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Abstract

Introduction: Muscle strength has shown different responses to the cooling of neuromuscular tissue and its 
behavior is still unclear. Objective: To verify the behavior of maximum grip strength before and after forearm 
cooling. Methods: The cooling intervention consisted of immersing the forearm up to the elbow in water coo-
led to 10° C. Grip strength was assessed using a dynamometer prior to cooling, immediately after immersion, 
and at 5, 10 and 30 minutes of forearm exposure to ambient temperature (recovery phase) concomitantly 
to measurement of skin surface temperature. The sample consisted of 30 healthy individuals. Results: Grip 
strength decreased signiϐicantly (p < 0.05) between the period prior to cooling and all the time intervals follo-
wing immersion in ice water. There was also a gradual increase in grip strength during the recovery phase, 
with signiϐicant differences (p < 0.05) between the mean immediately after immersion and means at 5, 15 and 
30 minutes after exposure to ambient temperature. Conclusion: The results indicate that immersion in ice 
water (10ºC) for 15 minutes signiϐicantly reduced (p < 0.05) grip strength for up to 30 minutes after forearm 
cooling. Strength also recovered progressively after removal of the cold stimulus.  Further research is needed 
to obtain deϐinitive results regarding the effects of cooling on muscle strength in healthy individuals.  
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Resumo

Introdução: A força muscular tem apresentado respostas controversas ao resfriamento dos tecidos neuro-
musculares e seu comportamento ainda não foi esclarecido. Objetivo: Veri icar o comportamento da força de 
preensão palmar máxima antes e após o resfriamento do antebraço. Métodos: A intervenção de resfriamento 
consistiu na imersão do antebraço até o nível do cotovelo em água gelada a 10ºC. A força foi avaliada por 
dinamometria de preensão palmar antes da aplicação de frio, imediatamente após imersão e em 5, 15 e 30 
minutos de exposição do antebraço à temperatura ambiente (fase de recuperação) concomitantemente à af-
erição da temperatura super icial da pele. A amostra foi composta por 30 indivíduos saudáveis. Resultados: 
A força de preensão palmar diminuiu signi icativamente (p < 0,05) entre o período anterior ao resfriamento 
e todos os períodos que sucederam à imersão em água gelada. A força de preensão palmar apresentou ainda 
aumento progressivo durante a fase de recuperação, com diferenças signi icativas (p < 0,05) entre a média do 
momento imediato ao im da imersão e as médias dos momentos de 5, 15 e 30 minutos de exposição à tem-
peratura ambiente. Conclusão: Os resultados indicaram que a imersão em água gelada a 10ºC por 15 minutos 
diminuiu signi icativamente (p < 0,05) a força de preensão palmar por até 30 minutos após o resfriamento do 
antebraço. A força apresentou ainda capacidade progressiva de recuperação após a retirada do estímulo frio. 
Novas pesquisas devem ser realizadas para a apresentação de resultados de initivos sobre os efeitos do frio na 
força muscular de indivíduos saudáveis. 

Palavras-chave: Força da Mão. Crioterapia. Fisioterapia

Introduction

Rehabilitation is part of the routine of high perfor-
mance athletes, but is also essential for individuals 
who are not physically ϐit and exposed to trauma and 
stress. Understanding the healing process is a prior-
ity in physical rehabilitation; physical and chemical 
mechanisms that affect hemodynamics are triggered 
at different stages. However, the exacerbation of cer-
tain bodily responses may not be beneϐicial to reha-
bilitation and should be controlled (1). 

The inϐlammatory response is the body’s (typi-
cally local) reaction to an irritant. Its occurrence is 
beneϐicial and necessary for tissue regeneration, de-
fending it against harmful factors and promoting the 
continuation of mechanisms needed for anabolism 
and catabolism, which contribute to tissue repair. 
However, certain signs and symptoms mediated by 
inϐlammation, such as pain and edema, can compro-
mise rehabilitation and delay an individual’s return 
to normal function (2).

A number of therapeutic tools are recommended 
to control undesirable inϐlammatory signs; however, 
Guirro and Guirro (3) highlight that cryotherapy has 
advantages in terms of its low cost, easy applica-
tion of the technique, and a wide range of actions. 
Cryotherapy or cold therapy involves the application 

of substances at a temperature considerably below 
that of the skin, removing heat energy in order to 
lower its temperature (2).

The expected local and immediate physiological 
effects of cold application are decreased skin tem-
perature, blood ϐlow, local metabolism (2 - 4) and 
nerve conduction velocity (2, 5, 6). 

