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Context: Cryotherapy is used widely in sport and exercise
medicine to manage acute injuries and facilitate rehabilitation.
The analgesic effects of cryotherapy are well established;
however, a potential caveat is that cooling tissue negatively
affects neuromuscular control through delayed muscle reaction
time. This topic is important to investigate because athletes
often return to exercise, rehabilitation, or competitive activity
immediately or shortly after cryotherapy.

Objective: To compare the effects of wet-ice application,
cold-water immersion, and an untreated control condition on
peroneus longus and tibialis anterior muscle reaction time during
a simulated lateral ankle sprain.

Design: Randomized controlled clinical trial.
Setting: University of Hertfordshire human performance

laboratory.
Patients or Other Participants: A total of 54 physically

active individuals (age¼20.1 6 1.5 years, height¼1.7 6 0.07 m,
mass¼66.7 6 5.4 kg) who had no injury or history of ankle sprain.

Intervention(s): Wet-ice application, cold-water immersion,
or an untreated control condition applied to the ankle for 10
minutes.

Main Outcome Measure(s): Muscle reaction time and
muscle amplitude of the peroneus longus and tibialis anterior
in response to a simulated lateral ankle sprain were calculated.
The ankle-sprain simulation incorporated a combined inversion
and plantar-flexion movement.

Results: We observed no change in muscle reaction time or
muscle amplitude after cryotherapy for either the peroneus
longus or tibialis anterior (P . .05).

Conclusions: Ten minutes of joint cooling did not adversely
affect muscle reaction time or muscle amplitude in response to a
simulated lateral ankle sprain. These findings suggested that
athletes can safely return to sporting activity immediately after
icing. Further evidence showed that ice can be applied before
ankle rehabilitation without adversely affecting dynamic neuro-
muscular control. Investigation in patients with acute ankle
sprains is warranted to assess the clinical applicability of these
interventions.

Key Words: cryotherapy, neuromuscular control, proprio-
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Key Points

� Ten minutes of joint cooling with wet-ice application or cold-water immersion did not adversely affect muscle reaction
time or muscle amplitude in response to a simulated lateral ankle sprain.

� Athletes can return safely to sporting activity immediately after 10 minutes of ankle-joint cooling.
� Ice can be applied before ankle rehabilitation without adversely affecting dynamic control.

A
nkle sprains occur frequently during sport and
exercise.1,2 In recent reviews of epidemiologic
studies spanning more than 70 sports, authors3,4

have identified ligament damage as responsible for 84% of
all ankle injuries, with most involving the lateral ligament
complex. The most commonly reported mechanism for an
ankle sprain was excessive loading with the foot in plantar
flexion and inversion.5

Ankle-joint stability is achieved through the interaction of
passive and dynamic systems. The lateral ligaments and
joint capsule provide a passive restraint against external
forces.5 These structures also contain mechanoreceptors that
sense extreme or sudden movements and initiate a dynamic

restraint6,7; peroneus longus activation provides a dynamic
restraint against excessive inversion,5,8,9 whereas the tibialis
anterior restrains excessive plantar flexion.10–12 Coordinated
and correctly timed contraction of these muscles is vital to
protect the ankle joint against excessive movement.13

Individuals with functional ankle instability exhibit a delay
in muscle reaction time, which may explain the frequent
episodes of giving way and repetitive inversion injury
commonly reported within this population.11,14,15

Cryotherapy is used widely in sport and exercise
medicine.16–19 It has an immediate analgesic effect20–22

achieved through a range of physiologic mechanisms,
including prolonged latency and duration of sensory action
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potentials, decreased nerve transmission,23 suppression of
nociceptive receptor sensitivity,24 and counterirritant ef-
fects.22 These effects are often used to manage acute pain
after soft tissue injury; ice application on the sidelines or
during half time can provide cold-induced analgesia to
facilitate a return to competitive activity. A growing trend is
to use cold-induced analgesia to enhance rehabilitation and
therapeutic exercise, which is often called cryokinetics.25

