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ABSTRACT

Objective: This study aimed to compare the acute effects of recovery methods - whole-body cryotherapy, cold water immersion, and passive
rest - applied after high-intensity interval loading in trained individuals on blood lactate levels, muscle/tendon stiffness, and heart rate.

Materials and Methods: Sixteen trained male athletes completed a high-intensity interval loading protocol, consisting of 45 seconds of run-
ning at 130% of VO,max and 45 seconds of rest at 6 km/h, repeated until voluntary exhaustion. Blood lactate, heart rate, and muscle-tendon
elasticity, tone, and stiffness were measured at four time points: pre-loading, 3 minutes post-loading, immediately after recovery application,
and 10 minutes after recovery. Statistical analyses were conducted using Jamovi software (v2.3.28.0). As the data showed normal distribu-
tion, parametric tests were used. Changes over time were analyzed using Repeated Measures ANOVA, and pairwise comparisons were per-
formed when significant differences were found. Statistical significance was set at p<0.05.

Results: A significant decrease in blood lactate concentration and heart rate was observed in all groups (p<0.05). However, no statistically sig-
nificant change was found in the elasticity, tone, and stiffness values of the gastrocnemius muscle and Achilles tendon (p>0.05). No signifi-
cant differences were detected between the groups either immediately after recovery or 10 minutes later.

Conclusion: These findings suggest that cold-based recovery methods - whole-body cryotherapy and cold water immersion - produce effects
similar to passive rest, offering no additional advantage in short-term recovery. This implies that such methods may not be physiologically
essential in sports contexts with limited recovery windows.
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Amag: Bu calismanin amaci, antrenmanli bireylerde yiiksek yogunluklu aralikli yliklenme sonrasinda uygulanan toparlanma yontemlerinden
tiim vicut kriyoterapisi, soguk su uygulamasi ve pasif dinlenmenin; kan laktat diizeyi, kas/tendon sertligi ve kalp atim hizi izerindeki akut
etkilerini karsilastirmaktir.

Gereg ve Yontem: On alti antrenmanli erkek sporcu, VO,max'in %130'unda 45 saniyelik yliklenme ve 6 km/s hizla 45 saniyelik dinlenme

periyotlarindan olusan, bitkinlik noktasina kadar devam eden bir yliksek yogunluklu aralikli yiiklenme protokolii uyguladi. Kan laktat diizeyi,
kalp atim hizi ve kas-tendon elastikiyeti, tonusu ve sertligi; yiiklenme 6ncesinde, yiiklenmeden 3 dakika sonra, toparlanma uygulamalari
hemen sonrasinda ve toparlanmadan 10 dakika sonra élciildii. Istatistiksel analizler Jamovi (v2.3.28.0) programi ile gerceklestirildi. Veriler
normal dagilim gosterdigi icin parametrik testler kullanildi. Zaman icindeki degisimler Tekrarli Olciimler ANOVA ile analiz edildi ve anlamli
farklilik durumunda ikili karsilastirmalar yapildi. Anlamlilik diizeyi p<0,05 olarak belirlendi.
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Bulgular: Tim gruplarda kan laktat konsantrasyonu ve kalp atim hizinda anlamli diisiis gézlendi (p<0,05). Ancak gastroknemius kasi ve asil
tendonu dokularinin elastikiyet, tonus ve sertlik degerlerinde istatistiksel olarak anlamli bir degisiklik tespit edilmedi (p>0,05). Toparlanma
uygulamalari sonrasinda ve 10 dakika sonra gruplar arasinda anlamli bir fark bulunmadi.

Sonug: Bu bulgular, soguk uygulamalar olan tiim viicut kriyoterapisi ve soguk suya daldirmanin, pasif dinlenmeye benzer etkiler gosterdigini
ve bu baglamda ek bir toparlanma avantaji saglamadigini ortaya koymaktadir. Bu durum, sinirli toparlanma siiresi olan sporlarda soguk

uygulamalarin fizyolojik olarak zorunlu olmadigini diisiindiirmektedir.

Anahtar Sozciikler: Kriyoterapi, soguk su uygulamasi, yiiksek yogunluklu aralikli yiiklenme, fonksiyonel toparlanma, kan laktati

INTRODUCTION

High-intensity interval training (HIIT) is an exercise
method that involves repeated high-intensity efforts, in-
terspersed with periods of passive rest or low-intensity
exercise. Originally developed for endurance athletes in
the 1950s, it is now widely used due to its effectiveness
in reducing body fat percentage and enhancing physio-
logical adaptations in aerobic, anaerobic, and muscular
performance [1,2]. Despite its positive effects on athletic
performance and health, HIIT can lead to significant
muscle damage, depending on the intensity and density
of the workouts. This can result in decreased neuromus-
cular performance, delayed onset muscle soreness, and

an increase in acute phase inflammation [3].

