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During sporting events, injured athletes often return to competition after icing because of the reduction
in pain. Although some controversy exists, several studies suggest that cryotherapy causes a decrease in
muscle activity, which may lead to a higher risk of injury upon return to play. The purpose of this study
was to investigate the effect of a 20-min knee joint cryotherapy application on the electromyographic
activity of leg muscles during a single-leg drop jump in twenty healthy subjects, randomly assigned to
an experimental and a control group. After the pre-tests, a crushed-ice bag was applied to the knee joint
of the experimental group subjects for 20 min, while the control group subjects rested for 20 min. All sub-
jects were retested immediately after this period and retested again after another 20 min of rest. Average
electromyographic activity and ground contact time were calculated for the pre- and post-test sessions.
Decreases in electromyographic activity of the lower extremity musculature were found in pre-activa-
tion, eccentric (braking), and concentric (push-off) phases immediately after the icing, and after
20 min of rest. The results lend support to the suggestion that cryotherapy during sporting events may

place the individuals in a vulnerable position.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cryotherapy is often used as an immediate treatment method to
relieve the acute pain of soft tissue injuries (Bleakley et al., 2004).
Other known effects include decreases in edema, inflammation,
blood flow, metabolic rate, intramuscular temperature, hyperto-
nicity, and nerve conduction velocity (NCV) (Enwemeka et al.,
2002). Controversial evidence surrounds the question of how cryo-
therapy affects muscle activity. During sporting events, injured
athletes often return to competition after a cryotherapy treatment
because of the reduction in pain.

It has been suggested that cryotherapy produces a decrease in
muscle activity which may lead to a higher risk for re-injury when
athletes return to competition after a treatment. This statement is
based on investigations that showed negative effects on: NCV
(Algafly and George, 2007); physical performance during maximal
high-intensity functional tasks (Cross et al., 1996; Fischer et al.,
2009; Kinzey et al., 2000; Richendollar et al., 2006); electromyo-
graphic (EMG) activity of leg muscles during the shortening phase
of a maximal rebound jump (Oksa et al., 1997); joint position sense
(proprioception) of the ankle and knee joints (Hopper et al., 1997;
Uchio et al., 2003); and medium latency reflex response (increase
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in delay) (Grey et al., 2001). The results of these studies suggest
that cryotherapy decreases the activity of the neuromuscular sys-
tem, and although athletes may feel ready to return to competition
after icing, motor performance may be impaired and the individual
may be more vulnerable to injury.

In contrast, other studies have shown no clinically significant
effect or even a positive effect of cryotherapy on muscle activity
(Atnip and McCrory, 2004; Hopkins and Stencil, 2002; Melnyk et
al., 2006; Pietrosimone et al., 2009; Rubley et al., 2003; Tremblay
et al., 2001). These results are based on evaluations of the effect
of cryotherapy on: stretch reflex responses of the hamstring mus-
cles (Melnyk et al., 2006); weight discrimination using the quadri-
ceps muscle (Tremblay et al., 2001); ankle joint kinematics (Atnip
and McCrory, 2004); EMG activity of the rectus femoris and vastus
lateralis muscles during a knee extension maximal voluntary iso-
metric contraction (MVIC) (Pietrosimone et al., 2009); and soleus
function, in terms of the Hoffmann reflex and peak plantar flexor
torque (Hopkins and Stencil, 2002). Rubley et al. (2003) found neg-
ative effects but concluded that the effects had little significance in
clinical practice. They investigated the effect of cryotherapy on
sensation and isometric-force variability. The outcomes showed a
reduced sensation of pressure, greater isometric-force variability,
and decreased target accuracy. Several authors concluded that
cryotherapy does not increase the risk for re-injury or may have
a positive effect on the athlete when returning to competition after
treatment (Atnip and McCrory, 2004; Melnyk et al., 2006; Rubley
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et al., 2003). Hopkins and Stencil (2002) even recommended the
use of joint cooling prior to activity and rehabilitation. However,
the authors mentioned that they did not find enough evidence to
make a tangible conclusion. Comparing the results of the different
studies, it appears that the clinical relevance of the effect of cryo-
therapy on muscle activity strongly depends on type and intensity
of the movement task. All studies involving reflexive and/or high-
intensity tasks (plyometrics) revealed decreases in motor perfor-
mance. However, none of the studies which found no or even posi-
tive effects of cryotherapy on functional performance involved a
plyometric task.

