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Abstract 

Cold water immersion (CWI) is a recovery method in sports, acting through a reduction in body temperature and 
improvement of muscular function by limiting post-exercise inflammation processes. Purpose: To analyze the 
effectiveness of intermittent and continuous cold-water immersion (CWI) on skin temperature recovery 
throughout the days after the strenuous exercise protocol. An independent group trial was performed using a 
randomized 3x3 repeated measures ANOVA model. The sample consisted of 40 male physically active adults 
who were divided into three groups: Control Group, 12 min sitting in a 23 °C ± 0.5°C room; Intermittent CWI, 
12 min intermittent immersions 2 min inside (12 ± 0.4°C) and 1 min outside (23 °C ± 0.5°C); Continuous CWI, 
12 min continuous immersion at 12 ± 0.4 °C. After an exhaustion jumping fatigue protocol, participants 
performed the correspondent recovery protocol. Skin temperature of hamstrings and quadriceps of both lower 
limbs were assessed pre, post 24 hours, and post 48 hours using a thermal camera. No significant effects (p> 
0.05) on the skin temperature in response to the immersion protocols, both in the average temperature or in the 
maximum temperature in quadriceps or hamstrings. CWI  recovery protocols did not report significant effects on 
the skin temperature, both in the average temperature or in the maximum temperature in quadriceps or 
hamstrings. 
Keywords: Sports, Exercise, Instrumentation, methods. 
 
Introduction 

 Muscle damage and inflammation have been monitored in sports employing reliable technologies. 
Currently, there is a trend to use portable and non-invasive instruments for the assessment of indicators of 
muscle damage, inflammation, and recovery. One of these recently used methods is infrared thermography 
(IRT), a contact-free technology implemented to monitor the radiation emitted by a body and usually represented 
by the temperature. In humans, hyperthermia in body areas can be associated with different alterations 
(Hildebrandt et al., 2012), such as medical and pathological conditions (Ng, 2009), muscle fatigue and damage 
(Hadžić et al., 2019), delayed onset muscle soreness or muscle injuries (Bandeira et al., 2012), and inflammation 
processes resulted from muscle damage (Hardaker et al., 2007; Hildebrandt et al., 2012). Besides, in recent 
years, IRT has become a new technology used in sports for the assessment of acute and chronic muscular, bone, 
tendon, and joint injuries (Bandeira et al., 2012; Bergstrøm et al., 2001; Formenti et al., 2013; Hildebrandt et al., 
2010; Rojas-Valverde et al., 2021; Sanchis-Sánchez et al., 2014). The skin is a vital organ for heat regulation in 
the body, and this exchange can occur through conduction, convection, radiation, and evaporation (Merla et al., 
2010).  

Due to the body’s need to maintain its internal body temperature at the beginning of exercise, skin 
vasoconstriction is observed (Tanda, 2015). This is followed by an increase in blood flow at the muscular level 
and further skin vasoconstriction. After that, a small increase in skin temperature is shown because of 
vasodilation and heat dissipation. Moderate to intense exercising may cause heat production that provokes a 
massive transfer of warmer blood from the muscles to the periphery, resulting in a rapid increase in skin 
temperature (Formenti et al., 2013). In trained athletes, these changes in the blood flow dynamics allow 
dissipating heat without compromising the required muscle blood flow (Tanda, 2015). 
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Skin temperature has been associated with and muscle fatigue (Hadžić et al., 2019) and delayed onset 
muscle soreness (Al-Nakhli et al., 2012). Evidence suggests that muscle microtraumas due to exercise can cause 
intramuscular edema and an increase in connective tissue’s pressure. This damage is presented as an 
inflammatory condition that may reflect increased blood flow and local temperature, causing hyperthermia in the 
area (Hildebrandt et al., 2010). Due to the body’s need to recover damaged structures (local inflammation), an 
increase in skin temperature is evidenced due to metabolic activity to promote recovery processes immediately 
(da Silva et al., 2018; Fernandes et al., 2016) and 24h (Gutiérrez-Vargas et al., 2017) after exercise. For this 
reason, thermography has been used in the identification of warm skin regions as a reflection of inflammation 
resulting from muscle damage. Studies reported that an increase in temperature (<1oC) increase could evidence a 
significant inflammatory process, and more an excessive rise in temperature (≥1oC) could increase the risk to 
develop injury (Côrte et al., 2019; Marins et al., 2015).  
 Due to the abovementioned physiological processes, recovery protocols have been developed to 
accelerate the recovery of these damaged tissues (Higgins et al., 2017; Leeder et al., 2012). Given the above, the 
study of the relationship between body cooling and sports performance has been of interest to researchers 
(Yeargin et al., 2006). Among these, the most used method to promote cooling and a decrease in body 
temperature is cold water immersion, which aims to contribute to the reduction of body and skin temperature. 
There are several cold water immersion protocols, such as intermittent, continuous, and contrast, which vary in 
terms of tithe me of immersion and the temperature at which the water is maintained. Although multiple studies 
on the effectiveness of IWI and CWI protocols have been conducted, currently, there is not a consensus on 
which protocol is the most effective for achieving post-exercise muscle recovery (Sánchez-Ureña et al., 2017; 
Sánchez-Ureña, Martínez-Guardado, et al., 2018; Sánchez-Ureña, Rojas-Valverde, et al., 2018). 

