2025 (Septiembre), Retos, 70, 50-61

ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Cold-water immersion for reducing IL-6 and CK in female

footballers
Inmersion en agua fria para reducir IL-6 y CK en futbolistas

Authors
. |
Mahendra Wahyu Dewangga!
Anindita Antya Candrika2

Tri Novaliano Rechtsi Medistianto3
Ribka Vlorentyna Wilger#*

1,2,3,4 Universitas Muhammadiyah
Surakarta

Corresponding author:
Mahendra Wahyu Dewangga
Mwd171@ums.ac.id

How to cite in APA

. |
Wahyu Dewangga, M., Antya Candrika, A.,
Rechtsi Medistianto, TN, y Vlorentyna
Wilger, R. (2025). Inmersién en agua fria
parareducir la IL-6 y la CK en
futbolistas. Retos, 70, 50-61.
https://doi.org/10.47197 /retos.v70.110
245

Abstract
___________________________________________________________________________________|
Introduction: Soccer requires athletes to possess strength and endurance, involving intense

physical activities that may lead to fatigue and injury. Such conditions stimulate the release of
inflammatory markers, including interleukin-6 (IL-6) and creatine kinase (CK), which can im-
pair recovery and athletic performance. Cold-water immersion (CWI) is a commonly used re-
covery strategy to mitigate these effects.

Objective: This study aimed to examine the impact of CWI on IL-6 and CK levels, as well as ver-
tical jump performance in female soccer players following a match.

Methodology: A quasi-experimental two-group pretest-posttest design was employed, involv-
ing 20 purposively sampled participants. Blood samples were collected at four time points: pre-
match, post-match, 24 hours post-match, and 48 hours post-match. Vertical jump performance
was used to assess physical recovery.

Results: Results showed no significant difference in vertical jump performance between the
groups at 24 hours post-match (p > 0.05), but a significant difference was found at 48 hours
post-match (p < 0.05), favoring the CWI group. Significant differences in IL-6 and CK levels were
observed between the groups at both 24 and 48 hours post-match (p < 0.05).

Discussion: CWI effectively reduced inflammation and muscle damage, as reflected in IL-6 and
CK values, and promoted faster neuromuscular recovery. This finding suggests that CWI sup-
ports biological repair and functional recovery within 48 hours post-match.

Conclusions: Cold-water immersion significantly improved physiological recovery in female
soccer players, as indicated by lower IL-6 and CK levels and improved vertical jump perfor-
mance over time compared to the control group.
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Resumen

Introduccioén: El futbol requiere que los atletas posean fuerza y resistencia, lo que implica acti-
vidades fisicas intensas que pueden provocar fatiga y lesiones. Dichas condiciones estimulan la
liberacién de marcadores inflamatorios, como la interleucina-6 (IL-6) y la creatina quinasa
(CK), que pueden perjudicar la recuperacion y el rendimiento atlético. La inmersién en agua
fria (CWI) es una estrategia de recuperacién comunmente utilizada para mitigar estos efectos.
Objetivo: Este estudio tuvo como objetivo examinar el impacto de la CWI en los niveles de IL-6
y CK, asi como en el rendimiento del salto vertical en jugadoras de ftitbol después de un partido.
Metodologia: Se empled un disefio pretest-postest cuasiexperimental de dos grupos, con 20
participantes muestreados intencionalmente. Se recogieron muestras de sangre en cuatro pun-
tos temporales: antes del partido, después del partido, 24 horas después del partido y 48 horas
después del partido. El rendimiento del salto vertical se utiliz6 para evaluar la recuperacién
fisica.

Resultados: Los resultados no mostraron diferencias significativas en el rendimiento en salto
vertical entre los grupos a las 24 horas posteriores al partido (p > 0,05), pero si se encontré una
diferencia significativa a las 48 horas posteriores al partido (p < 0,05), a favor del grupo CWI.
Se observaron diferencias significativas en los niveles de IL-6 y CK entre los grupos tanto a las
24 como a las 48 horas posteriores al partido (p < 0,05).

