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INTRODUCTION 

Cryotherapy, therapeutic cooling, is one of the modalities widely used 

in sports medicine for a variety of treatment purposes. Physiological and 

neurological responses of musculoskeletal tissues to cooling have been 

extensively examined in the literature. It is thought that cryotherapy de-

creases temperature in skin, muscle, and/or intra-articular structures, 

and results in relief in clinical problems such as acute inflammatory pro-

cesses, pain, swelling, muscle spasms, and symptoms of delayed-onset 

muscle soreness [1,2]. On the other hand, cryotherapy is believed to have 

detrimental effects on motor function, including motor nerve conduc-

tion velocity and synaptic transmission, muscle spindle sensitivity and 

firing rates, muscle strength, postural control, and functional perfor-

mance [1-3]. In addition a recent review suggested that clinicians should 

be cautious in returning an athlete to dynamic activities immediately af-

ter a cryotherapy treatment due to its detrimental effects on joint posi-

tion sense [4]. 

There is ample anecdotal evidence supporting clinical uses of cryo-

therapy in sports medicine because of analgesic effects and reduction in 

secondary hypoxic cell death during immediate care of acute injury [1,2]. 

Multiple systematic reviews, however, found that the existing scientific 

evidence is insufficient to conclude whether this modality is actually ef-

fective in improving clinical outcomes such as reduced pain and swell-

ing, improved function, and quicker return to participation in normal 

activity following acute soft tissue injury [3,5-9]. For example, a recent 

systematic review of 10 randomized controlled trials with a meta-analy-

sis investigated the effectiveness of cryotherapy following anterior cruci-

ate ligament reconstruction (ACL-R) on various outcomes, including 

pain, edema, and knee function [9]. For pain, the review authors per-

formed a meta-analysis of two studies and determined that the use of a 
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PURPOSE: To summarize evidence regarding efficacy of focal joint cooling on muscle function. 

METHODS: Literature review was performed to determine effectiveness of focal joint cooling on muscle function. Therapeutic cooling, 
professionally termed cryotherapy, has a long history in sports medicine because it has been widely used for a variety of therapeutic 
purposes. However, it has been contraindicated in rehabilitation for patients with muscle dysfunction because it is believed that cryo-
therapy has detrimental effects on muscle function. It is clinically important to recognize that the negative outcomes may result from 
the common mode of cryotherapy involving the direct cooling of muscle fibers. In contrast, there is promising evidence that when cryo-
therapy targets joints where muscle fibers are not located, the negative effects on muscle function can be eliminated or there can even 
be positive effects on muscle function. 

RESULTS: Focal joint cooling appears to be effective in increasing motor neuron activation in patients with joint pathology in the lower 
extremity, leading to greater muscle strength. In addition, joint cryotherapy may be capable of negating deficiencies in functional per-
formance while it was not found to be neither beneficial nor harmful to reflexive action and postural control. 

CONCLUSIONS: Joint cryotherapy can be a safe and effective intervention for improving muscle function, and it should be indicated 
for patients with persistent muscle dysfunction.
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cold compression device (CCD) is superior to no cryotherapy (large ef-

fects found in visual analog scale pain score 48 hours after ACL-R). 

However, this favorable outcome is challenged by another 3 studies in 

that review reporting no differences when comparing CCD with cold 

water against CCD with room temperature water. For edema, one of 3 

studies only reported a small improvement in patients using CCD com-

pared to those receiving ice packs. Similarly, for knee function, one of 2 

studies found a small improvement favoring CCD over ice packs. These 

conflicting results make it difficult to draw definitive conclusions on the 

effectiveness of cryotherapy although CCD appears to be effective in 

managing immediate post-surgery pain [9]. 

It is traditionally thought that cryotherapy is harmful to muscle func-

tion. However, it should be noted that negative effects following cooling 

therapy were mostly found during or after direct muscle cooling that 

stiffens muscle fibers, which results in decline in muscle function [1-3]. 

Interestingly, there is emerging scientific evidence that focal joint cooling 

may have the potential to improve neuromuscular function in that cool-

ing a joint may not involve muscle fibers and appears to stimulate the 

central nervous system thus providing more neural drive to the neuro-

muscular junction [10-18]. Therefore, it is imperative to review the litera-

ture on joint cooling and muscle function and consider clinical use of 

focal joint cooling in rehabilitation for patients with muscle dysfunction. 

This paper will discuss the specific effects of joint cryotherapy on muscle 

function, including muscle activation and strength, reflexive reaction, 

postural control, and functional performance.

