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ABSTRACT

Training and athletic competition frequently resulh exercise induced muscle damage
(EIMD). The purpose of this study was to invesigthe efficacy of repeated cold water
immersion (CWI) on recovery following a simulatagyby union match. Sixteen male, club
level rugby players were matched for body mass randomly assigned to either a CWI
group or control (CON) group. Following the simel@trugby match the CWI group
underwent 2 x 5 min immersions at a temperatur@03C separated by 2.5 min seated at
room temperature, whilst the CON group remainedesefor 15 min. Creatine kinase (CK),
perceived muscle soreness, counter movement judidX@nd maximal voluntary isometric
contraction (MVIC) of the knee extensors were meabpre-exercise, post-exercise, 24 h
and 48 h following exercise. Large effect sizesen@bserved for muscle soreness at 24 and
48 h post exercise with lower soreness values vbden the CWI group. Large effect sizes
were observed for CMJ at all time points and at@d 48 h post for MVIC with improved
recovery of muscle function observed in the CWiugrecompared to the CON group. Lastly
a moderate effect size was observed for CK immelyigiost exercise followed by large
effect sizes at 24 and 48h post exercise, with GKcentration blunted in the CWI group.
Overall these findings provide some support for use of CWI to enhance recovery from

EIMD following a simulated rugby union match.

Key words: team sport, muscle damage, exercise, cryotherapy.
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INTRODUCTION

Rugby union is a high contact, team sport involvpeyiods of intermittent submaximal
activity interspersed with short high-intensity b©(20,23). In addition, during competitive
matches players are repeatedly exposed to forceflitsions associated with tackling. The
combination of high intensity activity and repeatddnt force trauma have been linked to

substantial muscle damage (18).

The impact of muscle damage on performance ha®ftiter been suggested to impact
recovery (2,7). Recovery is further compounded Iy &dded weekly habitual training
activity, which usually commences after 48 h oft,r@s preparation for the next match. As
such, the short rest times between competitiontiaiging may not provide the players with
sufficient time to fully recover (7)Consequently, the detrimental effects of undeovery

can lead to several negative implications for theygrs and the team, which may impact
coaching practices. Furthermore, the cumulativecefbf under recovery from one week to
the next can lead to the accumulation of fatiguedisposing the players to potentially more
significant injuries throughout the season (5). skhéactors coupled with the additional
pressure of consistent performance make it impardtat optimal recovery strategies are

identified and implemented so that any detrimeetfagcts are nullified (5).

Optimal recovery modalities include the use of coespion garments (10,11), antioxidant
supplementation (14, 17), massage (9) and morenttgceold water immersion (CWI)
(16,19). Recently there has been an increase ipdpalarity of CWI and it has become a

regular component of post game and training rego{26). CWI is commonly undertaken
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following high-intensity activity to promote recayeand diminish muscle soreness to aid the
return to training (4,15,24)t has been speculated that the increase in pafyisudue to the
positive physiological mechanisms associated veithpgerature and pressure induced changes
experienced during CWI, that allow athletes to nesuraining in a fully recovered state (16).
The effect of CWI decreases in tissue temperatutieaught to reduce cell necrosis, oedema,
neutrophil migration and consequently secondaryaeudamage (1,4). Additionally, the
resultant reduction in the inflammatory responsasea a decrease in nerve conduction
velocity and activity of muscle spindle functiohjs decreases the stretch reflex response,

reducing the pain-spasm cycle and thus muscle sssg@d,6,16).

Leeder et al. (16) conducted a systematic reviedvraata-analysis exploring the efficacy of
CWI as a recovery modality. The authors divideseegch into two categories; eccentric
exercise and high intensity exercise, based onthewnuscle damage was induced. Findings
indicated CWI had a minimalistic effect followingaentric exercise, whilst a positive effect
following high intensity exercise was found, reflag both game and training situations.
Despite this evidence, only a handful of studiesehaxamined the efficacy of CWI in
promoting recovery after team contact sports (8,2@). Specifically, in rugby there has
been a paucity of research that helps coachesraimers identify optimal return to training
scenarios because of inconsistencies in CWI prégpcexercise modalities, dependent
variables and training status, thus findings remeguivocal making practical application

unclear (23).