Recovery is crucial for athletes' subsequent training
loads and overall high performance. Increasing compe-
tition, combined with intense training and congested
schedules, may prevent athletes from recovering both
mentally and physically. An athlete's ability to consis-
tently maintain a high level of performance on a daily or
weekly basis is directly linked to the implementation of
effective recovery interventions [4]. For this reason, vari-
ous active and passive recovery methods have been de-
veloped to prepare athletes for their next training load
[5]. Among these methods, post-exercise cold ap-
plications have become a popular recovery strategy, fre-
quently used by athletes and attracting the attention of
researchers [6,7].

Cold applications, long used in the treatment of acute
trauma, pain, and edema, are also preferred by athletes
to reduce fatigue and accelerate recovery after physical
exertion. It is known that athletes use methods such as
ice massage, ice bags, cold sprays, cryotherapy, and
cold water immersion. These applications are favored

for their ability to target specific muscle groups, as well
as for being practical and cost-effective. They are also
popular for their whole-body effects and their potential
to deliver faster recovery results. Studies have reported
that local cold application can slow cell metabolism, re-
duce nerve conduction velocity, cause vasoconstriction,
decrease muscle contractility and collagen fiber flexibili-
ty, reduce muscle spasms, and increase[M1] pain per-
ception [8]. It has been suggested that one of the physi-
ological mechanisms underlying cryotherapy's recov-
ery-enhancing effects is its ability to slow cell me-
tabolism and reduce the body's inflammatory response
due to the vasoconstriction effect [9].

Yanagisawa et al. [10] examined the effects of cooling
skeletal muscle after exercise on blood flow and intra-
muscular fluid content. Their findings suggest that cool-
ing reduces the increase in perfusion and prevents ede-
ma formation in skeletal muscle immediately after exer-
cise. Leeder et al. [11] conducted a meta-analysis com-
piling various studies on the effects of cold water im-
mersion (at temperatures between 5 and 20 degrees
Celsius for 5 to 24 minutes) on delayed-onset muscle
soreness following high-intensity exercise. The results
show that cold water application attenuates delayed-
onset muscle soreness 24 and 48 hours after high-inten-
sity exercise. It is also known that whole-body cryother-
apy reduces fatigue markers in the body post-exercise. A
review by Rose et al. [12] reported improvements in re-
covery indicators such as a faster return to maximal vol-

untary contraction and lower perceived exertion.

There are studies in the literature that examine the ef-
fects of various cold applications on recovery. However,
more scientific research is needed to determine which
of these methods is the most effective. Our hypothesis is
that there is no significant difference between the

groups in terms of recovery indicators (blood lactate
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level, heart rate changes, muscle/tendon elasticity,
tone, and stiffness) following high-intensity interval
training when comparing whole-body cryotherapy and
cold water immersion. Accordingly, the aim of this study
was to investigate and compare the acute effects of
these two recovery modalities on trained individuals.

While both whole-body cryotherapy and cold water im-
mersion are widely used in athletic recovery, compara-
tive studies evaluating their acute effects following HIIT
under ecologically valid conditions remain limited.
Moreover, previous research has predominantly focused
on delayed effects (24-48 hours post-exercise), whereas
immediate and short-term outcomes have received less
attention. This study aims to fill this gap by directly
comparing these two modalities in a controlled design
using immediate and short-term recovery markers such
as blood lactate, heart rate, and muscle-tendon me-
chanical properties. In doing so, it provides new insights
into the practical equivalency - or lack thereof - of these
widely adopted recovery strategies.

MATERIAL AND METHODS

Participants

The study included male university athletes aged 19 to
32 years who volunteered to participate and had no his-
tory of musculoskeletal injuries or surgeries. The partici-
pants were actively training at least three days per week
and had not used any ergogenic aids in the past four
weeks. The athletes represented various sports, includ-
ing football, handball, cycling, tennis, taekwondo,
archery, fencing, athletics, and volleyball (mean age:
22.2 + 3.3 years; height: 176.4 + 6.4 cm; body weight:
74.2 + 8.6 kg and body fat percentage: 17.1 + 5.1%).
Limiting the sample to male participants avoided poten-
tial hormonal variability; however, this also restricts the
generalizability of the findings to female populations
and should be acknowledged as a study limitation.

The sample size was determined using G*Power version
3.1, yielding a power of 0.89 and setting the required
number of participants at 18. However, due to unfore-

seen circumstances, two participants were unable to
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complete the study, resulting in a final sample size of 16.
However, a repeated power analysis confirmed that this
sample size remained statistically adequate.