Discusion: La CWI redujo eficazmente la inflamacion y el dafio muscular, como se refleja en los
valores de IL-6 y CK, y promovi6 una recuperaciéon neuromuscular mas rapida. Este hallazgo
sugiere que la CWI favorece la reparacién bioldgica y la recuperacién funcional en las 48 horas
posteriores al partido.

Conclusiones: La inmersion en agua fria mejoré significativamente la recuperacion fisiolégica
en las jugadoras de fatbol, como lo indican los niveles mas bajos de IL-6 y CK y un mejor rendi-
miento del salto vertical a lo largo del tiempo en comparacidon con el grupo de control.
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Introduction
___________________________________________________________________________________________________________________________|
Soccer is a high-intensity sport that requires a combination of aerobic endurance, strength, agility, and
coordination. It is widely played by individuals of all genders and age groups. In Indonesia, female par-
ticipation in soccer has shown significant growth, marked by increasing numbers of regional and na-
tional competitions organized by official institutions (Binat & Kartiko, 2021; Doewes & Nuryadin, 2022).
This growing interest highlights the need to focus not only on training strategies but also on post-match
recovery interventions tailored to female athletes.

During a typical soccer match, players engage in a range of physical activities such as sprinting, jumping,

and abrupt directional changes, covering approximately 10 kilometers per match. These movements,
often combined with physical contact, contribute to high musculoskeletal load and increase the risk of
fatigue and soft tissue injuries (Almeida et al., 2013). The accumulation of fatigue without adequate re-
covery has been linked to decreased performance, heightened injury risk, and impaired decision-making
on the field (Teoldo et al., 2024)

Recovery is essential to restore physiological and psychological balance after matches. However, with
tight match schedules and intensive training loads, optimal recovery time is often limited. Inadequate
recovery can result in delayed-onset muscle soreness (DOMS), prolonged fatigue, reduced motivation,
and eventually burnout (Marangoni et al., 2023). Therefore, recovery management becomes a crucial
aspect of performance maintenance and injury prevention in soccer.

Several recovery strategies have been adopted by athletes, including active recovery, sports massage,
compression therapy, and hydrotherapy. Among these, cold water immersion (CWI) has become one of
the most widely practiced methods due to its simplicity and effectiveness. CWI typically involves im-
mersing the lower body in water at 10-15°C for 10-20 minutes. This practice is known to promote vas-
oconstriction, reduce local inflammation, and alleviate muscle soreness after high-intensity exercise
(Versey et al., 2013; White et al.,, 2014)

From a physiological perspective, cold water immersion mitigates inflammation and muscle damage by
reducing blood flow and suppressing pro-inflammatory cytokine release. These responses assist in pre-
serving muscle integrity and accelerating the repair process. Additionally, CWI may influence the nerv-
ous system by reducing nerve conduction velocity and increasing the release of analgesic neurotrans-
mitters such as norepinephrine, thereby contributing to reduced pain perception (Wang & Ni, 2021;
Zhang & Dhalla, 2024).

To objectively assess recovery, this study focuses on two key biomarkers: interleukin-6 (IL-6) and cre-
atine kinase (CK). IL-6 is a cytokine rapidly released in response to tissue damage and plays a dual role
in inflammation and muscle regeneration (Tanaka et al., 2014). CK, on the other hand, is an enzyme that
reflects the degree of muscle membrane disruption and is frequently used as a biomarker of exercise-
induced muscle damage (Dewangga et al., 2021). Both IL-6 and CK are sensitive indicators of physical
stress and recovery, making them suitable outcome measures in this study (Dewangga et al., 2024).

Although the use of CWI is widespread among athletes, evidence regarding its effectiveness in female
soccer players, particularly in relation to IL-6, CK, and performance recovery, remains limited. This
study aims to investigate the effect of cold water immersion on post-match recovery in female soccer
athletes, by measuring changes in vertical jump performance and serum levels of IL-6 and CK. The find-
ings are expected to inform evidence-based practices for optimizing recovery strategies in women’s soc-
cer.

