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Rbstract BACKGROUND During half time or breaks in play cryotherapy is often applied for analgesia for minor musculoskeletal
sport injury, however the effect of cryotherapy on dynamic stability is debated. A risk factor for further lower limb injury may be
heightened due to a reduction in dynamic postural stability.

OBJECTIVES The purpose of the current study was to investigate the effects of wetted-ice applied for 20-minutes at the ankle on
dynamic stability using the star excursion balance test, immediately-post exposure and over a rewarming period of 30-minutes.
MATERIALS AND METHODS Twenty-two healthy male athletes that regular took part in land-based sport were assessed on
reach directions of Anterior (Ant), Posteromedial (PM), and Posterolateral (PL) using the modified star excursion balance test
(mSEBT) on the non-dominant limb. Thermal imaging quantified skin surface temperature (Tg,) over lateral and medial regions.
Participants were tested pre-intervention, exposed to 15-minutes wetted-ice cryotherapy application, immediately-post and up to
30-minutes post intervention at 10-minute intervals.

RESULTS Significant decreases in Ty over the medial and lateral regions of the ankle (p < 0.05) not returning to pre-cooling
temperatures at 30-minutes post. Significant decrease in reach -distance scores (ANT, PL and PM) pre-immediately post and at
10, 20 and 30-minutes post cryotherapy exposure.
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CONCLUSION Following wetted ice application to the non-dominant ankle, dynamic postural stability was adversely affected for
up to 30-minutes post exposure demonstrated through a decrease in reach scores for ANT, PL and PM directions. Functional
performance which requires stabilising mechanisms may be negatively affected and contribute to a heightened risk of injury or
further injury in consideration of the findings.

Key words: cryotherapy, balance, star excursion balance test, ankle, stability

Introduction

Many physiological effects of cryotherapy are reported including reductions in oedema, tissue temperature,
blood flow and spasm (Enwemeka et al., 2002; Costello et al., 2021). Further, the efficacy of cryotherapy applications
in relation to analgesic benefits are noted (Allan et al., 2022), and in combination these reduce the cardinal signs
and symptoms of inflammation in acute sports injury (Bleakley et al., 2004). As a therapeutic modality used to
induce analgesia (Murray & Cardinale, 2015) athletes with minor musculoskeletal injury often return to play after the
application of cryotherapy through a reduction in perceived pain, despite the reported negative effects on functional
performance parameters immediately following cooling (Bleakley et al., 2012; Fullham et al., 2015; Alexander et al.,
2016). Deficits in sensorimotor feedback induced by local cooling in the lower limb may result in dynamic stability
changes (Fullham et al., 2015; Alexander et al., 2016). Although the extent of which is limited, and it is difficult to draw
conclusive agreement on the effects of cryotherapy on performance parameters such as neuromuscular control
(Kalli & Fousekis, 2019). An integral component of neuromuscular control is dynamic stability (Coughlan et al.,
2014). During land-based sports, increases in external load occur (Soligard et al., 2016) directly affecting stabilising
structures occur during dynamic movements such as horizontal deceleration (Harper et al., 2022) crossover cutting,
side stepping, landing mechanics and contact (Twist & Worsfold, 2014). Impairment to functional performance due
to deficits in dynamic stability may heighten injury risk during sport (Soligard et al., 2016; Fullam et al., 2020).