Cryokinetic treatments are commonly 5 to 10 minutes in
duration and involve cold-water immersion.18,26,27 The basic
premise is that cold-induced analgesia facilitates rehabilita-
tion and enables exercises to be performed earlier than
would normally be possible.16,18

In addition to providing effective pain relief, local cooling
can induce a range of concomitant physiologic effects. In a
recent review, Bleakley et al28 provided consistent evidence
that longer periods of ice application (.20 minutes)
adversely affected strength, speed, power, and agility-based
running. Another concern is that cooling tissue negatively
affects neuromuscular control through changes in joint
position sense29 and delayed reaction time. Authors13,25,30

of only 3 studies have assessed the effect of ice application
on muscle reaction time during a simulated lateral ankle
sprain. Although they all identified no change postapplica-
tion, these conclusions were limited to the effects of dry ice
(crushed ice contained within a nonporous bag) on peroneus
longus activity. Therefore, determining the effect of other
popular modes of cooling on muscle reaction time is
important. We also need to determine whether these patterns
are consistent across other muscle groups contributing to
dynamic ankle stability. Thus, the purpose of our study was
to examine the effects of cryotherapy on muscle reaction
time during a simulated lateral ankle sprain. Our specific
objectives were to compare the effects of wet-ice application,
cold-water immersion, and an untreated control condition on
muscle reaction time of the peroneus longus and tibialis
anterior muscle groups.

METHODS

The study was a randomized controlled trial. The
independent variables were treatment (wet-ice application,

cold-water immersion, control) and time interval (pretreat-
ment, posttreatment). The dependent variables were muscle
reaction time and muscle amplitude.

Participants

A total of 58 physically active individuals (30 men, 28
women) were recruited from the student population. We
provided a participant briefing that outlined the study. To
meet the inclusion criteria, volunteers had to be ages 18 to
25 years; be active in sport at least once each week; have
pain-free palpation of the anterior talofibular ligament
(ATFL) and calcaneofibular ligament; and have pain-free
active dorsiflexion, plantar-flexion, inversion, and eversion
range of motion. Exclusion criteria were a previous ankle
sprain; any injury at the time of the study that might affect
lower limb biomechanics, including acute trauma and
muscular pain; use of foot orthoses; biomechanical
abnormalities; a history of lower limb surgery; and fear
or intolerance of ice, including Raynaud disease. Four
volunteers (3 men, 1 woman) were excluded; 3 presented
with a history of ankle sprain, and 1 had been prescribed
orthoses. The remaining 54 individuals (age ¼ 20.1 6 1.5
years, height ¼ 1.7 6 0.07 m, mass ¼ 66.7 6 5.4 kg)
participated in the study. All participants provided written
informed consent, and the study was approved by the
Institutional Life and Medical Sciences Ethics Committee
of the University of Hertfordshire.

Instrumentation

During all testing conditions, electromyography (EMG)
data were collected using a DataLINK EMG system (model
DLK900; Biometrics Ltd, Gwent, United Kingdom). All
EMG signals were amplified and sampled at 1000 Hz. The
DataLINK incorporated both a low-pass filter at 450 Hz and
a high-pass, third-order filter at 18 dB per octave. The latter
was designed to remove direct current offsets due to
membrane potentials and to minimize low-frequency
interference caused by movement of the preamplifier on
the skin surface. The preamplifier also contained an eighth-
order elliptical filter at �60 dB at 550 Hz.

We used a tilt platform that simulated a lateral ankle
sprain (Figure). It consisted of 2 independent foot plates so
that either foot could experience sudden perturbation to
reduce any anticipatory effect. The sprain simulation
differed from previous platforms because 208 of plantar
flexion was incorporated alongside 308 of inversion. The
platform was constructed and first implemented by Mitchell
et al.11 When the tilt began, the contact switches separated,
sending a digital signal to the DataLINK system. The signal
response time was 1 millisecond and was recorded on the
display screen with an event marker.

