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ABSTRACT 
This study investigated the effects of custom-fitted compression garments (CG) worn during 
recovery over a multi-day training camp in elite judo players (judoka). A single blind, placebo-
controlled study was carried out in 11 elite judoka, using a two-way crossover design. Two 
three-day training camps were completed in CG and placebo conditions in a random order. 
Changes in performance and physiological markers were compared between conditions. Judoka 
were assessed before training for (maximal) isometric knee extension and grip strength, 
countermovement jump performance and bench-press velocity, alongside soreness, limb 
circumferences, plasma creatine kinase activity (CK) and perceived bruising. Measurements were 
repeated after 12, 36 and 43 h of training, whereupon judoka rated the effectiveness of each 
intervention. Knee extension and bench-press performance demonstrated significant 
familiarization (p < 0.001), and were excluded from subsequent analysis. Jump performance was 
unaffected by training (p > 0.05). Grip strength declined throughout training (p < 0.001), with 
peak decrements of −9.7% indicating mild muscle damage. Increases in bruising, CK and 
soreness demonstrated highly variable, if significant (p < 0.001) responses. Although CG were 
perceived as significantly more effective than placebo for recovery (p = 0.046), no effects were 
observed for any other outcome (p > 0.05). Compression conferred no statistically significant 
impact upon recovery markers in elite judoka throughout training. Muscle damage responses 
were inconsistent in this population. Individual athletes would be advised to monitor habitually-
used performance measures while using CG to ascertain whether perceptual benefits translate 
into enhanced recovery. 

Highlights 
. Compression garments were perceived as more effective for recovery than placebo by elite 

judoka. 
. However, no measures of performance or muscle damage were enhanced by CG. 
. Randori was associated with inconsistent muscle damage responses in elite judoka, while lower-

body performance was not impaired. 
. Individual athletes would be advised to monitor habitually-used performance measures while 

using CG to ascertain whether perceptual benefits translate into enhanced recovery. 

KEYWORDS 
Judoka; strength; exercise-
induced muscle damage; 
grip strength; reliability 

Introduction 

Judo is a grappling sport in which prodigious levels of 
strength and power are required in the upper and 
lower body for success at the elite level (Bonitch-
Góngora, Bonitch-Domínguez, Padial, & Feriche, 2012 
Callister, Callister, Fleck, & Dudley, 1990;). Specifically, 
grip strength is considered to be a key performance indi-
cator (Bonitch-Góngora et al., 2012; Franchini, Del 
Vecchio, Matsushigue, & Artioli, 2011; Kons et al., 
2018), as establishing superiority in grip disputes 

increases the effectiveness of subsequent attacks 
(Courel-Ibáñez, Franchini, Femia, Stankovic, & Escobar-
Molina, 2014). However, muscular performance in both 
the upper and lower body is demonstrably impaired fol-
lowing training and competition as a result of exercise-
induced muscle damage (EIMD) (Bonitch-Góngora 
et al., 2012; Callister et al., 1990; Detanico, Dal, Franchini, 
Fukuda, & Dos, 2017). While the term EIMD describes 
observations of post-exercise myofibrillar disruption, 
this phenomenon may be functionally defined from 
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the resulting reductions in isometric force that occur due 
to both structural and neuromuscular deficits (Owens, 
Twist, Cobley, Howatson, & Close, 2019). Importantly 
for athletes, impaired muscle function following EIMD 
may persist for several days alongside increased sore-
ness, limb swelling and impaired mobility (Goto & Mor-
ishima, 2014; Owens et al., 2019). 