When a structure is submitted to cooling, different 
types of tissue are indirectly involved, each capable 
of exhibiting distinct physiology in accordance with 
the environment in which it is assessed, as is the case 
with low temperatures. In order to validate this infor-
mation, studies have compared the effect of different 
types of cold on muscle tissue (7 - 9), nerve ϐibers (6), 
joints (10) and skin (5, 11).

According to Oksa (12), cooling causing inade-
quate muscle performance by affecting muscle com-
ponents and functional properties, as well as their 
electrical activity.  

In this respect, Guirro and Guirro (3) analyzed 
muscle physiology after cooling, emphasizing that 
frequent exposure to cold may be a risk factor for 
musculoskeletal disorders, since changes in electri-
cal activity after cooling may be related to inefϐicient 
motor control and reduced muscle performance. 

Despite good evidence indicating decreased con-
duction velocity in muscle nerve ϐibers (2, 5, 6) and 
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several studies investigating the behavior of isometric 
(13 - 16) and isokinetic muscle strength (17, 18), 
the ability of cooling to alter muscle strength is still 
considered inconclusive (19), with consistent rec-
ommendations for further research on the issue (6, 
13 - 15).

According to Sasaki et al. (20), grip strength (GS) 
assessments are easy to administer and require low-
cost, easily transportable equipment. When applied 
correctly, these tests have shown good validity and 
reliability (21). Moreira et al. (22) argue that this 
measure is an extremely effective outpatient pro-
cedure and an important parameter in evaluating 
hand function.

Among the instruments developed for GS mea-
surement, the Jamar® dynamometer enjoys the great-
est clinical acceptance, has been proven to be effec-
tive, and has been used for data collection in different 
scientiϐic studies (21).

The response of muscle strength to cooling is 
the object of this study, speciϐically maximum grip 
strength and surface temperature of the skin after 
forearm cooling. The aim was to describe muscle 
strength behavior following immersion in ice water. 

Methods

The convenience sample consisted of 30 healthy 
individuals of both sexes, 15 men and 15 women, 
selected among students at the ESEFFEGO University 
Unit of Universidade Estadual de Goiás.

The study was conducted in accordance with hu-
man research guidelines and regulations (resolution 
196/1996 of the National Health Council) and was 
approved by the Research Ethics Committee of the 
Ofϐice of the President of Research and Graduate 
Studies/UFG under protocol no 110/2011. No re-
search funding was received. 

First, subjects completed a semi-structured ques-
tionnaire that provided information pertaining to 
inclusion or exclusion from the study. For the purpose 
of sample characterization, the questionnaire also 
established the numerical identiϐication, age, sex, 
dominant upper limb, weight and height of partici-
pants, and included a table to control the variables 
during data collection (grip strength, skin tempera-
ture, water temperature).  

Subjects were healthy individuals (no reported 
neural, musculoskeletal, rheumatic or skin diseases); 

aged between 18 and 30 years (23, 24); capable of 
performing maximum grip strength maneuvers with 
the dominant limb and understanding the study char-
acteristics, including risks.

 Exclusion criteria were any contraindication for 
cryotherapy (2); body mass index (BMI) below 18 
and above 24.99 (6, 15); fractures, upper limb or back 
surgery in the last two years (15) and unwillingness 
to participate or collaborate with the study.

The following instruments were used for data 
collection: a 15 L, 35 centimeter deep plastic ba-
sin; two stools; thermoneutral water; crushed ice; 
36-liter cooler; Jamar® hydraulic dynamometer that 
measures strength in kilograms (Kg) with two par-
allel straps (one ϐixed and the other adjustable to 
ϐive different positions), duly calibrated for the study 
and used to assess isometric GS; high accuracy (0.1º) 
Minipa® MT-350 infrared digital thermometer (ºC) 
used to measure the surface temperature of the skin 
(STS); anthropometric scale with a capacity up 150 
kg; stadiometer with a measuring capacity up to 2.20 
meters; digital stopwatch; anthropometric tape mea-
sure; permanent marker; and a digital camera.

The researchers advised subjects of the date and 
time of data collection and instructed them not to 
exercise or consume stimulants such as chocolate, 
energy drinks or substances containing alcohol or 
caffeine on the day of the intervention (5, 6).