The wet-ice application consisted of 1 kg of crushed ice
enveloped within a thin cotton bag. Before application, the
bag was held under running water (308C–348C) for 10
seconds before being applied to the lateral aspect of the
ankle. The participants lay on their sides, and the center of
the bag was situated over the ATFL. For the cold-water
immersion, 3 kg of crushed ice were placed into a cool box
before cold water was added to achieve an immersion depth
of one-third the measured distance between the lateral
malleolus and the head of the fibula of the participant. The
participants remained seated and, when ready, immersed

Figure. Tilt platform simulating a nonpathologic lateral ankle
sprain used for muscle reaction time testing.
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their ankle and foot complex into the ice-and-water mix.
The water temperature was monitored constantly to ensure
that it remained between 18C and 48C.31 For the control
condition, participants were instructed to remain seated,
and no treatment was administered.

A DataLogger (model SQ800; Grant Instruments Ltd,
Cambridge, United Kingdom) recorded skin temperature
from the site of peroneus longus and tibialis anterior
electrode placement and the ATFL using thermistors (U-
type thermistor probes) that were affixed to the site with
microporous tape. The modality temperature was also
monitored and recorded at 60-second intervals throughout
the testing session. For the wet-ice application, we placed a
thermistor on the outside of the cotton bag, and for the cold-
water immersion, we placed a thermistor directly into the
cold water.

Participant Preparation

Electromyography data were recorded from the dominant
limb, which was defined as the limb the participant would
choose to kick a ball. The peroneus longus and tibialis
anterior muscles were contracted and palpated. The area
was shaved with disposable razors and shaving foam before
being cleansed with isopropyl alcohol wipes to reduce skin
impedance. In accordance with the Surface Electromyog-
raphy for the Non-Invasive Assessment of Muscles
(SENIAM) recommendations,32 preamplified surface elec-
trodes (model SX230; Biometrics Ltd) with a gain of 1000,
input impedance greater than 1015 X, common-mode
rejection ratio greater than 96 dB, noise less than 5 lV,
bandwidth from 20 to 60 Hz, and a fixed 20-mm
intradistance were affixed parallel to the orientation of the
muscle fibers. We secured a ground reference cable (R206)
of the DataLINK system over the pisiform bone of the
wrist. Resisted ankle dorsiflexion, plantar flexion, inver-
sion, and eversion were performed to identify the responses
of the corresponding muscles in the EMG traces on screen.

Experimental Protocol

Upon arrival at the laboratory, participants were screened
for the inclusion and exclusion criteria, were educated on
the experimental procedures, gave informed consent, and
were assigned randomly to 1 of 3 treatment groups (wet-ice
application, cold-water immersion, or control). The ran-
domization procedure consisted of each participant selecting
a numbered ball (range, 1–54), which directly corresponded
with 1 of the 3 treatment groups, from an envelope. Each
group, therefore, contained 18 participants.

After preparation, the participants stood barefoot on the
tilt platform and were instructed to distribute their weight
evenly between both feet while looking straight ahead in a
relaxed stance. They stood with their feet shoulder-width
apart and parallel while the 2 foot supports were adjusted to
provide maximal support and safety. The investigator
(P.K.T.) stood behind the participants to ensure they could
not see the initiation of the tilt. Using a computer-based
random-sequence generator that the investigator designed
(Excel version 2010; Microsoft Corporation, Redmond,
WA), we randomly exposed 1 limb to a simulated lateral
ankle sprain. Participants were not informed when the
perturbations would occur, and perturbations were initiated
at variable intervals to reduce any anticipatory effect. Three

practice perturbations were administered to ensure the
participant was fully accustomed to the simulated lateral
ankle sprain before the main testing commenced.