1. Muscle Activation and Strength 

Numerous studies have assessed muscle activation and strength fol-

lowing joint cryotherapy in various joint conditions, including healthy, 

artificially effused, and pathological joints [10-23]. 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. [11] assessed the effects of ankle joint cryothera-

py on the soleus function over a 60-minute period in healthy ankle 

joints [11]. Specifically, the study assessed motor neuron activation, as 

measured with Hoffmann reflex and maximal voluntary isometric con-

traction (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 in-

creased MVIC. These immediate effects were sustained over a 60-min-

ute rewarming period. More importantly, changes in the motor neuron 

activation and MVIC were significantly correlated (r=.38), suggesting 

that cooling the skin over the ankle joint might cause a systemic or cen-

trally mediated change in excitability or threshold level at the motoneu-

ron pool. This change, in turn, could lead to more neural drive to the 

neuromuscular junction, which can explain increased MVIC following 

joint cooling. Subsequent studies reported similar findings of facilitated 

motor neuron activation in ankle muscles [12,18-22]. 

In addition to ankle cryotherapy, focal knee joint cooling was exam-

ined to determine quadriceps function in healthy knee joints [14]. Quad-

riceps function was assessed with peak knee extension torque and vol-

untary activation during maximal isometric knee extension. Central ac-

tivation ratio was the measure of voluntary activation, calculated by di-

viding 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 joint cryo-

therapy, 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 [11]. 

Apart from the promising effects of joint cryotherapy on healthy joint 

function, cooling has been applied to artificially effused and pathologi-

cal joints in efforts to determine its therapeutic effects Hopkins et al. [10] 

assessed effects of knee joint cryotherapy on motor neuron activation in 

healthy subjects with simulated knee effusion that has been found to 

cause decrease in quadriceps neural activation [10]. The knee joint cryo-

therapy resulted in significant dis-inhibition as well as facilitation of the 

quadriceps activation. It is noted that there are different interpretations 

between disinhibition and facilitation. Dis-inhibition can be viewed as a 

recovery of decreased motor neuron activation to a pre-effusion level 

while facilitation is characterized by additional increase in motor neuron 

activation compared to the pre-effusion level. The facilitation of motor 

neurons has been manifested following joint cryotherapy in healthy 

joints. In the effused knee, these similar facilitating effects continued to 

increase for up to 60 minutes even after the ice was removed. Another 

study investigated the effects of knee cryotherapy on quadriceps peak 

torque following a simulated knee effusion, and found knee extension 

torque significantly decreased following knee effusion, but this reduction 

was recovered following knee joint cryotherapy [15]. Authors interpret 

these findings as clear evidence that quadriceps inhibition created by 
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knee effusion is due to altered sensory information from the mechano-

receptors within the knee joint [10,15]. Cooling the effused knee seems 

to freeze the altered sensory information that is responsible for inhibi-

tion, leading to decrease in inhibition (dis-inhibition), as expressed with 

increase in motor neuron activation and peak knee extension torque 

[10,15]. 

The favorable outcomes following joint cryotherapy in effused joints 

triggered initiation of clinical studies assessing effects of joint cryothera-

py for patients with joint pathology in the lower extremity. Pietrosimone 

et al. [24] investigated the effects of focal knee joint cooling on quadri-

ceps activation in patients with tibiofemoral osteoarthritis who have 

been found to have voluntary quadriceps activation deficits reflecting 

arthrogenic muscle inhibition [24]. The focal knee joint cooling consist-

ed of two 1.5 L bags of crushed ice secured to the anterior and the poste-

rior aspects of the knee joint with an elastic bandage for 20 minutes. The 

knee cryotherapy was found to immediately dis-inhibit or facilitate 

quadriceps voluntary activation, and its effects were sustained after the 

ice bags were removed. In addition, peak knee extension torque tended 

to increase following the ice treatment, but did not reach a statistically 

significant difference. However, it should be noted that the variance in 

the changes in the quadriceps strength explained a significant amount 

of the variance (r2 =.81) in the change in central activation ratio, suggest-

ing that the slight increase in muscle strength may be due to significant 

increase in neural drive from the central nervous system. 