Although athletes become less susceptible to EIMD 
following training (Falvo, Schilling, & Smith, 2010), com-
petitive judoka may still suffer prolonged deficits in neu-
romuscular function following free sparring (or 
“randori”), which persist for at least 48 h alongside 
increases in soreness and circulating concentrations of 
intracellular enzymes (Detanico et al., 2017). Further-
more, even elite judoka (international representatives) 
have been shown to suffer reductions in isokinetic 
strength and running performance in the days following 
intensified training (Callister et al., 1990), as well as 
deterioration of isometric performance following succes-
sive matches (Bonitch-Góngora et al., 2012). As Olympic 
success requires five consecutive victories in a single 
day, and multi-day training camps are commonplace at 
the elite level (Laskowski, Ziemann, Olek, & Zembron-
Lacny, 2011), the application of effective recovery strat-
egies is a major objective in judo (Bonitch-Góngora 
et al., 2012; Laskowski et al., 2011). 

The use of compression garments (CG) is a popular 
recovery strategy amongst athletes, and may be particu-
larly effective for recovery from EIMD, with enhanced 
strength recovery frequently reported alongside amelio-
rated trauma, soreness and swelling (Brown et al., 2017; 
Goto & Morishima, 2014). However, no studies have 
been carried out to assess the effectiveness of CG for 
recovery in elite judoka. Furthermore, the benefits of CG 
for recovery in elite athletes have not been established, 
with a scarcity of data on exclusively elite performers. 
Additionally, whilst grip strength is a key determinant of 
success in judo (Bonitch-Góngora et al., 2012; Callister 
et al., 1990), no studies have been carried out to investi-
gate the effects of CG on the recovery of this measure. 

Optimal compression pressures for recovery have yet 
to be defined. Although a recent study on the lower body 
(Hill et al., 2017) reported superior recovery from clinical 
grade stockings (applying 24.3 ± 3.7 mmHg and 14.8 ± 
2.2 mmHg at the calf and thigh, respectively) compared 
to commercially available CG (14.8 ± 2.1 mmHg and 8.1 
± 1.3 mmHg), the literature is otherwise largely equivocal 
(Beliard et al., 2015; Brown et al., 2017). The establish-
ment of optimal pressures is further complicated by the 
scarcity of studies reporting directly measured values 
(Brown et al., 2017), with many studies reporting press-
ures predicted by manufacturers or estimated from 
mathematical modelling (Brown et al., 2017; Kraemer 

et al., 2001). As portable pressure monitors that provide 
valid and reliable readings have become available over 
the last decade (Partsch & Mosti, 2010), the properties 
of CG can now be more accurately characterized. Further-
more, as CG sold in standard sizes may provide inconsist-
ent compression pressures (Hill, Howatson, Van Someren, 
Davidson, & Pedlar, 2015), greater control may be 
achieved following recent developments in the manufac-
ture of custom-fitted CG using 3D scanning technology 
(Kuzmichev & Cheng, 2020). 

The present study was therefore carried out to inves-
tigate the effects of custom-fitted CG for recovery of 
neuromuscular function and muscle damage markers 
in both the upper and lower body over a multi-day train-
ing camp in elite judoka. 

Materials and methods 

Ethics approval was obtained from St Mary’s University 
research ethics committee. Eleven elite judoka (Great 
Britain representatives) provided informed consent and 
completed two three-day training camps using both 
CG (stockings and arm-sleeves) and placebo for recovery 
in a random order. Judoka were randomized into two 
groups via block randomization before the first trial, sub-
sequently completing the alternative condition during 
the subsequent camp. Testing took place during two 
Olympic National Squad Training camps (ONST), over 
six months. Participating judoka had all medalled in 
the European championships at U23 level, and com-
peted in (International) Grand Slam tournaments as 
seniors, with one athlete having competed at the Olym-
pics and World Championships. Each ONST was pre-
ceded by one week of reduced training. Testing was 
carried out before training, then after 12, 36 and 43 h, 
to assess recovery (Figure 1). 