In addition all rugby related studies have focusedsingle applications of CWI with the

exception of Higgins et al. (7), in this study tethors found CWI to have positive effects
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across the weekly cycle of game and training. He@wrethere are several aspects within the
methodology that remain unclear, such as the pobieged in the match simulation. This is
of importance as the extent of muscle damage isrdgmt on the number of direct impacts
and bodily contacts (21, 22). Therefore, it migpet suggested that the muscle damage
induced by the simulation was less than that ci@oal match. However, Takeda et al. (23)
found that an 80 min simulated rugby match wasessfal in inducing muscle damage, and
recovery using CWI had positive effects on subyecfeelings of fatigue and some muscle
function tests (50 m dash, reaction time and siée ability). In addition, there is a growing
body of literature linking the increases in CK wityi to the repeated eccentric muscle
contractions and collisions involved in rugby uni@y 21, 22). The study of Higgins et al.
(7) is limited by the exclusion of blood markerscisuas CK. In addition, throughout the
research protocol subjects continued with the tearekly training schedule at 48 h, 72 h
and 96 h following the simulated match. It is matear within the methodology that these
sessions involved contact events, suggesting tditienal muscle damage was induced

from one training session to the next.

Based on the current literature, no research hamieed the effects of a multiple CWiI
protocol following a simulated rugby match durirgcovery periods exceeding 24 h and
whether this would aid the return to training adi¢ated by reductions in indices of muscle
damage or a return to normalised indices of sthersgid performance measures, thus
allowing coaches to monitor players readinessdim tmore accurately. Therefore, the aim of
this study was to investigate the effects of midtipouts of CWI on indices of recovery

following a simulated rugby match.
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METHODS

Experimental Approach to the Problem

Using a between groups study design, participanese wnatched for body mass and
randomly assigned to either a CWI group (N=8) orcamtrol group (CON) prior to
undertaking a simulated rugby protocol. Dependesgdsures including CK, muscle soreness,
CMJ and MVIC and were measured pre-protocol, postepol, 24 h and 48 h post protocol
in order to compare recovery with and without CWilhe study was conducted in February
on week 18 following a one-week break in the 22kwveempetition season (3 sessions
weekly including a match). This was done to ensultgects were well rested. Subjects were
asked to refrain from any training, activity or ogery strategies such as therapeutic

treatments for the duration of testing.

Subjects

Sixteen, club level, male rugby union players (measd; age, height, and body mass 20 *
1.2 yrs, 180 £ 5.5 cm, and 86.2 + 6.9 kg respelsfiveolunteered to participate in this
investigation which was approved by St Mary’s Unsity Ethics Committee in accordance
with the Declaration of Helsinki. All participantgere informed of the risks and benefits of
taking part in the study prior to completing a hieadcreening questionnaire and giving
written informed consent in order to participateAny subjects with a history of
musculoskeletal injury, inflammatory disorders aryeaother illness were excluded from

taking part.
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Procedures

All participants completed the Bath University Steufest (BURST), a rugby union specific
match play protocol based on the physical demamdslite rugby union forwards (20). The
protocol comprised 4 x 19 min exercise blocks gptib 16 x 278 s exercise periods. Blocks
1 and 3 were followed by a 4-min break, 2 min ated to standing and walking. A 10-min
half-time break, comprising 7 min and 3 min ofisgtand walking followed block 2. The
protocol began with a 10-minute warm-up, includignins of jogging and streiching
followed immediately by the first 315 s period ¢bdk 1. Each 315 s period included a cycle
of walking, cruising, and jogging interspersed watbhontact task of scrummaging, rucking or
mauling. A total of 5 cycles made up a 278 s pemaith scrummaging in cycles 1 and 3,
rucking in cycles 2 and 4, and mauling in cycld=fg@re 1). The scrummaging task required
subjects to drive a scrummaging machine (120 kqi®Hhiondon, UK) 1.5 m. The rucking
task required subjects to carry a 20 kg tackle (@ztpert, UK; dimensions: 140 cm height,

40 cm diameter) 5 m at a marked point on the bagaiodardise shoulder contact.

