas Airlangga, with the No.51/EC/KEPK/FKUA/2024.
Before the activities, participants were provided with complete information about
this study and asked for consent before participating.

Outcome Measurement

Measurements of pain intensity, vertical jump, and leg muscle strength were
taken at two time points, namely pre test before plyometric and recovery treatment
and post test 24 hours after plyometric and recovery treatment. Pain levels were
measured using a visual analog scale (VAS), with participants circling a number be-
tween 0 and 10 to represent perceived discomfort [35]. The procedure for assessing
pain intensity in the quadriceps muscle included carrying out eccentric movements
with the quadriceps or squatting. For the hamstring muscle, the participant bent the
leg and pushed the knee toward the chest. In the case of gastrocnemius, the partici-
pant sat on the floor with both legs straight and hands touching the fingertips while
bending the body forward. Vertical jump and leg muscle strength measurements
were taken before and 24 hours after the intervention using a dual force plate device
(Forcedecks, FDLite V.2, VALDHUB, Australia). The movements carried out in-
cluded CM]J to determine jump height and the squat with the hands holding the dual
force plate to determine leg muscle strength [36,37,38]. CK levels were taken 24
hours after the plyometric exercise intervention at 10:00 AM. Blood samples were
drawn from the median cubital vein using a phlebotomy technique, collecting 3 cc.
The blood samples were then transported to a laboratory for analysis using the en-
zyme-linked immunosorbent assay (ELISA) method with the Integra 400 plus ana-
lyzer (serial number 422091) [39].

Statistical Analysis

The sample size was determined using the Higgins and Kleinbaum formula
[40] based on VAS data from the study by Ilmi et al (2025) [41], with (Mean + SD)
intervention (1.40 + 0.548) and control (3.83 + 0.753) groups. Based on this calculation,
the number of subjects was eight per group. All statistical analyses were carried out
using SPSS software version 26 (Chicago, IL, USA) with a significance level of p<0.05.
The mean and standard deviation of the data were presented. To determine nor-
mally distributed data, the Shapiro-Wilk normality test was used with a significance
value of p > 0.05. Data on pain intensity, vertical jump, and leg muscle strength were
calculated using one-way ANOVA. CK data were calculated using an independent
samples t-test.
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3. Results

Based on Table 1, there were average participant values for the IN and the CN
groups. The homogeneity test for age, height, and weight showed that the data were
normally distributed and there were no significant differences between the IN and
CN groups (p>0.05). However, there was a significant difference in BMI between the
two groups, as evidenced by p<0.05.

Table 1. Characteristics of subjects

Group (Mean £ SD)

Variable P-value
IN (n=8) CN (n=8)

Age 21.13 £1.553 21.00 +1.195 0.689
Height 167.00 £ 7.151 169.75 + 5.849 0.599
Weight 63.75 £ 6.541 63.88 +4.291 0.323

BMI 22.38 +1.768 22.50 +1.069 0.045

Note: IN (Intervention group); CN (Control group); BMI (Body mass index); p-value
(Levene test)

Table 2 shows the results of the one-way ANOVA test for pain intensity. The
results were significant in the quadriceps muscle and hamstring muscle, with p-val-
ues of 0.000 and 0.005, respectively. However, there was no significant value for the
gastrocnemius muscle. Vertical jump showed significant differences for both pre-
exercise (p = 0.013) and post-exercise (p = 0.000), as well as leg muscle strength (p =
0.003).

Table 2. Pain intensity (quadriceps, hamstring, and gastrocnemius), vertical jump, and leg
muscle strength between the treatment group and the control group

. Group (Mean * SD) Effect
Variable IN (n8) CN (n=8) P-value Size (n?)
VAS Quadriceps
Pre-exercise 0.75+0.463 0.75+0.707 1.000 0.000
Post-exercise 1.88 +1.246 5.63 +1.685 0.000* 0.647
VAS Hamstring
Pre-exercise 0.63 +0.518 0.88 +0.641 0.405 0.050
Post-exercise 1.63 +2.066 4.50 +1.309 0.005* 0.441
VAS Gastrocnemius
Pre-exercise 1.25 +0.463 0.88 +0.641 0.201 0.114
Post-exercise 0.75 + 0.886 2.00 +1.927 0.118 0.166
Vertical Jump (Cm)
Pre-exercise 41.75 + 4.950 35.63 +3.503 0.013* 0.368
Post-exercise 42.50 + 4.243 31.50 + 3.586 0.000* 0.691
Leg Muscle Strength (Kg)
Pre-exercise 156.63 + 29.534 162.75 +18.514 0.948 0.000
Post-exercise 158.88 + 28.165 157.50 + 16.57 0.003* 0.470

Note: Data are presented as Mean + Standard Deviation; TR (treatment group); CN (control
group); VAS (visual analogue scale); p-value: showing the results of the one-way ANOVA
test calculation; * (significant); n? (effect size).

