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ABSTRACT  
 

Background: Cryotherapy is commonly used to minimize the deleterious effects produced by the 
inflammatory process and aid in recovery with reductions in pain, swelling and muscle spasm. Purpose: 
to investigate and compare between the effects of ice bag application for 3 and 10 minutes on hand grip 
strength for tennis players. Study Design: Pre-test post-test research design. Subjects and methods:  
Sixty Tennis players from both sexes participated in this study, their age ranged from 15 to 30 years old 
and they were classified randomly into three groups, group I: twenty players received cryotherapy in 
form of ice bag application to the forearm for 3 minutes, with mean±SD age and BMI of 17.65±3.26 
years and 20.67±6.4 kg/m2 respectively. Group II: twenty players received cryotherapy in form of ice 
bag application to the forearm for 10 minutes, with mean±SD age and BMI of 18.35±3.36 years and 
21.31±1.95 kg/m2respectively. Group III: A control group of twenty players used sand bags instead of 
ice packs, with mean±SD age and BMI of 18.15±3.86 years and 22.45±2.24 kg/m2. A Hand Grip 
dynamometer was used to measure grip strength before and after the ice application. Results: There 
was no statistical significant difference between (group I and group II) while there was clinical 
difference in favor to group II than group I. While, there was significant difference between (group I 
versus III) and (group II versus III) with (P=0.041* and P=0.0001*) respectively and this significant 
increase in favor of group (I) and group (II) in compared to group (III).Conclusion: There was a 
statistical significant effect for the using ice pack application for 3 minutes and 10 minutes on hand grip 
strength for tennis players. There is no statistical significant difference between using the ice application 
for three minutes and for ten minutes on handgrip strength for tennis players. 
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Introduction 
 

Muscle contraction is defined by the changes in the length of the muscle during contraction. It 
can be classified into isotonic or isometric. Isometric contraction occurs when the muscle tenses without 
changing its length. It is required in some sports (for example Tennis players, climbing and gymnastics) 
and in physical and handwork activities. Isometric contraction is typical of muscles found in the hands 
and forearms. Many daily functions and sporting events require high activity levels of the flexor muscles 
of the forearm and hands (Hall, 2007). 

Tennis players practice and play matches that last for hours, fatigue is a major concern which has 
been shown to have a detrimental effect on a player’s mechanics, thereby reduce the performance. A 
vital concern of tennis performance is the ability to repeat intermittently muscular force at high speed. 
Nevertheless, the ultimate functional performance of any complex chain of torque transfers (i.e., serve 
or ground strokes in tennis) depends on several factors including technique, flexibility, muscle strength, 
speed, and power (Kovacs, 2006).  

Strength is required in muscles and joints both for performance enhancement and to reduce 
injuries (protection of joints, ligaments, tendons, and so on). Grip strength is an important component 
of athletics as well as most everyday tasks. Gripping involves opening and closing your wrists which 
in essence means that you engage your forearm flexors, as well as forearm extensors. So any injury in 
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the proximal part of the upper extremity can result in hand dysfunction, without any injury of the distal 
part of the upper extremity (Iermakov et al., 2016; Balfour, 2014). 

According to the biomechanics, finger flexors are not only the main muscle for the hand gripping, 
but also wrist extensors. The wrist extensors stabilize the wrist by avoiding the flexion tendency which 
may be happen by the flexor muscles. During maximal hand grip, the wrist extensors activated to make 
the wrist in about 35 degree extension and about five degree ulnar deviation, by that optimizing the 
length tension relationship of extrinsic finger flexors, so facilitate maximal grip strength. On the other 
hand, the wrist flexion will weaken the gripping strength (Garcia-Elias, 2013). 

The neuromuscular system may respond differently to thermal agents imposed on it. 
Physiologically, tissue cooling may influence some neuromuscular parameters and there may be direct 
or indirect influence on the physical properties of muscle fibers such as strength. Cryotherapy, meaning 
cold therapy, is a very common modality used over the years as a remedy for many chronic or acute 
injuries. In sports medicine, cryotherapy is commonly used to help minimize the deleterious effects 
produced by the inflammatory process and aid in recovery with reductions in pain, swelling, muscle 
spasm, and the impact of secondary hypoxic injury after suffering an injury when it is paired with the 
use of rest, compression, and elevation (Schleder et al., 2016; Ashworth, 2015; Denegar et al., 2015). 