The study was conducted at the ESEFFEGO 
University Unit of Universidade Estadual de Goiás. Data 
were collected in an air conditioned room (23ºC) (14, 
15) at the same time of day (between 8 a.m. and 12 p.m.) 
to ensure that body temperature was not signiϐicantly 
affected by circadian cycles (6). In their ϐirst 15 min-
utes in the room, the time required for acclimatization, 
subjects were assessed by the researchers in terms of 
their weight, height, and the possible presence of skin 
disorders. Next, participants’ dominant forearm was 
measured from the medial epicondyle to the head of 
the ulna, placing a mark in the middle and on the outer 
edge of the medial epicondyle (Figure 1).  The middle 
was calculated according to the length of each forearm 
and the marking was made midway (forearm length 
divided by two) along the imaginary line between the 
medial epicondyle and head of the ulna. Also in this 
initial period, subjects were instructed on the correct 
procedure and posture for the intervention. They were 
also shown how to handle the dynamometer in order to 
adapt and practice their grip on the device, which should 
remain the same throughout the procedure.
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events was as follows: strength and temperature as-
sessments, cooling, and a further four strength and 
temperature evaluations at predetermined times (im-
mediately after immersion and at 5, 5 and 30 minutes 
of exposure to ambient temperature). 

The data from these assessments were recorded 
on individual evaluation charts for each participant. 
The statistical program used was SPSS (Statistical 
Package for the Social Science Statistics for Windows) 
version 15.0. The Shapiro-Wilk test was applied and 
the sample was considered normal, with a p-value 
of 0.008. One-way ANOVA was used to compare the 
means, with a signiϐicance level of 5% (p < 0.05). 

Results 

The sample consisted of 30 healthy individuals, 
15 men and 15 women. The mean ± standard de-
viation (SD) of age was 20.67 years (± 1.53 years), 
weight 63.73 Kg (± 9.74 Kg), height 1.72 m (± 0.09 
m) and BMI 21.16 Kg/m² (± 1.77 Kg/m²). Of the 30 
participants, the upper right arm was dominant in 
28 (frequency of 93.3%) and the upper left in 2 (fre-
quency of 6.7%). Figures 2 and 3 show the means and 
standard deviations (SD) for the grip strength (GS) 
and surface temperature of the skin (STS) at the dif-
ferent collection times. The moment prior to cooling 
was denominated Pre (0), immediately after cooling 
Post (0), and 5, 15 and 30 minutes after the interven-
tion Post (5), Post (15), and Post (30), respectively.

Figure 2 - Variation in mean grip strength in the different 
assessments.

Note: Moments (minutes), Grip Strength (Kg). Source: the author, 2011. 

Figure 1 - Forearm markings.

Note: (a) middle of the forearm, (b) outer edge of the medial epicon-

dyle. Source: author’s personal archive, 2011. 

For each GS assessment, participants were seated 
on a stool with the shoulder of their dominant arm 
adducted, elbow ϐlexed to 90º, forearm in a neutral 
position, wrist extension varying between 0º and 30º 
and ulnar deviation from 0º to 15º. The assessor was 
positioned in front of the subjects, stabilizing the in-
strument. The handle of the Jamar® dynamometer 
was set to position two for the tests (21). Three grip 
measurements were taken to calculate the average 
value for the dominant hand in each assessment, with 
a 30-second rest between measurements.  The volun-
teers performed the grip during expiration, without 
executing the Valsalva maneuver, and were verbal-
ly encouraged during the test using the command 
“squeeze hard!”. GS was assessed by dynamometry 
before cooling and during the recovery phase (15 
minutes after immersion in water cooled to 10 °C 
and in the ϐirst 5, 15 and 30 minutes of post-cooling 
exposure to ambient temperature). 

STS was checked before each measurement, with the 
thermometer positioned over the middle marking of the 
forearm about two centimeters away from the skin (6).

The cryotherapy intervention used for cooling was 
immersion (cold water), considered by Chersterton 
et al. (5) and Herrera et al. (6) as the most effective 
means of reducing the conduction velocity of periph-
eral nerves and keeping it low after cooling. While 
still in the position used for strength assessment, 
the subjects’ dominant forearm was immersed in the 
plastic container ϐilled with cold water (10 ºC) (2, 25) 
up to the mark on the medial epicondyle. 

Temperature was analyzed before and after im-
mersions.  Immersion time was based on the study 
by Malone et al. (26), who advocate a period of 15 
minutes to safely cool neuromuscular components 
without compromising their integrity. The order of 
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Pre (0) Post (5) 1.19 0.003*
Pre (0) Post (15) 0.10 0.011*
Pre (0) Post (30) 0.03 0.046*
Post (0) Post (5) - 5.43 0.028*
Post (0) Post (15) - 6.52 0.000*
Post (0) Post (30) - 6.58 0.003*
Post (5) Post (15) - 1.09 0.664
Post (5) Post (30) - 1.15 0.702
Post (15) Post (30) - 0.07 0.000*

Note: (*) signifi cant difference between means (p < 
0.05). Source: the author, 2011. 