Maintaining balance through transition from dynamic to static motion defines the terms dynamic stability
(Goldie et al., 1989). The modified Star Excursion Balance Test (nSEBT) is a recognised objective measure
of dynamic stability (Gribble et al., 2012) and recommended for injury assessment, screening and return to fitness
protocols in athletic populations (Coughlan et al., 2014). Reductions in dynamic stability with significant decreases
in reach distances using the mSEBT immediately following cryotherapy at the ankle are demonstrated previously
(Fullam et al., 2015). Comparatively, Fullam et al., (2020) reported that a 15-minute exposure to cryotherapy
using the Aircast Cryo/Cuff® at the knee joint is unlikely to adversely affect dynamic stability functionally. Despite
significant changes in kinematics evidenced through decreased reach distance for the mSEBT conclusions were
based upon the fact that reach distance scores did not surpass smallest detectable difference values (Fullam
et al., 2020). Other literature reports no differences observed in SEBT performance between modes of cooling
applications (Williams et al., 2013). Therefore, further exploration to determine whether similar findings exist from
wetted ice application is warranted. Furthermore, the amount of reduction in postural stability caused by local
cooling modalities may differ between the ankle, knee and hip joints (Fullam et al., 2020), thought to be caused by
compensatory mechanisms at the ankle and hip conserving temporary knee joint sensorimotor declines observed
following local cooling application at the knee (McCollum et al., 1996). Cooling dose, mode and skin surface
temperature (Tg,) are important variables which can affect severity of adverse functional performance responses to
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cryotherapy, with longer exposures and lower Ty, thought to influence greater effect on parameters such as stability
mechanisms (Stal et al., 2003). These require further exploration to determine optimal applications of cooling in
sport and mitigate the potential for deleterious effects on functional performance that may lead to heightened injury
risks in sport.

Although acute effects of local cooling on kinematics and stability mechanisms using various performance
measures are examined (Fullam et al., 2015; Fullam et al., 2020; Williams et al., 2013; McCollum et al., 1996), there
is a scarcity of research that observes the effects of cooling at the ankle on functional dynamic stability observed
over rewarming periods. The aim of the current study therefore was to investigate the effects of a 15-minute wetted
ice application to the ankle on dynamic postural stability over a 30-minute rewarming period quantified through the
mSEBT. We hypothesised that reach distance in all three directions of the mSEBT would decrease following cooling
and fail to return to pre-cooling measures at the end of the 30-minute rewarming period thought to be caused by
the influence of local cooling on the neuromuscular responses required for dynamic stabilisation, postulated from
previous studies (Alexander et al., 2018; Alexander & Rhodes, 2019; Fullam et al., 2020).

Material and Methods

Participants

Twenty-two healthy male participants volunteered to take part in the study (Age 20.5 £1.3 years; Weight
80.14 £11.21kg; Height 178.32 £2.98cm; Non-Dominant Limb left n = 21; right n = 1). All volunteers played land-
based sport to a semi-professional level. Exclusion criteria encompassed previous ankle joint surgery, lower limb
injuries in the past six months, taking regular anti-inflammatory medicine, known contraindications to cryotherapy
or referred pain from/to the ankle joint. To increase sample homogeneity in the study all male participation was
decided, reducing potential differences to occur because of gender differences in response to cooling (Cankar &
Finderle, 2003). Prior to testing, all participants provided written consent to take part. The study was conducted
according to the Declaration of Helsinki (2013) and approved by the host university ethics committee.

Testing Protocol

Participants acclimatised for 15-minutes in the testing room to ensure a consistent baseline T during this
time anthropometric data was gathered (Alexander et al., 2020). The non-dominant limb in each participant was
established by rolling a soft football toward the participant and identifying which limb they kicked the ball with as the
dominant side (Van Melick et al., 2017).

The mSEBT is a reliable and validated test to identify dynamic balance deficits (Gribble et al., 2012; Picot
et al.,, 2021). With suitable evidence to support the reduction of the original eight reach directions of the SEBT to
three, consequently reach lines were marked on the testing surface at angles of 45° and intersected in the centre in
the current study (Coughlan et al., 2014; Hertel et al, 2006; Robinson and Gribble, 2008). Participants were tested
in three directions, anterior (A), posteromedial (PM) and posterolateral (PL) (Coughlan et al, 2014; Picot et al, 2021;
Hertel et al., 2006; Robinson & Gribble, 2008). The reach directions of the mSEBT were achieved by affixing three
lengths of zinc oxide tape to the floor (1.5 cm in each direction) based on previous protocols (Coughlan et al., 2014;
Fitzgerald et al., 2010). Reliability of the intra-test was previously reported in these directions with a 0.84-0.94
range (Plisky et al., 2009; Van Lieshout et al., 2016). Participants performed three trials in each direction (ANT, PM
and PL) of the mSEBT and mean data in each direction used for analysis. Trials were invalid if participants placed
excessive weight through the reach foot, removed hands from hips, did not touch onto the tape measure or return to
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the starting position through loss of balance. In these cases, further additional trials were attempted (Fullam et al.,
2015).