**Figure 1**

All variables were measured pre-exercise and Brigh48 h following the match simulation.
Measurements took place at the same time of dayngltesting to reduce the effects of
diurnal variation and participants were asked tontaa their normal dietary habits for the
duration of the study. Plasma CK was sampled frofimgertip blood sample. The index
fingertip of the subject was cleaned using a steitohol swab and allowed to dry. Capillary

puncture was made and a sample of whole bla®@®q uL) was collected into a lithium-
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heparin microvette (Sarstedt AG & Co, Numbrecht,r@ny). The whole blood was
centrifuged at 3000 rpm (4°C) for 5 min in an Epgemh 545C centrifuge to ensure
separation of plasma serum (Eppendorf UK, Ltd, dtistCambridge, UK), plasma was
removed and stored at -80°C until subsequent asali/se determination of plasma CK was
measured using a clinical chemistry analyser (Rxia4 Randox Laboratories Ltd., Crumlin,
Antrim, UK), a 10uL plasma sample was assayed with pQ®f a clinical chemical reagent
CK-NAC (Randox Laboratories Ltd., Crumlin, AntrirdlK). The intra-sample CV of the
analyser is <4% at high and low concentrationsthrdxpected baseline sample range is 37-
2755 IU.L* for CK, according to manufacturers guidelines.€liminate inter-assay variance,

all samples were analysed in the same assay run.

Perceived muscle soreness was determined using m@0visual analogue scale with the far
left point of the scale representing ‘no pain’ dhd far right point ‘unbearable pain’ similar

to previous research (11). Subjects were askestatod with feet approximately shoulder
width apart and hands. on hips. The subjects wene itistructed to squat down to 90° knee

flexion, return to the standing position and mdmitt subjective feeling of pain on the scale.

Counter movement jump (CMJ) was assessed usingm@ jonat (Vertical Jump Mat,
Probotics Inc., Huntsville, AL, USA). Participanigere instructed to stand with their hands
on their hips and drop down to a self-selectedllbedore jumping maximally. A total of
three singular CMJ were performed and the highestevwas taken as maximum jump
height. MVIC was assessed using a strain gaug& (Midical Research Ltd., Leeds, UK).
Subjects were seated on a platform ensurifgdlexion at the hip and knee joint. The

strain gauge was attached 2 cm above the malleothe ankle of the non-dominant leg.
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Subjects were instructed to perform three maxineatractions, each separated by 1 min.
Each contraction lasted for approximately 3 s d&edhighest recorded value was recorded as
MVIC (9). Subjects received standardized verbaloenggement throughout. Calculated
intraclass correlation coefficients (ICCs) demaatstl excellent reliability for MVIC (ICC =
0.83) and CMJ (ICC = 0.81), with CK analysis (IC@33) showing weaker reliability, this

is likely due to the large subject variation withims measure.

Subjects in the CWI group were required to climio ia convenience bath (88 em depth, 60.1
cm width, and 110 cm height) and lower themselvesl| aheir entire lower body was
immersed up to the level of the superior iliac spihhe CWI protocol consisted of 2 x 5 min
immersions separated by 2.5 min seated out of @ik kt room temperature. Water
temperature was maintained at 10°C by the adduioorushed ice. Subjects in the CON
group remained seated at room temperature andgmee a dilute fruit juice mixture which
they were told would aid recovery in order to afpemo control for a potential placebo effect.
Subjects were told that it was an isotonic sporiskdand were instructed to drink a third

every 5 min.