Scheduled training was identical for both camps 
(Figure 1). Sessions lasted for 2 h in total, with periods 
of randori preceded by a guided warm up and technical 
practice, and followed by a group warm down. Through-
out ONST, pairs of judoka would grapple and rest alter-
nately, resulting in work:rest ratios ∼ 1:1. Judoka 
completed bouts of simulated competition in which all 
legal techniques could be utilized (“free” randori), as 
well as sessions designed to mimic specific competition 
scenarios (“situational” randori – Figure 1). Specifically, 
the sessions on Friday evening and Sunday afternoon 
comprised of 7 × 4 min bouts, while training on Saturday 
afternoon featured a “pyramid” session (bouts of 5 min 
duration, decreasing sequentially by a minute each 
round until 2 min, then back). Each of these sessions 
required 28 min of randori per judoka (Figure 1). Ses-
sions of situational randori, as well as ground fighting 
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Figure 1 . Schematic of study design. 

techniques (ne-waza) were completed on Saturday and 
Sunday mornings, respectively. These sessions involved 
16 min (Saturday) and 30 min (Sunday) of randori per 
judoka (Figure 1). 

A single familiarization session was employed the 
week before the first trial for all tests of muscle function 
(Bonitch-Góngora et al., 2012 Goto & Morishima, 2014;) 
with the exception of grip strength which was habitually 
used as part of routine athlete monitoring. All testing 
was carried out without compression garments being 
worn. Judoka were assessed for upper and lower body 
soreness using a 200 mm visual analogue scale (Bell, Ste-
venson, Davison, & Howatson, 2016), with results then 
scaled from 0 to 10. Subsequently, relaxed limb circum-
ferences were measured at the mid-thigh, bicep and 
forearm in accordance with the guidelines of the Inter-
national Society of Anthropometry and Kinanthropome-
try (ISAK). All anthropometric measures were taken by an 
ISAK-qualified anthropometrist demonstrating coeffi-
cients of variation (CV) ≤ 2.5% for test-retest scores. 
Bruising was scored according to athletes’ habitual 
monitoring on a scale of 1–5 (5 indicating no bruising), 
before capillary blood samples (3–500 μl) were taken 
with a lithium heparin micro-cuvette (Microvette, Sar-
stedt, Leicester, UK) for the analysis of plasma creatine 
kinase activity (CK). Plasma was separated by 

centrifugation at 4°C at 3500 rpm for 10 min (Mikro 
220R D-78532, Tuttlingen, Germany) and immediately 
frozen at −80°C. Analysis was carried out at a later 
date using a spectrophotometric assay with a 
between-run precision of 1.2% (CK-NAC, RX Daytona, 
Randox, County Antrim, Northern Ireland). Muscular 
function was then assessed from maximal voluntary iso-
metric contraction (MVIC) of the knee extensors (MIE 
Medical Research Ltd., Leeds, UK), isometric grip 
strength (Takei Digital Hand-Grip Dynamometer 4001, 
Takei Scientific Instruments Co., Niigata-City, Japan), 
peak countermovement jump (CMJ) force (PS-2142, 
Pasco Scientific, Roseville, CA, USA) and mean bench-
press bar-velocity with a load of 50% body-mass (PUSH 
band, PUSH Inc., Toronto, Canada). The best result 
from three attempts was reported, each separated by 
two minutes’ recovery. Assessment of MIVC was 
carried out for three seconds at 90° as measured with 
a goniometer, with judoka seated on a plyometric box. 
Grip strength was measured for three seconds in the 
favoured hand, with the elbow extended (Gatt, Smith-
Moore, Steggles, & Loosemore, 2018). Countermove-
ment jumps were performed with hands on hips, and 
judoka asked to jump as high as possible with no instruc-
tion on the depth of countermovement given. After 
ONST, judoka were asked to rate the effectiveness of 
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Table 1. Participant characteristics. 
Age (y) Body-mass (kg) Σ8 (mm) MTG (cm) Pthi Pcalf Pank (mmHg) Pwr Pbi 

Males (n = 5) 21 ± 2 96.3 ± 23.6 69.7 ± 28.0 62.8 ± 7.2 17 ± 5 17 ± 5 29 ± 3 19 ± 1 12 ± 2 
Females (n = 6) 23 ± 2 61.8 ± 8.9 68.0 ± 21.7 51.8 ± 4.7 19 ± 4 25 ± 5 29 ± 5 22 ± 4 14 ± 3 