Participants likely had different training histories due to
the variety of sports disciplines involved. However, the
use of a randomized three-phase crossover design en-
sured that each participant served as their own control.
This approach minimized confounding influences relat-
ed to sport-specific adaptations and interindividual dif-
ferences, thereby enhancing the internal validity of the

comparisons made between the recovery modalities.
Ethical Considerations

Ethical approval for the study was granted by the Ethics
Committee of the Faculty of Sports Sciences at Atatiirk
University (Approval No: E-70400699-000-2300063387,
Date: 20.02.2023). All participants provided written in-
formed consent after receiving a detailed explanation of
the study's purpose, procedures, and potential risks.
The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki.

Study Design

The study followed a randomized, three-phase cross-
over trial design. Each phase corresponded to a specific
recovery intervention (WBC, CWI, and passive recovery),
with participants randomly assigned to different se-
quences. This randomization controlled for potential or-
der effects, ensuring that all participants underwent
each condition, with a sufficient washout period be-
tween phases. This design facilitated within-subject
comparisons, reducing variability and increasing the
statistical power of the analysis.

All measurements and tests were conducted between
March 2024 and April 2024 in the laboratories of the
Antalya Gloria Sports Arena sports complex. On the first
day of testing, participants' body composition and
VO,max were assessed. Seven days later, participants

returned to the testing center for the loading and recov-
ery sessions. Blood lactate levels, heart rate, and muscle
and tendon stiffness, tone, and elasticity were mea-
sured at four time points: before loading (Baseline: T0),
3 minutes after loading (Post-exercise: T1), immediately
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after recovery applications (Post-recovery: T2), and 10

minutes after recovery (10' Post-recovery: T3) (Figure 1).
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Figure 1. Timing of Measurements Taken During Loading and
Recovery Process

Data Collection
Body Composition Analysis

To ensure homogeneity in body fat percentage, the
body composition of all participants was assessed using
air displacement plethysmography (Bod Pod; Cosmed
USA). Participants were instructed to wear shorts and a
Lycra swim cap during the measurements, which were
conducted in accordance with the manufacturer's
guidelines. They were also asked to refrain from eating
or drinking for at least 3 hours prior to testing. During
the measurement, participants were instructed to sit
still and breathe normally. The measurement device
was calibrated using a 50-liter calibration method be-
fore each test.

CPET: Cardiopulmonary Exercise Test (VO,max)

The cardiopulmonary exercise test (Cosmed Quark
CPET, Rome, Italy) was performed on a treadmill with a
gas analyzer to determine individualized intensities for
high-intensity interval training. Participants fasted for at
least 2 hours, avoided strenuous activity for 24 hours,
and refrained from smoking for 8 hours beforehand. The
laboratory temperature was maintained at 20-22°C.
Before starting, heart rate, blood pressure, oxygen satu-
ration, and body temperature were recorded. The test,
supervised by a physician and lab team, began with a 3-
minute warm-up at 8 km/h, followed by speed increases
of 1 km/h per minute starting at 10 km/h, with a 0% in-
cline (13). Perceived exertion was monitored using the

Borg Scale (6-20) and communicated verbally and visu-
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ally. Heart rate and blood pressure were continuously
monitored. The test ended upon voluntary exhaustion;
the final treadmill speed was recorded as the reference
intensity, expressed as velocity-based maximal oxygen

consumption (v/VO,max).
High-Intensity Interval Training

The high-intensity interval training protocol was con-
ducted on a treadmill (The Technogym Wellness

Company, Gambettola, Italy), similar to the VO,max

test. All sessions were supervised by a physician and
physiotherapists, with the treadmill incline fixed at 0°.
Participants completed a 5-minute warm-up at 50-60%

of their velocity-based VO,max (WO, max), followed by

repeated intervals: 45 seconds of loading at 130%
wWO,max, then 45 seconds of rest at 6 km/h (approxi-
mately 50-55% vWO,max), continuing until voluntary ex-
haustion (14) (Figure 2). Exhaustion was confirmed us-
ing the Borg scale, and heart rate was continuously

monitored. The laboratory temperature was maintained
at 20-22°C.

l

| wARM-UP | UNTIL
| %50-60 VOLUNTARY
i v/VO;max EXHAUSTION

REST
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&
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%130 v/VO;max :
5 45” 45”

Figure 2. Intensity, Loading and Rest Periods of the High-Intensity
Intermittent Loading Protocol

Blood Lactate Measurement

Blood lactate concentration measurements were con-
ducted using a portable analyzer (Lactate Scout+, EKF
Diagnostics, Cardiff, UK) along with lactate test strips
(EKF Diagnostics, Germany). Capillary blood samples
were collected from the earlobe using a sterile lancet by
the laboratory team. The first drop of blood was dis-
carded, and analysis was performed on the second
drop. Lactate levels were measured before the HIT ses-
sion, 3 minutes post-exercise, immediately after the re-

covery intervention, and 10 minutes post-recovery.
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Heart Rate Monitoring

Heart rate was continuously monitored throughout the
exercise session using heart rate monitors (Polar Team
Pro, Finland). The monitor bands, which were removed
during the cold applications, were reattached immedi-
ately after the recovery session to resume measure-
ments. The monitored heart rates were recorded at four
different time points: before HIIT, immediately after HIIT,
immediately after recovery, and 10 minutes after

recovery.