Mean GS at Post (0), Post (5), Post (15) and Post 
(30) declined signiϐicantly (p < 0.05) when compared 
to the mean for Pre (0), while means at Post (5), Post 
(15) and Post (30) increased signiϐicantly (p < 0.05) 
compared to the mean at Post (0) (Table 2). These 
results indicate a signiϐicant decrease (p < 0.05) in 
strength after cooling compared to strength mea-
sured by dynamometer prior to the intervention. 
In addition, strength increased over time, since the 
mean difference at Post (0) was the highest (p < 0.05) 
among the recovery phases (Post (0), (5), (15) and 
(30) when compared to Pre (0) (Table 2).

In relation to Pre (0), GS declined by 19.57% at 
Post (0), 3.52% at Post (5), 0.30% at Post (15) and 
0.10% at Post (30) (Table 1).

These results show that isometric muscle strength 
assessed by grip strength dynamometry declined im-
mediately after cooling and continued to do so for 
up to 30 minutes, but gradually improved over time 
(Figure 2). 

STS behaved similarly to GS after cooling (Figures 
2 and 3), indicating a direct relationship between 
reduced temperature and decreased strength. In 
the recovery phase (Post (0), (5), (15) and (30), a 
concomitant increase was observed in STS and GS, 
suggesting a direct association between the variables 
during this period.

Discussion

The relationship between reduced temperature 
and the ability to generate strength is controversial 
in the literature. Several studies (14, 15, 18, 27) rec-
ommend temperature reduction while others (13, 
16, 17) report no change in strength. These inves-
tigations also stand out in terms of cooling proto-
cols, voluntary isometric maximal (14, 15, 27) and 

Figure 3 - Variation in mean skin temperature in the differ-
ent assessments.

Note: Moments (minutes), Surface Temperature (ºC). Source: the 

author, 2011.

Table 1 shows the mean difference percentages 
for GS between Pre (0) and Post (0), Post (5), Post 
(15) and Post (30) assessments.

Table 1 - GS comparison (Kg) before and after cooling 
indicating the mean percentage difference

Moment Moment Mean Difference (%)

Pre (0) Post (0) - 19.57

Pre (0) Post (5) - 3.52

Pre (0) Post (15) - 0.30

Pre (0) Post (30) - 0.10

Note: mean difference – percentages (%).Source: the author, 2011.

The paired difference between means and signiϐi-
cance level at the different GS assessment times are 
displayed in Table 2.  A signiϐicant difference (p < 0.05) 
was observed for pairs between Pre (0) and Post (0), 
Post (5), Post (15) and Post (30); Post (0) and Post (5), 
Post (15) and Post (30); and Post (15) and Post (30).

Table 2 - Paired difference in means and significance level 
for GS (Kg) at the different assessment times

Moment Moment
Mean 

Difference 
Significance 
(p < 0.05)

Pre (0) Post (0) 6.62 0.048*

(To be continued)

(Conclusion)
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submaximal (13, 16) strength assessments, as well 
as isokinetic evaluation (17, 18).

The decline in strength reported in the present 
study was almost 20% in absolute values after 15 min-
utes of cooling. Douris et al. (14) observed a strength 
reduction of approximately 25% for a period of up to 
20 minutes’ immersion in cold water. Cornwall (27) 
reported a decrease in strength of up to 33% after 
20 minutes of cooling, while Pereira (15) recorded a 
decline of over 43% after 30 minutes of cold applica-
tion. As in the present study, these authors (14, 15, 
27) analyzed the performance of isometric muscle 
strength, reporting signiϐicant differences between 
measurements before and after cooling. 

With regard to the recovery period, the ϐindings of 
Douris et al. (14) were similar to those presented here, 
with signiϐicant differences in strength values up to 15 
minutes after the intervention. By contrast, although 
post-cooling absolute values for isometric strength did 
not reach those recorded prior to cooling, Pereira (15) 
found no signiϐicant differences in mean strength be-
tween 5 and 60 minutes after cooling. Cornwall (27) did 
not assess strength behavior during the recovery phase. 

Analysis of these results suggests that caution is 
needed when recommending exercises that require 
maximum (100%) muscle strength immediately after 
using resources that cool tissue.  

