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ABSTRACT: 35 

Purpose: The current study investigated the effects of combining cold water immersion (CWI), full-36 

body compression garments (CG) and sleep hygiene recommendations on physical, physiological and 37 

perceptual recovery following two a day, on-court training and match-play sessions.   38 

Methods: In a cross-over design, 8 highly-trained tennis players completed two sessions of on-court 39 

tennis drill training and match-play, followed by a recovery or control condition. Recovery 40 

interventions included a mixture of 15min CWI, 3h of wearing full-body CG and following sleep 41 

hygiene recommendations that night; whilst the control condition involved post-session stretching and 42 

no regulation of sleeping patterns. Technical performance (stroke and error rates), physical 43 

performance (accelerometery, counter-movement jump), physiological (heart rate, blood lactate) and 44 

perceptual (mood, exertion and soreness) measures were recorded from each on-court session, along 45 

with sleep quantity each night.  46 

Results: While stroke and error rates did not differ in the drill session (P>0.05;d<0.20), large effects 47 

were evident for increased time in play and stroke rate in match-play following the recovery 48 

interventions (P>0.05;d>0.90). Although accelerometry values did not differ between conditions 49 

(P>0.05;d<0.20), CMJ tended to be improved before match-play with recovery (P>0.05;d=0.90). 50 

Further, CWI and CG resulted in faster post-session reductions in heart rate and lactate and reduced 51 

perceived soreness (P>0.05;d>1.00). Further, sleep hygiene recommendations increased sleep 52 

quantity (P>0.05;d>2.00) and also maintained lower perceived soreness and fatigue (P<0.05;d>2.00).  53 

Conclusions: Mixed-method recovery interventions (CWI and CG) used after tennis sessions 54 

increased ensuing time in play, lower-body power and reduced perceived soreness. Further, sleep 55 

hygiene recommendations  assisted the reduction of perceived soreness. 56 

 57 

 58 

 59 

 60 

 61 
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INTRODUCTION 62 

On-court tennis training
1
 and match-play

2
 involve prolonged, physically demanding activity profiles, 63 

resulting in substantial elevation of physiological and perceptual strain and reduced contractile 64 

function.
3,4

 Moreover, professional tennis involves year-round scheduling of tournaments, requiring a 65 

continued balance of competition to gain/defend ranking points; whilst also ensuring sufficient 66 

training for technical and physical capacity improvement.
5
 To ensure appropriate portioning of time to 67 

these demands, players are accustomed to performing multiple sessions a day: generally with a 68 

technical, match-play or physical focus.
5
 Accordingly, the need for recovery for ensuing training or 69 

competition demands is of importance for professional players. The use of interventions such as cold 70 

water immersion (CWI) and compression garments (CG) to assist recovery are popular and supported 71 

through research in other sports
6,7,8

; whilst the role of sleep to assist athlete recovery also remains an 72 

integral but rarely researched area.
9
 In a similar vein, the effect of combining these recovery 73 

techniques into a mixed-method protocol, and application of such a protocol to repeated tennis 74 

sessions has not been reported.      75 

 76 

The use of CWI and CG’s are common recovery tools, often owing to their availability at many 77 

competitions (CWI) and portability (CG) during regular travel.
7,10,11

  CWI, by virtue of temperature or 78 

hydrostatic pressure, is reported to be beneficial to post-exercise recovery, particularly if muscle 79 

damage or physiological perturbations are extensive.
12,13

  Despite some conjecture,
14

 CWI induced 80 

temperature or pressure-mediated effects can reduce thermoregulatory and cardiovascular load, 81 

muscle damage markers and improve singular and repeated maximal efforts;
15,16

  which may be of 82 

relevance to the frequent training required in competitive tennis.
5
 CG in turn are suggested to promote 83 

reduced metabolic waste products, increase venous return and reduce inflammation
7,17,18

. However, 84 

evidence for improved recovery of physiological or performance variables following the use of full- 85 

or lower-body compression therapy is limited;
7,17,18

 though improved recovery of lower-body power 86 

and perceived soreness have been reported in other sports.
7,19,20

  87 

 88 
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Despite the popular use of the aforementioned interventions, a common issue for recovery from 89 

training or competition relates to sub-optimal sleeping patterns noted in athletic populations.
9,21

 Sleep 90 

is reported to be integral to the metabolic, cognitive and physiological regenerative processes 91 

fundamental to recovery.
9
  Indeed, the absence of sleep is reported to blunt muscle glycogen 92 

synthesis, elevate thermoregulatory and cardiovascular demands and slow cognitive and physical 93 

performance.
22,23

 Sleep extension protocols inclusive of sleep hygiene recommendations improve 94 

sleep quantity over time and are reported to improve sports performance
24

, yet no studies report 95 

whether a such sleep hygiene recommendations can improve ensuing post-exercise recovery in 96 

athletes. Further, currently there is no research on the effects of mixed-method recovery interventions, 97 

as are anecdotally reported to be used in tennis. Accordingly, the application of mixed-method 98 

recovery interventions (CWI, CG and sleep hygiene recommendations) may be of relevance to 99 

professional tennis, whereby multiple on-court sessions are demanded on a daily basis. Therefore, the 100 

aim of this study was to investigate the effects of combining CWI, CG and sleep hygiene 101 

recommendations on physical, physiological and perceptual recovery following two-a-day, on-court 102 

training and match-play sessions.      103 

 104 

METHODS 105 

Subjects 106 

Eight trained, professional male tennis players volunteered to participate. Participant characteristics 107 

included mean ± standard deviation (SD) age 20.9±3.6 y, body mass 77.6±9.3 kg and stature 108 