Method
]

Study Design and Subjects

This study employed a quasi-experimental two-group pretest-posttest design without random assign-
ment. The design was selected due to logistical and ethical constraints in conducting full randomization,
as all participants were members of a single soccer club actively preparing for competition. Group allo-
cation was performed purposively, based on inclusion and exclusion criteria and player characteristics.
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A total of 20 female soccer players from the Surakarta Women’s Football Academy, all of whom partici-
pated in the 2023 Java-Bali Trisula Cup, were recruited. Each group consisted of 10 participants. Due to
limited access and resources, no formal power analysis was conducted, and the study was categorized
as a pilot study. Findings are intended to inform larger future trials.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) currently competing in the Trisula Cup, (2) physically and mentally healthy, (3)
willing to participate in all research procedures, (4) completed one official match within the last 24
hours, (5) consented to blood sampling.

Exclusion criteria: (1) menstruating at the time of blood draw, (2) uncooperative, (3) absent during fol-
low-up evaluations.

Intervention Procedure

Participants were assigned to one of two groups. The active comparator group received thermoneutral
water immersion (TWI) at 26°C for 15 minutes post-match. The intervention group received cold water
immersion (CWI) at 10°C for 15 minutes. Both interventions were applied immediately after the soccer
match, with immersion up to the waist while seated. Participants were instructed to breathe calmly
throughout the procedure.

Vertical Jump Test

To assess lower-body power, participants performed a vertical jump test at four time points: ~30
minutes before the match (pre), ~15 minutes after the match (post), ~24 hours post-match, and ~48
hours post-match. Participants stood side-on to a wall, marked their standing reach, and then jumped
vertically to touch the highest possible point on the wall. Vertical jump height was calculated as the
difference between standing reach and jump reach.

Blood Sampling and Biomarker Analysis

Blood samples were collected from the brachial vein at four specified time points:

1. Pre-match (~30 minutes before kickoff),

2. Post-match (~15 minutes after match end),

3. 24 hours post-match (~24 hours after kickoff),
4. 48 hours post-match (~48 hours after kickoff).

Samples were stored in vacutainer tubes, kept at -202C in an ice box, and centrifuged at 3000 rpm for
30 minutes to isolate serum. Levels of interleukin-6 (IL-6) and creatine kinase (CK) were measured us-
ing ELISA at the Clinical Pathology Laboratory of Dr. Sardjito Central General Hospital.

Bioethics

This research was approved by the Health Research Ethics Committee, Faculty of Medicine, Sultan
Agung Islamic University, Semarang, Indonesia (Reference Number: 436/X/2023/Bioethics Commis-
sion).

Statistical Analysis

All data were analyzed using SPSS version 22. Descriptive statistics were used to summarize participant
characteristics and outcome variables, expressed as mean and standard deviation. To assess the effect
of the interventions over time and between groups, Repeated Measures ANOVA was employed for the
three main outcomes: interleukin-6 (IL-6), creatine kinase (CK), and vertical jump height. Before con-
ducting the ANOVA, key statistical assumptions were verified. Normality of the data distribution was
tested using the Kolmogorov-Smirnov test, homogeneity of variance across groups was examined using
Levene’s test, and sphericity for within-subject factors was evaluated using Mauchly’s test. In cases
where the assumption of sphericity was violated, the Greenhouse-Geisser correction was applied to ad-
just degrees of freedom. Bonferroni post-hoc tests were used for multiple comparisons to control for
Type I error across time points. Additionally, effect sizes were calculated using partial eta squared (n?)
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to assess the magnitude of differences, with thresholds of 0.01 considered small, 0.06 moderate, and
0.14 large. Statistical significance was set at p < 0.05 for all analyses.

Results
|

Vertical Jump

Vertical jump is a test commonly used in sports and physical therapy to measure lower body strength
and explosive power (Cormie, Mccaulley, & Mcbride, 2007; Markovic, Dizdar, Jukic, & Cardinale, 2004).
To perform this test, first, stand with your feet shoulder-width apart and your arms relaxed at your
sides. Then, move by quickly bending your knees and hips in a downward motion, similar to a squat
(Bosco, Komi, & Ito, 1981). At the same time, swing your arms back. Without stopping at the bottom,
push your body off the ground explosively by straightening your knees, hips, and ankles while swinging
your arms forward and upward to gain momentum (Ebben & Petushek, 2010). After jumping, land softly
on both feet, bending your knees slightly to absorb the impact (McMahon et al., 2018). It is important to
keep your body upright and jump vertically without leaning over (Lees et al.,, 2004). To track your per-
formance, you can use a device such as a force plate or jumping mat to measure your jump height and
power (Hara et al,, 2006). Performing multiple jumps with consistent form ensures more accurate re-
sults (Moir et al., 2004). Here are the results of this test.