The tilt was not initiated until the EMG signal trace was at
a flat baseline as viewed on screen. After the perturbation,
we stopped the recording, reset the tilt platform, and carried
out the remaining perturbations. This was performed 8 times
(ie, each limb received 4 perturbations), with only the first 3
tilts to the dominant limb used for calculating and analyzing
muscle reaction time and muscle amplitude.10 All perturba-
tions were performed within 2 minutes, with a minimum 10-
second rest between perturbations.

Participants then sat quietly for a 10-minute equilibrium
period. After this equilibrium period, they received the
randomly assigned treatment for 10 minutes. After
application, the ankle was dried carefully with a towel,
and the tilt-platform measures were repeated. Apart from
analgesia, no additional adverse effects were reported.

Data Processing

We checked the raw EMG signals visually for artifacts
and then processed them using a root mean square filter
with a moving-window length of 10 milliseconds10 (Data-
LINK software version 5.0). The filtered signal was
exported into an Excel 2010 spreadsheet before a specially
designed computer onset detector calculated the onset of
EMG muscle activity and then calculated subsequent
reaction time and amplitude. For the muscle to be deemed
active, the EMG readings had to be elevated by 5 SDs30

above the 1000-millisecond baseline reference point
obtained before the tilt for a consecutive 20-millisecond
period. Muscle reaction time was calculated as the time (in
milliseconds) between the initiation of the tilt and the onset
of muscle activity. Muscle amplitude (% maximum) was
calculated as the average muscle amplitude (mV) over a
100-millisecond window starting from the onset of muscle
activity. The average was normalized to the peak value
obtained from within the same window.33

Statistical Analysis

Given that the data were normally distributed (Kolmo-
gorov-Smirnov, P . .05), a 2-factor (mixed model:
between-within) analysis of variance (ANOVA) test was
used. The between-subjects factor was treatment condition
(wet-ice application, cold-water immersion, control), and
the within-subject factor was time (pretreatment, posttreat-
ment). Separate ANOVAs were undertaken for each
dependent variable (muscle reaction time and muscle
amplitude after a sudden ankle perturbation). When we
observed a main effect, we performed post hoc pairwise
comparisons among the groups using the Bonferroni
adjustment for multiple comparisons. The a level was set
at .05. We also calculated effect sizes (gp

2 values; 0.01 ¼
small, 0.06 ¼ medium, and 0.14 ¼ large).34 All statistical
tests were performed with SPSS statistical software
(version 20.0; IBM Corporation, Armonk, NY).

RESULTS

Peroneus longus and tibialis anterior reaction times are
presented in Table 1. No main effect for time was identified
for the peroneus longus (F1,51¼ 0.03, P¼ .86, gp

2 , 0.01)
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or tibialis anterior (F1,51 ¼ 0.17, P ¼ .69, gp
2 , 0.01). In

addition, we did not observe a main effect for the peroneus
longus (F2,51¼0.06, P¼ .94, gp

2 , 0.01) or tibialis anterior
(F2,51 ¼ 0.10, P ¼ .91, gp

2 , 0.01) when comparing the 3
treatments. Last, we found no treatment-by-time interaction
effect for the reaction time of the peroneus longus (F2,51¼
3.05, P¼ .06, gp

2¼0.11) or tibialis anterior (F2,51¼0.56, P
¼ .57, gp

2 ¼ 0.02), suggesting that ice application had no
effect on muscle reaction time.

Peroneus longus and tibialis anterior muscle amplitudes
are presented in Table 2. No main effect for time was
identified for the peroneus longus (F1,51¼0.20, P¼ .66, gp

2

, 0.01) or tibialis anterior (F1,51 ¼ 2.05, P ¼ .16, gp
2 ¼

0.04). In addition, we did not observe a main effect for the
peroneus longus (F2,51 ¼ 2.14, P ¼ .13, gp

2 ¼ 0.08) or
tibialis anterior (F2,51 ¼ 1.03, P ¼ .36, gp

2 ¼ 0.04) when
comparing the 3 treatments. Finally, we found no
treatment-by-time interaction effect for muscle activity of
the peroneus longus (F2,51 ¼ 0.19, P ¼ .83, gp

2 ¼ 0.01) or
tibialis anterior (F2,51 ¼ 2.08, P ¼ .14, gp

2 ¼ 0.08),
suggesting that ice application had no effect on muscle
amplitude.