Cooling may also increase tissues vasoconstriction, decreased cell metabolism rate, influence the 
production of cellular waste, inflammation, pain and nerve conduction velocity while contribute to 
release of endorphins and break of the pain-spasm-pain cycle. It is known that temperature is a relevant 
determinant of muscle performance. With regards to the cold, it can induce for example increased tissue 
stiffness, decrease nerve conduction velocity and decrease muscle contractility. These effects could 
reduce athletic performance (Costello et al., 2013; Herrera et al., 2010; Khoshnevis et al., 2015; Roots 
et al., 2009; Vieira et al., 2013). 

Cryotherapy applied to an injured site decreases local temperature at the site constricting blood 
flow, resulting in a slowing metabolism and reducing the rate of inflammation that causes secondary 
hypoxic injury. It also had an effect on nerve activity by impairing the function of the mechanoreceptors, 
plantar cutaneous, and intrinsic musculotendinous receptors (Ashworth, 2015; Cameron, 2012). 

Although cryotherapy is frequently used in the acute management of an injury, it is not commonly 
considered in rehabilitation because the use of ice decreases muscle function including: strength, 
vertical jump height, speed, agility, and postural stability. The negative effects may arise from decreased 
activity of motor neurons following cryotherapy including activation and conduction velocity. Due to 
the importance of hand grip power for tennis players, cryotherapy has become an important way to 
optimize the neuromuscular performance factors (Douglas et al., 2013; Kraemer et al., 2003). 

Yet, no available studies had been evaluated the potential advantage of using cryotherapy on the 
forearm for tennis players. Also limited durations (3 to 10 minutes) of ice pack application need to be 
evaluated; these durations have not been widely studies in the previous literature because they are not 
typical ice pack treatment times (Fischer, 2009). Therefore, the purpose of this study was to evaluate 
the hand grip strength following cryotherapy on the forearm for tennis players. 

 
Materials and Methods 
 

This pretest - posttest study was conducted from January 2018 to March 2018. Sixty Tennis 
players from both sexes were randomly selected from the first team of national clubs in Giza and Cairo 
such as: 6th October Clubs, Wadi degla Club, Shooting Club and El Ahly Club. Their age ranged from 
15 to 30 years old, their body mass index ranged from 18.5-30 kg/m2. Exclusion criteria were patients 
with trauma at upper limb, Tennis elbow, Golfer’s elbow, previous surgery at the upper limb, skin 
disease, cervical disc prolapsed, wrist pain, systemic diseases, history of limited range of motion, 
deformities, and arthritis. The players were chosen randomly selected then randomly assigned using the 
sealed envelope method of randomization into three equal groups I, II and II. All players were asked to 
sign a consent form for ethical issues. 
Group I: twenty players received cryotherapy in form of ice bag application to the forearm for 3 
minutes. 
Group II: twenty players received cryotherapy in form of ice bag application to the forearm for 10 
minutes. 



Curr. Sci. Int., 7(2): 257-265, 2018 
ISSN: 2077-4435 

259 

Group III: A control group of twenty players used sand bags. 
 
Instrumentations: 
 

Hand grip dynamometer: Maximal grip strength was measured using a JAMAR dynamometer 
(Sammons Preston, IL, USA). It was used to measure hand grip strength for each participant pre and 
post icepack application for the first and the second group.  

Weight and height scale: Each participant should Measure his weight, height and BMI to 
determine if he/she can participate into the study. 
   
Procedure:  
 

Players were randomly assigned into three groups by another person rather than the examiner. 
The study was double blinded. The assistance folded three papers; one represented the first group, one 
represented the second group, and the third represented the control group. Both the examiner and the 
players had no idea about what the paper held in each hand. Each player selected a paper randomly to 
know he was going to be in which group. 

Upon arrival, the players sit for a while if they were during the training. Before performing the 
test on the dynamometer, the player was relaxed and set up to be ready for the test. Each player was 
informed about the steps of the test and the nature of the study. Informed consent and agreement was 
obtained from all participants prior to enrolment in the study. 