183.5±10.2 cm. Of the players, four had international rankings in the top 250, whilst the other 4 were 109 

in the process of obtaining an international ranking; though all players competed in 25-30 110 

tournaments per year, routinely performing 2-3 training sessions per day during training phases. All 111 

experimentation was approved by the University Ethics in Human Research Committee, with written 112 

and verbal informed consent provided following explanation of all procedures. 113 

 114 
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Design 115 

Following familiarisation with all procedures, participants were matched for age, mass, ranking and 116 

perceived skill level to form a pair for the ensuing tennis sessions. As a pair, participants completed 117 

two conditions in a randomised, cross-over design of on-court tennis training and match-play. All 118 

participants were awake at 06:00 each morning for a standardised testing start time (08:00) at which 119 

each pair performed a 90min on-court session of controlled tennis drills led by a trained coach. 120 

Following a 3h recovery period (at 14:00), participants then performed a 90min match-play session 121 

against the same opponent. All procedures in both conditions were standardised and separated by at 122 

least 24h recovery. Respective conditions consisted of 1) a control condition (15-min of passive 123 

stretching), or 2) a mixed-method recovery condition (consisting of CWI, CG and sleep hygiene 124 

recommendations). Measures of technical performance (shot volumes and error rates), physical 125 

performance (accelerometry), physiological (heart rate, blood lactate), sleep quality and quantity and 126 

perceptual (mood, perceived exertion and soreness) responses were recorded from each on-court 127 

session. Further, counter-movement jump (CMJ) height for lower-body power, and nude mass and 128 

urine specific gravity (USG) for hydration status were measured before and after both sessions each 129 

day.  130 

 131 

Participants abstained from alcohol and intense exercise for 24h prior to, and caffeine 3h before each 132 

session. All fluid, food and physical activity were standardised prior to and following each testing 133 

session by participants noting consumption and activity in provided diaries and replicating for the 134 

ensuing cross-over session. Participants were accommodated in hotel rooms each night to standardise 135 

sleeping arrangements and were provided access to the same food services at the hotel to standardise 136 

nutritional intake of carbohydrate before and after each session at 4g
.
kg

-1
 body mass. Environmental 137 

conditions for respective sessions were 13±3
o
C and 40±10% relative humidity.  138 
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 139 

Methodology 140 

Testing was undertaken ~08:00-10:00 and ~14:00-16:00 each day, as these times represent common 141 

training periods for professional players. Each respective on court session involved 1) 90min of 142 

coach-led drills (including a 30min warm up)) and 2) 90min of competitive match-play. On-court 143 

sessions were conducted on the same Plexi-cushion hard court surface and led by the same coaches 144 

who conferred prior to each session to standardise ball feed and timing of drills. Following a 145 

standardised warm up, players performed 60min of structured technical training consisting of tennis 146 

specific drills (Figure 1) that are often prescribed in technical training of professional players.
1
 147 

Following a 3h recovery period, participants then performed a competitive 90min match-play session 148 

against the same opponent. Match-play sessions were observed by coaches and scored as per the rules 149 

of professional tennis, with participants instructed to replicate match intensities. Furthermore, each 150 

drill and match-play session was filmed and later analysed for notation of shot volume, error rates and 151 

work to rest ratios. 152 

 153 

Following both on-court sessions, participants respectively performed the recovery or control 154 

condition. The recovery intervention consisted of 15-min whole-body CWI in a seated position to the 155 

suprasternal notch in a plunge pool (Ice Bath, White Gold Fitness, Bedford, UK) of ice-water at 156 

11±2
o
C.