In order to study muscle efϐiciency and sensory 
motor control of voluntary movement at low tem-
perature, Coulange et al. (13) evaluated maximal and 
submaximal (60%) voluntary contraction responses 
after cooling in 10 professional divers from the French 
Navy. The authors concluded that complete immer-
sion of the body in cold water did not affect maximal 
or submaximal voluntary contraction. Despite the 
marked differences between these results and those 
presented here, it is important to note that partici-
pants in the aforementioned study were submitted 
to a different assessment and immersion protocol, 
and were accustomed to diving. As such, they may 
have a unique response to immersion in cold water. 

Rubley et al. (16) also studied submaximal isometric 
muscle strength and, similarly to Coulange et al. (13), 
found no signiϐicant differences after cooling by submer-
sion of the forearm in cold water. The cooling protocol 
consisted of immersing the forearm in cold water (10ºC) 
for 15 minutes. No signiϐicant differences were observed 
in the ability to reach the submaximal values proposed 
for cooling when the cooled forearm was compared to 
control measures for the opposing limb.

Using a 30-minute cooling protocol on the legs of 
22 individuals, Kimura et al.  (17) evaluated potential 
changes in muscle strength for eccentric isokinetic 
plantar ϐlexion. Subjects were assessed after immer-
sion in water cooled to 10ºC and compared against 
control conditions. The results showed no signiϐicant 
difference between conditions and the ϐindings dif-
fered from those recorded here; however, method-
ological differences hampered result comparison. 

The effects of cooling on concentric and eccen-
tric muscle strength, measured via isokinetic test-
ing, were also investigated by Ruiz et al. (18), who 
assessed the isokinetic strength of the quadriceps 
femoris muscle in a group of 19 young wrestlers. 
The muscle in question was cooled for 25 minutes 
using an ice pack, prompting a signiϐicant decline in 
strength compared to pre-application values. These 
results corroborate the ϐindings of the present study, 
despite differences in cooling time and method, as 
well as the strength assessment technique.

The most widely studied explanation for reduced 
strength due to cooling is the decline in myoelectric 
activity caused by low tissue temperatures (3).

Knight (2) argues that decreased temperatures 
lead to an increase in the duration of potential action 
associated with a rise in latency after depolarization 
(refractory period). These factors reduce the number 
of ϐibers that may ϐire at a given time, thus reducing 
nerve conduction velocity (NCV). As such, there is a 
direct relationship between NCV and temperature 
decline, while the refractory period and duration of 
action potential are inversely proportional to impulse 
propagation speed (28). The range of potential ac-
tion is related to the number of nerve ϐibers that re-
spond to an effective electrical stimulus (6). Thus, the 
change in this condition after cooling appears to be 
linked to an increase (2) or blockade (6) in the elec-
trical transmission threshold for nerve ϐibers more 
sensitive to cooling. 

In a literature review, Oksa (12) reported that the 
biochemical reasons described for changes in mus-
cle activity due to cooling are related to the reduced 
breakdown of ATP (triphosphate adenosine), delayed 
release of calcium by the sarcoplasmic reticulum and 
lower afϐinity of calcium for myosin, which interferes 
directly in the formation of cross-bridges needed for 
muscle contraction.

The contraindication of applying cryotherapy in 
conjunction with exercises that require maximum 
strength immediately after the cooling intervention 
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were considered efϐicient in reducing grip strength. 
This decline was signiϐicant (p < 0.05) between as-
sessment prior to cooling and all the evaluations con-
ducted after cold application, indicating that, despite 
progressive recovery, strength remained diminished 
even after 30 minutes’ rest at room temperature. 

The gradual increase in GS during the recovery 
phase is evident in the signiϐicant differences (p < 0.05) 
between mean strength immediately after cooling and 
at 5, 15 and 30 minutes' exposure to room temperature. 

This study presented clinically relevant results, 
but was limited in terms of investigating only iso-
metric strength (grip) based on controlling the sur-
face temperature (skin). The actual temperature of 
neurosmuscular tissue cannot be estimated and as-
sessments that include electroneuromyography will 
likely provide a clearer picture of what takes place in 
contractile tissue after cooling.  Another clear limita-
tion is the study of healthy individuals, a population 
that does not typically require cryotherapy. Thus, fur-
ther study is needed to encompass different clinical 
cooling protocols and include populations other than 
those analyzed to date, in addition to applying more 
accurate techniques to determine the effects of cold 
on muscle strength. 
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