Statistical Analysis

In order to account for inter-individual variatioMVIC, and CMJ performance were
expressed as a percentage change from baselirewat analysed using magnitude based
inferences following the methods recommended bykitapet al (13). The threshold value
for the smallest worthwhile change was the smaltahdardised change in the mean
(Cohen); 0.2 times the between subjects SD forlin@sealues of all participants, consistent
with previous recommendations (3). Qualitative cdiggors were used to represent

guantitative chances of benefit and harm as follovl$6 almost certainly none; 1-5% very

Copyright © 2017 National Strength and Conditioning Association
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unlikely; 5-25% likely; 25-75% possibly; 75-95% diky; 95-99% very likely; and >99%
almost certainly (12). Effect sizes ware calcudatsing Cohenl threshold values (0.2 small,
0.5 moderate, 0.8 large). Data are presented as n¥eSD change from baseline, unless
otherwise stated. Effects were deemed unclear%s 66nfidence limits extended beyond the

threshold for the smallest beneficial and smalesmful effects.

RESULTS

Effect sizes and respective qualitative infererzas be observed in Table 1. Both the CWI
and CON group showed an increase in DOMS follovilregsimulated rugby protocol (figure
2). Soreness peaked immediately post exercisearnCWI group and at 24 h post in the
CON group. Large effect sizes were observed fangks in DOMS from baseline to 24 and
48 h post exercise, there was a respective liketly\eery likely benefit of CWI in reducing

soreness compared with CON at these time points.

**Table 1**

**Eigure 2**

MVIC was decreased immediately post exercise ih bt CWI and CON groups (table 2).
Peak reductions in strength occurred immediatest prercise in the CWI group and at 24h
post in the CON group. There was a possible beoe€WI (-5.7 =+ 7%) in limiting

reductions in strength at 24 h post exercise coetptir CON (-16.2 + 15.9%), with a likely

Copyright © 2017 National Strength and Conditioning Association
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benefit occurring at 48 h post (0.4 = 11.5 and #41%.2% in the CWI and CON

respectively). Effect sizes observed at these imets were both large.

*Table 2**

Changes in CMJ followed a similar response to MM peak declines in jump height
observed immediately post for the CWI group comgpaoe24 h for the CON group (table 2).
There was an almost certain benefit of CWI (-6 D2%) in limiting the decline in jump
height immediately post exercise compared to C3N8(* 2.7%). In addition a possible
decrease and a likely decrease were observedaaid?48 h respectively. All observed effect

sizes were large.

A possible benefit of CWI in blunting the increaseCK was observed immediately post
exercise (figure 3). Effects appeared to be movagunced at later time points where an
almost certain response was observed at 24 h betiveeCWI (41.1 + 25.8 U™") and CON
(113.1 £28.9 ™) and a very likely response observed at 48 h kerivtlee CWI (51.9 +

26.5 UL and CON (111.4 + 27.4'UY).

**Figure 3**

Copyright © 2017 National Strength and Conditioning Association
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DISCUSSION

The aim of this investigation was to assess theaay of repeated CWI on recovery from a
simulated rugby match. The main finding was thepieated CWI was associated with
improved muscle function over 48 h, when compaced tontrol group. In addition CWI

also appeared to attenuate the exercise inducesbsed in muscle soreness and CK activity.

Tests of muscle function, which include counter eraent jump height (CMJ) and maximal
voluntary isometric contraction (MVIC), have beereethed applicable and reliable
measurement tools for quantifying exercise inducaascle damage (1,25). CMJ is an
indicator of lower body power, the current inveatign observed decreases in this measure
after the simulated rugby protocol. This followsiailar trend to previous research using
CMJ as a measure of power (7, 23, 26). Large e$ieets for CMJ were observed at all time
points with jump height consistently higher in &/l group indicating a restorative benefit
of the treatment. Notably, CMJ values in the CWdugr returned to baseline at 48 h (100 +
7.13%) compared to the CON group where jump heigdt still reduced (92.2 £ 9.52%).