Recovery Procedures: Whole Body Cryotherapy and
Cold Water Immersion

Approximately 15 minutes after the HIIT session, partici-
pants underwent recovery interventions under physi-
cian supervision. To minimize variability, the transition
period-including towel-drying, clothing changes, and
equipment preparation-was standardized to approxi-
mately 15 minutes for all participants. This process was
closely monitored by the research team to ensure pro-
cedural consistency across all sessions.

For whole-body cryotherapy (WBC), participants were
visually and verbally monitored throughout. The WBC
system consisted of three adjacent chambers set at
-10°C, -60°C, and -110°C (Icelab -110°C). Before entry,
participants dried sweat with a towel and wore protec-
tive equipment including cotton gloves, socks, shoes, a
headband, and a mask. They wore shorts and removed
all jewelry, piercings, glasses, and contact lenses. After
physician clearance, they passed through the -10°C and
-60°C chambers and stayed in the -110°C chamber for 3
minutes (15). During exposure, they walked slowly
around the chamber.

For cold water immersion (CWI), participants wore
swimsuits or shorts and sat still in a pool maintained at
10°C (+1°C) for 10 minutes, with the water level reaching
the mid-sternum (16). Water temperature was con-

trolled using a Kneipp cooling unit.
Muscle and Tendon Measurement

The measurement areas were designated as the gas-

trocnemius muscle and Achilles tendon of both legs.

Recovery Effects of Cryotherapy and Cold Water Immersion

Before taking measurements, the specific areas (muscle
and tendon) were marked with a permanent marker. All
measurements were conducted by the same expert op-
erator. Participants were instructed to lie face down on a
Bobath bed with their feet hanging off the edge, main-
taining a fully extended knee position and remaining
still. The gastrocnemius muscle was measured approxi-
mately four fingers below the popliteal region, where
the muscle's medial belly is located. The Achilles tendon
was measured 4 cm proximal to its insertion at the cal-

caneal tuberosity (17).

A non-invasive digital palpation device (MyotonPRO,
Myoton AS, Estonia) was used to evaluate the mechani-

cal properties of the tissues, including:

e Elasticity (LogD): Tissue's ability to return to its
original shape after deformation. Higher values
indicate lower elasticity.

e Tone (Hz): Natural oscillation frequency at rest.
Higher values reflect increased passive tension.

e Dynamic stiffness (N/m): Resistance to external
mechanical force. Higher values indicate stiffer
tissue.

The average of five consecutive measurements was
recorded for each muscle and tendon measurement
area; if the measurement variability exceeded 3%, the
measurement was repeated. The device's probe was
placed perpendicular to the tissue, and low-force (0.4 N)
short-duration (15 ms) mechanical impulses were ap-
plied to the muscle. Higher stiffness and tone values
may indicate increased passive muscle tension or post-
exercise rigidity, whereas lower elasticity suggests re-

duced tissue compliance.
Statistical Analysis

All analyses were conducted using Jamovi version
2.3.28.0. Normality was assessed using the Shapiro-Wilk
test, and the data met the assumptions for parametric
testing. Repeated measures ANOVA was used to analyze
within-subject changes across time points. Mauchly's
test of sphericity was applied; when violated, the
Greenhouse-Geisser correction was used. For significant

main effects, pairwise comparisons between T0, T1, T2,
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and T3 were performed using Bonferroni-adjusted post-  Recovery), and T_(10' Post Recovery).

hoc tests. The significance level was set at p<0.05 with a Lactate and Heart Rate

confidence interval of 95%.
Lactate and heart rate levels significantly changed over
time in all groups, with post-hoc analyses revealed sig-

RESULTS

nificant differences between multiple time points within

All measurements were taken at four standardized time ~ €ach group; however, no significant differences were

(Post Exercise), T, (Post found between groups (lactate: p=0.768; heart rate:
p=0.409) (Table 1, Figure 3).

points: T (Baseline), T

1

Table 1. Lactate and eart Rate Measurements Across Different Time Points for WBC, CWI, and CON Groups

. p-value (Between Groups)

Lactate

WBC 1.43+0.45 10.39+2.64 3.98+1.52 2.46 £1.02

Cwi1 1.61+0.629 10.95+3.49 3.52+1.31 2.20 +0.604 0,768
CON 1.42+0.439 10.96 +3.21 4.01+1.45 2.38+1.08

Heart Rate

WBC 74.9+10.1 185.8+18.0 94.6+11.2 84.5+9.65

cwi 746+7.5 1919+7.5 90.9+12.2 82.1+10.9 0,409
CON 79.8+10.3 189.6 +9.87 96.7+13.3 86.8+7.12