Notes: Data are presented as mean ± standard deviation. Σ8 = Skinfold thickness (sum of eight-sites); MTG = Mid-thigh girth; Pank = Garment pressure at the 
ankle; Pcalf = Garment pressure at the medial calf; Pthi = Garment pressure at the thigh; Pwr = Garment pressure at the wrist; Pbi = Garment pressure at the 
bicep; * Skinfold data does not include that of the single male judoka selected to compete in the + 100 kg category 

recovery interventions out of 10 to the nearest 0.5, with 
10 being defined as the “most effective recovery inter-
vention imaginable”. 

Recovery interventions were provided after the final 
daily training session on the first and second day of 
ONST. All athletes received a drink providing 15 g 
protein and 30 g carbohydrate (Arla Protein Shake, Arla 
Foods, Leeds, Yorkshire, UK) which was consumed 
immediately after training. In the placebo condition, a 
spoonful of sucralose-based sweetener (2 g carbo-
hydrate, 0.1 g protein) was added to the shakes in 
plain sight, and judoka informed that the powder was 
a lactate-buffer designed to aid recovery (Splenda, 
Heartland Food Products Group, Carmel, Ind. USA.). In 
the CG condition, judoka wore custom-fitted full-
length stockings and arm sleeves, which had been 
fitted previously following 3D scanning of the limbs 
(Isobar Compression, Manchester, UK). Compression 
pressures (Table 1) were guided by existing literature 
(Brown et al., 2017; Hill et al., 2017). Athletes put on 
CG immediately after training and wore them overnight 
until the next day’s training session, being instructed to 
remove them only to wash. Compression pressures 
(Table 1) were measured in a standing position (Kiku-
hime pressure Measuring System, Harada Corp, Osaka, 
Japan) at the medial calf, mid-thigh, medial malleolus, 
wrist and bicep landmarks as defined by ISAK. 

All performance tests were assessed for learning 
effects by comparing baseline values recorded at each 
ONST with a related-samples t-test (SPSS Statistics 25, 
IBM, New York, USA), as well as comparing values 
between camps using a two-way, time (× 4) by ONST 
(× 2) related-samples analysis of variance (ANOVA). 
Results were discarded if familiarization occurred. 
Additionally, reliability was quantified from CV and 
intra-class correlation coefficient (ICC) values (Hopkins, 
2000). Between-session reliability was calculated from 
the differences between peak values at baseline, while 
intra-session reliability was calculated from the differ-
ences between each of the athletes’ three attempts. 
Values for ICC were classed as “moderate”, “good”, or  
“excellent” if values fell between 0.4-0.59, 0.6 - 0.74 
and 0.75–1 respectively (Cicchetti, 1994; Hopkins, 2000). 

Data were assessed for normality by visually inspect-
ing Q-Q plots run on residual values, before employing 

the Shapiro–Wilk test. Non-normal data were log-trans-
formed and re-assessed, and parametric statistics 
employed where the assumption of normality was met. 
Between-condition differences for the recovery of all 
measures were subsequently assessed using a two-
way, time (× 4) by condition (× 2) related-samples 
ANOVA. Significance was set a priori at p ≤ 0.05. Results 
were presented as means ± SD. Effect sizes (Cohen’s d)  
were reported as the difference between changes from 
baseline between conditions (ES [LCL, UCL]), where LCL 
and UCL represent the lower and upper 90% confidence 
limits (Batterham & Hopkins, 2006), except for soreness 
and bruising which were calculated from raw values. 
The threshold values for standardized changes were 
as follows: ≤ 0.2 (trivial), > 0.2 (small), > 0.5 (moderate), 
> 0.8 (large) (Batterham & Hopkins, 2006). 

Results 

Participant characteristics are presented in Table 1. 
There were no baseline differences between conditions 
for any variable (p > 0.05). Analysis of calculated 
residuals revealed that the assumption of normality 
was violated for CK data only. Accordingly, values for 
CK were log-transformed before analysis with para-
metric statistics, with all other variables being analysed 
from raw data. 