Test was started by asking the player to sit on an adjustable chair where the player’s back must 
to be straight, with their hip and knee in 90° of flexion and their feet tested on the floor. The player held 
the dynamometer from the handle with his dominant hand while the arm was adducted next to the trunk, 
with the elbow in 90° flexion, the radioulnar joint in the midway between supination and pronation and 
the wrist joint in 30° extension with slight ulnar deviation as recommended by the American Society of 
Hand Therapists (ASHT)( Boadella et al., 2005). 

The handle of the dynamometer was adjusted if required, the base should rested on the first 
metacarpal (heel of palm), while the handle rested on the middle of four fingers. The player was 
instructed to perform hand grip movement with maximum effort only during exhalation and after a 
verbal cue given by the examiner: "One, two, three, go ."  Each player was instructed to maintain 
maximum contraction for five seconds in each trial since research has demonstrated the peak force is 
reached between 3 to 10 seconds of contraction. When ready, the player squeezed the dynamometer 
with maximum isometric effort, which is maintained for about 5 seconds (Manoharan et al., 2015; Fess, 
1992). 
Three measurements were taken with a rest interval of 60 seconds between trails in order to avoid 
muscle fatigue during the assessment. The forearm muscles were easily fatigued, so the best scores were 
usually achieved in the first or second trials. The results were also affected by the position of the wrist, 
elbow and shoulder, so these must standardized. The highest value was used for the determination of 
the maximal grip strength. The scale of the dynamometer indicated handgrip strength in kilograms (kg). 
The procedure and the methodology used during the handgrip strength test were carried out according 
to the standards (Roberts et al., 2011; Peolsson et al., 2001). 

Apply the ice for 3 minutes for group one. Apply the ice for 10 minutes for group two. The control 
group used sand bags, weighting the same as the ice pack and positioned in the same way as described 
for the cryotherapy (Oliveira et al., 2007). Then started to retest the hand grip strength for the three 
groups by the dynamometer.  

 
Data collection and statistical analysis 
 
Data collection: 
 

Hand grip strength was measured by Jammar dynamometer, the unit of measurement was kilo 
gram (Kg) (Beenakker et al., 2010). 
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Descriptive statistics (mean and Standard Deviation): 
 

All data was collected from the three groups before and after ice bag application, the mean (X) 
and standard deviation (SD) were calculated. 

 
Statistical analysis: 
 

3×2 mixed design ANOVA test was used to compare the hand grip strength at different tested 
periods, before ( 3 minutes, 10 minutes, and control group) and after ice application for the three groups. 
 The level of statistical significance was set at p<0.05. 
 
Results 
 

Statistical analysis was conducted using SPSS for windows, version 20 (SPSS, Inc., Chicago, IL). 
The current test involved two independent variables. The first one was the (tested group); between 
subject factor which had three levels (group I receiving ice packs, group II receiving  ice packs, and 
group III just putting sand bags) The second one was the (measuring periods); within subject factor 
which had two levels (pre, post). In addition, this test involved one tested dependent variable (handgrip 
strength).  
Prior to final analysis, data were screened for normality assumption, homogeneity of variance, and 
presence of extreme scores. This exploration was done as a pre-requisite for parametric calculations of 
the analysis of difference. There were no univariate outliers in the data, as assessed by inspection of a 
boxplot. The handgrip strength was normally distributed, as assessed by Shapiro-Wilk's test (p > .05). 
There was homogeneity of covariance matrices, as assessed by Box's M test (p >0.01), and homogeneity 
of variances, as assessed by Levene's Test of Homogeneity of Variance (p > .05) for most dependent 
variable. Accordingly, two way (3x2) mixed design ANOVA was used to compare the tested variable 
of interest at different tested groups and measuring periods. With the initial alpha level set at 0.05. 
 
General Characteristics: 
 

The current study was conducted on 60 tennis players. They were assigned randomly into three 
equal studies groups. Group (I) consisted of 20 participants with mean age, body mass, height, and BMI 
values of 17.65±3.26 years, 59.8±7.81 Kg, 163.65±5.94 cm, and 20.67±6.4 kg/m2 respectively. Group 
(II) consisted of 20 participants with mean age, body mass, height, and BMI values of 18.35±3.36 years, 
62.8±6.94 Kg, 171.6±6.68 cm, and 21.31±1.95 kg/m2 respectively. Group (III) consisted of 20 
participants with age, body mass, height, and BMI values of 18.15±3.86 years, 60.9±6.1 Kg, 164.7±3.06 
cm, and 22.45±2.24 kg/m2 respectively. As indicated by the One Way Analysis of Variance (ANOVA), 
there were no statistical significant differences (p>0.05) in the mean values of age, body mass, height, 
and BMI among the three tested groups. (Table 1). 