Recovery processes through cooling protocols have been previously studied under different conditions 
quantifying skin temperature (Adamczyk et al., 2016; Costello et al., 2012; Peiffer et al., 2009, 2010). However, 
there is a lack of evidence about the effectiveness of different post-exercise cryotherapy protocols on skin 
temperature assessed through thermography. For this reason, the present study aims to analyze the efficacy of 
intermittent and continuous cold-water immersion on skin temperature recovery throughout the days after the 
strenuous exercise protocol. 
  

Methods 

Experimental design 

An independent group trial was performed using a randomized 3x3 repeated measures ANOVA model. 
The effectiveness of Two Cold Water Immersion (CWI) protocols was assessed immediately after a volitional 
fatigue protocol was performed. The participants were randomly divided into three groups in three groups using 
an electronic method: a. Control Group, b. Continuous Cold Water Immersion (CCWI) and c. Intermittent Cold-
Water Immersion (ICWI).  
Participants 

The sample consisted of 40 healthy male participants (21.8 ± 2.76 years, body fat 13.5 ± 3.4%, 73.15 ± 
8.15 kg, and 176.6 ± 5.3 cm) took part in this study. The following inclusion criteria were selected: over 18 years 
physical active male, < 20% fatigue index in a consecutive countermovement jumps (CMJ) test (30 jumps), no 
neuromuscular or mechanical injuries were reported at least four weeks before the tests. After explaining the 
purpose and the procedures, the possible risks and benefits of the study, all participants signed informed consent. 
Likewise, the ethical principles for conducting biomedical research involving human beings established by the 
Declaration of Helsinki Agreement (2013) were followed. The research protocol was analyzed and approved by 
the institutional review board of National University, Register N° P-006-2015. 
Devices and procedures 

The baseline and post measurements were made at the same time of day and in the order as follows: 
height, body mass, body fat %, skin temperature. It was performed in a controlled laboratory at 23 °C ± 0.5°C.   

Body mass (kg) was assessed using a HD-313 Tanita (Tanita Corporation, Tokyo, Japan) (precision= 
0.1 kg) and height with a wall stadiometer. Fat percentage was measured using the Jackson and Pollock formula 
from seven anatomical areas (midaxillary region, triceps, abdomen, chest, subscapular region, suprailiac, and 
thigh) (Pullock & Wilmore, 1990) using a skinfold caliper (Lange, Beta Technology, Cambridge, UK). All 
anthropometrical measurements were taken following the International Society for the Advancement of 
Kinanthropometry guidelines (Stewart et al., 2011). 
 The temperature of the skin was determined by employing a thermographic camera (thermograms) 
(T450, FLIR). The camera had a focal plane size of 76 800 pixels with an accuracy of 2% of reading based on 
the manufacturer. This instrument is commonly used to quantify the superficial body temperature; in this case, 
the quadriceps and the hamstrings were measured both in the posterior and the anterior plane (see figure 1). It 
was also assessed at three different times (before: an hour before performing the fatigue protocol, post 2: 24 
hours after the execution of the fatigue stimulus and post 3: 48 hours after the stimulus). The day-to-day 
thermograms were taken at the same hour of the day to avoid circadian body temperature changes (Siepka et al., 
2007).  
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Figure 1. A) Thermograms of lower limbs. B) Areas analyzed in quadriceps and hamstrings. 
 