Prior familiarization was insufficient for MVIC, as 
shown by greater baseline values at the second ONST 
(t = − 4.86, p = 0.001), and greater average values over 
the camp (F = 16.4, p = 0.002). Between-session reliability 
values for MVIC were CV = 8.3% and ICC = 0.84, while 
intra-session reliability was described by coefficients of 
CV = 7.3% and ICC = 0.83. Although baseline values for 
bench-press velocity did not improve significantly 
between trials (t = −1.87, p = 0.091; CV = 12.3% and 
ICC = 0.72), two-way ANOVA demonstrated that 
average velocity was greater over the second ONST (F 
= 9.15, p = 0.013). Within-session reliability for bench-
press velocity was quantified as (CV = 7.2% and ICC = 
0.87). These measures were therefore omitted from sub-
sequent analysis, but included separately for readers’ 
information (Supplementary Table). 

Jump performance was consistent between ONST, as 
shown by similar values at baseline (t = −1.582, p = 

https://0.4-0.59
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Table 2. The effect of custom-fitted compression garments on markers of muscle damage and performance over time. 
Time x 

Time condition Compression garments Placebo 

Measure p F P F Baseline 12 h 36 h 43 h Baseline 12 h 36 h 43 h 

CMJF (N) 0.519 0.771 0.318 1.22 1772 ± 439 1786 ± 506 1792 ± 499 1779 ± 465 1811 ± 569 1811 ± 590 1765 ± 543 1841 ± 619 
ESCMJF: 0.15 [−0.28, 0.57] 0.56 [0.07, 1] −0.18 [−0.6, 0.26] 

GRIP (kg) < 0.001 9.51 0.826 0.299 42.5 ± 11.2 40.2 ± 11.2 38.4 ± 8.5 40 ± 8.8 43.5 ± 11.6 41.2 ± 12.2 39.3 ± 9.9 39.9 ± 11.1 
ESGRIP: 0.01 [−0.41, 0.44] 0.05 [−0.37, 0.47] 0.37 [−0.08, 0.8] 

CK (IU) < 0.001 30.4 0.646 0.424 205 ± 143 302 ± 185 577 ± 690 740 ± 753 180 ± 163 361 ± 432 814 ± 1183 968 ± 1363 
ESCK: −0.29 [−0.72, 0.15] −0.3 [−0.72, 0.15] −0.25 [−0.68, 0.19] 

SORL (AU) < 0.001 8.97 0.981 0.058 2.6 ± 2.1 3.3 ± 1.7 4.4 ± 1.7 5.4 ± 2.1 2.7 ± 2.5 3.1 ± 1.4 4.0 ± 2.0 4.8 ± 2.4 
ESSORL: 0.14 [−0.29, 0.56] 0.25 [−0.19, 0.68] 0.26 [−0.19, 0.68] 

SORU (AU) < 0.001 37.5 0.081 2.49 1.5 ± 1.3 2.6 ± 2.1 3.9 ± 1.8 5.9 ± 1.8 1.4 ± 1.6 3.0 ± 2.2 4.3 ± 2.3 4.5 ± 1.8 
ESSORU: −0.21 [−0.63, 0.23] −0.23 [−0.65, 0.21] 0.74 [0.21, 1.21] 

BRU (AU) < 0.001 36.4 0.929 0.149 4.2 ± 1 3.7 ± 1 2.9 ± 0.7 2.4 ± 0.9 4.2 ± 1 3.7 ± 1 2.9 ± 1.1 2.5 ± 0.7 
ESBRU: 0.00 [−0.42, 0.42] 0.26 [−0.18, 0.68] −0.23 [−0.65, 0.22] 

FORE (cm) <0.001 8.48 0.178 1.92 28.4 ± 3.5 28.3 ± 3.5 29 ± 3.5 29 ± 3.6 28.8 ± 3.6 28.9 ± 3.8 29 ± 3.6 29.3 ± 3.8 
ESFORE: −0.39 [−0.82, 0.07] 0.51 [0.03, 0.95] 0.08 [−0.35, 0.5] 