In sports like soccer, volleyball, basketball, sprinting, high
jumping, and long jumping, athletes use powerful plyometric
movements, such as jumping and running. Unfortunately, the ef-
fects of cryotherapy on the electromyographic activity of leg mus-
cles during these high demand plyometric tasks are not known.
This information would provide a greater understanding of muscle
performance during plyometric tasks and would provide a basis for
further research on the avoidance of injury or prevention of re-in-
jury during competition.

The current study aimed to investigate the direct effect of knee
joint cooling on the muscular activity during a high-intensity plyo-
metric exercise (single-leg drop jump). We hypothesized that the
EMG activity of the lower extremity rectus femoris (RF), vastus
medialis (VM), vastus lateralis (VL), biceps femoris (BF), medial
head of gastrocnemius (MG), tibialis anterior (TA), and peroneus
longus (PL) muscles during the plyometric exercise would signifi-
cantly decrease after a 20 min cryotherapy application. In addition,
we hypothesized that the effects of cooling would persist after
another 20 min of rest after the cryotherapy treatment.

2. Materials and methods
2.1. Subjects

Twenty healthy males and females (Table 1), who were be-
tween 23 and 40 years of age and had full range-of-motion and
normal strength in their lower extremities, were recruited to par-
ticipate in this randomized controlled trial. All subjects were free
of any history of orthopedic injury, had no musculoskeletal, neuro-
muscular, or cardiopulmonary diseases, disorders, or conditions
within the last year, and had no history of surgery to their lower
extremities. They were also free of any alcohol, drug, or caffeine in-
take that might have affected motor performance for at least 24 h
prior to the experiment. Further, the subjects were non-smokers,
were not suffering from cold hypersensitivity, had a normal dorsa-
lis pedis pulse, and had normal sensation in the lower extremities.
All subjects were able to perform a single-leg drop jump from a
drop height of 30 cm (Fig. 1). Subjects were randomly assigned
to a group using a randomized list and only became aware of their
group assignment following the pre-test (once the ice was pre-
pared for them). The room temperature and lighting remained
constant for all subjects during the test. The laboratory was clean
and free from extraneous noise. The experimental protocol had

Table 1
Subject demographics.

Experimental group (ice)  Control group (no ice)

Total subjects 10 10

Male subjects 8 5

Female subjects 2 5

Age (mean = SD), y 28.7+5.5 28.7+4.0
Height (mean + SD), m 1.78 £ 0.1 1.72+0.1
Weight (mean +SD), kg 76.34+11.8 67.04+11.9
Right dominant leg 9 8

Left dominant leg 1 2

Fig. 1. Drop jump procedure: (1) starting-position; (2) landing on the force plate;
and (3) jumping off vertically.

been approved by the University Committee on Activities Involving
Human Subjects and all subjects gave informed consent.

2.2. Instrumentation

2.2.1. Force plate and electrogoniometer

A multi-component force plate system (Kistler Type 9286A,
Winterthur, Switzerland) was used to measure the ground reaction
forces (GRF) during the jumps. The signal was collected at a sam-
pling rate of 1 kHz and amplified in a range of 5 kN per channel
(Kistler External Control Unit Type 5233A, Winterthur, Switzer-
land). A custom electrogoniometer that was attached to the lateral
side of the knee joint of the dominant leg (see below) was used to
measure the knee angle during the jumps.