T0: Baseline, T1: Post-exercise, T2: Post-recovery, T3: 10' Post-recovery

Elasticity over time in all groups, with post-hoc analyses revealed

several significant within-group differences, particularly

Achilles tendon elasticity showed no statistically signifi- | otween T1 and T3 or T2 and T3: however. no significant

cant changes either within or between groups (left:  iftorences were found between groups (left: p=0.472;

p=0.811; right: p=0.413) (Figure 4, Table 2). In contrast, fight: p=0.947) (Figure 4, Table 2).
gastrocnemius muscle elasticity significantly changed

Table 2. Achilles Tendon and Gastrocnemius Muscles Elasticity Measurements Across Different Time Points for WBC,

CWI, and CON Groups

Group TO T1 T2 T3 p-value (Between Groups)

WBC 0.789 £ 0.154 0.776 £0.115 0.803+0.172 0.807 +£0.240

Achilles Left Cwi 0.824 +£0.164 0.824 +0.194 0.880+0.238 0.825+0.159 0,811
CON 0.718 £0.179 0.757 £0.103 0.706 +£0.140 0.685+0.160
WBC 0.851+0.168 0.904 +£0.116 0.949 +0.122 0.986 +£0.136

Achilles Right cwi 0.816 +£0.164 0.858 £0.106 0.924 +0.265 0.865+0.218 0,413
CON 0.704 £0.169 0.785+0.135 0.723+0.173 0.756 £0.116
WBC 0.938+0.120 0.959 +0.219 1.008 £0.167 0.990+0.172

GAS Left Cwi 0.955+0.150 0.907 £0.103 0.946 +£0.115 0.956 £ 0.102 0,472
CON 0.982 +0.160 0.940£0.119 0.985+0.134 1.005+0.136
WBC 0.956 +0.088 0.904 +£0.116 0.949 +0.122 0.986 +£0.136

GAS Right Ccwi 0.956 +0.088 0.902 +£0.122 0.958 +0.126 0.986 +£0.133 0,947
CON 0.941+0.131 0.918 £0.167 0.977 +0.164 0.996 +0.166

T0: Baseline, T1: Post-exercise, T2: Post-recovery, T3: 10' Post-recovery, GAS: Gastrocnemius.
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Figure 3. Effects of Whole Body Cryotherapy, Cold Water Immersion, and Control Conditions on Blood Lactate Concentration and Heart Rate
Following the Loading and Recovery Sessions
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Figure 4. Effects of Whole Body Cryotherapy, Cold Water Immersion, and Control Conditions on the Elasticity of Achilles Tendon and

Gastrocnemius Muscle Following the Loading and Recovery Sessions

Stiffness

Achilles tendon stiffness showed no statistically signifi-
cant changes either within or between groups (left:
p=0.391; right: p=0.473) (Figure 5, Table 3). In contrast,

gastrocnemius muscle stiffness significantly changed
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over time in the CWI group, with post-hoc comparisons
revealed a significant decrease from T1 to T3 in the left
leg (p=0.035) and from T1 to T2 in the right leg
(p=0.030); however, no significant differences were
found between groups (left: p=0.460; right: p=0.164)
(Figure 5, Table 3).
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Figure 5. Effects of Whole Body Cryotherapy, Cold Water Immersion, and Control Conditions on the Stiffness of Achilles Tendon and

Gastrocnemius Muscle Following the Loading and Recovery Sessions
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Table 3. Achilles Tendon and Gastrochemius Muscles Stiffness Measurements Across Different Time Points for WBC,
CWI, and CON Groups

Group TO T1 T2 T3 p-value (Between Groups)

WBC 833+79.3N/m 817 +81.9 N/m 842 +88.4 N/m 832+ 120 N/m

Achilles Left cwi 773 +167 N/m 807 +82.1N/m 830 +126 N/m 810 +80.4 N/m 0,391
CON 929 + 173 N/m 845+ 112 N/m 883 +129 N/m 887 + 141 N/m
WBC 805 +86.0 N/m 818 +107 N/m 821+91.6 N/m 797 +104 N/m

Achilles Right Cwi 803 +176 N/m 739+ 119N/m 821 +109 N/m 819+ 100 N/m 0,473
CON 888+ 105 N/m 867+ 173N/m 882166 N/m 867+ 186 N/m
WBC 324 +36.7N/m 336 +58.0 N/m 331+42.3N/m 320+51.2 N/m

GAS Left cwi 326 £38.7N/m 352 +57.8N/m 325 +44.4N/m 313+53.6 N/m 0,460
CON 332+44.2N/m 335+34.6 N/m 321 +47.5N/m 327 £55.9N/m
WBC 332+42.0N/m 351+46.3N/m 350+ 60.2 N/m 335+54.0 N/m

GAS Right Cwi 342+52.2N/m 354 +66.4 N/m 323+50.6 N/m 326 £47.5N/m 0,164
CON 353 +49.5 N/m 358 +41.4 N/m 337 +65.8 N/m 346 +66.9 N/m

T0: Baseline, T1: Post-exercise, T2: Post-recovery, T3: 10' Post-recovery, GAS: Gastrocnemius.