This observation is similar to previous researd).(2

MVIC was used to assess quadriceps strength, &ffget sizes were observed for MVIC at
24 and 48 h post exercise with strength recoveaingn accelerated rate compared to the
CON group. Similarly at 48 h post exercise MVICtire CWI group returned to baseline
(100.4 £ 11.52%) compared to the CON group who awlyieved 85.8 + 15.21% of baseline
values. To date, only one other study has exantime@ffect of collision-based exercise on

MVIC, observing similar decrements in strength indagely following exercise alongside

Copyright © 2017 National Strength and Conditioning Association

11



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

12

improved recovery with the application of CWI (19he authors of this study indicated that
improved recovery of MVIC following collision basezkercise was potentially due to an
interaction between improved recovery of peripherahtractile function and enhanced
central activation (19). Consequently, the largieatfsizes observed for CMJ and MVIC
suggest that the use of repeated CWI has a positiget on the recovery of muscle function

following a simulated rugby protocol.

An acute onset of muscle soreness was observedtingooups immediately post exercise
(figure 2), the large effect sizes observed at Ad 48 h post exercise suggest CWI is
effective in alleviating soreness, compared to atreb group. This finding corroborates

previous investigations following intermittent stiitrunning (1) and simulated team sport
exercise (15). The observed response has bedbutdtr to several mechanisms, these
include an analgesic effect of CWI which elicitsdeop in intramuscular temperature,

reducing nerve conduction velocity, thereby inhiigtthe pain spasm cycle and thus pain
tolerance (1,6); and a decrease in capillary peohigaand blood flow which reduces fluid

diffusion into the interstitial spaces and theraltignuates inflammation (16). The decreased
inflammatory response leads to a reduction in ss®iby reducing the osmotic pressure of

exudate, which alleviates pressure on nociceptoidtaus the sensation of pain (1,16).

In contrast to our findings some investigationsehabserved no effects of CWI on muscle
soreness (4,6). This may be due to differing tneait protocols, specifically related to water
temperature and the number of immersions. Repogdgesting CWI had no effect on muscle
soreness used single applications coupled withemiglater temperatures of 15°C (4,6). In
contrast reports using a similar 2 x 5 min protatol0°C observed significant reductions in
muscle soreness with the use of CWI (7,A5)such, it is possible that repeated immersions

Copyright © 2017 National Strength and Conditioning Association
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at lower water temperatures are important considers for the efficacy of CWI following

rugby.

Previous research investigating the effects of CoMI the CK response has reported
inconsistent findings with some studies observiductions in CK concentrations following

CWI (15) and other studies reporting no effect (IT%e present study observed a blunted CK
response in the CWI group at all time points, a ematt effect size was observed

immediately post exercise with large effect siziesepved at 24 and 48h post exercise. Whilst
the exact mechanisms for this response remain amd@V| has been speculated to reduce
CK efflux via decreased membrane permeability dua treduced inflammatory response

(1,4,6).

The results from this current study appear to supibe use of CWI following a simulated
rugby match, however, it is important to note thegults may have been influenced by a
potential placebo effect. Whilst the study did toycontrol for a placebo effect with the use
of a drink that participants were told would aidaeery, it is possible that results could have
been affected by participant’s belief that CWI laapositive effect on recovery. Whilst the
placebo effect may affect measures of muscle fancind perceptual measures such as
muscle soreness it is unlikely that it could affebinges in CK concentration. Therefore,
despite a possible placebo effect, the repeated @otbcol used within this study appears to

benefit performance.

Copyright © 2017 National Strength and Conditioning Association
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In conclusion, the findings of this investigatiant support to the use of repeated CWI on
recovery following rugby union. The CWI protocol svaeneficial in blunting increases in
muscle soreness and serum concentrations of CK faikitated the recovery of muscle
function over 48 h compared to a control group.weeer, it is likely that the effects of CWI
are influenced by the degree of muscle damage arstlentemperature achieved following
CWI, therefore more research is required to claaify potential interactions: This will aid in

the prescriptive guidance of CWI for best practitsport.