Table 1. Characteristics Sample

Variable Mean+SD Range 95% CI
Age (years) 15,9:2,3 11,3-20,5 14,82 - 16,98
Height (cm) 162+5,8 150,4-173,6 159,29 - 164,71
Weight (kg) 48,9435 41,9-55,9 47,26 - 50,54

BMI 21,5%2,35 16,8-26,2 20,4-22,6

Table 2. Analysis of vertical Jump between group TWI vs CWI
Vertical Jump (cm)

CWI £ SD TWI + SD

Pre Match 44,6 £2,9 454 +3,2
Post Match 38,8+3,2" 38,8 +4,7"
24h After Match 43,5+ 2,8¢% 41,8+2,1
48h After Match 44,112 43,6+25

Figure 1. Result of vertical jump following a one-off soccer match for thermoneutral water immersion and cold water immersion groups.
Values are means and standard deviations. *Significant difference versus baseline for both groups (p<0.05). #Significant difference versus
TWI group (p<0.05).
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mCWI 44,6 39,4 43,5 44,1
ETWI 45,4 38,8 41,8 43,6

Vertical jump performance was assessed at four time points: pre-match, post-match, 24 hours post-
match, and 48 hours post-match. A repeated measures ANOVA revealed a significant interaction be-
tween time and intervention type (F (3,54) = 4.86, p = 0.005, partial n? = 0.21), indicating that recovery
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patterns differed significantly between the cold water immersion (CWI) and thermoneutral water im-
mersion (TWI) groups.

In the TWI group, the mean vertical jump height at baseline was 45.4 + 3.2 cm. This decreased signifi-
cantly to 38.8 + 4.7 cm post-match (p < 0.001), reflecting acute neuromuscular fatigue following compe-
tition. According to Bonferroni post-hoc analysis, jump height increased to 41.8 + 2.1 cm after 24 hours,
showing a significant improvement from post-match levels (p = 0.007) but remaining significantly lower
than the pre-match value (p = 0.043). After 48 hours, jump height improved further to 43.6 + 2.5 cm,
which was significantly higher than the post-match value (p = 0.021), but showed no statistically signif-
icant difference compared to the pre-match or 24-hour values (p > 0.05).

In the CWI group, the mean pre-match vertical jump was 44.6 + 2.9 cm, which decreased significantly to
39.4 £+ 3.2 cm after the match (p < 0.001). No significant difference was observed compared to the TWI
group at the same time point (p = 0.88). At 24 hours post-match, jump height increased to 43.5 + 2.8 cm,
which was not significantly different from the pre-match value (p = 0.16) but was significantly higher
than that of the TWI group at the same time (p = 0.018; 95% CI: 0.41 to 3.01 cm).

At 48 hours post-match, vertical jump performance in the CWI group further improved to 44.1 + 1.2 cm,
showing no significant difference from the pre-match level (p = 0.63), indicating a full return to baseline
neuromuscular function. Compared to the TWI group at the same time (43.6 + 2.5 cm), the difference
was also not statistically significant (p = 0.41; 95% CI: -0.71 to 1.71 cm).

The recovery observed in the CWI group was more consistent and complete than in the TWI group. This
was supported by a moderate between-group effect size at 24 hours (Cohen’s d = 0.54). Additionally,
the within-group improvement from post-match to 48 hours showed a moderate effect size in the CWI
group (d = 0.63) compared to a small effect size in the TWI group (d = 0.42). These results suggest that
cold water immersion is a more effective recovery strategy for restoring neuromuscular performance
within 24 to 48 hours following match play, compared to thermoneutral water immersion

Creatine Kinase

The creatine kinase (CK) examination procedure begins with explaining the purpose of the examination
to the patient and ensuring consent, followed by the preparation of tools such as sterile syringes, blood
collection tubes, and medical gloves. After the vein area is cleaned with alcohol cotton, a tourniquet is
applied to facilitate blood collection from the vein in the arm. The needle is inserted at a suitable angle
until the blood flows into the tube, then the tourniquet is released. After the sample is sufficient, the
needle is removed, and the area is pressed with cotton and then covered with a plaster. The blood sam-
ple is labeled and sent to the laboratory for analysis using an enzymatic method. The CK results will
indicate muscle or organ damage related to the serum CK level. Normal CK values vary by laboratory,
but the general range is around 38-174 U/L (for men) and 26-140 U/L (for women) (Lim et al., 2015).