 Before assessments, the IFR camera was turned on thirty min before the first evaluation, and a 
specific protocol for human skin temperature measurement was followed (Moreira et al., 2017). Participants 
were asked to avoid alcohol and caffeine intake, large meals, and showering at least 4 hours before the 
evaluations. Also, they were asked to avoid intense workload (e.g., 1h, 85% of maximum heart rate) at least 
24 hours before the evaluations (Bandeira et al., 2012).  
 Thirty minutes before evaluation, the camera was set following a specific human temperature 
protocol (Moreira et al., 2017). The participant was positioned in a standardized position (anatomical position) 
on a platform placed three meters from the thermo-camera (Fernández-Cuevas et al., 2015), which was set on a 
tripod at the height of 60 cm with a 5° angle to avoid any potential reflection (Kylili et al., 2014). These values 
of distance and height of the camera prevent any sensitivity bias of the camera when the thermogram is taken 
using a tripod (Lahiri et al., 2012). Before the measures were performed, the thermographic camera was set at 
0.98 of emissivity for the wavelength range of 2-14 μm (Lahiri et al., 2012). A homogeneous (same texture and 
same color) surface was placed at the background of the thermogram to ensure the uniformity of the images. 
 After the skin of the participants was dried, participants remain in a thermo-neutral room (23 ° C ± 
0.5 ° C) for 15 minutes with their underwear and no moving or touching their skin to homogenize their body skin 
temperature. This procedure was used to obtain thermal acclimation to achieve thermal equilibrium (Lahiri et al., 
2012). Once this phase was completed, thermograms were taken of each subject, first in the anterior plane, and 
then in the posterior plane with 45 seconds interspersing the assessments. The participant was positioned in a 
standardized position (anatomical position) on a platform placed three meters from the thermo-camera.  
 To analyze the information of the camera, each assessed area was delimited, as showed in figure 1, 
using dedicated software (Flir Tools, FLIR). This protocol was repeated in the pre, post 24 hours, and post 48 
hours measurements. 
 
Fatigue Protocol: A 10 min x 6.7 km/h warm-up was performed Before fatigue protocol. The participants 
completed an eight sets x 30 s CMJ repetitions, with 90 s of standing rest interspersing the sets. 
Recovery Protocols: Cold Water Immersions were applied immediately after the fatigue protocol. The protocols 
were made in a rounded 0.75 m deep, 3 m circumference plastic pool. The water cooling was achieved using ice 
cubes, and the temperature was controlled min by min during all protocol using a water thermometer. Control 
Group was asked to remain 12 min sitting in a 23 °C±0.5°C room; ICWI had to make 12 min intermittent 
immersions 2 min inside (12±0.4°C) and 1 min outside (23 °C±0.5°C); CCWI made 12 min continuous 
immersion at 12±0.4 °C (see figure 2).  
 

 
Figure 2. Schematic Experimental Design. ICWI= Intermittent Cold Water Immersion, CCWI= Continuous Cold 
Water Immersion, CMJ= Counter Movement Jump. 
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Statistical Analysis 

Descriptive statistics were implemented through the mean (n) and their respective standard deviations 
(SD).  The normality of data was assessed using the Shapiro-Wilk test, and the homogeneity of variances was 
evaluated by the Levene’s test and the Box’s M test. Besides, Mauchly’s Sphericity Test was used to assess the 
homogeneity of covariance. Data on skin temperature was subjected to a 3x3 (group vs. measurement) mixed-
model ANOVA. The post hoch analysis was made by the Bonferroni method. Magnitudes of the differences 
were qualitatively interpreted using the partial omega squared (ωp

2) for ANOVA analysis and with the following 
thresholds:  .01 small;  .06 medium and  .14 large (Cohen, 1988). Alpha was set before p .05. Statistical 
Package for the Social Sciences (SPSS, IBM, SPSS Statistics, V 22.0 Chicago, IL, USA) was used in all 
analyses. 
 
Results 

 There was no interaction between the groups and moment of measurements in the variable average skin 
temperature of dominant (F (4.74) = 0.66, p = .62, ωp

2 = -. 017) or non-dominant (F (4,74) = 0.27, p = .89, ωp
2 = -. 

038) quadriceps neither in dominant (F (4,74) = 1.12, p = .35, ωp
2 = .006) or non-dominant (F (4,74) = 1.12, p = .31, 

ωp
2 = .006) hamstrings (see table 1). 