Table 3 shows the result of CK examined 24 hours after plyometric training
and IPC intervention. Statistical analysis using the independent t-test showed that
CK levels in the CN group were higher than in IN.
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Table 3. Creatine kinase levels between the treatment group and the control group

. IN (n=8) CN (n=8)
Variable Mean = SD Mean = SD P-value
Creatine Kinase (U/L) 304.63 +125.066 2266.13 +2507.773 0.044

Note: IN (intervention group); CN (control group); U/L (Unit per liter)

Figure 1 Figure 2
VAS Quadriceps VAS Hamstring
5.63 45
Post | yymmm 1.88 Post |yymmmmm  1.63
0.75 0.88
Pre \mm 075 Pre \wwm 0.63
Control mIntervention Control M Intervention
Figure 3 Figure 4
Post 2 Post ;
I .75 425
0.88 35.63
Pre  ymmmmmmmmmmm 1.5 Pre  ymmmmmmmmmmm—m————m 41,75
Control m Intervention Control M Intervention
Figure 5
Leg Muscle Strength (Kg) Figure 6
Creatine Kinase Level (U/L)
157.5
Post |y 158,88
162.75
Pre mmmmmmmmmm— 156.63 Post |uwmm 30463 2266.13
Control M Intervention Control M Intervention

Figures 1 — 5 show the effect of intermittent pneumatic compression on pain
intensity, vertical jump, limb muscle strength, and CK levels in the intervention and
control groups.

4. Discussion

This study investigated the effect of IPC on pain intensity, vertical jump, leg
muscle strength, and CK level after plyometric exercise. The result shows that ad-
ministering IPC for 20 minutes after plyometric exercise reduces muscle pain in the
quadriceps and hamstrings for the intervention group (IN) 24 hours after plyometric
exercise, compared to the control group (CN). Furthermore, CK levels in IN were
lower than in CN, and IPC showed significant results in both groups on vertical
jump.

According to Gussoni et al (2023), plyometric exercise causes muscle damage
that disrupts the protein structure within the muscle, leading to inflammation and
pain [5]. This result is consistent with the report of Draper et al (2020) that IPC can
reduce muscle pain resulting from plyometric exercise [17]. The mechanism of IPC
in recovery includes pressurized methods, such as peristaltic movements, which
improve blood circulation and promote venous return and lymphatic flow. These
effects increase dopamine and serotonin levels, decrease cortisol levels, and
gradually reduce muscle pain [17,18,42].



Balneo and PRM Research Journal 2026, 17, 1 6 of 10

The most intense muscle pain after physical exercise was felt in the quadri-
ceps, followed by hamstrings and gastrocnemius. The quadriceps muscles are dom-
inated by fast-twitch fibers (type II glycolytic), which are prone to structural damage,
leading to higher pain [43,44]. These fibers have limited oxidative capacity, leading
to faster fatigue and lactate accumulation [45]. However, hamstrings and gas-
trocnemius have a higher proportion of slow-twitch fibers (Type I), ensuring re-
sistance to exercise-induced damage. The hamstring muscles are prone to stretching
because each crosses two joints, while the gastrocnemius provides stability through
the Achilles tendon [46,47,48]. Plyometric movements, such as the CM], place a
greater load on the quadriceps muscles due to eccentric contractions compared to
the hamstrings and gastrocnemius. This condition leads to more dominant muscle
damage in the quadriceps [49]. Eccentric exercise triggers microtrauma in fast-
twitch fibers, leading to protein degradation and the release of hydroxyproline,
which induces a stimulus as a pain response [50,49,24,51,52].

In this study, the vertical jump data showed significant results between the
IN group and the CN group. The results for leg muscle strength also showed signif-
icant differences between the groups. A study conducted by Maia et al (2024) found
that IPC has a significant effect on vertical jump [53]. The application of IPC after
physical exercise prevents a decrease in muscle performance, which affects vertical
jump height, reduces lactate levels, and decreases pain immediately after exercise
and 48 hours later [54,42]. IPC affects muscle fibers and proprioceptive signaling,
both of which contribute to neuromuscular recovery and muscle tone regulation [53].
The study conducted by Cochrane et al (2013) used vertical jump and dynamometry
tests to measure jump height and limb muscle strength, with data collected before
training and 24, 48, and 72 hours after. Northey et al (2016) also took measurements
before and after training (24 hours). The results of both studies showed no signifi-
cant difference in terms of time between the IPC and control groups. However, this
study used different variables and data collection points [55,56].

In this study, CK levels in the IN group were lower compared to CN. This
result supports the hypothesis regarding the effect of IPC on recovery after a series
of exercises. CK levels increase significantly within 24 hours after exercise, especially
after intense eccentric exercise [57]. This increase in CK can be stimulated by
microtrauma to the muscles engaged during exercise [58]. CK levels gradually de-
crease after 48 hours, and this process is more effective when the muscles get enough
rest [59]. IPC helps improve blood circulation, which increases oxygen supply to the
muscles, thereby returning blood flow to the heart and helping to eliminate meta-
bolic waste from the body [18]. This process reduces the accumulation of metabolic
byproducts, including lactic acid, and accelerates clearance through increased per-
fusion of metabolically active tissues, such as the liver and skeletal muscles [21].
Smooth blood circulation adequately delivers oxygen to skeletal muscles, support-
ing the energy production process (ATP) needed for optimal muscle function. In
general, this process increases the regeneration of damaged cells because the pro-
duced ATP provides sufficient energy to meet cellular needs.

5. Conclusions

In conclusion, IPC application is effective in reducing pain intensity due to de-
layed-onset muscle soreness. This method is also effective as a clearance to aid recov-
ery by lowering CK levels after plyometric training.

Study Limitations

This study has several factors that require further investigation. Future studies
are recommended to use a larger sample size to minimize bias and include female
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subjects for a more diverse study. Furthermore, this study should be conducted over
a longer period of time with different exercise variations to achieve optimal results.
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