In addition to knee cryotherapy, ankle cryotherapy has been exam-

ined in patients with chronic ankle instability (CAI). In two investiga-

tions, Doeringer et al. [19,20] assessed the effects of focal ankle joint 

cooling on motor neuron activation of lower leg muscles, including the 

soleus, peroneus longus, and tibialis anterior in individuals with and 

without CAI. The ankle cryotherapy consisted of one 1.5 L bag of 

crushed ice secured to the anterior aspect of the ankle joint with an elas-

tic bandage for 30 minutes. The soleus motor neuron activation was fa-

cilitated following the treatment in both healthy and CAI groups, but 

there was no group difference, indicating no additional facilitating ef-

fects [19]. The same group also reported a lack of change in other out-

comes such as motor neuron activations of the peroneus longus and tibi-

alis anterior, and concentric inversion and eversion torques [20]. Howev-

er, these conclusions may be inaccurate due to the unclear statistical 

analysis and the moderate effect sizes found in motor neuron activation 

of the peroneus longus and tibialis anterior between pre- and post-cool-

ing. For these limitations, Kim et al. [18] recently conducted another 

study to examine whether focal ankle joint cooling affects motor neuron 

activations of lower leg muscles in individuals with and without CAI. 

They found that ankle cryotherapy for 20 minutes significantly facilitat-

ed motor neuron activation of soleus and peroneus longus in individuals 

both with and without CAI, without group differences [18]. These results 

support the notion that motor neurons in muscles surrounding healthy 

and pathological ankle joints would respond similarly to joint cryothera-

py. Furthermore, the study found that the facilitating effects ankle cryo-

therapy has when subjects were at rest disappeared when they moved 

from lying to standing positions (bipedal and unipedal stances) [18]. 

This implies that patients with decreased motor neuron activation may 

only benefit from joint cryotherapy that is applied to patients at rest. 

Collectively, joint cryotherapy can be a promising tool to maximize 

muscle activation and strength for patients with joint pathology. It is 

suggested to use joint cryotherapy prior to exercise to have the opportu-

nity to utilize increased motor neuron activation that provides more 

neural drive to the neuromuscular junction, resulting in greater muscle 

strength [18,23,25]. 

2. Reflexive Reaction 

A reflexive reaction of joint stabilizing muscle is a critical component 

of joint stability [26,27]. These reactions have been considered as the first 

line of protection against joint injury. In the ankle literature, reaction 

time of the peroneals to inversion perturbation has been extensively ex-

amined in individuals with a history of ankle sprains because delayed 

onset of peroneal activation in response to inversion perturbation may 

be one of reasons of subjective ankle instability and recurrent injury in 

people with a history of ankle sprains [26-28].

It is thought that reflexive reactions are impaired following cryothera-

py because of convincing evidence that the reflex latencies of human 

Achilles tendons and rabbit patellar tendons are significantly decreased 

following ice treatment [29,30]. However, these findings were observed 

following direct muscle cooling. Cooling a joint may have differential ef-

fects on a reflexive behavior as it contributes to motoneuron recruitment 

and force production [31-33]. Studies have been conducted to assess pe-

roneal reactions to sudden inversion following ankle joint cryotherapy. 

All of the studies reported consistent findings that the peroneal reaction 

was not impaired following ankle joint cooling [31-33]. Furthermore, it 

has been demonstrated that focal knee joint cooling did not affect the 

hamstring stretch reflex induced by anterior tibia translation [34]. These 

findings suggest that joint cryotherapy may be a safe modality for those 



http://www.ksep-es.org4 |� Kyung-Min Kim  •  Joint Cryotherapy and Muscle Function

Vol.26, No.1, February 2017: 1-7

who return to play following ice treatment for a variety of purposes, pre-

dominantly pain relief. However, caution should be used when general-

izing findings from healthy subjects into those with injuries. 

3. Postural Control

There are few studies that have assessed the effects of cryotherapy on 

postural control, as measured with instrumented balance tests. The lim-

ited research may be due to previous reports of decreased muscle spindle 

sensitivity following ice treatment [29,35]. Balance performance has been 

assessed following immersion cryotherapy of the ankle/foot complex in 

healthy subjects and patients with lateral ankle sprains [36,37]. Both sub-

ject groups demonstrated impaired single-leg balance after cooling. It 

should be noted that the ankle was cooled along with lower leg muscles 

in both studies, which likely decreased muscle spindle sensitivity in 

cooled muscles, thus resulting in postural impairment. 

In contrast to cooling the ankle/foot complex, application of cold only 

to the ankle joint has been also examined [38,39]. Roberts first investi-

gated the effects of ankle cryotherapy on single-leg balance in 30 healthy 

subjects [39]. The outcome measure was the amount of sway in a medio-

lateral direction during unipedal balance. Interestingly, a one-tailed t-test 

was used to compare pre-ice with post-ice sway data for each subject, 

meaning 30 t-tests were used for the 30 subjects. Single-leg balance per-

formance was significantly diminished after ice treatment in 17 subjects 

while it substantially improved in 11, and balance performance was un-

changed in the remaining 2 subjects. These findings may be not accurate 

due to poor quality of study design including a lack of a control group, 

use of unusual statistical approaches, and a lack of multiple trials of bal-

ance tests. Kim et al. [38] recently conducted a follow-up study to con-

firm the previous findings with a stronger study design, and found that 

ankle cryotherapy did not change single-leg balance performance. The 

authors speculated the lack of change in single-leg balance performance 

following focal ankle joint cooling may be attributed to redundancy of 

proprioceptive information from other receptors besides the ankle, a po-

tential involvement of intrinsic foot muscles, and lack of icing influences 

on muscle spindles that are typically located in the muscle belly that is 

outside the cooled area of the joint [40,41].

