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Abstract: 

Cold (cryotherapy) is commonly applied to an athlete immediately before and/or after sports 

participation. The purpose of this study was to determine the effect of cold water submersion 

(CWS) on isokinetic strength of the plantar flexor muscle group. Eleven women and five men 

(mean age 22.1 years, height 170.8 cm, weight 64.5 kg) with no history of ankle joint pathology 

were tested for peak torque, average power, and total work of the dominant foot at 60 deg/sec 

with a Cybex II isokinetic dynamometer. Before isokinetic testing subjects were randomly 

assigned to either CWS or an inactive rest period (RP). Subjects returned 1 week later to receive 

the opposite treatment and undergo isokinetic testing. The CWS consisted of placing the leg in a 

15°C tub of water for 20 minutes. The RP consisted of remaining seated for a 20-minute period. 

Paired t tests were computed to determine if any differences existed in peak torque, average 

power, and total work between the CWS and RP conditions. Results indicated concentric 

isokinetic strength values were lower after CWS for peak torque, average power and total work 

of the plantar flexor muscle group. These findings indicate that concentric isokinetic torque, 

power, and work of the plantar flexor muscle group are reduced immediately after CWS. Further 

research should be undertaken to determine the length of time isokinetic output is reduced before 

returning to normal responses after CWS is present. 

 

INTRODUCTION 

The local application of cold is known to decrease temperatures to the applied area,
1-6,9,11,17

 cause 

a vasoconstriction of blood vessels as the body attempts to conserve and prevent heat loss,
15

 and 

cause a decrease in muscular temperature. 
1,7,9,15

 The application of cold has also been shown to 

produce a slowing of motor nerve conduction velocity
9
 that results in an inefficiency of the 

musculotendinous unit. 

The application of cold produces varied effects on muscular strength. The literature that examines the 
effects of cold application on strength has focused primarily on isometric assessment. In some instances, an 
increase in strength has been reported', 10,12,16,17 and in some instances a decrease has been seen.2,4 The avail-
ability of research involving the effects of cold application on isokinetic muscular strength is limited.? Iso-
kinetic resistance enables accurate and reliable quantification of strength. As such, additional 
research is needed to determine the effects of the local application of cold on human muscular performance. 
The purpose of this study was to test the effect of local cooling on isokinetic peak torque, average power, 
and total work of the human ankle plantar flexors. 

 
METHODS AND MATERIALS 

 Subjects 
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Sixteen subjects [11 women, five men (age = 22.1 years, height = 170.8 cm, weight = 64.5 kg)] 

not involved in a lower body exercise program were selected to participate in this study. Subjects 

were screened for history of pathology that might have prevented them from producing a 

maximum contraction of the plantar flexors and for history of adverse reaction to cold ap-

plication. Before testing each subject read and signed a consent to participate form that outlined 

the potential benefits and risks of the study. 

 

After an explanation of the test procedures, subjects were randomly assigned to undergo either a 

cold water submersion (CWS) or rest period (RP) control condition before an isokinetic 

assessment. Subjects returned 1 week later for a second testing session in which they underwent 

the opposite condition before a second isokinetic assessment. 

 

Cold Immersion 

Subjects were placed in an ice immersion of 15°C for 20 minutes. The leg was immersed from 

mid-patella to distal extremity. The temperature of the ice immersion was monitored and 

adjusted accordingly during the application to maintain the desired temperature. Each subject 

was instructed to move the foot in circular motions every 2 minutes to prevent a thermal barrier 

from surrounding the skin. 

 

Isokinetic Assessment 

The Cybex II isokinetic dynamometer (Lumex, Ronkonkoma, NY) was used to measure strength 

of the plantar flexor muscle group. The setup procedure for the Cybex dynamometer was 

performed for each subject upon arrival, so that testing could begin as quickly as possible after 

conclusion of cold application. 

 

Each subject was positioned in a prone position with the knee in a fully extended position, and 

was stabilized at the waist with a Velcro strap allowing dynamometer alignment. The subjects 

wore athletic shoes and were instructed to report to the second testing session with the same 

footwear. Peak torque, average power, and total work of the plantar flexors were tested through a 

range of motion from 0 to 50 deg. The dominant leg was tested and was identified as the leg that 

the subject would use to kick a ball. 

 

The test protocol included three submaximal and three maximal warm-up repetitions at 60 

deg/sec. After 1 minute of rest, each subject then performed eight maximal repetitions at 60 

deg/sec. Verbal encouragement was provided during the test to facilitate a maximal effort. The 

Cybex Data Reduction Computer reported peak torque and total work in foot-pounds, and 

average power in watts. Paired t tests were computed to determine if any differences existed 

between the cold and control conditions for each of the isokinetic parameters with a level of 

significance chosen at the 0.05 level. 

 

RESULTS 

The means and standard deviations for peak torque, average power, and total work are 

presented in Figures 1 and 2. Results indicated isokinetic strength was diminished after CWS for 

the peak torque (t = 50.3 ft-lbs, p < 0.01), average power (t = 45.1 W, p < 0.01), and total 

work (t = 224.7 ft-lbs, p < 0.01). 

 



DISCUSSION 

The application of cold has previously been shown to decrease strength of isometric 

contractions when strength testing immediately followed the application.
2,12,14,16

 The 

effect of cold on isokinetic strength has not been examined extensively. We evaluated the 

effect of a cold water application on isokinetic strength of the plantar flexor group. 

 

The major finding of this study was that isokinetic plantar flexor strength was significantly 

reduced immediately after CWS. Several studies have examined the effects of cold on isometric 

strength.
2,4,12,14,16,17 

These studies generally show that strength decreases can be expected 

immediately after the application of cold to a muscle. However, to date few studies have 

involved the effects of cold on isokinetic strength,' and as such the research regarding 

isokinetic testing is still unclear. 

 



Haymes and Ryder' tested eight subjects for isokinetic torque of the quadriceps muscle 

group at 30 deg/sec, 180 deg/sec, and 300 deg/sec after cooling of the thigh. Subjects were 

tested on two different occasions: once while receiving the ice application and again after a 

no-ice application control condition. They found that cooling of the thigh resulted in 

nonsignificant decreases in torque at each of the three speeds. Interestingly, they also found no 

significant difference between total work with and without cooling, and that total work actually 

increased (nonsignificant) in six of the eight subjects. Haymes and Ryder speculated that the 

effects of cooling on isokinetic torque are more variable (than isometric testing) and may be 

related to the diameter of the limb.  

 

The findings of our investigation are in contrast to those of Haymes and Rider in that we found a 

decrease in isokinetic strength after the application of cold. Any one of several factors may have 

accounted for these differences. We assessed strength of the plantar flexor muscle group, 

whereas, Haymes and Rider assessed the quadriceps musculature. The method of cold appli-

cation in our investigation included total submersion of the body region, whereas Haymes and 

Rider applied cold by ice bag to a smaller percentage of the muscle group involved. As such, the 

amount of cooling may have been greater in our study. 

 

The potential clinical implication of our finding is that the application of cold before athletic 

participation may have a deleterious affect on both injury prevention and performance. As such, 

caution is recommended, when returning an athlete to competition after the application of cold. 

Future research should be undertaken to determine how long concentric strength is adversely 

affected after the application of cold, and if eccentric values are similarly affected. 

 

CONCLUSION 

Results of this study suggest that after cold submersion of 15°C for 20 minutes, concentric peak 

torque, average power, and total work of the plantar flexors is significantly reduced. Further 

research is needed to determine ideal temperatures and times for specific body regions and to 

further test the effects of cold application on isokinetic strength.  
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