MTG (cm) 0.036 3.22 0.422 9.64 56.8 ± 8 57.5 ± 8.6 57.3 ± 8.4 57.4 ± 8.2 56.8 ± 8 57.3 ± 8.7 57.4 ± 8.1 58 ± 8.4 
ESMTG: 0.11 [−0.32, 0.53] −0.13 [−0.55, 0.3] −0.45 [−0.89, 0.02] 

UAC (cm) 0.018 3.89 0.102 2.63 34.7 ± 5.6 33.2 ± 5 34.2 ± 6 34.3 ± 5.8 34.5 ± 4.6 34.4 ± 4.8 34.7 ± 4.6 34.4 ± 5.1 
ESUAC: −1.04 [−1.56, −0.44] −0.56 [−1, −0.07] −0.24 [−0.66, 0.2] 

Notes: CMJF = peak countermovement-jump force; GRIP = Grip strength, CK = Creatine kinase activity, SORL = Lower body soreness, SORU = Upper body soreness, BRU = Bruising, FORE = Forearm circumference, MTG =  
Mid-thigh girth, UAC = Upper-arm circumference, IU = international units, AU = arbitrary units, ES = Effect sizes (Cohen’s d calculated from differences from baseline between conditions, except for bruising and soreness 
which were calculated from raw values), with upper and lower 90% confidence limits in parentheses 

EU
RO

PEA
N

 JO
U
RN

A
L O

F SPO
RT SC

IEN
C
E 



526 F. C. BROWN ET AL. 

0.145; CV = 9.5%, ICC = 0.92), and throughout each camp 
(F = 2.86, p = 0.121). Furthermore, this measure demon-
strated a high degree of intra-session reliability (CV = 
4.2%, ICC = 0.94). However, jump performance was not 
subject to fatigue from training (F = 0.771, p = 0.519). In 
contrast, baseline measures of grip were shown to be 
reliable within sessions (CV = 6.4%, ICC = 0.95), 
between ONST (t = 0.45, p = 0.965; CV = 4.94%, ICC = 
0.98), and to decline over training (F = 9.51, p < 0.001). 
The deterioration in grip strength throughout training 
was not different between ONST (F = 0.876, p = 0.464). 
However, this measure was not influenced by CG (F = 
0.299, p = 0.826; Table 2). 

The between-session reliability of mid-thigh, upper-
arm and forearm circumference measurements was 
characterized by CVs of 2.4%, 3.1% and 2.7% respect-
ively, with ICC values of 0.98, 0.96 and 0.96. Upper-arm 
(F = 3.89, p = 0.018), mid-thigh (F = 3.22 p = 0.036) and 
forearm (F = 8.48, p < 0.001) circumferences all changed 
significantly throughout training, although these 
changes were not affected by compression (Table 2). 
Bruising, CK, upper and lower body soreness all 
increased throughout ONST, with no significant effects 
from CG (Table 2). Following ONST, compression was 
perceived as significantly more effective than placebo 
for recovery (CG = 6.0 ± 1.0 arbitrary units, CON 5.0 ± 
2.0 arbitrary units; t = 2.281, p = 0.046), which rep-
resented a large effect (ES = 0.84 [0.21, 1.46]). 