The literature is lacking clear evidence regarding the effects of joint 

cryotherapy on postural control, which is a critical aspect of injury man-

agement. Application of an ice bag to an injured joint is the most com-

mon mode of cryotherapy in the acute stage of injury care in sports 

medicine, and focal joint cooling becomes more popular in rehabilita-

tion for those with knee or ankle pathologies due to emerging evidence 

for the clinical efficacy of joint cryotherapy on muscle activation and 

force production. It has been consistently documented that postural 

control is impaired following a joint injury, which is associated with a 

higher risk of lower extremity injury. Therefore, it is of paramount im-

portance to discover whether joint cryotherapy affects postural control 

in people who are healthy, acutely injured, and those with chronic joint 

problems. 

4. Functional Performance 

There are conflicting results about the effects of joint cryotherapy on 

functional performance [42-46]. Hart et al. [42] evaluated changes in 

ground reaction forces, knee-joint flexion, and muscle activity of multi-

ple muscles in the lower extremity during single-leg landings after 

20-minute knee joint cryotherapy, and found the treatment did not 

change any of these measures. It was also found that peak torque, peak 

power, and root mean square power from the ankle, knee, and hip joints 

during a semi-recumbent stepping motion on closed-chain dynamome-

ter remained unchanged following either ankle or knee joint cooling [43]. 

Furthermore, ankle cryotherapy has not been found to change ankle ki-

nematics during a sidestep cutting maneuver [44]. These studies suggest 

that joint cryotherapy may be a safe treatment that would not inhibit the 

normal motor function that dynamically supports a joint. However, it 

was reported that leg muscle activity was diminished during a single-leg 

drop jump after cooling the knee joint, suggesting joint cryotherapy is 

contraindicated for those who return to play or competition [46].

There have been interesting findings regarding the therapeutic poten-

tial of joint cryotherapy to improve functional performance in individu-

als with artificial quadriceps inhibition. Hopkins investigated the effects 

of knee cryotherapy on functional activities in the knee joint with quad-

riceps inhibition that was artificially induced with joint effusion [45]. 

There were three subject groups in that study: a group without joint ef-

fusion and with the ice treatment (control), another with joint effusion 

but without the treatment (effusion), and the other with both the joint 

effusion and treatment (cryotherapy). There was a significant decrease in 

peak torque and peak power in the effusion group whereas no change 

was observed over time in the control and cryotherapy groups. It was 

also found that the peak activity in the vastus lateralis muscle of the ef-

fusion group was significantly decreased when compared to peak activi-

ty of other groups, while the cryotherapy group presented a greater knee 

anterior joint reaction force than reaction force observed in other 
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groups. These findings showed that knee cryotherapy negated move-

ment deficiencies, which may be due to the expected facilitating effects 

that cooling has on vastus lateralis activation. 

CONCLUSION

Joint cryotherapy may have the potential to be added to muscle 

strength rehabilitation programs in patients with joint pathology in the 

lower extremity. It is thought that cryotherapy is an effective modality 

not only to reduce pain, swelling, and secondary hypoxic injury during 

immediate care, but also to induce analgesic effects during the early 

stage of rehabilitation to facilitate the initiation of active therapeutic ex-

ercise. In contrast, this therapy has been contraindicated during rehabili-

tation for muscle function due to detrimental effects such as decreased 

motor nerve conduction velocity, muscle spindle sensitivity, and muscle 

strength. However, it is important to note that these negative effects were 

found following direct muscle cooling, while there is growing evidence 

indicating improved muscle function following focal joint cooling. Spe-

cifically, joint cryotherapy has been found to increase motor neuron ac-

tivation in patients with joint pathology in the lower extremity, leading 

to greater muscle strength. Joint cryotherapy has also negated deficien-

cies in functional performance. Furthermore, this therapy has not been 

found to have deleterious effects on other muscle functions such as re-

flexive action and postural control. These results suggest that joint cryo-

therapy can be a safe and effective intervention for improving muscle 

function, and it should be indicated for patients with persistent muscle 

dysfunction. 
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