Figure 2. Result of CK following a one-off soccer match for thermoneutral waterimmersion and cold water immersion groups. Values are
means and standard deviations. *Significant difference versus baseline for both groups (P<0.05). #Significant difference versus TWI group
(P<0.05).

CK (U/L)
500
450 *
400 # *
350 T ;;
300 T
250 —
200 7]
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50
’ Pre Match Post Match 24h After #6h After
Match Match
B CWI 125,5 178,8 332,5 265,3
mTWI 1342 182,1 408,6 361,5
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Table 3. Analysis of creatine kinase between group TWI vs CWI
Creatine Kinase (U/L)

CWI £ SD TWI + SD
Pre Match 125,5 + 38,5 134,2 £ 32,5
Post Match 178,8 +43,5" 182,1 £ 45,1
24h After Match 332,5+25,9% 408,6 + 36,3
48h After Match 265,3 32,4 361,5 +27,7"

Serum creatine kinase (CK) levels were assessed at four time points: pre-match, post-match, 24 hours
post-match, and 48 hours post-match. A repeated measures ANOVA revealed a significant interaction
between time and intervention group (F(3,54) = 11.27, p < 0.001, partial n* = 0.39), indicating that the
temporal response of CK levels differed significantly between the cold water immersion (CWI) and ther-
moneutral water immersion (TWI) groups.

In the TWI group, CK levels increased from a baseline of 134.2 + 32.5 U/L to 182.1 + 45.1 U/L post-
match (p < 0.001), reflecting muscle membrane disruption following intense physical exertion. At 24
hours post-match, CK levels rose further to 408.6 + 36.3 U/L, showing a significant elevation from both
pre-match and post-match values (p < 0.001). Although a reduction was observed at 48 hours (361.5
27.7 U/L), levels remained significantly higher than at all previous time points (p < 0.001), indicating a
delayed recovery trajectory.

In contrast, the CWI group had a baseline CK level of 125.5 + 38.5 U/L, which increased significantly to
178.8 £ 43.5 U/L post-match (p < 0.001), with no significant difference from the TWI group at that point
(p = 0.67). At 24 hours post-match, CK levels peaked at 332.5 + 25.9 U/L, significantly lower than the
TWI group (p = 0.002; 95% CI: -123.8 to -36.4 U/L). By 48 hours, CK levels decreased to 265.3 + 32.4
U/L, remaining elevated compared to baseline (p < 0.001), but still significantly lower than the TWI
group (p = 0.008; 95% CI: -168.2 to -25.1 U/L).

The between-group effect size at 24 hours was large (Cohen’s d = 1.10), indicating a substantial impact
of CWI in attenuating CK elevation. Within-group analysis also showed a moderate effect size for the
CWI group from post-match to 48 hours (d = 0.74), while the TWI group exhibited a greater and more
prolonged CK response with a slower reduction in enzyme levels.

These findings suggest that cold water immersion is effective in reducing both the magnitude and dura-
tion of muscle damage following match play, as evidenced by significantly lower CK concentrations com-
pared to thermoneutral immersion. The attenuated CK response in the CWI group supports the physio-
logical role of cold exposure in limiting membrane disruption and enhancing muscle recovery after high-
intensity physical activity.

Interleukin-6

The interleukin-6 (IL-6) examination procedure begins with explaining the purpose of the test and ob-
taining consent from the patient. After that, the vein area is cleaned, a tourniquet is applied, and blood
is drawn from the vein using a sterile needle. After the collection, the tourniquet is removed, and the
injection site is covered with cotton or plaster. The blood sample is then labeled and sent to a laboratory
for analysis using a method such as ELISA to measure IL-6 levels, which functions to detect the level of
inflammation in the body.