Normalising mSEBT scores

Reach distances were normalised by way of measuring participants leg length for the non-dominant limb,
taken with the participant laying in supine and measured from the anterior superior iliac spine to the distal point
of the ipsilateral medial malleolus using a standard tape measure (Plisky et al, 2009; Gribble & Hertel, 2003).
Utilising the equation: mSEBT distance / leg length x 100 = %, scores were normalised to lower limb leg length
to calculate maximum distance (%MAXD) accounting for limb length discrepancies (Robinson & Gribble, 2008).
Composite scores were calculated by the mean of the three normalised reach direction scores (Table 1).

Skin Surface Temperature (T,

A reliable measure of Tg,can be quantified through thermal imaging (Costello et al,. 2012). T, was measured
via digital, noncontact, infrared thermal imaging (T!) (ThermoVision A40M Thermal Imaging Camera (Flir systems,
Danderyd, Sweden)). Emissivity was set at 0.97-0.98 and the Tl camera positioned 1.5 m away from a clinical
plinth mounted on a tripod at a height of 134cm (Alexander et al., 2020) situated perpendicular to the target region
of interest (ROI), following TISEM guidelines (Moreira et al., 2017). Ty, data capture was defined by two ROI (medial
and lateral ankle joint) (using FLIR TOOLS, Danderyd, Sweden) (loannou, 2020), across multiple timepoints: pre-
intervention, immediately post-intervention, 10, 20 and 30-minutes post-intervention. Mean£SD T, for both regions
were established during analysis. Three images per ROI, per timepoint were collected for T, with mean data used
for analysis.

Cryotherapy Application

With the participant laying semi-recumbent on a clinical plinth, the same researcher applied a 15-minute
dose (Alexander et al., 2021) of wetted ice to the non-dominant ankle, consisting of 2000 mL of cubed ice and 300
mL of room temperature water in a sealed bag (Dykstra et al., 2009), held in place using plastic wrap (Kwiecien
et al., 2020). Following the 15-minute application the wetted ice was removed, Tsk capture proceeded followed by
performance of the mSEBT. A timer recorded 10, 20- and 30-minutes post rewarming intervals for each timepoint,
starting immediately on removal of the wetted ice. Between timepoints of immediately-post exposure, 10, 20- and
30- minutes the participant returned to the plinth and lay still in a semi-recumbent position.

Statistical Analysis

Statistical analysis was conducted using SPSS (Version 27.0) (SPSS, IMB Corporation, Chicago, USA) and
level of significance set at p = <0.05 for Ty, and reach-distance. Data was suitable for parametric testing. For Tgy
and reach distance in ANT, PL and PM directions of the mSEBT a 1-way repeated-measures analysis of variance
compared data across all timepoints (pre-application, immediately-post application, 10-minutes, 20-minutes
and 30-minutes post application). Significant main effects for time were explored using a Bonferroni pairwise
comparison. Partial eta-squared calculated estimated effect sizes (%) for all significant main effects and were
classified as small (0.01-0.06), moderate (0.06-0.14) or large (>0.14) changes (Cohen, 1988).
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Skin Surface Temperature (T,

Significant decreases in T, were recorded for the medial and lateral ROI's across all timepoints (p < 0.05).
Pairwise analysis displayed significant differences between timepoints indicating a rewarming across both ROI's
up to 30-minutes post cryotherapy removal, at which Ty, had not returned to pre-cooling T, temperatures (Table 1)
(Figure 1). Indicated at the immediately-post cryotherapy timepoint, therapeutic range was met over the medial ROI =
10.5 £2.8°C, however a lower temperature, outside of the suggested therapeutic range (Kennet et al., 2007) of 9.4
+2.3°C was displayed at the same timepoint for the lateral ROI (Table 1).

Tahle 1. Descriptive statistics for Tg,ROI's and mean + standard deviation for normalised maximum excursion distance (excursion
distance/leg length x 100) (%) across all timepoints and the statistical significance compared to pre-cooling application and
between timepoints.