2.2.2. EMG

The EMG activity of the lower extremity muscles (VM, VL, RF,
BF, MG, TA, and PL) was measured using an eight-channel surface
EMG system (Bagnoli-8, Delsys, Inc., Boston MA, USA). After skin
preparation (shaving, gently scrubbing, and cleaning with alcohol),
the bipolar surface electrodes [DE 2.1 Single Differential Surface
EMG Sensor, Delsys, Inc., Boston MA, USA; Sensor Contacts - 2 sil-
ver bars, 10 mm long x 1 mm diameter; Contact Spacing - 10 mm;
CMRR - 92 dB (typical), 84 dB (minimum)] were placed over the
motor point of each muscle on the dominant leg (Perotto et al.,
1994). The ground electrode was attached to the lateral malleolus
of the same leg. The EMG signals were acquired at a sampling rate
of 1 kHz and with a gain of 1000 x [frequency response 20 + 5-
450+ 50 Hz (80 dB/decade), System Noise (RTI)< 1.2 uV (RMS)
for the specified bandwidth]. Prior to data collection, the accuracy
of the electrode placement was tested by isometric contractions of
each muscle in order to minimize crosstalk. The electrodes re-
mained affixed during all aspects of the test session.

2.2.3. Procedures

After reading the description of the study, signing the consent
form, and completing the pre-participation questionnaire, the
dominant leg was determined using the following three tests:
ball-kick test, step-up test, and balance-recovery test (Hoffman et
al., 1998). The leg that was used most often (i.e. for at least 2 of
the 3 tests) to kick the ball, to step onto the step, and to recover
balance was in each case identified as the dominant leg for this
study. The intactness of the dorsalis pedis pulse and skin surface
sensation (using the dermatomes) were also evaluated. For assess-
ment of muscle strength and range-of-motion of the lower extrem-
ity, the subjects performed 20 unloaded, full range-of-motion
squats; 25 unloaded, full range-of-motion single-leg heel raises;
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and 1 single-leg drop jump from a drop height of 30 cm above the
ground. All the test results plus the age, gender, height, and weight
of the subject were recorded on a subject screening form.

Following these tests, the subjects were able to practice the
jumping procedure up to a maximum of 10 jumps and were then
equipped with the electrodes and the electrogoniometer. Prior to
any data collection, the subjects performed a 5 min warm-up pro-
gram using a cycle ergometer. For the pre-test, each subject jumped
from a 30 cm high wooden box (placed 3 cm from the force plate),
and after ground contact with the dominant leg, the subject re-
bounded immediately “as high as possible” (drop jump). The drop
jumps were performed five times. Then the subjects were asked
to lie down in a supine position, and a crushed-ice bag was placed
on the dominant limb of the 10 subjects in the experimental group
for 20 min. Packs filled with chipped ice are widely used in sports
because of the low cost and the high availability. In addition,
chipped ice-packs have been shown to have the fastest effect on
lowering the temperature of a soft tissue when compared to any
other products (Swenson et al., 1996). The ice-pack was applied
to the anterior and medial area of the knee joint. In order to prevent
skin damage, a dry thin towel was placed between the ice-pack and
the skin. For every subject, a bag of the same dimensions was filled
with a similar quantity of ice (using the same measuring tool) to be
used for joint cooling. In order to attain a similar level of cooling, no
compressive bandaging was applied to fix the bag to the knee, such
that gravity was the only force holding the ice bag in place. Later-
ally, the application area was limited by the electrogoniometer,
and did not cover the fibular head. Thus, no major peripheral nerves
were directly cooled. The subjects in the control group rested with-
out any intervention. Immediately after the 20 min period, the sub-
jects performed the first post-test, using the same protocol as in the
pre-test. Then the subjects in both groups were seated and rested
for another 20 min without any intervention. A second post-test
was performed using the same protocol as in the pre- and the first
post-test. The EMG, force plate, and knee angle data were collected
and analysed using a custom LabView program (Ver. 8.6, National
Instruments™, Austin, TX, USA).