6,13,16
 CWI was immediately followed by wearing full-body (long-sleeve top and full-length 157 

lower-body) compression garments (2XU, Melbourne, Australia) that were individually fit to participants 158 

based on height and body mass. CG’s were worn between the drill and match-play sessions (for 3.0±0.5h) 159 

and for 4h after match-play. That night, the sleep hygiene recommendations involved participants retiring 160 

to their provided accommodation and creating a low-light, cool environment at 21:00. Specifically, 161 

participants ensured all electronic stimulants ie. TV, mobile phones and computers were limited or 162 

avoided and excessive light was minimised during the ensuing 30min until 21:30, by which time they had 163 

retired to bed in a room at 19±2
o
C and a light luminescence of 3-8 LUX (Lux Light Meter, Digitech, 164 

Sydney, Australia). Further, participants provided their own sleep eye-masks to reduce environmental 165 
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light during sleep whilst ensuring comfort and familiarity
24

. Conversely, in the control condition players 166 

stretched for 15min after each on-court session, were not provided with CWI or compression and were 167 

allowed to self-regulate exposure to electronic equipment, pre-bed light (60±12 LUX) and sleeping 168 

patterns. The aforementioned sleep hygiene recommendations were based on evidence elite athletes 169 

required to wake early for training often incur sub-optimal volume and quality of sleep and that exposure 170 

to excessive light and electronic stimuli can retard sleep quality.
9,21 

 All sleeping arrangements for both 171 

conditions were visually observed by the research team to confirm compliance. 172 

 173 

Prior to each on-court session, players performed a standardised warm-up consisting of the 5’-5’ test
25 

to 174 

determine heart rate recovery (HRR). The test was performed on a Plexi-cushion hard court in a 20-m 175 

shuttle run fashion at a constant-intensity delivered by audio prompts. The reminder of the warm up 176 

consisted of 10min of dynamic foot work drills and 5min of hitting. All drill and match-play sessions 177 

were filmed by a digital video camera (DSR-PDX10P, Sony, Japan), located 10-m above and 6-m 178 

behind each baseline. Footage was downloaded and viewed later to notate for total stroke count, 179 

including number of forehands, backhands, volleys, serves; forced and unforced errors, as well as 180 

error ratios and rally and rest lengths. Coding was performed using customised software (The Tennis 181 

Analyst, V4.05.284, Fair Play, Australia) by a trained analyst with a co-efficient of variation <2%. 182 

Furthermore, each player was fitted with a 10Hz GPS unit (v2.0, MinimaxX, Catapault, Canberra, 183 

Australia) worn in a customized harness between the scapulae to measure 100Hz tri-axial 184 

accelerometery of each on-court session. Accelerometry measures (Player Load) have been reported 185 

in other sports as a valid and reliable measure of external load, and is expressed as the square root of 186 

the sum of the squared instantaneous rate of change in acceleration in each of the three vectors (X, Y 187 

and Z axes).
26

 Data was downloaded post-session to calculate Player Load (Logan Sprint v5.0, 188 

Catapult, Canberra, Australia).  189 

Before and after each session, nude body mass was recorded (MS3200 Electronic Scales, Charder 190 

Electronics, Taichung Hesin , Taiwan) and a mid-stream urine sample was collected to measure USG 191 

(Pocket Refractometer, Atago, Japan) to describe hydration status. Further, a 10μl sample of capillary 192 
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blood was obtained from an earlobe to measure lactate before and after each on-court session and 193 

again after the 15min post-session CWI recovery intervention (Lactate Plus, Waltham MA, USA). 194 

Heart rate (Suunto Memory Belts, Suunto Oy, Vantaa, Finland) was continuously recorded at 5s 195 

intervals for the entirety of each session (including 5’-5’ warm up and after the 15-min intervention) 196 

and downloaded to calculate mean heart rate for each session (Suunto Training Manager, Suunto Oy, 197 

Vantaa, Finland). Following the warm up and immediately after each on-court session, participants 198 

completed a repeated CMJ test to determine mean height from five repeated un-weighted jumps 199 

(Jump mat, AXON, Portugal). Following each session, players provided a rate of perceived exertion 200 

(RPE; Borg CR-10), whilst perceived muscle and joint soreness, respectively (1-10 Likert scale), were 201 

provided before and after each session, after the recovery intervention, at 20:00 each night and then 202 

again the following morning (08:00).  The Brunel Mood Scale (BRUMS), consisting of four moods 203 

with a five point rating scale to assess levels of fatigue and vigour, respectively
27

 before each session, 204 

at 20:00 each night and then again the following morning (08:00). Finally, players wore an actimetry 205 

watch (Rediband, Fatigue Science, Hawaii, USA) to record sleep duration (time in bed, asleep) and 206 

quality (efficiency and latency) for the 1 day prior to testing (baseline) and for all days during the study.   207 

Statistical Analysis 208 

A repeated measures two-way ANOVA (condition x time) was performed to determine differences 209 

(P<0.05) in technical, physiological and perceptual responses between recovery interventions. 210 

Further, Tukeys’ post-hoc t tests were conducted to locate differences where main effects were 211 

evident. Additionally, effect size analyses (Cohen’s d) were used to determine the magnitude of effect 212 

of the recovery protocol (<0.20 trivial, 0.20-0.39 small, 0.40-0.89 moderate, >0.90 large).  213 