PRACTICAL APPLICATIONS

Athletes and coaches are constantly looking foeatiffe recovery modalities that may
alleviate the negative symptoms associated with [EIMStrategies that reduce or alleviate
these symptoms and enhance the recovery procesdeam@able as they may enable the
athlete to tolerate higher training loads (2). Tlke of CWI as a recovery strategy is growing
in popularity, however literature investigating tei@icacy of CWI is conflicting. This study
observed an improved recovery profile with the oba repeated CWI protocol following a
simulated rugby match and therefore provides supfoorthe use of CWI in rugby. For
coaches looking to implement recovery strategidvieng training or game situations,

repeated CWI.may provide a beneficial option.
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FIGURES
Figure 1. A schematic adapted from Roberts et al. (2010) éb8 Roberts et al. (2011) (20)

of the match simulation protocol.

Figure 2. Perceived muscle soreness response to a simulageg protocol in CWI and
CON groups. Values are reported as mean + SDerfotes large effect size observed for

changes from baseline between CON and CWI
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Figure 3. Serum CK response to a simulated rugby protocoCWil and CON groups.
Values are reported as mean = SD. * Denotes leffget size observed for changes from

baseline between CON and CWI

Table 1. Summary of the differences between CWI and CONdopvery indices following

a simulated rugby protocol.

Table 2. Percentage changes in counter movement jump (Gid) maximal voluntary
contraction (MVIC) from pre-exercise values (valaes means = SD). * Denotes large effect

size observed for changes from baseline between &Q@INC\WI
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Table 1. Summary of the differences between CWI@OM for recovery indices following a
simulated rugby protocol.

Comparison Mean effecf Qualitative inference’ Effect size
+ 90% CI (% Likelihood)

Change form baseline to post

Muscle Soreness (mm) 6.1+£4.8 Unclear 0.52 (maeera
MVIC (%) 23144 Unclear -0.21 (trivial)
CMJ (%) -2.2+0.9 Almost certainly higher (100%) 0.99 (large)

CK (UL™ 10.2£7.2 Possibly lower (37%) -0.58 (moderate)
Change form baseline to 24 h

Muscle Soreness (mm) -20.1+£6.6 Likely lower (87%) -1.26 (large)
MVIC (%) 10.6 £ 0.86 Possibly higher (69%) 0.86-(le)

CMJ (%) 89x27 Possibly higher (55%) 1.33 (large
CK (UL™ -72.0+11.3  Almost certainly lower (100%) . -2.@&rge)
Change form baseline to 48 h

Muscle Soreness (mm) -7.1+£3.6 Very likely low@9%o) -0.82 (large)
MVIC (%) 146 £5.5 Likely higher (88%) 1.08 (large
CMJ (%) 7.8+£3.5 Likely higher (76%) 0.93 (large)
CK (UL™ -59.5+11.1 Very likely lower (98%) -2.20 (lajge

*Mean effect refers to CWI minus the placebo trial.
PInference about the magnitude of the effect.
90% ClI, 90% confidence interval.
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Table 2. Percentage changes in counter movemem CMJ) and maximal voluntary
contraction (MVIC) from pre-exercise values (valaes means = SD). * Denotes large effect
size observed for changes from baseline between &@NCWI

Variable Group Pre-exercise Post-exercise 24 h 48 h

CMJ CWI 100+ 0 94.0+1.72 96.4+4.00 100.0+7.13
Control 100+ 0 96.2+2.67 87.5+857 92.20+957

MVIC CWwiI 100+ 0 88.2+£10.47 94.4+7.020 100.4+11.52
Control 100+0 90.4+11.05 83.8+15.88 85.80 +15.21
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