2.2.4. Data reduction

For calculations based on GRF data, only the four channels mea-
suring the vertical direction of the GRF were utilized. The data
point that exceeded two standard deviations of the baseline-mean
of the summation of these four channels was considered the mo-
ment of touch down. The data point that fell below the two stan-
dard deviations of the baseline-mean after at least 100 ms of
ground contact was considered the push-off moment. A third event
marker was determined from the electrogoniometer data as the
point of the maximal knee angle between touch down and
push-off, which identifies the eccentric and concentric phases.
Considering these three event markers, the following segments
were defined (Fig. 2): (1) pre-activation phase (100 ms prior to
touch down), (2) eccentric (braking) phase (touch down to maxi-
mal knee angle), and (3) concentric phase (maximal knee angle
to push-off). This segmentation protocol was based on the protocol
proposed by Viitasalo et al. (1998). Finally, the length of the eccen-
tric and the concentric phase was calculated.

The mean activity of the obtained raw EMG signal of each mus-
cle was used for a baseline correction. Any power line noise in the
recorded EMG signal was removed using a digital notch filter with
cut-off frequencies of 59 and 61 Hz. Filtering (Butterworth, second
order, zero-lag) was applied in a 10-500 Hz bandwidth and the sig-
nal was full-wave rectified. For smoothing, the data were low-pass
filtered with a time constant of 20 ms. The signal was normalized
to the peak EMG value over all segments of each muscle within
the first five pre-test jumps and expressed as a percentage. Finally,

VM

RF

TA

Fig. 2. Definition of the segments [1. pre-activation phase; 2. eccentric (braking)
phase; and 3. concentric (push-off) phase] using vertical ground reaction force
(VGRF) and knee angle (KA), and the segmentation of three representative EMG
signals [vastus medialis (VM), rectus femoris (RF), tibialis anterior (TA)].

the average EMG (aEMG) activity of each of the three segments
was calculated.

2.2.5. Statistical analysis

Statistical calculations were performed using SPSS 16 software
package for Windows (SPSS, Inc., Chicago, IL). The independent
variables were group (ice/no ice) and time (pre-test/post-test
1/post-test 2). The dependent variables were aEMG (%) of each of
the three segments (pre-activation phase/eccentric phase/concen-
tric phase) of the muscles (VM, VL, RF, BF, MG, TA, PL), and segment
size (ms) of the eccentric and concentric segments. Each repre-
sented the mean of five trials obtained in each group and under
each time condition. To determine the effect of group and time
on each of the dependent variables, three independent 2 x 2
(group x time) multivariate repeated measures analyses of vari-
ance (MANOVAs) were performed (pre-test vs. post-test 1/pre-test
vs. post-test 2/post-test 1 vs. post-test 2). In order to prevent a
violation of Type I error, a Bonferroni correction was applied and
significance was accepted at the P <0.0167 level.

3. Results
3.1. Pre-activation phase

The analysis of the pre-activation phase (Fig. 3) revealed no sig-
nificant interactions. However, the following trends were recogniz-
able: the pre-activation of the MG and BF muscles tended to
decrease immediately after the removal of the ice-application in
the experimental group and to increase after the first resting peri-
od in the control group. No consistent trends were found between
the first- and the second post-test. VM, VL, RF, TA, and PL muscles
showed no meaningful differences in this phase.

3.2. Eccentric (braking) phase

For the eccentric (braking) phase, the statistical analysis (Figs. 4
and 6) revealed a significant interaction between time (pre-test vs.
post-test 1) and group on segment size (F1,1s)=7.637; P=0.013)
with an increase in the experimental and a decrease in the control
group. No further statistically significant interactions were found
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Fig. 3. Average electromyographic activity [aEMG (% of the dynamic maximal value
of the five pre-test jumps)] during the pre-activation phase.

for the eccentric phase. However, the following trends were recog-
nizable: BF and PL muscle activity decreased in the experimental
group and increased in the control group over the three test times.
The MG muscle showed activity decreases in both groups between
the pre- and the first post-test but increases in the control group
and further decreases in the experimental group between the first
and the second post-test. VM, VL and TA muscles indicated activity
decreases in the experimental group but no consistent trends for
the control group. The RF muscle showed no meaningful differ-
ences in this phase.