Table 4. Analysis of creatine Kinase between group TWI vs CWI
Creatine Kinase (pg/mL)

CWI £ SD TWI + SD

Pre Match 1,3+1,1 1,6+14
Post Match 1,5+1,1 1,7+1,1
24h After Match 3,04 +1,5# 4,2 +2,3"
48h After Match 2,2 +1,4* 2,8+1,8
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Figure 3. Result of IL-6 following a one-off soccer match for thermoneutral waterimmersion and cold water immersion groups. Values are
means and standard deviations. *Significant difference versus baseline for both groups (p <0.05). #Significant difference versus TWI group (p
<0.05).
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Serum interleukin-6 (IL-6) levels were measured at four time points: pre-match, post-match, 24 hours
post-match, and 48 hours post-match. The analysis using Repeated Measures ANOVA revealed a signif-
icant interaction between time and intervention group (F(3,54) = 9.63, p < 0.001, partial n? = 0.35),
indicating that the inflammatory responses differed significantly between the cold water immersion
(CWI) and thermoneutral water immersion (TWI) groups over time.

In the TWI group, IL-6 levels increased slightly from 1.6 + 1.4 pg/mL at baseline to 1.7 + 1.1 pg/mL post-
match, with no statistically significant difference (p = 0.78). At 24 hours post-match, IL-6 rose sharply
to 4.2 £ 2.3 pg/ml, a significant increase compared to both pre- and post-match values (p < 0.001).
Although levels decreased at 48 hours to 2.8 + 1.8 pg/mL, they remained significantly elevated com-
pared to baseline (p < 0.001).

In the CWI group, IL-6 increased from 1.3 # 1.1 pg/mL pre-match to 1.5 + 1.1 pg/mL post-match, but
this change was not statistically significant (p = 0.67), nor was it different from the TWI group (p = 0.73).
At 24 hours post-match, IL-6 reached 3.04 * 1.5 pg/mL, which was significantly lower than the TWI
group at the same time point (p = 0.021; 95% CI: -2.19 to -0.18 pg/mL). At 48 hours, IL-6 levels de-
creased to 2.2 * 1.4 pg/mL, remaining significantly lower than the TWI group (p = 0.034; 95% CI: -1.21
to -0.09 pg/mL).

The between-group effect size at 24 hours was moderate (Cohen’s d = 0.68), suggesting a clinically rel-
evant anti-inflammatory effect of CWI. Moreover, the relative IL-6 reduction from 24 to 48 hours was
greater in the CWI group (d = 0.52) than in the TWI group (d = 0.37), indicating a faster inflammatory
resolution.

These findings support the anti-inflammatory potential of cold water immersion in female athletes, with
consistently lower IL-6 levels at both 24 and 48 hours post-match compared to thermoneutral immer-
sion. This is in line with previous literature showing that cold exposure can suppress pro-inflammatory
cytokine activity and promote recovery by modulating systemic inflammation.

Discussion
___________________________________________________________________________________________________________________________|
Recovery is a fundamental aspect of training programs and competitive sports. It is not a passive phase
but an active process designed to restore physiological, biochemical, and psychological balance follow-
ing intense physical activity. Without adequate recovery, accumulated fatigue may impair performance,
delay muscle regeneration, and increase the risk of injury. Therefore, implementing structured and ev-
idence-based recovery strategies is essential to maintain both physical and mental readiness for subse-
quent training or competition sessions (Darani et al., 2018).
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Numerous recovery methods are widely used in sports settings, including stretching, sports massage,
nutritional therapy, hydrotherapy, and electrotherapy. One of the simplest, most affordable, and widely
applied methods is cold water immersion (CWI). This involves submerging the lower or full body in
water at 10-15°C for 10-20 minutes and is believed to accelerate muscle recovery and reduce systemic
inflammation (Moore et al., 2022; Orunbayev, 2023).