The skin temperature at the electrode sites for the
treatment groups and at the ATFL for the untreated control
group declined less than 18C throughout the 10-minute
application period. The skin temperature of the ATFL and
the temperatures of both cooling modalities are displayed in
Table 3. Both the wet-ice application and cold-water
immersion reduced the skin temperature of the ATFL to
198C after 60 seconds of application and to 98C at the end
of treatment.

DISCUSSION

The purpose of our study was to examine the effects of
wet-ice application, cold-water immersion, and an untreat-
ed control condition on muscle reaction time during a
simulated lateral ankle sprain. We are the first to conduct a
study that incorporated 2 popular modes of cryotherapy and
recorded muscle reaction times of 2 of the major muscles
involved in dynamic ankle stability.

Wet-ice application and cold-water immersion induced
similar skin-temperature reductions over the ATFL. In each

case, a 10-minute treatment dose resulted in skin-temper-
ature reductions to 98C. In addition, all participants reported
numbness of the ankle directly after each icing condition
ended. Optimal analgesia is elicited at skin temperatures
less than 138C.35–37 Algafly and George20 reported that
skin-temperature reductions below 108C are associated with
a 33% reduction in nerve conduction velocity. Whereas
these data support the use of either wet-ice application or
cold-water immersion for inducing analgesia, our primary
objective was to examine any concomitant adverse effect
on muscle reaction time by comparison with an untreated
control. We found that neither cooling condition influenced
peroneus longus muscle activity during ankle-sprain
simulation as compared with a control condition. This
observation concurs with findings from other studies13,25,30

in which authors investigated the effects of dry-ice
application.

Mok et al38 calculated that a lateral ankle sprain reaches
maximal inversion at 80 milliseconds after initial contact,
with a deviation from normal kinematics starting at 60
milliseconds.39 The dynamic defense mechanism needs to
be initiated in this preinjury phase to prevent a lateral ankle
sprain from occurring.39 We reported postapplication
reaction times of 51.48 milliseconds for the wet-ice group
and 52.72 milliseconds for the cold-water immersion group,
which align closely with the finding reported by Hopkins et
al,25 who applied 30 minutes of dry ice to the ankle.
However, other researchers have observed values as low as
30 milliseconds30 and approximately 20 milliseconds (as
interpreted from a graph)13 after 30 and 20 minutes of dry-
ice application, respectively.

We found it interesting that despite the disparity in the
reported reaction times between Cordova et al30 and our
study, similar skin temperatures of 98C were reported.
Therefore, such variability in reaction time across studies
may relate to differences in algorithms for detecting the
onset of muscle activity. We implemented a double-
threshold algorithm. First, the muscle was deemed active
when a threshold of 5 SDs above the baseline activity was
breached. Second, the muscle amplitude had to remain
above this threshold for a consecutive 20-millisecond
period. Although Cordova et al30 also set the threshold at

Table 1. Muscle Reaction Times (ms [Mean 6 SD]) of the Peroneus Longus and Tibialis Anterior During a Simulated Lateral Ankle Sprain

Pretreatment and Posttreatment

Treatment

Peroneus Longus Tibialis Anterior

Pretreatment Posttreatment

Mean Difference 6

95% Confidence Interval Pretreatment Posttreatment

Mean Difference 6

95% Confidence Interval

Control 53.22 6 8.89 51.05 6 10.29 2.17 6 6.28 51.53 6 8.31 50.89 6 9.40 0.64 6 5.80

Wet-ice application 51.97 6 10.95 51.48 6 11.61 0.49 6 7.37 50.34 6 9.69 51.32 6 12.82 0.98 6 7.42