Tone mius muscle tone significantly changed in the CWI

group, with post-hoc analysis revealed a significant dif-

Achilles tendon tone showed no statistically significant  farance between T1 and T3 in the left leg (p=0.005);

changes either within or between groups (left: p=0.625; however, no significant differences were found between

right: p=0.641) (Figure 6, Table 4). In contrast, gastrocne- groups (left: p=0.652; right: p=0.084) (Figure 6, Table 4).
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Figure 6. Effects of Whole Body Cryotherapy, Cold Water Immersion, and Control Conditions on the Tone of Achilles Tendon and Gastrocnemius
Muscle Following the Loading and Recovery Sessions
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Table 4. Achilles Tendon and Gastrocnemius Muscles Tone Measurements Across Different Time Points for WBC, CWI,
and CON Groups

p-value (Between Groups)

WBC 31.2+2.24 30.9+2.29
Achilles Left cwi 30.9+3.21 30.7+2.39
CON 35.1+£8.18 32.3+£5.71
WBC 30.3+2.11 30.9+3.28
Achilles Right Cwi 31.2+3.37 30.0+1.11
CON 33.1+4.83 33.5+£6.70
WBC 17.5+2.26 18.1+1.55
GAS Left cwi 17.8+1.49 18.2+1.36
CON 18.3+1.67 18.3+1.32
WBC 179+1.32 18.6 £1.53
GAS Right cwi 18.4+1.60 18.5+1.90
CON 19.2+1.86 19.3+1.51

31.4+2.16 31.0+2.95
BiR5EHSESH! 30.6+2.06 0,625
33.2+5.17 32.8+5.20
31.1+2.40 30.4+2.67
32.0+3.12 31.2+2.20 0,641
34.9+8.50 34.1+8.93
18.0+1.41 17.5+1.87
17.7+1.39 17.5+1.64 0,652
179+1.74 17.5+£2.30
18.9+1.84 18.4+2.33
17.7+1.64 17.7+1.64 0,084
18.5+2.23 18.4+2.16

T0: Baseline, T1: Post-exercise, T2: Post-recovery, T3: 10' Post-recovery, GAS: Gastrocnemius.

DISCUSSION

In our study, we implemented a randomized, three-
phase crossover design to compare the acute effects of
different cold applications-whole-body cryotherapy and
cold water immersion-following high-intensity interval
training (HIIT). Each participant underwent all three
conditions in a randomized order: WBC, CWI, and a pas-
sive recovery phase, which served as the control condi-
tion. The study assessed blood lactate levels, heart rate,
and muscle/tendon elasticity, tone, and stiffness across
these phases. HIIT led to significant increases in lactate
concentration and heart rate (p<0.001), which signifi-
cantly decreased during recovery. Post-HIIT recovery
applications showed no significant differences in heart
rate and blood lactate levels compared to the control
group (p>0.05). No significant group differences were
found in the elasticity, tone, and stiffness of the Achilles
tendon and gastrocnemius muscle. However, time-de-
pendent changes were observed in the gastrocnemius
muscle.

Heart Rate

Although the physiological mechanisms of heart rate re-
covery are not yet fully understood, monitoring this pa-
rameter in our study aimed to provide insight into the

cardiovascular autonomic recovery process following
exercise [18,19]. Cold water immersion, regardless of
temperature, has been shown to accelerate parasympa-
thetic reactivation and promote a faster decrease in
heart rate after exercise compared to other recovery
methods [18-21].

In one study exploring the benefits of cold water immer-
sion (CWI) following high-intensity exercise, a 15-minute
protocol at 11°C revealed no significant differences in
post-exercise parasympathetic reactivation between
CWI and active recovery [22]. Conversely, another study
conducted under similar conditions reported that cold
water immersion caused a more significant decrease in
maximal heart rate compared to the control condition
[23].

Research on the effects of whole-body cryotherapy
(WBC) on post-exercise heart rate is relatively recent and
limited. Kojima et al. (2018) found that university-level
male athletes who underwent WBC at -140°C exhibited
significantly lower heart rate values compared to those
who experienced passive rest at room temperature
(22°C) [24]. Similarly, Storniolo et al. (2023) studied 28
participants using a bicycle ergometer and found that
WBC led to greater reductions in heart rate during rest

compared to the control group [25].
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Although research on the effects of cold applications on
heart rate is limited, existing studies generally indicate
that such applications significantly reduce heart rate
compared to control groups when administered post-
exercise [24,26]. This study focuses on examining acute
changes in heart rate, specifically tracking the effects of
cold applications over a 10-minute recovery period.
During this time, no significant differences were ob-
served between cold water immersion (CWI), whole-
body cryotherapy (WBC), and the control group. The av-
erage heart rate recorded across all groups was 76.43 +
9.38 bpm before exercise, and following the 10-minute
recovery application, it rose to 84.46 + 9.22 bpm. This in-
dicates that the elevated heart rate from exercise had
not yet returned to baseline levels.