 
Table 1: Descriptive statistics and One Way Analysis of Variance (ANOVA) for the mean age, weight, and height 

values for the three tested groups. 

 
Group I 
(N=20) 

Group II 
(N=20) 

Group III 
(N=20) 

F- 
value 

P-
value 

Level of 
significant 

Age (years) 17.65±3.26 18.35±3.36 18.15±3.86 0.211 0.81 N.S 

Body mass 
(kg) 

59.8±7.81 62.8±6.94 60.9±6.1 0.944 0.395 N.S 

Height 
(cm) 

163.65±5.94 171.6±6.68 164.7±3.06 12.526 0.052 N.S 

BMI 
(kg/m2) 

20.67±6.4 21.31±1.95 22.45±2.24 0.982 0.381 N.S 

 *Significant at alpha level <0.05 
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3× 2 mixed design ANOVA: 

A. Overall effect  
 

Statistical analysis using 3x2 mixed design ANOVA indicated that there were significant effects 
of the tested group (the first independent variable) on the all tested dependent variables; handgrip 
strength (F=4.292, P=0.019*). In addition, there were significant effects of the measuring periods (the 
second independent variable) on the tested dependent variable (F= 19.117, P=0.0001*). Also, the 
interaction between the two independent variables was significant, which indicates that the effect of the 
tested group (first independent variable) on the dependent variable was influenced by the measuring 
periods (second independent variable) (F=16.006, P=0.0001*). (Table 2) 
 
Table 2: The 3x2 mixed design Univariate Analysis of Variance (ANOVA) for dependent variable at different 

measuring periods between both groups. 

Source of Variation F-value P-value 

Groups  4.292 0.019* 
Measuring periods 19.117 0.0001* 

Interaction 16.006 0.0001* 

    *Significant at alpha level <0.05. 
 

B. Multiple pairwise comparison tests (Post hoc tests) 
 
1. Handgrip strength: 
 
 Within groups: 

 
As presented in table (3), within group's comparison the mean ± SD values of handgrip strength 

in the "pre" and "post" tests were 27.5 ±6.89 and 29 ±6.46 respectively in the group (I). Multiple 
pairwise comparison tests (Post hoc tests) revealed that there was significant increase of handgrip 
strength at post treatment in compare to pre treatment (P-value =0.007*).  
 
Table 3: Descriptive statistics and 3×2 mixed design ANOVA for handgrip strength at different measuring periods 

group I. 
 handgrip 
strength 

(Mean ±SD) 
Mean 

difference 
% of 

change 
P-value 

Level of 
significant 

Pre 27.5 ±6.89 
-1.5 5.45% 0.007* 

S 

 
Post 29 ±6.46 

*Significant at alpha level <0.05, S: significant.  

 
As well, the mean ± SD values of handgrip strength in the "pre" and "post" tests were 30.06 ±9.46 

and 33.68 ±7.97 respectively the group (II). Multiple pairwise comparison tests (Post hoc tests) revealed 
that there was significant increase of handgrip strength at post treatment in compare to pretreatment (P-
value =0.0001*). (Table 4) 
 
Table 4: Descriptive statistics and 3×2 mixed design ANOVA for handgrip strength at different measuring periods 

group II. 
 handgrip 
strength 

(Mean ±SD) 
Mean 

difference 
% of 

change 
P-value 

Level of 
significant 

Pre 30.06 ±9.46 
-3.62 12.04% 0.0001* 

S 

 Post 33.68 ±7.97 

 *Significant at alpha level <0.05, S: significant. 

 
Additionally, the mean ± SD values of handgrip strength in the "pre" and "post" tests were 

25.25±6.47 and 24.35±6.77 respectively in the group (III). Multiple pair wise comparison tests (Post 
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hoc tests) revealed that there was no statistical significant difference of handgrip strength at post 
treatment in compare to pre treatment (P-value =0.099). (Table 5). 