Discussion 

The principal finding of this study was that CG were 
ineffective for improving recovery in elite judoka when 
worn overnight between consecutive days of randori. 
Whilst this finding is discordant with the majority of evi-
dence on the use of CG for strength recovery (Brown 
et al., 2017), key differences exist between the current 
study and those reporting positive outcomes. Firstly, it 
is possible that any damage incurred during ONST was 
insufficient to benefit from compression. This may 
have been due to the specific exercise employed, the 
highly trained status of the elite athletes studied, or a 
combination of these factors. For example, a previous 
study examining the effects of compression in highly 
trained hockey players also reported no benefit from 
CG when worn for 48 h following the Loughborough 
Intermittent Shuttle Test (LIST) (Pruscino, Halson, & Har-
greaves, 2013). However, EIMD was insufficient to impair 
squat-jump performance in this sample. In the current 
trial, although grip strength declined 12 h after randori 
as is typical following EIMD (Khamwong, Nosaka, Pirun-
san, & Paungmali, 2012 Souron, Nosaka, & Jubeau, 
2018;), peak reductions of < 10% were far lower than 

those reported following eccentric wrist extensions in 
untrained participants (Khamwong et al., 2012) and 
instances in which CG have enhanced recovery (Brown 
et al., 2017; Goto & Morishima, 2014; Kraemer et al., 
2001). Large standard deviations for CK and swelling 
responses (Table 2), also suggest muscle damage was 
inconsistent in this sample. Secondly, the deterioration 
of grip strength has previously been attributed to meta-
bolic factors (Bonitch-Góngora et al., 2012; Callister et al., 
1990; Laskowski et al., 2011), which may be less respon-
sive to compression (Brown et al., 2017). 

Importantly, although CG have been shown to 
attenuate EIMD in the thighs and upper arms (Brown 
et al., 2017 Goto & Morishima, 2014;), this is the first 
study to investigate the use of compression sleeves for 
next day recovery of grip strength. However, the physio-
logical characteristics of specific muscles may vary in 
ways that could influence responses to both EIMD and 
compression. For instance, the muscles of the forearm 
contain a high proportion of type I fibres (Fugl-Meyer, 
Eriksson, Sjostrrim, & Soderstrom, 1982), which may be 
less susceptible to EIMD than type II (Friden & Lieber, 
2001). As no studies have yet reported direct (e.g. histo-
logical) evidence of EIMD in the forearm, further research 
is required to provide mechanistic insight to better 
inform recovery interventions. 

The lack of effects on grip strength may also be 
related to the failure of CG to ameliorate symptoms of 
inflammation. Whilst the functional benefits of com-
pression are commonly associated with improved swel-
ling and soreness throughout recovery (Brown et al., 
2017 Goto & Morishima, 2014;), increases in both 
upper body soreness and forearm circumference were 
unaffected by CG (Table 2). While the reasons for this 
are unclear, differences with existing literature may be 
due to the elite athlete population studied, or the 
unique exercise challenge employed (randori). The lack 
of effects on strength and soreness may also be due to 
the pressures applied. Although the pressures selected 
for the present study were guided by previous trials 
(Hill et al., 2017 Partsch, Damstra, & Mosti, 2011;), 
optimal compression pressures for recovery are 
undefined, with no dose–response studies on recovery 
having been carried out in the upper body. Although 
insignificant, CG were also associated with a “moderate” 
increase in soreness at 43 h (0.74 [0.21, 1.21] – Table 2). 
As clinical data suggests that increasing compression 
pressure might be harmful beyond an optimum 
(Partsch et al., 2011) it is therefore possible that 
applied pressures were excessive for optimal recovery 
in the upper body. 

In the current study, CG were ineffective for moderat-
ing increases in limb circumference (Table 2). Such 
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findings are in marked contrast with existing literature, 
in which CG have been consistently reported to attenu-
ate swelling throughout recovery alongside improved 
functional outcomes (Brown et al., 2017; Goto & Mor-
ishima, 2014; Kraemer et al., 2001). Although the exact 
mechanisms by which CG aid recovery remain ambigu-
ous, the observed null effects for both swelling and 
recovery may be related. Indeed, swelling and associ-
ated vascular stasis serve to increase the exposure of 
damaged tissue to leukocyte-rich wound fluid; propa-
gating inflammation via increased leukocyte adhesion 
and cytotoxic activity (Paulsen, Mikkelsen, Raastad, & 
Peake, 2012; Valle et al., 2013). In support of this hypoth-
esis, previous research has shown that wearing CG 
throughout downhill running significantly reduced sub-
sequent leukocyte infiltration and morphological disrup-
tion (Valle et al., 2013). Interestingly, reductions in both 
inflammation (Beidler et al., 2009) and oxidative stress 
(Flore et al., 2007) have been reported alongside 
improvements in vascular function from compression 
in a clinical setting. However, there is currently insuffi-
cient data to establish whether EIMD is consistently 
associated with swelling in the forearm, with a recent 
study reporting impaired grip strength following 
eccentric wrist extensions with no concomitant change 
in forearm circumference (Khamwong et al., 2012). If 
CG do enhance recovery via anti-inflammatory mechan-
isms, such benefits may depend upon their capacity to 
ameliorate swelling. 