 214 

RESULTS 215 

As presented in Table 1, there were no significant differences and trivial effect sizes (P>0.05;d<0.10) 216 

for total stroke, respective shot or error counts between conditions for the drill session. However, a 217 

moderate effect for increased total stroke count was evident during match-play in the recovery 218 
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condition (P>0.05; d=0.73), despite no difference and trivial-small effects for error rates between 219 

conditions (P>0.05;d<0.30). Interestingly, large effects for an increase in both time in play and shots 220 

per minute were evident during match-play following the recovery intervention (P>0.05;d>0.90), 221 

whilst there was a large effect  for an increased rest time (ie. time not in play) was evident in the 222 

control condition (P>0.05;d=0.81). In contrast, Player Load accelerometer values did not significantly 223 

differ and showed trivial effect sizes between conditions for either drill or match-play sessions 224 

(P>0.05;d<0.20;Table 1). CMJ height was not significantly different and exhibited trivial effects 225 

between conditions before and after the drill session (P>0.05;d<0.30); though tended to be higher 226 

before match-play in the recovery condition (P>0.05;d=0.90; Table 2).  227 

 228 

USG was not significantly different between conditions before drill (1.021±0.006 v 1.023±0.006au) 229 

or match-play (1.019±0.008 v 1.015±0.010au for Recovery and Control; P>0.05;d<0.20) sessions; 230 

whilst the change in body mass over respective drill (-1.60±0.60 v  -1.74±0.65kg) and match-play (-231 

1.35±0.53 v -1.56±0.71kg for Recovery and Control) sessions also was not different between 232 

conditions (P>0.05;d<0.30). The HRR following the 5’-5’ test prior to each session did not differ and 233 

exhibited trivial effect sizes between conditions (P>0.05;d<0.20; Table 2). Similarly, mean heart rate 234 

during drill (163±12 v 161±8bpm) or match-play (131±16 v 134±16bpm for Recovery and Control, 235 

respectively) sessions did not differ between conditions (P>0.05; d<0.30). However, HR was reduced 236 

in the recovery condition following the implementation of CWI after both on-court sessions (P<0.05; 237 

d>3.00; Table 2). Blood lactate concentration did not differ between conditions before or after either 238 

session (P>0.05; d<0.30; Table 2). While the post-session reduction of lactate following CWI 239 

intervention tended to be larger following CWI in the drill session (P>0.05;d=0.80), no differences 240 

were evident between conditions following match-play (P>0.05;d<0.30). 241 

 242 

RPE did not differ between conditions following the drill (7.3±0.9 v 7.5±0.9au) or match-play 243 

sessions (4.3±1.0 v 4.1±0.9au; P>0.05; d<0.20). As presented in Figure 2, perceived muscle and joint 244 

soreness did not differ between conditions before the drill session (P>0.05;d<0.30), but. were reduced 245 
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following CWI (P<0.05) after the drill session, match-play session that afternoon (P<0.05; d>1.80) 246 

and remained lower until  the next morning following CG and sleep interventions (P<0.05;d>1.30). 247 

No significant differences were present between conditions at any time point for BRUMS ratings of 248 

fatigue or vigour, respectively (P>0.05, d=1.50; Table 2); though large effect sizes were evident for 249 

reduced feelings of fatigue the following morning after the sleep hygiene recommendations.   250 

 251 

Sleeping conditions for participants were successfully manipulated to create a low light environment 252 

in the recovery condition (8±5 v 60±10 LUX). Large effects for increased sleep duration in the 253 

recovery condition were evident with the implementation of the sleep hygiene recommendations 254 

(P>0.05; d=2.60; Figure 3). The large effects observed for increased sleep duration resulted from both 255 

an increased minutes in bed and minutes asleep (P>0.05; d=2.41). Although no significant differences 256 

and small-moderate effects were evident for sleep efficiency in the recovery condition (P>0.05; 257 

d=0.79) and sleep latency (time to fall asleep) was not different between conditions (P>0.05; d=0.23). 258 

 259 

DISCUSSION 260 

This study reports the effects of a mixture of recovery methods (CWI and CG) combined with sleep 261 

hygiene recommendations on recovery from twice a day tennis sessions. The on-court sessions used 262 

here represent a standardised bout of drills followed by competitive match-play – the combination of 263 

which would be most likely observed as players approach the commencement of tournament or, in the 264 

latter stages of a pre-competition training phase. Post-session CWI and CG exhibited large effects for 265 

increased CMJ, stroke rates and time in play for the ensuing competitive match-play. Further, post-266 

match CWI and CG reduced perceived soreness, whilst the addition of sleep hygiene 267 

recommendations improved sleep quantity and blunted the perception of soreness the next day. 268 

Accordingly, the combined use of CWI, CG and sleep hygiene recommendations may benefit athlete 269 

recovery following twice-a-day, on-court tennis sessions.  270 

 271 
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Technical stroke play outcomes are fundamental to tennis performance, although between match 272 

comparisons are difficult due to a multitude of factors affecting outcomes.
2,5

 In the present study, 273 

initial sessions were coach-led and did not differ in volume, type, or error rates of technical stroke 274 

play or in accumulated accelerations between conditions; suggesting similar technical and physical 275 

loads. Following the use of CWI and CG interventions, large effects for increased total stroke count, 276 

shots per minute and time in play were evident in ensuing match-play. Previous research suggests 277 