3.3. Concentric (push-off) phase

Figs. 5 and 6 demonstrate the results for the concentric phase.
Statistically significant interactions were found for aEMG of the
MG muscle between time (pre-test vs. post-test 1) and group
(Fa1,18)=10.407; P=0.005) and between time (pre-test vs. post-test
2) and group (F1,18) = 8.702; P = 0.009) with decreasing activities in
the experimental and increasing activities in the control group. No
further statistically significant results were found. However, the
following trends were recognizable: The VL and RF muscles had
decreases in activity from the pre- to the first post-test as well as
from the pre- to the second post-test in the experimental group.
In the control group, the VL muscle had increases in activity,
whereas no consistent trends were observed for the RF muscle.
Immediately after the removal of the ice application, the segment
size tended to increase in the experimental group and remained
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Fig. 5. Average electromyographic activity [aEMG (% of the dynamic maximal value
of the five pre-test jumps)] during the concentric (push-off) phase. *Significant
interaction (P < 0.0167) between the pre-, the first post-test, and the two groups.
bSignificant interaction (P < 0.0167) between the pre-, the second post-test, and the
two groups.
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Fig. 6. Segment size [size (ms)] of the five pre-test jumps)] during the concentric
(push-off) phase. ®Significant interaction (P < 0.0167) between the pre-, the first
post-test, and the two groups.

unaltered in the control group. The VM, BF, TA and PL muscles
showed no meaningful differences in this phase.

————  Control Group
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Fig. 4. Average electromyographic activity [aEMG (% of the dynamic maximal value of the five pre-test jumps)] during the eccentric (braking) phase.
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4. Discussion

The hypothesis that the EMG activity of the lower extremity
musculature would decrease after a 20-min cold-pack ice-applica-
tion and that the effects would persist after another 20 min rest
has been mainly supported by trends rather than significant differ-
ences. The MG muscle revealed the most consistent interaction ef-
fects for all of the three phases. For the concentric (push-off) phase,
the interaction effects were statistically significant between the
pre- and the first post-test as well as the pre- and the second
post-test. In addition, muscles that demonstrated decreases in
activity in the experimental group included: the BF in the pre-acti-
vation and eccentric phases, VL in the eccentric and the concentric
phases, VM, TA and PL in the eccentric and RF in the concentric
phase. Segment size indicated another significant interaction effect
in the eccentric phase between the pre- and the first post-test.

In comparison with prior investigations, the general findings in
the current study agreed with those of other researchers that have
found decreasing effects of cryotherapy on neuromuscular activity,
motor performance, NCV, stretch reflex responses, and propriocep-
tion (Algafly and George, 2007; Cross et al., 1996; Fischer et al.,
2009; Grey et al., 2001; Hopper et al., 1997; Kinzey et al., 2000;
Oksa et al., 1997). Algafly and George (2007) assessed changes in
NCV of the tibial nerve, pain threshold, and pain tolerance after a
crushed-ice application to the ankle joint for an average duration
of 26 min. They found cryotherapy could have an effect on muscu-
lar activity by significantly decreasing NCV. However, since no di-
rect measurements were conducted on muscular activity, this
statement was only assumed. Several authors studied the effect
of 10-20 min of muscle cooling (Fischer et al., 2009; Richendollar
et al., 2006) and whole limb cooling (Cross et al., 1996; Kinzey et
al., 2000) on maximal high-intensity functional tasks. They all
found significant decreases in performance during the following
functional tasks: shuttle run; 6-m hop test; single-leg vertical
jump (Cross et al., 1996); single-leg vertical jump; agility shuttle
run; 40-yard sprint (Richendollar et al., 2006); vertical impulse
during a one-legged vertical jump (Kinzey et al., 2000); single-leg
vertical jump; co-contraction test; and shuttle run test (Fischer
et al., 2009). These results suggest that cryotherapy likely has sup-
pressive effects on the neuromuscular system during high-
demanding functional activities. The only study that investigated
the effects of cooling on EMG activity during such a functional task
was conducted by Oksa et al. (1997). They found a significant de-
crease in the integrated EMG activity of the triceps surae muscle
group during the shortening phase of a maximal rebound jump
after 60 min of exposure of the whole body to temperatures of
15°C and 10 °C. Unfortunately, their cooling protocol was com-
pletely different than a local crushed-ice-pack application and
thus, the results might not be comparable to the current study.
Other researchers studied the effect of 15-20 min of ankle and
knee joint cooling on proprioception and found significant de-
creases (Hopper et al., 1997; Uchio et al., 2003). They concluded
that cryotherapy had a suppressive effect on the proprioceptive
system. Additional supportive results were presented by Grey et
al. (2001) who found that nerve cooling led to a significant increase
in the delay of the medium latency reflex response. However, since
in the current study no peripheral nerves were directly covered
with the ice-pack, decreases in aEMG due to direct cooling of
peripheral nerves should be excluded.