This study evaluated the effectiveness of CWI compared to thermoneutral water immersion (TWI) in
promoting physiological recovery in female soccer athletes. Two primary biomarkers were used: crea-
tine kinase (CK) as an indicator of muscle damage and interleukin-6 (IL-6) as a marker of systemic in-
flammation. The findings demonstrated that the CWI group experienced faster recovery than the TWI
group, as shown by lower CK and IL-6 levels and

Vertical Jump Performance and Neuromuscular Recovery

Vertical jump performance serves as a reliable and practical indicator of neuromuscular fatigue and
lower-limb power output in both laboratory and field settings. In the context of soccer, this metric is
particularly relevant due to the sport’s reliance on repeated bouts of explosive movements such as
sprinting, jumping, and sudden changes in direction (Sedano & Maroto-Izquierdo, 2025)). These actions,
when performed under competitive pressure, lead to substantial mechanical loading and microtrauma
of muscle fibers, which in turn result in delayed neuromuscular function and performance deficits.

In this study, both the CWI and TWI groups demonstrated an immediate post-match decline in vertical
jump height, which reflects acute fatigue and exercise-induced muscle damage (EIMD). This is consistent
with previous research showing that intense match-play leads to impaired excitation-contraction cou-
pling, reduced motor unit recruitment, and disrupted calcium homeostasis in muscle fibers (Machado
et al,, 2016; Rosell et al,, 2017). However, the CWI group exhibited a significantly faster recovery, re-
turning to near-baseline values within 48 hours, whereas the TWI group remained substantially below
pre-match levels.

This accelerated recovery in the CWI group is likely due to multifactorial physiological mechanisms,
including reduced inflammation, preservation of neuromuscular function, and decreased soreness. CWI
has been shown to attenuate neuromuscular impairment by stabilizing the sarcolemma and reducing
the buildup of metabolic byproducts that impair muscle excitability (Ascensao et al.,, 2011; Thsan et al,,
2016). Furthermore, CWI may also alleviate delayed onset muscle soreness (DOMS), which is known to
negatively affect jump performance by altering proprioceptive input and limiting voluntary muscle ac-
tivation.

Studies have also shown that vertical jump assessments are highly sensitive to muscle recovery status,
especially within the first 24-72 hours post-exercise (Machado et al., 2016). In practical settings, the
recovery of vertical jump height can serve as a non-invasive, objective tool to monitor recovery status
in athletes and to guide return-to-play decisions. The fact that the CWI group in this study returned to
baseline performance levels within 48 hours suggests that this intervention not only facilitated biologi-
cal repair but also restored functional performance, which is critical in tournament environments where
athletes must compete again within short timeframes.

Given that explosive muscle power is a decisive factor in technical actions such as shooting, aerial duels,
and acceleration in soccer, restoring vertical jump capacity can have a direct impact on in-game perfor-
mance and tactical effectiveness (Rosell etal., 2017). Thus, CWI emerges not just as a recovery modality,
but as a performance-preserving intervention with tangible implications for team success, especially in
female soccer populations where recovery physiology may differ due to hormonal and structural factors
(Taneja, 2018).

CK, IL-6 Responses, and the Context of Female Soccer

CK levels significantly increased in both groups following the match, indicating sarcolemma disruption
due to mechanical stress. However, the CWI group exhibited a smaller increase and a faster decline in
CK levels, suggesting better maintenance of membrane integrity and reduced leakage of enzymes into
the bloodstream. Ascensao et al. (2011) explained that CWI may reduce protein leakage by stabilizing
the muscle cell membrane and lowering its permeability. CWI also minimizes metabolic stress and mit-
igates damage from eccentric contractions, as noted by StozZer et al. (2020).
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IL-6, a pro-inflammatory cytokine rapidly released in response to tissue injury, also increased in both
groups post-match. Yet, the CWI group displayed a significantly lower and quicker reduction in IL-6
levels. These findings support those of Thsan et al. (2016), who demonstrated that CWI attenuates IL-6
release by suppressing local immune activity and cytokine expression. Lower IL-6 levels are crucial for
faster tissue regeneration, pain reduction, and readiness for subsequent training.

Importantly, female soccer players may respond differently to exercise-induced muscle damage and in-
flammation compared to their male counterparts due to distinct hormonal and physiological profiles.
Female athletes generally have lower muscle mass, different estrogen levels, and are more prone to de-
layed onset muscle soreness (DOMS) (Dannecker et al., 2012). Estrogen, while protective against muscle
damage, may prolong inflammation by modulating immune cell activity (Taneja, 2018).