Thus, it is challenging to definitively conclude whether
cold applications impact recovery based solely on acute
heart rate measurements. Additionally, given that the
applied protocol was high-intensity interval training
(HIIT), it may not have exerted as profound an effect on
heart rate recovery as longer-duration endurance train-

ing might have.

Based on the data presented in this study, it can be con-
cluded that both cold water immersion and whole-body
cryotherapy do not influence the heart rate decline
curve during short-term recovery. However, it is impor-
tant to acknowledge that heart rate is influenced by var-
ious factors, including endocrine, neurological, and res-
piratory responses, as well as lifestyle factors such as al-
cohol and tobacco use, stress, and depression [27].
Moreover, since all participants in this study were male
athletes from various sports disciplines, differences in
cardiovascular autonomic regulation and exercise adap-
tation across sex and athletic background may also
have influenced heart rate responses. These demo-
graphic and training-related characteristics should be
considered when interpreting or generalizing the find-
ings. Therefore, when assessing heart rate as an indica-
tor of recovery, it is essential to consider these influenc-

ing factors.

Blood Lactate

M
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During anaerobic metabolism, the enzyme lactate dehy-
drogenase (LDH) plays a crucial role in converting lac-
tate back to pyruvate. Its concentration increases in the
blood due to muscle trauma and is widely recognized as
an indicator of muscle damage in sports contexts.
Research indicates that high-intensity interval training
(HIIT) significantly elevates blood lactate concentrations

in samples collected immediately post-exercise [28,29].

In the study conducted by Eriksson and Anttila (2023),
blood lactate concentrations were measured in female
participants at two consecutive time points following a
Wingate anaerobic test: 10 seconds post-exercise and at
the onset of cold water immersion (approximately 1
minute post-exercise) [30]. Despite the brief 50-second
interval between measurements, a notable increase of
1.6 mmol/L in lactate concentration was recorded. This
finding suggests that blood lactate continues to rise for
a short period after exercise, rather than stabilizing im-
mediately. Therefore, if an intervention is applied while
lactate is still increasing, it becomes difficult to isolate
the intervention's true physiological effect. To ensure a
clearer interpretation, the timing of the application
should ideally coincide with the point where lactate
reaches or approaches its peak-allowing for a more dis-

tinct and measurable response to the intervention itself.

A study by Adamczyk et al. (2014) investigated the rela-
tionship between blood lactate concentration and body
temperature following high-intensity exercise [31].
Participants remained seated while blood lactate levels
were measured at 1, 3, 6, 9, 12, 15, 20, 25, and 30 min-
utes post-exercise. Each measurement showed a statis-
tically significant difference compared to the previous
time point, with the highest lactate level recorded at the
3rd minute (11.73 mmol/L). Goodwin et al. (2007) also
reported that peak lactate values typically occur be-
tween 3 and 8 minutes after intense exercise [32]. Based
on these findings, the 3rd minute was chosen in this
study as the most appropriate time point to assess the
onset of lactate decline following high-intensity interval
exercise and to evaluate the potential accelerating effect
of cold applications.
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Given the rapid fluctuations in lactate levels within 30
minutes post-exercise, measurement timing is critical.
In our study, delays caused by stiffness measurements
and clothing changes before recovery applications may
have reduced the visible impact of cold applications.
The interval between the end of exercise and the initia-
tion of recovery modalities extended to approximately
15 minutes. This duration likely allowed for partial nor-
malization of lactate levels through endogenous clear-
ance mechanisms, diminishing the potential impact
window for the applied cold interventions. This could
explain the similar outcomes between cold application
groups and the control group. Additionally, the physio-
logical responses to lactate clearance may differ de-
pending on sex and sport-specific conditioning, which

were not controlled for in this study.
Muscle and Tendon Stiffness

Exercise-induced muscle stiffness is closely linked to
muscle fatigue in athletes [33]. High-intensity loads can
increase stiffness immediately after exercise and main-
tain this effect for up to a week [33]. Post-exercise stiff-
ness elevates muscle tone, increases intramuscular
pressure, and delays recovery [34]. Cold applications
have been shown to alleviate post-exercise muscle stiff-
ness; however, there is no clear consensus regarding the
optimal temperature, duration, or timing of application.
Accordingly, they are generally believed to reduce mus-
cle stiffness by decreasing intramuscular fluid accumu-
lation and edema [35-37].

