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Abstract

Background:Adequate recovery from exercise is essential to maintain performance throughout training and
competition. While compression garments (CG) have been demonstrated to accelerate recovery, the literature is

clouded by conflicting results and uncertainty over optimal conditions of use.

Objectives:A metaanalysiswas conducted to assede effects of compression garmentstba recoveryof
strength power and endurangerformancdollowing an initial bout ofresistance, running, aronload bearing

endurace (metabolic) exercise

Methods:Changescore data were extracted from@&Srreviewedstudieson healthy participant®kecovery \as
guantifiedby converting intastandardeed mean effect sizd&S [+ 95%confidence interval (C]). The effects
of time (02 h,2-8 h, 24 h, >24 h), pressure " PP+J 9V ! PP+J DQG WUDLQLQJ VWDW

untrained) weralsoassessed.

Results:Compression garments demonstrasetall very likely benefits § < 0.001 ES =0.38[95% CI0.25,
0.51)), which were not influenced by pressune £ 0.06) or training statusp(= 0.64). Strengthrecovery was
subject to greater benefits than other outcofpes0.001,ES =0.62 P5% CI10.39, 0.84), displaying large, very
likely benefits at 8h (p < 0.001, ES 4.14 P5% CI10.72, 1.56] and >24 h £ <0.001, ES =1.03 P5% Cl0.48,
1.57). Recoveryfrom using G5 wasgreatet following resistance exercigp < 0.001, ES 0.49 P5% CI0.37,
0.61), demonstratinghe largest, very likely benefitsat > 24 h p < 0.001, ES = 1.3[95% CI10.80, 1.85].
Recoveryfrom metabolic exercisgp = 0.01) was significantlthoughlarge,very likely benefitsemergedonly
for cycling performance &4 hpostexercisgp = 0.01, ES= 1.05 P5% C10.25, 1.85].

Conclusion: The largest benefits resulting from CG f@retrengthrecovery from 28 h, and 24 h. Considering
exercisemodality, compression most effectively enhanced recovery from resistance expactgailarly at time

points >24 h.The use of CGvould also be recommended to enhance-daxytcycling performancé& he benefits

of CG in relation to applied pressures and participant training status are unclear and limited by the paucity of

reported data.
Key Points
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1. Introduction
1.1 Background

Establishingeffective recovery methods for elite athleieessentiain order to increasthe likelihood of victory
andto maintain training intensity in the face of ever improving perforeeaand increasing training loafis, 2].
While maintaining a high volume and intensity of training is necessary for optimising training adajgition
athleteanustalsoaim topreservecompetitiveperformancehroughouimultiple weekly [4], or everdaily contests

[5]. In shat, ahletes who recover faster are likelygerform betteand train hardef6].

Recent years have seen the emergence of a number of interventions aimed at accelerating recovery, including cold
water immersiotj7], contrast bathing8], and compression garmef®. However, recovery demands following

training are highly specific to the intensity, duration and modality of exdibi§eFor example, whereas cycling
performance is limited by metabolite accumulation and substrate degletipit is also subject to relatively low

levels of muscle damagi comparison to load bearing exercj4€]. Such specificity may in part explain the
conflicting evidence surrounding many emerging recovery interventions, as the damage incurred by different
adivities will require distinct physiological processes for regenerdfi8h Proper consideration of boéxercise
modalityandsubsequent performance outcome is therefore integtakefficacy of any recovery stratedytO,

13].

In particular, he use otompression garment€G) for recoveryhas beernhe subject of much speculatiomer

the physiological mechanisnresponsible[9, 14]. Compression has been proposed to prevent performance
deteriomtionand improve recoverly accelerating nutrient delivef{5, 16]and metablite removal[17, 18] as

well by ameliording postexerciseoedemagdelayed onset muscle soreness (DOMS), mndcle damag§l9].

More importantly, suclphysiologicabenefits tarecoveryare frequently observed alongside accelerated recovery
of muscular powef20], strength[21, 22] and enduranceAs athletic performance is a composite of many
physiological and psychological factors, ipisssiblethat CG aid recovery on a number of levélse of the most
thoroughly investigated mechanisms for the benefit€Gf[16, 19, 21]is the potential of such garments to
minimise the symptoms ofhe exerciseinduced musclelamage (EIMD)which typically occurs as a result of
unaccustomed or eccentric exercj28]. Whilst eccentric exercisés beneficial for training powej24, 25]
strengthandhypertrophy[26], such exercise is extremely damagiSgrengthproduction may be impairedr up

to 10 dayq27, 28] while EIMD is also associated with both swellingldOMS whichtypically peak between

36 and 48 i19]. Furthermore, as any lodmbaring exercise will iluceEIMD due to the inherent eccentric nature

of running[12], muscle dmage is an inescapable part of training for the majority of athletes.