This study contributes valuable data by confirming that CWI is not only effective in reducing CK and IL-
6 levels but also promotes faster functional recovery in female soccer players. Given that most prior
studies have focused on male athletes, this highlights the relevance of CWI for gender-specific recovery
protocols and underscores the importance of tailoring interventions to the unique physiological de-
mands of female athletes.

Mechanistic Insights and Synergistic Pathways

The recovery-enhancing effects of CWI involve complex interactions between molecular, vascular, and
neuroendocrine systems. Vascularly, cold exposure triggers peripheral vasoconstriction via sympa-
thetic activation and a-adrenergic receptors. This reduces local blood flow, limits the delivery of pro-
inflammatory cytokines (e.g., IL-6, TNF-a), and minimizes immune cell infiltration into damaged muscle
tissue (Montgomery et al., 2008).

At the molecular level, CWI inhibits the activation of the NF-kB pathway, a key regulator of pro-inflam-
matory gene expression. Suppression of this pathway leads to decreased IL-6 production and reduced
expression of oxidative enzymes that can harm tissue (Ihsan et al., 2016). Additionally, CWI may upreg-
ulate heat shock proteins (HSPs) and PGC-1«, which facilitate mitochondrial biogenesis and muscle re-
generation (Aguiar et al., 2016).

CWI also lowers tissue metabolic rates, reducing oxygen demand and reactive oxygen species (ROS)
production. ROS accumulation causes lipid peroxidation and membrane damage, contributing to CK re-
lease. By mitigating ROS, CWTI helps preserve cell membrane stability and limits secondary muscle dam-
age (Ascensdo et al.,, 2011; Ramos et al., 2021).

From a neuroendocrine perspective, cold exposure stimulates the HPA axis, increasing norepinephrine
and cortisol secretion within physiological limits. Norepinephrine provides analgesic effects, while cor-
tisol suppresses excessive immune activation. CWI also enhances lymphatic drainage, facilitating the
removal of inflammatory byproducts and promoting tissue resolution (Wang & Ni, 2021).

Together, these mechanisms explain why the CWI group in this study demonstrated significantly lower
IL-6 and CK levels and faster recovery of neuromuscular performance compared to the control group.

Figure 4. Proposed mechanism by which cold water immersion (CWI) facilitates post-exercise recovery, reducing inflammation and muscle
damage markers (IL-6, TNF-qa, CK) and promoting neuromuscular restoratio
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Practical Applications

These findings have direct implications for coaches, physiotherapists, and sports practitioners. CWI can
be easily implemented across various levels of competition due to its low cost, simplicity, and efficacy.
A 15-minute immersion at 10°C post-match significantly enhances recovery of muscle performance
within 24-48 hours, making it especially valuable in congested match schedules—particularly in
women'’s soccer tournaments.

Study Limitations and Future Directions

Despite promising results, this study has several limitations. First, the small sample size drawn from a
single team limits the generalizability of the findings. Second, subjective variables such as perceived
fatigue or muscle soreness were not assessed. Third, the study focused solely on CK and IL-6; additional
biomarkers such as IL-10, TNF-a, and cortisol would offer a more comprehensive view. Future research
should include larger and more diverse samples, alternative recovery modalities, and integrated inter-
ventions involving nutrition, compression, or active recovery protocols.

Conclusions

This quasi-experimental study evaluated the effects of cold water immersion (CWI) on post-match re-
covery among 20 female soccer players from a single regional academy. The results showed that the
CWI group experienced significantly lower increases in creatine kinase (CK) and interleukin-6 (IL-6)
levels at 24 and 48 hours post-match compared to the thermoneutral water immersion (TWI) group.
Furthermore, vertical jump performance in the CWI group returned to near-baseline levels within 48
hours, indicating a more effective neuromuscular recovery.

Although the findings suggest that CWI is a simple, cost-effective, and physiologically beneficial strategy
to support recovery in female soccer players, generalization must be made with caution due to the small
and homogeneous sample. Future research should include larger and more diverse populations, explore
sex-specific physiological factors, and integrate additional biomarkers and performance indicators to
develop more comprehensive and individualized recovery protocols for female athletes.
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