Pinto et al. (2020) studied sedentary men by applying
cold water immersion to one randomly selected leg fol-
lowing plyometric exercise [36]. Muscle stiffness was
measured at several time points using a digital palpa-
tion device on both the soleus and gastrocnemius. Their
results showed that cold water immersion did not pro-

duce a statistically significant reduction.

Similarly, another study with 30 athletes examined the
effects of 15-minute cold water immersion at 12°C fol-
lowing 20 minutes of cycling at 70% Wattmax. Using ul-

trasound elastography, they also found no significant
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changes in muscle stiffness before and after exercise
[37].

These findings raise questions about the intensity and
type of exercise required to induce measurable stiffness.
It is well known that eccentric contractions cause more
muscle damage than other contraction types [38].
However, more research is needed to determine the ex-
tent to which aerobic loading contributes to muscle
stiffness. This study faced a similar challenge. Although
the loading protocol was set at a high intensity (130%

wWO,max), it may not have been sufficient to induce

measurable muscle damage. Consequently, the impact
of cold applications on the tissues was not adequately
observed. Possible reasons include the minimal pres-
ence of eccentric contractions and the well-trained sta-
tus of the participants, which may have limited muscle
and tendon responsiveness. Moreover, individual differ-
ences in muscle-tendon characteristics arising from
sport discipline and sex may have also influenced these
outcomes, yet were not accounted for in this study.
Additionally, the duration of loading may have led to
early exhaustion, with both central and peripheral fa-
tigue potentially occurring before sufficient muscular

deformation took place.

Comparison of the Effects of Whole Body Cryotherapy
and Cold Water Immersion on Recovery

The results of our study confirmed that both whole-
body cryotherapy (WBC) and cold water immersion
(CWI) produced similar effects on heart rate, blood lac-
tate concentration, and muscle/tendon stiffness. No sta-
tistically significant differences were found between the
two experimental groups or compared to the passive re-
covery phase, which functioned as the control condi-
tion. It is important to emphasize that all participants
completed each recovery method as part of a random-
ized, three-phase crossover design. However, these find-
ings should be interpreted in the context of the high-in-
tensity interval training (HIIT) protocol used. It is known
that different loading methods affect the rate at which
heart rate returns to pre-exercise levels. For instance,
Kaikkonen et al. (2008) found that heart rate decreased
more slowly following higher-intensity loads and that
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continuous loading caused a more prolonged elevation
compared to intermittent loading at the same intensity
[39]. Had we employed a more sustained loading proto-
col, the recovery effects of WBC and CWI might have

been evaluated more comprehensively.

The study also identified several perceived advantages
and disadvantages of both methods. Most athletes
found initial immersion in cold water difficult but adapt-
ed within approximately three minutes. In contrast, ath-
letes generally found WBC easier to tolerate and more
pleasant. This may be due to the shorter exposure time
in WBC, which likely reduced psychological resistance.
Additionally, since the thermal conductivity of water is
twenty times higher than air, cold water can decrease
body temperature three times faster than air at the
same temperature-potentially explaining differences in
athletes' experiences [40].

CWI was recognized for its practical setup and lower

cost; however, several limitations were noted.
Maintaining hygiene in shared pools was difficult, and
drawbacks included longer session durations, the need
to dry off afterward, temperature fluctuations, and the
inability for multiple athletes to use the pool simultane-
ously. In contrast, WBC cabins-despite their higher cost-
allow multiple users at once, maintain stable tempera-
ture, and eliminate drying needs. These factors suggest
that WBC may offer a more practical and hygienic solu-
tion for sports clubs with the financial means to support

it. Overall, since both methods had comparable effects
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on recovery, clubs seeking efficiency and convenience

might prefer whole-body cryotherapy.

CONCLUSION

In this study, HIIT based on VO,max intensity elevated
blood lactate and heart rate to anaerobic levels in all
groups (WBC, CWI, Control), and Borg scale ratings con-
firmed a high level of exertion. Although significant
within-group decreases in lactate and heart rate were
observed post-recovery, no between-group differences
emerged. Similarly, muscle-tendon elasticity, tone, and
stiffness did not differ significantly. Future studies
should minimize inter-individual fitness disparities and
consider psychological dimensions of recovery, which
may influence outcomes even in the absence of measur-

able physiological change.

Additionally, future research should consider extending
the recovery monitoring period until heart rate returns
to pre-exercise levels, and investigate the comparative
effects of cold applications following more prolonged or
anaerobic chronic loading. Studies incorporating cellu-
lar-level analyses may also provide more detailed in-

sights into recovery mechanisms.

From a practical perspective, while both cold ap-
plications had similar physiological effects, athletes
found WBC easier to tolerate and more hygienic, sug-
gesting it may be a more feasible option for sports

teams with access to the necessary infrastructure.
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