CWI to improve subsequent bouts of cycle ergometery, intermittent-sprint exercise and skeletal 278 

contractile function
15,16

 due to reductions in physiological load or increased neuromuscular 279 

recruitment.
6,12 

The present technical outcomes of increased time in play and stroke rates suggest an 280 

increase in match-play related activities; perhaps akin to the increased work performed in previous 281 

research.
15,12

 The notion of recovery interventions increasing match-play engagement may seem 282 

counter-intuitive. However, it is proposed that the improved physical/perceptual state resulted in the 283 

elongation of point play as players searched for appropriate opportunities to hit winners or force 284 

opponents into error, as well as leading to a reduction in the recovery time between points, 285 

culminating in increased match-play engagement.  However, similar match-play accelerometery 286 

between conditions implies no difference in gross physical movement. Given the lack of validation of 287 

whole-body accelerometery measures for tennis movement or technical outcomes, such data may lack 288 

sensitivity compared to traditional match notation. Regardless, the current findings suggest the use of 289 

mixed-method recovery after on-court sessions may increase ensuing match-play engagement, as 290 

evidence by increased stroke play per unit of time. 291 

 292 

Given the relevance of lower-body peak power to physical and technical tennis performance
3,4

 large 293 

effects noted for recovery of CMJ at the commencement of match-play is relevant for repeated daily 294 

tennis sessions. CMJ was reduced following the drill session in both conditions, though tended to be 295 

increased following the recovery intervention for match-play. Previous studies report equivocal 296 

findings regarding post-exercise recovery of lower-body power with CWI,
14,15,16

 although improved 297 

peak isometric torque, sprint speed and peak power with CWI have been reported following 298 
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prolonged intermittent-sprint activity.
15 

Whilst most studies report no discernable effect of CG on 299 

post-exercise recovery of peak power,
8,10,14,18

  there is evidence for compression therapy to have small 300 

positive effects on CMJ performance.
19,20

 Though no further mechanistic insight can be provided in 301 

the current study, a large effect indicating improved CMJ recovery was observed following CWI and 302 

CG that could benefit players requiring multiple daily sessions.  303 

 304 

CWI as a recovery modality is proposed to reduce thermoregulatory load, increase intra-thoracic 305 

pressure affecting blood volume and reduce interstitial leakage of markers of cellular damage.
6,13,16

 306 

Similarly, CG’s are proposed to alter distal to proximal intra-muscular pressure gradients to assist 307 

venous return and promote muscle metabolite clearance.
14,17

 The present study observed no effect of 308 

recovery interventions on HR or lactate responses to on-court sessions, though reductions in HR and 309 

lactate were evident following CWI intervention. Such a finding is common, likely due to the 310 

increased hydrostatic pressure attributable to CWI,
13,14,16

 though the comparison of passive rest during 311 

CWI to active stretching during control is acknowledged as a limitation. Regardless, these effects 312 

seem transient, as HRR, HR, lactate and USG did not differ between conditions prior to the ensuing 313 

afternoon match-play session. Hence, any acute alteration to blood volume from CWI (as inferred by 314 

HR changes) was not prolonged by use of CG, and is unlikely to relate to large effects noted in 315 

improved CMJ or match-play performance observed in the ensuing afternoon session. Of further note, 316 

the cool climatic conditions of the present study are also likely to result in tolerable thermoregulatory 317 

loads, and hence limit the effectiveness of CWI to improve recovery via reduction of 318 

thermoregulatory strain.   319 

 320 

The effects of sleep are assumed to be integral to recovery of athletic performance, and whilst it 321 

remains under-researched in a sport setting, some evidence suggests sleep volume and quality is 322 

restricted by early training start times.
21

 The present study presents novel data in a sporting context 323 

that simple sleep hygiene recommendations can improve acute sleep quantity in athletes and may 324 

additionally assist to improve perceptual recovery of soreness and mood the following day. Sleep is 325 
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known to have both physiological and cognitive regenerative properties,
22,23,24

 and the creation of an 326 

environment conducive to sleep provides some evidence that acute post-session sleep quantity can be 327 

improved with sleep hygiene protocols. The current protocol served as a practical recommendation (in 328 

athletes) of common recommended sleep hygiene practices
9,24

. Specifically, to attempt to create a 329 

conducive environment to increase sleep by attempting to invoke earlier melatonin onset, reduce core 330 

temperature and limit stimuli that would disrupt sleep onset
9,21

. Although further research is required 331 

on sleep hygiene procedures, ensuring earlier bed time and a conducive sleep environment can 332 

potentially improve perceptual recovery the next day.   333 

  334 

Accordingly, improved perceptual recovery following training and competition, whilst not as 335 

objective as performance outcomes, is nonetheless still an important component of athlete 336 

recovery.
9,11,28

 RPE did not differ between conditions in either session, suggesting limited effect of 337 