Findings from the current trial may also be used to 
guide the selection of performance tests for monitoring 
EIMD in elite strength and power athletes. Although 
EIMD is functionally quantified from declines in isometric 
strength (Byrne & Eston, 2002), the MVIC protocol used 
in the current study was subject to significant learning 
effects between trials. This was despite an initial familiar-
ization session (Toonstra & Mattacola, 2013), and four 
subsequent experimental tests between ONST. Field 
testing required that portable equipment was used 
without the capacity for restricting movement as with 
an isokinetic dynamometer. Despite instructing athletes 
to maintain a consistent posture, the lack of secure fas-
tening might have allowed athletes to subtly alter their 
position and modify their technique. Indeed, even with 
the use of strapping, a previous study using a portable 
dynamometer reported that an average of 5 ± 2 sessions 
was required before a plateau was established in rec-
reational athletes (Morton et al., 2005). Additionally, 
although this protocol has previously proved reliable 
and resistant to learning effects in untrained participants 
(Toonstra & Mattacola, 2013) our results may emphasize 
the need to consider the population-specific nature of 
reliability data (Di Fabio, 1999). 

Whilst jump performance demonstrated a high 
degree of both between-session and intra-session 
reliability, this measure was not impaired by randori. As 
previous research suggests that movements involving 
the stretch-shortening cycle may be less affected by 
EIMD (Byrne & Eston, 2002), it is therefore unclear if 
this finding reflects a lack of meaningful neuromuscular 
impairment, or the insensitivity of this particular 
measure. This phenomenon may also have accentuated 
the learning effects observed for bench-press velocity. 
Although declines in grip strength are indicative of 
EIMD in the forearm, damage in other muscle groups 
was unclear. However, observed learning effects and 
the resilience of particular measures to EIMD may have 
obscured low levels of muscle damage. Future research 
is required to establish reliable, judo-specific tests of 
muscle function that are sensitive to EIMD in elite judoka. 

Limitations 

Whilst compression was perceived as significantly more 
effective for recovery than placebo, the absence of any 
other effects may simply suggest that blinding was 
ineffective. This represents a major limitation to the 
current study. Additionally, it is possible that training 
status may have differed between trials conducted at 
different points in the year, although any such variation 
had no effect on either grip or jump performance. Fur-
thermore, logistical constraints prevented the collection 
of post-exercise measures after the first day of ONST. As 
post-exercise strength loss is a valid indicator of the 
severity of EIMD (Paulsen et al., 2012), such information 
may have helped better characterize fatigue. It was also 
not possible to directly quantify training load in this elite 
sport setting. As the sample was limited to elite judoka, 
the necessarily small sample size represents another 
important limitation. 

Conclusion 

Custom-fitted CG worn between bouts of randori were 
perceived as effective for recovery in elite judoka. 
However, no other outcome measures were influenced 
by compression. Accordingly, individual athletes would 
be advised to monitor performance responses while 
using CG to ascertain whether perceptual benefits of 
compression effectively translate to functional recovery. 
Future work should investigate the use of CG in this popu-
lation for the recovery of habitually used tests of muscle 
function, or following thorough familiarization on at 
least five occasions. Further research is required to ident-
ify reliable, valid, and meaningful sports-specific tests 
that are sensitive to muscle damage in elite judoka. 
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