Cold-water immersion 49.59 6 5.88 52.72 6 6.51 3.13 6 4.05 50.74 6 7.74 49.19 6 7.21 1.55 6 4.89

Table 2. Muscle Amplitudes % of Maximum ([Mean 6 SD]) of the Peroneus Longus and Tibialis Anterior During a Simulated Lateral Ankle

Sprain Pretreatment and Posttreatment

Treatment

Peroneus Longus Tibialis Anterior

Pretreatment Posttreatment

Mean Difference 6

95% Confidence Interval Pretreatment Posttreatment

Mean Difference 6

95% Confidence Interval

Control 39.99 6 6.31 40.29 6 5.42 0.30 6 3.84 41.07 6 6.03 37.51 6 6.96 3.56 6 4.25

Wet-ice application 37.91 6 4.41 37.15 6 4.87 0.76 6 3.04 37.17 6 4.78 38.26 6 4.48 1.09 6 3.03

Cold-water immersion 40.66 6 6.03 40.09 6 5.24 0.57 6 3.69 40.60 6 6.15 39.04 6 6.12 1.56 6 4.01
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5 SDs, they used a single-threshold approach with no
requirement for a sustained period of heightened muscle
activity. Similarly, both Berg et al13 and Hopkins et al25

used single-threshold algorithms with thresholds of 2 SDs
and 4 SDs, respectively, highlighting the need for a more
standardized method of detecting onset of muscle activity.
The testing procedures during simulated lateral ankle sprain
also ranged from full weight-bearing13 to partial weight-
bearing30 and walking25 protocols.

Investigators13,25,30 studying this topic have simply
focused on inversion movements during simulated ankle
sprains. However, the ATFL, which is the most frequently
injured ankle ligament,2,40 is the primary restraint against
pathologic plantar flexion.41–44 Therefore, we used a tilt
platform designed and built by Mitchell et al11 that
incorporated a combination of inversion and plantar-flexion
movements. Thus, we are among the few researchers to
assess tibialis anterior activity during a simulated lateral
ankle sprain. We found no differences either between or
within participants for reaction time and amplitude of the
tibialis anterior muscle and found no interaction effects.

The overall mean tibialis anterior reaction time recorded
before application for all 3 treatment groups was 51
milliseconds. Other researchers have reported reaction
times of 56 milliseconds11 and 49 milliseconds,10 with
Löfvenberg et al15 reporting the fastest time (46 millisec-
onds). Again, this disparity could relate to differences in the
methods of detecting the onset of muscle activity. Denyer et
al10 used a double-threshold detector similar to the one we
used, but they set the initial threshold at 3 SDs and the
consecutive period at 25 milliseconds. Mitchell et al11

outlined the use of a threshold detector but did not provide
details, whereas Löfvenberg et al15 did not use a specific
threshold detector but decided to use the first registered
EMG response.

Our observations seem to relate to those of previous
studies in which authors45,46 reported that cooling did not
affect other specific components of neuromuscular control
such as joint position sense. Notwithstanding this, in the
most recent systematic review examining the effect of
cryotherapy on joint position sense, Costello and Don-
nelly29 concluded that limited and equivocal evidence is
available; therefore, clinicians should be cautious about
returning individuals to activity immediately after ice
application. In addition, the effect of cooling on more
generic functional performance measures remains unclear.
Such contrasting findings can be attributed to the varying
cooling doses and the volume of body part that is exposed.
Indeed, clear trends indicate that immersing a large portion
of the lower limb in cold water causes decrements in jump
height, sprinting, and agility.47–49 However, these effects
seem to be diminished when topical cooling is isolated to a
single joint.50–52

Perhaps surprisingly, we found no differences between
cold-water immersion and isolated joint cooling. An
important consideration was that our cold-water–immersion
protocol involved immersion of the foot and the lower third
of the leg only. This meant that the immersion level was
just below the musculotendinous junction of the triceps
surae muscle group and direct cooling of the peroneus
longus and tibialis anterior muscle tissue was minimal. Yet
peroneus longus reaction time displayed a medium effect
size (gp

2¼0.11) for the treatment-by-time comparison. The
reaction time after cold-water immersion was marginally
slower than the preapplication time; this same trend was not
apparent in the wet-ice application or untreated control
group (Table 1). This observation does not appear to be
clinically important. The muscle still reacted before the
reported time taken to deviate from normal kinematics,39

and the mean difference was 3.13 milliseconds with a 95%
confidence interval of 4.05 milliseconds; therefore, the
magnitude of this effect is negligible.