CWI and CG on internal load. Conversely, although muscle and joint soreness increased following 338 

both court sessions, CWI and CG resulted in acute and prolonged reductions in perceived soreness. 339 

Individually, the respective recovery interventions are commonly reported to improve perceptual 340 

feelings of soreness, fatigue and recovery;
10,11,20

 though whether such findings are intervention-related 341 

or placebo-induced remain an often debated topic.
18,29

 Furthermore, inclusion of an effective sleep 342 

hygiene protocol maintained the reduced perception of soreness and fatigue until the following 343 

morning. In agreement, recent evidence highlights small but significant associations (r=-0.20-0.27) 344 

between perceived fatigue state and total sleep time.
30

 Consequently, while the current study may not 345 

add further insight on the mechanisms of respective interventions, post-exercise CWI and CG, when 346 

further supplemented by improved overnight sleep duration, are successful tools to reduce perceived 347 

soreness and fatigue following repeated daily on-court sessions.  348 

 349 

In conclusion mixed-method recovery interventions consisting of CWI (15min at 10
o
C), compression 350 

garments (for ~3-4h) used after on-court sessions demonstrated large effects for increased time in play 351 

and lower-body power and reduced muscle and joint soreness at ensuing sessions. Further, alongside 352 
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these interventions, a sleep hygiene protocol (low-light, earlier to bed, 19
o
C room, sleep with eye-353 

masks), assisted the reduction of muscle and joint soreness the next morning following two-a-day 354 

sessions on hard courts. These findings may also be applicable to a range of other athletes required to 355 

perform and recover for twice daily training and competition sessions.  356 

 357 

Practical applications 358 

 Twice a day on-court tennis sessions result in reduced CMJ performance and increased 359 

perceptions of fatigue and soreness. 360 

 Mixed method recovery interventions (CWI, CG and sleep) can reduce perceived soreness 361 

and fatigue, whilst assisting performance in tennis specific outcomes of increased shot rate 362 

and reduced error rate. 363 

 A sleep hygiene protocol (low light, cool conditions and earlier to bed) can improve acute 364 

sleep quantity and may relate to improved perceptual recovery. 365 

 366 

Acknowledgements: 367 

The authors wish to gratefully acknowledge that funding for this study was contributed by the 368 

Australian Institute of Sport High Performance Research Fund. The authors also wish to thank the 369 

assistance of Tennis Australia for the support and use of facilities, along with the players for their 370 

time and effort during the study. Finally, we also wish to thank the coaches and assistants, including 371 

Dani Gescheit and Peta Allan for their assistance with the on-court sessions. 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 



15 

 

 380 

REFERENCES 381 
 382 
1. Reid M, Duffield R, Dawson B, et al. Quantification of the physiological and performance 383 
characteristics of on-court tennis drills. Brit J Sports Med. 2008;42:146-151.  384 
 385 
2. Fernandez J, Mendez-Villanueva A, Pluim BM. Intensity of tennis match play. Brit J Sports Med. 386 
2006;40:387-91.  387 
 388 
3. Girard O, Lattier G, Micallef J-P, Millet G P. Changes in exercise characteristics, maximal 389 
voluntary contraction, and explosive strength during prolonged tennis playing. Br J Sports Med. 390 
2006;40:521–526. 391 
 392 
4. Girard O, Lattier G, Maffiuletti NA, et al. Neuromuscular fatigue during a prolonged intermittent 393 
exercise: Application to tennis. J Electromyography Kinesiology. 2008;18:1038–1046. 394 
 395 
5. Reid M, Quinlan G, Kearney S, et al. Planning and periodisation for the elite junior tennis player. 396 
Strength and Cond J. 2009;31(4):69-76. 397 
 398 
6. Vaile J, Halson S, Gill N, et al. Effect of cold water immersion on repeat cycling performance and 399 
thermoregulation in the heat. J Sports Sci. 2008;26: 431-440. 400 
 401 
7. Duffield R, Portus M. Comparison of three types of full-body compression garments on throwing 402 
and repeat-sprint performance in cricket players. Br J Sports Med. 2007;41:409-414. 403 
 404 
8. Montgomery PG, Pyne DB, Cox AJ, et al. Muscle damage, inflammation, and recovery 405 
interventions during a 3-day basketball tournament. Eur J Sports Sci. 2008a;8(5):241-250. 406 
 407 
9. Halson SL. Nutrition, sleep and recovery. Eur J Sport Sci. 2008;8(2): 119-126. 408 
 409 
10. Montgomery PG, Pyne DB, Hopkins WG, et al. The effect of recovery strategies on physical 410 
performance and cumulative fatigue in competitive basketball. J Sports Sci. 2008b;26(11):1135-1145. 411 
 412 
11. Rowsell GJ, Coutts AJ, Reaburn P, et al. Effects of cold-water immersion on physical 413 
performance between successive matches in high-performance junior male soccer players. J Sports 414 
Sci. 2009;27: 565-573. 415 
 416 
12. Peiffer JJ, Abbiss CR, Watson G, et al. Effect of cold-water immersion duration on body 417 
temperature and muscle function. J Sports Sci. 2009;27(10): 987–993 418 
 419 
13. Vaile J, O’Hagan C, Stefanovic B, et al. Effect of cold water immersion on repeated cycling 420 
performance and limb blood flow. Br J Sports Med. 2011;45:825-829. 421 
 422 
14. French DN, Thompson KG, Garland SW, et al. The effects of contrast bathing and compression 423 
therapy on muscular performance. Med Sci Sports Exerc. 2008;40:1297-1306. 424 
 425 
15. Ingram J, Dawson B, Goodman C, et al. Effect of water immersion methods on post-exercise 426 
recovery from simulated team sport exercise. J Sci Med Sport. 2009;12: 417-421. 427 
 428 
16. Pournot H, Bieuzen F, Duffeld R, et al. Short term effects of various water immersions on 429 
recovery from exhaustive intermittent exercise. Eur J Appl Physiol. 2011;111:1287–1295. 430 
 431 