In contrast, other studies refuted the decreasing effects of cryo-
therapy (Atnip and McCrory, 2004; Hopkins and Stencil, 2002;
Melnyk et al., 2006; Pietrosimone et al., 2009; Tremblay et al.,
2001). Melnyk et al. (2006) evaluated the effect of cryotherapy
on the stretch reflex responses of the hamstring muscles (biceps
femoris, semitendinosus, and semimembranosus muscles) induced

by anterior tibial translation. As an ice-application, they used a
cold water-filled tube around the knee for 20 min and found no
significant alteration in stretch reflex responses. Hopkins and Sten-
cil (2002) measured the soleus function using the Hoffman reflex
and peak plantar flexor torque. They found that the soleus moto-
neuron pool was facilitated following a 30 min crushed-ice appli-
cation to the ankle joint. However, both experimental designs did
not reflect any functional activity and the results might therefore
not be applicable to high demand motor tasks performed by an
athletic population. In addition, treatment durations of 30 min
and more are rather unusual for athletes (Atnip and McCrory,
2004). For this reason, Atnip and McCrory (2004) studied the effect
of 10 min of ankle-cryotherapy on joint kinematics and also found
no effects. They concluded that 10 min might not have been en-
ough time to cool down the joint area and to slow the nerve im-
pulses. Tremblay et al. (2001) studied the effect of 20 min of
quadriceps muscle cooling on weight discrimination using the
quadriceps muscle and found no changes. Pietrosimone et al.
(2009) analysed the effect of 20 min of focal knee joint cooling
on the electromyographic activity of the rectus femoris and vastus
lateralis muscles during a knee extension maximal voluntary iso-
metric contraction (MVIC). They found an increase in vastus latera-
lis activity. This result indicated that slow movement tasks and
isometric muscle contractions were not negatively affected by
20 min of cryotherapy application. Thus, it has been suggested that
cryotherapy does not cause a decrease in the amplitude of a muscle
contraction but a prolongation of the development of a contraction.
This factor and the varying treatment durations could explain
some of the controversy among the results of the different studies.

The mechanism that leads to a decrease in muscle activity and
consequently in motor performance could be explained as an al-
tered joint proprioception. Several researchers suggested that the
activation of the muscles prior to the landing (pre-activation) is
pre-programmed (learned through previous experience) and dis-
patched from higher centers in the nervous system (Avela et al.,
1996; Viitasalo et al., 1998). They suggest that pre-activation plays
a major role in preparing the muscle for high impact forces and in
storing of elastic energy in the cross-bridges and tendons during
the eccentric (braking) phase. Avela et al. (1996) presented addi-
tional evidence with the assumption that the central program could
be modified by proprioceptive, vestibular, and visual inputs. Hence,
it has been suggested that a decrease in proprioception, induced by
joint cooling, could have resulted in a modification of the central
program and thus in a decrease of the pre-landing muscle activity.