  
Table 5: Descriptive statistics and 3×2 mixed design ANOVA for handgrip strength at different measuring periods 

group III. 

handgrip strength (Mean ±SD) 
Mean 

difference 
% of 

change 
P-value 

Level of 
significant 

Pre 25.25±6.47 
0.9 

3.56% 
0.099 

N.S 

 Post 24.35±6.77 

*Significant at alpha level <0.05, N.S: non-significant. 

 

 Among groups: 
 

Considering the effect of the tested group (first independent variable) on the handgrip strength, 
Multiple pairwise comparison tests (Post hoc tests) revealed that the mean values of the "pre" test among 
(group I versus II), (group I versus III) and (group II versus III) showed no significant differences with 
(P=0.318, P=0.352 and P=0.064) respectively. Multiple pairwise comparison tests (Post hoc tests) 
revealed that there was no significant difference of the mean values of the "post" test between (group I 
versus II) with (p=0.052). Additionally, there was no statistical significant difference between (group I 
and group II) while there was clinical difference in favor to group II than group I. While, there was 
significant difference between (group I versus III) and (group II versus III) with (P=0.041* and 0.0001*) 
respectively and this significant increase in favor of group (I) and group (II) in compared to group (III). 
Table (5) 
 
Table 6: Descriptive statistics and 3×2 mixed design ANOVA for handgrip strength at different measuring periods 

among different groups. 

Handgrip strength 
Group I 

(Mean ±SD) 
Group II 

(Mean ±SD) 
Group III 

(Mean ±SD) 
Pre 27.5 ±6.89 30.06 ±9.46 25.25±6.47 
Post 29 ±6.46 33.68 ±7.97 24.35±6.77 

Multiple pairwise comparison tests (Post hoc tests) for the handgrip strength  among different groups  at 
different measuring periods 

 Group I Vs. group II Group I Vs.  group III Group II Vs.  group III 
Pre 0.318 0.352 0.064 
Post 0.052 0.041* 0.0001* 

 *Significant at alpha level <0.05 
 

Discussion 
 

The present study investigated ice pack application on hand grip strength on the forearm for tennis 
players using 2 different durations ( 3 and 10 minutes). The study was conducted on normal subjects to 
provide base line data to know which treatment duration is better to use in rehabilitation protocols for 
increasing hand grip strength in regards to muscular effect provided by ice application. Research 
regarding ice application is still debatable in the scientific literature since the application has a lot of 
argument and contradiction international attention with the last ten years. 

This study showed that ice pack application improved hand grip strength in both study groups 
without statistical significant difference between them. This can be attributed to similar effects of 3 
minutes and 10 minutes cryotherapy as both treatment durations are considered prolonged 
(Hourdebaigt, 2003). In addition to that, effects of cryotherapy on muscle activity depend mainly on 
decrease in muscular temperature, changes that occur in muscle temperature due to cryotherapy for 3 
and 10 minimal are almost identical according to Peiffer et al., (2009). So we can conclude that no 
major differences will be observed using 3 and 10 minutes of cryotherapy as there is no sufficient time 
for muscular temperature to decline further. 

One of the major factors that influence muscle strength is activation of motor neurons leading to 
greater strength, according to all-or-none law, once the nerve is stimulated with adequate intensity it 
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will produce response no matter the magnitude used, this may explain why there was no significant 
difference between 3 and 10 minutes durations as the motor neurons are stimulated and prolonged 
exposure will not make any difference (McArdle et al., 2010). 

The results of the current study prove that cryotherapy may have the potential to be added to 
muscle strength rehabilitation programs as each study groups showed statistical significant difference 
between pre and post testing. It is thought that cryotherapy is an effective modality not only to reduce 
pain and swelling but also to induce analgesic effects during the early stage of rehabilitation to facilitate 
the initiation of active therapeutic exercise. Cryotherapy has been found to increase motor neuron 
activation leading to greater muscle strength, negate deficiencies in functional performance. 
The human body responds to cold applications with vasoconstriction to maintain the core temperature. 
After this first response usually the opposite phenomenon occurs, that is vasodilatation, which increases 
muscle blood-flow with increased oxygen supply, therefore potentially improving muscle performance 
(Houdas et al., 2013). 