16 

 

17. Sear JA, Hoare TK, Scanlan AT, et al. The effects of whole-body compression garments on 432 
prolonged high-intensity intermittent exercise. J Strength Cond Res. 2010;24(7):1901-1910. 433 
 434 
18. Duffield R, Cannon J, King M. The effects of compression garments on recovery of muscle 435 
performance following high-intensity sprint and plyometric exercise. J Sci Med Sport. 2010;3: 436 
136–140. 437 
 438 
19. Kraemer WJ, Bush, JA, Bauer JA et al. Influence of compression garments on vertical jump 439 
performance in NCAA division I volleyball players. J Strength Cond Res. 1996;10(3):180-183. 440 
 441 
20. Doan BK, Kwon YH, Newton RU, et al. Evaluation of a lower-body compression garment. J 442 
Sports Sci. 2003;21(8):601-610. 443 
 444 
21. Sargent C, Halson S, Roach GD. Sleep or swim? Early-morning training severely restricts the 445 
amount of sleep obtained by elite swimmers. Euro J Sport Sci. 2012; DOI: 446 
10.1080/17461391.2012.696711. 447 
 448 
22. Mougin F, Simon-Rigaud ML, Davenne D, et al. Effects of sleep disturbances on subsequent 449 
physical performance. Eur J Appl Physiol. 1991;63:77–82. 450 
 451 
23. Skein M, Duffield R, Edge J, et al. Intermittent-sprint performance and muscle gylcogen  452 
following 30h sleep deprivation. Med Sci Sports Exerc. 2011;43(7):1301-1311. 453 
 454 
24. Mah CD, Mah KE, Kezirian EJ et al. The effects of sleep extension on atheltic perrfomance of 455 
collegiate basketball players. Sleep. 2011;3497):943-950. 456 
 457 
25. Buchheit M, Mendez-Villanueva A, Quod MJ, et al. Determinants of the variability of heart rate 458 
measures during a competitive period in young soccer players. Eur J Appl Physiol. 2010;109(5):869-459 
878. 460 
 461 
26. Boyd LJ, Ball K, Aughey RJ. Quantifying external load in Australian football matches and 462 
training using accelerometers. Int J Sports Physiol Perform. 2012. (Ahead of Print). 463 
 464 
27. Galambos SA, Terry PC, Moyle GM, Locke SA. Psychological predictors of injury among elite 465 
athletes. Br J Sports Med. 2005;39:351-354. 466 
 467 
28. McLean BD, Coutts AJ, Kelly V, et al. Neuromuscular, endocrine, and perceptual fatigue 468 
responses during different length between-match microcycles in professional rugby league players. Int 469 
J Sports Physiol Perf. 2010;5:367-383. 470 
 471 
29. Ali A, Caine MP, Snow, BG. Graduated compression stockings and perceptual responses during 472 
and after exercise. J Sports Sci. 2007;25:413-419. 473 
 474 
30. Lastella M, Lovell G, Sargent C. Athletes' precompetitive sleep behaviour and its relationship 475 
with subsequent precompetitive mood and performance. Eur J Sports Sci. 2012; 476 
dx.doi.org/10.1080/17461391.2012.660505 477 
 478 
 479 
 480 

 481 

 482 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sear%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoare%20TK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scanlan%20AT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20555284


17 

 

 483 

 484 

 485 

 486 

 487 

Figure Headings: 488 

 489 

Figure 1: Movement and stroke patterns of (A) Box, (B) Bow-tie and (C) Suicide drills. 490 

 491 

Figure 2: Mean ± standard deviation for perceived A) muscle and B) joint soreness pre- and post 492 

drill and match-play (MP) sessions, after the recovery period (Rec), at 20:00 the night of and 0:800 493 

next morning for recovery and control conditions. 494 

* represents significantly different to Control condition (P<0.05) 495 

 496 

 497 

Figure 3: Mean ± standard deviation for A) duration in bed, B) duration asleep, C) sleep latency 498 

and D) sleep efficiency following twice-a-day tennis sessions for recovery and control conditions. 499 

# represents large effect (d>0.90) compared to Control condition. 500 

 501 

 502 

 503 
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Table 1: Mean ± standard deviation of duration, total, forehand (FH) and backhand (BH) stroke counts, forced and unforced error, time in match-play, stroke 
rate per min and Player Load (PL) sum of tri-axial accelerometry for Drill and Match-play session in Recovery (Rec) and Control (Con) conditions.   
 