 
 Table 1. Average lower-limbs skin temperature by recovery conditions and measurement moment. 

Variable 

Control (n=14) 
Continuous Cold Water 
Immersion. (n=13) 

Intermittent Continuous Cold 
Water Immersion (n=13) 

Pre 24h 48h Pre 24h 48h Pre 24h 48h 
Dominant 
Quadriceps 

31.0 ± 
0.7 31.0 ± 0.6 

31.0 ± 
0.6 

30.8 ± 
0.9 

30.9 ± 
0.8 30.6 ± 0.8 31.2 ± 0.5 31.1 ± 0.4 

31.1 ± 
0.6 

Dominant 
Hamstrings  

30.6 ± 
1.1 31.1 ± 0.7 

31.1 ± 
0.8 

30.9 ± 
0.7 30.9 ± 1 30.8 ± 0.8 31.1 ± 0.7 31.2 ± 0.8 

31.1 ± 
0.7 

Non-Dominant 
Quadriceps 

30.9 ± 
0.6 31.0 ± 0.6 

31.0 ± 
0.6 

30.8 ± 
0.9 

30.9 ± 
0.8 30.7 ± 0.8 31.1 ± 0.6 31.1 ± 0.4 

31.1 ± 
0.7 

Non-Dominant 
Hamstrings 

30.6 ± 
1.1 31.1 ± 0.7 

31.1 ± 
0.9 30.9 ±.7 30.9 ± 1 30. 7 ± 0.9 30.9 ± 0.9 31.2 ± 0.7 

31.2 ± 
0.7 

 
 As showed in table 2, there was no interaction between the factors group and moment of measurement in 
the variable average skin temperature of dominant (F (4,74) = 0.89, p = .47, ωp

2=- .005) or non-dominant (F (4,74) = 
0.68, p = .64, ωp

2= - .016) quadriceps neither in dominant (F (4,74) = 0.54. p =.70, ωp
2=- .023) or non-dominant (F 

(4,74) = 0.70, p = .59, ωp
 2 = -.015) hamstrings. 

 
Table 2. Maximum lower-limbs skin temperature by recovery conditions and measurement moment. 

Variable 
Control (n=14) 

Continuous cold Water 
immersion. (n=13) 

Intermittent Continuous cold Water 
immersion (n=13) 

 Pre 24hrs. 48hrs Pre 24hrs. 48hrs. Pre 24h 48h 

Dominant 
Quadriceps 

33.8 ± 
1.1 

33.5 ± 
1.1 34.2 ± 0.9 33.9 ± 0.9 

33.4 ± 
1.4 33.9 ± 0.8 33.8 ± 0.8 

33.7 ± 
0.8 33.6 ± 0.8 

Dominant 
Hamstrings  

33.1 ± 
1.5 

33.3 ± 
1.2 33.2 ± 0.8 33.5 ± 1.1 

33.3 ± 
0.7 33.8 ± 1.9 33.1 ± 1.2 

33.5 ± 
0.9 33.5 ± 1 

Non-dominant 
Quadriceps 33.5 ± 1 33.4 ± 1 34.1 ± 0.9 33.8 ± 0.8 34 ± 2.1 33.9 ± 1 33.9 ± 0.9 