Pre-Cooling Immediately Post 10-Minutes Post 20-Minutes Post 30-Minutes Post
Application Application Application Application Application
Medial ROI
Ted'a O | )gas14 105 £2.8* 192 +1.7% 214 416 223 +1.8%
sk
Lateral ROI
Tatera O 1 974415 94423 18.8+1.9°¢ 207 +1.54 21516
sk
ANT 74.16.8 69.9 6.2V 70.9 6.3¥ 70.2 6.1V 72.9%7.0
PL 76.2 2.4 72.3+2.3V 73.7 2.0V 72.8 +2.0V 74.0 +2.1
PM 719433 71.9 2.7V 69.1+2.8V 68.0 +2.7V 70.1 £2.9v
COMP 74.0 £10.3 71.3 9.4V 71.29.2v 70.3 +£9.0¥ 72.3 101V
Abbreviations: ANT, anterior; P, Posterolateral; PM, Posteromedial; COMP, Composite Score for ANT, PL and PM; ROI, Region of Interest; Ty, Skin
Surface Temperature.
* = Significant decrease in Tg compared to pre-cooling application (p = <0.05).
1 = Significant decrease in T between post-application timepoints (p = <0.05).
V¥ = Significant decrease in reach-distance compared to pre-cooling measures (p = <0.001).
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Modified Star Excursion Balance Test Reach Distances

Overall analysis displayed significant main effects for direction (F = 3.62, p = 0.00, n>= 0.03), and time (F = 1.21,
p=0.03, n?=0.02). Pairwise comparison displayed a significant difference between PL and PM directions (p < 0.05).
No interaction between time x direction was reported (F = 0.18, p = 1.00, n*= 0.00).

On separation of the data, significant decreases in ANT and PL reach distance were displayed for timepoints
immediately, 10- and 20-minutes post (p < 0.00) but not at 30-minutes post (p > 0.05) compared to pre-cooling
stability measures (Figure 2). PM and COMP scores for reach-distance displayed significant decreases across all
directions and timepoints (p < 0.00) compared to pre-cooling measures (Table 1).
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Fiﬂlll'ﬂ 2. Mean normalised excursion reach distance achieved for PL, PM and ANT across all timepoints
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Discussion

The aim of the study was to investigate the effects of wetted ice applied at the ankle on dynamic stability through
a functional performance measure (MmSEBT) immediately and up to 30-minutes post exposure. Supporting the
hypothesis, significant decreases in dynamic stability was displayed following wetted ice application at all timepoints
compared to pre-cooling data, for directions (ANT, PL and PM). This was evidenced by significant decreases in
reach-distance. Our findings agree with previous literature (Fullam et al., 2015; 2020), however is the first exploratory
study to observe changes over a 30-minute rewarming period. A significant decrease in T following wetted ice
application was displayed for both ROI's (medial /lateral ankle), across all timepoints compared to baseline. Our
T results are consistent with previous work over the same rewarming period of investigation (Fullam et al., 2015;
Kennet et al., 2007; Alexander & Rhodes, 2019) albeit over different lower limb regions. T fell to within therapeutic
range (10-15°C) and consistent with previous findings for this modality (Dykstra et al., 2009; Alexander & Rhodes,
2019). Findings have implications on the decision making of sports medicine and performance practitioners in
the context of local cryotherapy applications pitch side and the resultant or lasting effects on dynamic stabilising
mechanisms in the lower limb. Practitioners should however consider the variables that can impact multi measures
of response to cooling modalities and the context of application. Consequently, findings may not be generalisable
to other forms of cooling applications and protocol adaptation to maximise intended benefits of cooling need to
be considered and applied in practice. The current study reflects the necessity of research required in the topic
of optimising cryotherapy application and the influences on mechanisms that support dynamic stabilisation.