Various studies investigated effects of cryotherapy on muscle activation and strength in numerous 
musculoskeletal conditions and healthy participants, artificially effused and pathological joints. A 
majority of studies reported immediate facilitation in muscles that act on the cooled joint. This was 
primarily demonstrated through increased force outputs.  

For example, Hopkins et al., (2002) assessed the effects of ankle cryotherapy on the soleus 
function over a 60-minute period in healthy ankle. Specifically, the study assessed motor neuron 
activation, as measured with Hoffmann reflex and maximal voluntary isometric contraction (MVIC) 
during peak plantar flexion torque before and after 30 minutes of focal ankle joint cooling, and found 
that ankle cryotherapy significantly facilitated motor neuron activation and substantially increased 
MVIC. These immediate effects were sustained over a 60-minute re-warming period. More importantly, 
changes in the motor neuron activation and MVIC were significantly correlated (r=0.38). 

In addition to ankle cryotherapy, focal knee joint cooling was examined to determine quadriceps 
function in healthy knee joints. Quadriceps function was assessed with peak knee extension torque and 
voluntary activation during maximal isometric knee extension. Central activation ratio was the measure 
of voluntary activation, calculated by dividing force measurements of maximal voluntary contraction 
by that of the force produced by superimposed burst plus the maximal voluntary contraction. 
Significantly increased voluntary activation and peak knee extension torque were found following 20-
minute of knee cryotherapy, and changes in maximal voluntary contractions explained a significant 
amount of the variance in the activation. These results show that the increase in voluntary contractions 
may be due to an increase in the volitional activation, resulting from the facilitated motor neurons 
previously found (Ewell et al., 2014). 

On the other hand there are some studies were contradicted with this study, Dewhurst et al., 
(2007) discover that cooling of the knee extensors, young individuals displayed a reduced knee 
extension torque during isokinetic contractions, whereas older individuals demonstrated no change in 
torque. Warming had no effect on the torque in either the young or the older group. The neuromuscular 
response investigated by surface EMG did not show alterations in response to the temperature changes 
with the exception of a reduction in EMG amplitude with warming and in MNF with cooling in the 
young subjects.  15 min of cryotherapy applied to the shoulder induce negative effects upon muscle 
strength and impairs shoulder propioception. Cryotherapy reduces a person’s ability to generate force 
by shoulder rotator muscles. Moreover, changes in sensory inputs arising from propioceptors after 
cooling diminish JPS and TDPM (Torres et al., 2017). 

In another study, Tyler Axman et al., (2013)  mentioned that there is increase in knee extension 
strength following the application of a heat modality and a decrease in knee extension strength following 
application of a cold modality. Following the application of heat, approximately 80% of participants 
had an increase in knee extension strength, while only 33% had an increase in strength following 
application of ice. The control was nearly split evenly with 58% of participants experiencing an increase 
in strength after post-test measurements. 

Limitations of this study includes small sample size which may explain why we couldn’t report 
statistical difference between the 2 study groups, individual differences in muscle mass and strength 
between participants, lifestyle of participants may alter hand grip strength of each individual, 
differences in skin resistance of the forearm to cryotherapy between individuals, also it is worth to 
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mention that this study was conducted during winter conditions and cold weather may affect motivation 
and readiness of each participant as every individual may react differently to cold weather. 

Hence, it would make sense that the results of the present study provide the first evidence base 
that ice pack application can have a significant and positive impact on handgrip strength in healthy 
subjects. This is of practical value for coaches and practitioners aiming to include in this treatment in 
order to improve their handgrip strength. So these results represent a new approach to the longstanding 
problem of the cryotherapy protocols standardization. In fact, in the light of what had emerged, it is 
now clear that coaches can use ice pack application before and during the training session or a 
competition. Also it is recommended to be used in other sports, for example: climbing, racket sports 
and gymnastics ring performances, where hand isometric strength is required. 
 
Conclusion 
 

It was concluded that there was a statistical significant effect for the using ice pack application 
for 3 minutes and 10 minutes on hand grip strength for tennis players. There is no statistical significant 
difference between using the ice application for three minutes and for ten minutes on handgrip strength 
for tennis players. 
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