33.6 ± 
0.9 34.0 ± 1 

Non-dominant 
Hamstrings 

33.0 ± 
1.4 

33.5 ± 
1.4 33.1 ± 0.9 33.2 ± 1 

33.2 ± 
0.7 33.3 ± 0.7 33.2 ± 1.3 33.5 ± 1 33.6 ± 1.1 

 
Discussion 

 This study aimed to explore the effects on skin temperature of two CWI protocols including CCWI (12 
min of immersion at 12±0.4°C) and ICWI (6×2 min immersion at 12±0.4°C+1 min out of the water at room 
temperature) after a fatigue protocol compared to passive recovery (Control group). Results did not report 
significant effects on the skin temperature in response to the immersion protocols, both in the average 
temperature or in the maximum temperature in quadriceps or hamstrings. 
 This findings could be associated to the function of the hypothalamus. This organ is responsible for 
carrying out thermoregulation based on the signals received from the central and peripherals thermoreceptors. In 
consequence, hypothalamus activate one of the cooling or heating mechanisms to maintain temperature between 
36.1 ºC to 37.8 ºC. These homeostasis processes are activated not only during the exercise, but immediately 
after. Evaporation is one of the essential body pathways to lose heat, it is estimated that over 80% of heat loss is 
given sweating. During cold water immersion, the mechanism of the convection is primarily employed since the 
water has a capacity of convection up to 20 times greater than air. Once the body temperature has been regulated, 
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any alteration generated as a result of the inflammatory process caused by muscle damage, uses the mechanism 
of radiation that allows losing up to 60% of body heat in a state of rest (Wilmore & Costill, 2007). 
 Although all participants expressed a high perception of effort after the fatigue protocol, there were no 
recovery of skin temperature baseline values after 24 nor 48 hours after CWI. This result could be explained by 
the considerable inflammatory processes due to muscular damage. It should be considered that the magnitude of 
muscle damage caused by the fatigue protocol and the type of exercise by itself (continuous CMJ) could not 
generate enough muscular damage to be reflected as an increase in skin temperature 24h or 48h, assessed by the 
IRT. 
 However, a significant changes in skin temperature 24 and 48 hours after exercise is associated with 
higher concentrations of blood flow in the area (Al-Nakhli et al., 2012), given by edema and inflammation 
caused by muscle damage. Since no significant differences were recorded, it can be inferred that these variations 
were not delivered because the level of muscular damage caused was not significant enough. Substantial changes 
in skin temperature recorded by thermography are associated with variations above 1° C (Côrte et al., 2019; 
Marins et al., 2015). In the data recorded in the in this study, no variations of this magnitude were identified in 
the average values between the groups for any time of measurement. Nevertheless, previous reported data using 
IRT to assess muscle damage after strenuous endurance exercise (Gutiérrez-Vargas et al., 2017) and moderate 
aerobic exercises (Fernandes et al., 2016) have reported differences between baseline and 24 h, perhaps any 
recovery protocols were applied. 
 It is important to mention that this is to our knowledge the first study to use thermography to analyses the 
temperature of the skin 24 and 48 hours post-exercise in recruited muscle areas using cold water immersion as a 
method of recovery. Therefore, more studies should be carried out in this direction to confirm these findings, 
mentioning that although no significant differences were indeed registered, a trend was observed in the presence 
of increasingly higher temperatures in the control group at 24 and 48 hours with regards to the measurement 
before fatigue and the recovery treatment. Other studies (Adamczyk et al., 2016; Costello et al., 2012; Peiffer et 
al., 2009, 2010) analyzed the effect of CWI on the temperature of the skin, immediately and 30 minutes after the 
end of the CWI, but the inflammatory processes associated with muscle damage should be considered, and it is 
reported that usually happens between 24 and 48 hours after strenuous exercise. 
 These findings disagree with what has been reported by other studies analyzed (Peiffer et al., 2009, 2010; 
Vaile et al., 2008a, 2008b; Yeargin et al., 2006). However, it should be noted that in all these studies, skin, 
muscle, rectal and intestinal temperature records were obtained with different devices (thermocouples, probes, 
“CoreTemp” pills). 
 Also, the measurements were made in the time frame allowed by these devices, which did not exceed 60 
min post-immersion. Also, it should be clarified that the equipment used in this study and the aspects of the 
protocol used to measure body temperature using IRT, did not make immediate immersion measurements 
possible. Nonetheless, we suggest in the future to perform analyses closer in time to the immersion. 
 Following what found by Al-Nakhli et al. (Al-Nakhli et al., 2012), it is necessary more studies with the 
use of IRT in the control aspects such as blood flow and other variables that help to understand from a broader 
approach the manifestations of muscle damage, especially since it is a non-invasive technique and safe for the 
subjects. 

 
Limitations 

While the results of this study have provided information about the effectiveness of intermittent and 
continuous cold-water immersion on skin temperature recovery throughout the days after strenuous exercise 
protocol, some limitations to the study must be acknowledged. Due to the characteristics of the IRT assessment 
protocols, immediately after fatigue protocols and CWI measures could not be possible, this because the skin 
temperature increase after exercise and decrease after CWI could be a bias. Although the sample used for this 
study was from healthy active adults group, these results should be taken with caution when applying them to 
other specific populations as athletes. 
 

Conclusion 

Results obtained did not report significant effects on the skin temperature in response to the immersion 
protocols, both in the average temperature or in the maximum temperature in quadriceps or hamstrings.   
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