Session Condition Duration 
(min) 

Stroke count 
(n) 

FH count 
(n) 

BH count 
(n) 

Forced 
error (n) 

Unforced 
error (n) 

Time in 
play (min) 

Shot rate 
(/min) 

PL 
(au) 

Drill 1 

“Box” 

Rec 

Con 

9.0±0.6 

9.0±0.7 

114±6 

111±10 

84±5 

82±7 

30±2 

29±3 

0±0 

0±0 

23±6 

28±8 

 12.2±1.1 

11.9±1.2 

74±17 

79±10 

Drill 2 

“Bow-tie” 

Rec 

Con 

9.0±0.9 

9.0±0.7 

41±9 

42±12 

57±7 

57±6 

28±12 

28±9 

0±0 

0±0 

16±6 

15±5 

 9.4±1.0 

9.1±1.0 

81±12 

20±10 

Drill 3 

“Suicide” 

Rec 

Con 

9.0±0.8 

9.0±0.9 

100±15 

98±12 

74±13 

72±12 

26±4 

25±4 

0±0 

0±0 

20±6 

20±6 

 10.6±1.8 

10.7±1.5 

77±13 

76±12 

Drill 4 
“Cross-court Animal” 

Rec 

Con 

20.0±0.9 

20.0±0.4 

250±15 

260±26 

160±15 

167±17 

83±11 

88±30 

3±2 

2±2 

24±6 

26±8 

 12.4±0.5 

12.8±1.2 

162±17 

158±21 

Drill 5 

“Recovery“ 

Rec 

Con 

8.0±0.4 

8.0±0.2 

83±10 

80±8 

36±7 

37±5 

45±7 

41±7 

2±1 

2±1 

13±5 

13±5 

 10.0±1.8 

9.7±1.1 

9±1 

9±1 

TOTAL Rec 

Con 

56.0±2.3 

56.0±2.0 

760±100 

790±69 

479±50 

497±20 

259±58 

269±55 

5±2 

4±2 

105±21 

110±18 

 13.7±1.8 

14.0±1.1 

485±62 

488±62 

Match-play Rec 

Con 

90.0±0.2 

90.0±0.2 

375±65
#
 

334±67 

130±25 

120±30 

142±29 

121±30 

5±3 

5±2 

33±11 

29±10 

30±2
#
 

27±3 

4.3±0.7
#
 

3.7±0.7 

427±68 

420±81 
#
 represents a large effect size (d>0.90) compared to Control.
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Table 2: Mean ± Standard deviation of counter movement jump (CMJ) height, Heart rate recovery (HRR), Heart rate (HR), blood lactate (La-) and Brunel Mood 
Scale Fatigue and Vigour feelings for drill and match-play (MP) sessions in Recovery (Rec) and Control (Con) conditions.  
 

 Condition Pre-drill Post-drills Post-Recovery Pre-MP Post-MP Post-Recovery Next morning 

CMJ (cm) Rec 
Con 

40.0±4.0 
39.5±4.0 

39.3±3.2 
38.6±6.0 

 43.8±3.9# 
41.6±4.5 

41.0±4.7 
39.9±3.8 

  

HRR (bpm) Rec 
Con 

65±7 
67±12 

  68±11 
68±11 

   

HR (bpm) Rec 
Con 

49±6 
49±6 

163±14 
164±9 

77±8#* 
89±4 

80±10 
82±9 

126±12 
128±17 

70±9#* 
81±8 

 

La- (mmol.L-1) Rec 
Con 

1.8±0.5 
1.7±0.6 

6.5 ±3.2 
4.7±1.0 

2.1±0.7 
2.3±1.4 

1.3±0.4 
1.2±0.6 

2.5±1.2 
2.1±1.3 

1.7±0.4 
1.5±0.6 

 

Fatigue (au) Rec 
Con 

9.0±2.0 
8.5±1.9 

  10.0±3.2 
9.6±3.5 

 11.0±2.8 
10.8±3.6 

8.8±1.9# 
11.4±2.9 

Vigour (au) Rec 
Con 

8.4±3.0 
8.9±3.2 

  8.9±3.4 
8.1±3.3 

 8.0±4.0 
7.4±3.5 

8.4±3.2 
8.0±3.1 

#
 represents a large effect size (d>0.90) compared to Control. 

* represents a significant difference (P<0.05) compared to Control. 
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Figure 2: 
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