Athletes commonly undertake rehabilitative exercise
during or immediately after the application of a cold
treatment (cryokinetics). The basic premise is that cold-
induced analgesia facilitates rehabilitation and enables
exercises to be performed earlier than would normally be
possible.16,18 Determining an optimal dose of cryotherapy,
particularly for cryokinetics, is often difficult. Our results
suggested that 10 minutes of cold-water immersion to the
foot and ankle complex did not diminish peroneus longus or
tibialis anterior reaction time or muscle amplitude response
during a simulated lateral ankle sprain. Practitioners should
consider that these findings were based on 10-minute
applications and cannot be extrapolated to other joints. We
also note that longer application times of more than 20
minutes can adversely affect strength, speed, power, and
agility-based running.28

Our study was conducted on healthy participants. Future
research should be undertaken with participants who have
acute joint injury or chronic ankle instability. Evidence has
suggested that postural control is already impaired during
the first 2 weeks after a lateral ankle sprain.53 It is not clear
whether cooling induces more impairments to postural
control and muscle reaction time. In addition, our outcomes
were limited to the immediate stages after icing. Intramus-
cular temperatures can continue to decline for approxi-
mately 15 minutes after ice application,54 and in future
research, investigators should also monitor reaction time
over a longer period postapplication. Moreover, with a
medium effect size identified for the treatment-by-time
comparison for the peroneus longus, researchers should
examine the effect of repeated intermittent bouts of
cryotherapy, which are used frequently for cryokinetic
protocols.17 Furthermore, investigators should consider the
adiposity of participants because it has been shown to affect
tissue cooling.55

Table 3. Skin Surface and Modality Temperatures After the 10-Minute Treatment Period

Treatment Thermistor

Temperature, 8C

Mean 6 SD Minimum Maximum

Wet-ice application Anterior talofibular ligament 9.08 6 1.42 6.65 11.40

Modality 4.34 6 0.50 3.00 4.90

Cold-water immersion Anterior talofibular ligament 8.78 6 1.46 6.40 11.10

Modality 2.43 6 0.76 1.60 3.95
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We examined the reaction time of the dominant limb
during a simulated lateral ankle sprain, yet examining the
reaction time of the musculature in the nondominant limb
may also be useful. Researchers11 have shown that the
dominant limb displayed a trend toward a faster reaction
time during a simulated lateral ankle sprain than that of the
nondominant limb. Furthermore, we incorporated a combi-
nation of inversion and plantar-flexion movements during a
simulated lateral ankle sprain. However, during testing,
participants were static, and we did not incorporate other
important variables associated with a lateral ankle sprain.
Hopkins et al25 simulated a more dynamic injury mecha-
nism through a novel design that subjected participants to a
sudden ankle-inversion perturbation during walking. Re-
searchers should design and implement a platform that can
fully examine the dynamic defense mechanism by initiating
simultaneous inversion and plantar flexion of the ankle
during walking.

CONCLUSIONS

Joint cooling did not adversely affect muscle reaction
time or muscle amplitude during a simulated lateral ankle
sprain. These observations suggest that athletes can return
safely to sporting activity immediately after icing. Evidence
also showed that ice can be applied before ankle
rehabilitation without adversely affecting dynamic control.
These effects are limited to 10-minute applications of either
wet-ice application or cold-water immersion and cannot be
extrapolated to other joints.
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