Sousa et al. (2007) investigated the fascicle-tendon interaction
in the gastrocnemius and soleus muscles during rebound jumps
from different drop heights. They found that during the eccen-
tric (braking) phase, the fascicles of the MG muscle shortened in
the lower dropping condition, and behaved isometrically in the
higher dropping condition, whereas the tendinous tissue in both
conditions lengthened. In addition, they described a positive rela-
tion between drop height and muscle pre-activation. Ishikawa
and Komi (2004) supported these findings with a drop height re-
lated fascicle shortening and tendinous tissue lengthening of the
VM muscle. They further concluded that the pre-stretch intensity
(in their case the drop height) had a crucial influence on the pro-
cess of storing and subsequently releasing elastic energy. When
including these findings in the evaluation of the current study, it
can be postulated that cryotherapy causes a decrease in muscle
activation prior to ground contact and consequently a reduced
pre-stretch activity (aEMG during the braking phase) and storing
of elastic energy. This may result in a decreased functional perfor-
mance due to less elastic energy being released during the push-off
phase, which could predispose persons to re-injury following
cryotherapy.
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The alteration of the muscle activation prior to ground contact
and the following reduction in the storing and releasing of elastic
energy could be very influential with regard to risk of re-injury.
Although athletes might feel pain-free and ready to perform after
a cryotherapy intervention, caution has to be exercised. The reduc-
tion in pain could lead to the false expectation of having the same
ability to perform as before the intervention without awareness of
decreased muscle activity.

The fact that the current study revealed mainly trends rather
than significant differences could be due to several limitations.
During the ice application, a thin towel was put between the ice-
pack and the skin to prevent damage to the skin due to the extreme
cold. In sporting competitions however, most athletes or trainers
are not concerned with the risk of frostbite, and the ice-pack is of-
ten directly applied to the skin. The towel, used in this study, could
have decreased the cooling effect of the chipped-ice application.

Further, it was assumed that the joint cooling might have altered
the intra-articular nerve conduction and the visco-elastic properties
of the capsule, ligaments, and other connective tissue surrounding
the knee joint. More detailed knowledge about the effectiveness
and the level of cooling could have been achieved by measuring
the skin-temperature during and after the ice application.

Another issue in the current study was the fact that all testing
was conducted on healthy subjects and might not be applicable
to injured persons. Unfortunately, no evidence is available about
the effect of cryotherapy on muscle activation in “real” injury situ-
ations. Hopkins (2006) examined the effect of cryotherapy after an
artificial knee joint effusion on lower chain kinetics and muscle
activity. The artificial knee joint effusion served to mimic a “real”
injury (inflammatory response) situation. The author however
interpreted the exclusion of pain and other inflammatory factors
as a decisive limitation of the artificial effusion model.

Ultimately, the small number of subjects appeared to be the
most serious limitation of the current study. Future research on
the effect of joint cooling on the EMG activity of leg muscles during
a plyometric task should include more subjects, while concentrat-
ing on a more effective cooling-protocol and monitoring skin tem-
perature. Furthermore, the measurement of kinetics and
kinematics could provide valuable information regarding the inter-
pretation of the EMG signal.

In summary, 20 min of knee joint cooling tended to decrease the
average EMG activity of the lower extremity musculature during a
plyometric exercise. It has been suggested that a diminished pro-
prioception, induced by the cryotherapy application, could have re-
sulted in a modification of the central program and thus in a
decrease of the pre-landing and braking phase muscle activity dur-
ing a plyometric exercise. This may lead to a reduced storage of
elastic energy in the tendinous tissue during the eccentric phase
and thus to a decrease in performance during the push-off phase.
The results lent support to the suggestion that cryotherapy during
sporting events may play a role in enhancing risk for re-injury.
However, since primarily trends rather than significant differences
were found, more data are needed to make definitive conclusions.
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