We postulate that the significant changes found in dynamic stability are thought to be caused by the influence
of cooling on neuromuscular responses and altered proprioceptive feedback mechanisms. The reliance of efficient
neuromuscular pathways for dynamic stabilisation is evident (Croix et al., 2015), and as such the reduction in
dynamic stability is considered a result of sensorimotor deficits initiated via reductions in Tg. In the current study
this is evident up to 30 minutes post, with reach distances not returning to pre-cooling measures. Results therefore
suggest that wetted ice applications following minor ankle injury in sport may predispose the athlete to further
reductions in dynamic stability supporting previous literature suggestions (Fullam et al., 2015). Sports medicine and
performance practitioners should be mindful therefore of the need for adequate rewarming periods post application.
Joint stiffness and reduced tissue compliance following local cooling applications (Bleakley et al., 2013) are thought
to affect the ability to achieve joint range of motion (ROM) (Paterson et al., 2008). It might be assumed performance
of the mSEBT in the current study was affected by such mechanism, with reductions in dorsiflexion for example,
however findings are not comparable due to the mode of cooling involved in each study, nor were ankle kinematics
quantified alongside performance outcomes in this study and is therefore presumptuous. That said, we might
assume that reductions in sagittal-plane kinematics may explain reduced reach distances in all directions based on
the findings by Fullam et al. (2015).

Fullam et al (2020) highlights the significance of maximum half-time interval rules from World Rugby being
15 minutes, and consistent with other team-based sports rulings including The International Football Association
Board. With findings in the current study suggesting that dynamic stability does not return to baseline measures at
30 minutes post cooling exposure; applying a 15-minute cryotherapy application prior to or during a half-time interval
to the ankle without an adequate rewarming period may increase the risk of further injury to stabilising structures if
returning to competitive play. Considering the typical length of half-time intervals, and in support of previous work
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(Fullam et al., 2015; 2020), the aim of reducing further injury risk should be managed carefully when athletes under
the perception of pain reduction through cryotherapy then return to competitive play.

Kinematic observation through movement analysis data is prevalent in previous studies that aim to determine
lower limb joint contributions to reach distance when performing the mSEBT (Fullam et al., 2020; Gribble et al.,
2007; Hoch et al., 2011), a limitation to the current study is the exclusion of kinematic or electromyographic profiles
of participants whilst performing the mSEBT. Furthermore, it would be interesting to determine participants
perceptions of stability. Future studies should therefore consider subjective measures of perceived stability,
combined with electromyographic and kinematic profiles of the lower limb during multiple tasks which challenge
multidimensional mechanisms that contribute to functional performance. In agreement with Lawrence et al. (2015),
this may not be accomplished through a single outcome measure. Multi-measure and multi-structure approach to
the multiple contributors of performance may provide a holistic approach to understanding the mechanisms which
are affected through local lower limb joint cooling observed over a rewarming period.

Gonclusion

Results display reductions in dynamic stability following wetted ice cryotherapy application inmediately after
exposure and up to 30-minutes following removal. Changes in dynamic stability may have implications at half-time
or stoppages in competitive play on performance if cryotherapy in the form of wetted ice is applied to the ankle joint
and the athlete returns to the field. Considerations around adequate warm-up periods following wetted ice exposure
to the non-dominant ankle in athletic populations is advised prior to the return to functional performance which
require optimal stabilising mechanisms to inhibit the risk of injury or further injury. Opportunity for further research
in this area may benefit from the inclusion of subjective feedback on perceived stability in association with multiple
measures of performance and quantification of multiple stabilising structures over rewarming periods in healthy and
injured athletes. As such, investigations may provide useful athlete profiles to increase applied knowledge around
cryotherapy applications in sport for the benefit of the applied practitioner and athlete.

Key Points

e A 15-minute wetted ice application to the non-dominant ankle decreased skin surface temperature to
within therapeutic range over both medial and lateral aspects of the ankle.

e Decreases in reach distance were recorded for Ant, PL and PM directions following wetted ice application
and scores did not return to baseline at 30-minutes post application.

o Dynamic stability was adversely affected following a 15-minute, wetted ice application to the non-dominant
ankle.

e Considerations regarding the length of rewarming periods post cooling and prior to return to functional
activities is important to reduce injury risk in athletes that may return to the field of play following lower limb
cryotherapeutic applications.
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