Whilst the mechanisms behinthe recovery benefitef CG are still unclear, the application of external
compression is known to influence several areas of haemodynamic and cellcianfi2®]. In a dinical setting

CG have been shown to compress dilated veamsl reduce venous reflux &mhance venous retuamd reduce

oedemd30]. 7KLY DOVR LQFUHDVHYV 3PXVFOH [SH.RSMie RetharisrhbyddeMéH EORRG



the benefits of CG in an exercise setting. For example, enhanced recostgngth and power performanise
frequentlyreported alongsideeduced levels obedemd19]. While the successful management of oedema helps

to reduceDOMS and increase mobilitj16], this effect may alsoattenuate the progression of muscle damage.

Fluid accumulatiorin muscle tissue increas@smotic pressure and subsequent cell [Bd§ while CG have

been shown to reduce cellular trauma alongside swelB0g 32] Reductionsin circulating levels of the
intramusculaprotein creatine kinase (Ckye frequently reportedthenCG areworn following exercisg19, 20,

33]. Haemodynamic effects of C@ave also been postulated to aatoveryby enhancinglevels of nutrient
delivery[15, 16]and metabolite remov§s4, 35] Accordingly, dservation®f reduced muscle damage following
postexercise compression have been suggested to reflect enhanced cellular regeneration and protein synthesis
[16] made possible by enhanced circulafibn].

Despite the prevailing conssus shifting in favour o€G as a recovery aif, 22, 36] recent reviews highlight
inconsistent and variable resu[®, 14, 34, 37] For example, le recovery of strengthas beerfrequently
improved by CG at timepoints over 24 hyith reported benefits oveontrolsconsistently ranginffom between

5% and 10949, 19, 21, 34, 3B ConverselyCG wereassociated witimpaired recovery oficceleratior(2.5%)
compared with controldollowing a three day basketball tournamern6], while recent reviews suggest
compression confers only trivial effects on recovery from run[8ig39] These discrepancies dileely due to

the specific nature opostexerciserecovery demandarising fromdistinct exercisechallenges andubsequent
performancemeasure$l?2]. Variationin the populationsstudiedmay also influence the efficacy of &4, 40]

EIMD is known to elicit protective neurophysiological adaptations that reduce the damage arising from
subsequent boufd1]. Thisphenomenon has been termegeated bout effeeindhas been seen to last at least

six months in untrained participar{#0], becoming less pronounced as tolerance to EIMD ikg®dn line with
training statug41]. Training history may thereformfluence the efficacy of CGIn addition, \ariation in the
duration of CG applicationyhether CG are worn during and after, or after exercise asiyell & theassssment

of recovery at diffeenttime-points all continue toREVW U XFW U H V H D U Fdetihitivé §orizlediond W\ WR G
[14, 34, 39]

As compression garments are defined by the capacity to provide external pressure to the bodji4lrface
could be argued that controlling for exerted pressure is the foremost priority for making any firm conclusions on
efficacy.Many clinical benefits of CG appear to be proportional to the pressure they exert, from reducing swelling
[29, 42]to augmeting bloodflow [43]. However,many studies haveeglected to report the pressures applied by
CG[22], have calculated pressures by indinactdelling techniquefl 9], estima¢d pressurefrom manufacturer
recommendationf83] or have cited pressures measured in grials [44]. These inconsistencies have prevented
definitive conclusions being made the effects of CG pressure on recov§dy, 39]as indirect measuregould

likely beinaccurategiven the wide variatioarising fromanthropometric differencgd5]. As a resultpff-the-

shelf garmentfitted according to the height anthss ofin individualare unlikely to fit correctlyTherelationship

betweerthe pressuregxerted by C@nd theensuingrecoverybenefitshas yet to be elucidated.



1.2 Objectives
The aim of this analysis was systematically review the effects©6G forexercise recoveryn relation to
exercise modalitysubsequent performance outcormntbe,duration and timing of CG applicatigrarticipant

training statusind applied pressure

2. Methods

2.1Literature Search

Randomised controlled trials (RCTs) on the use of CGpfformancerecoveryin healthy humanswere
identified following a search of academic datsdma using the following termg{compression garmer®R
compressiontights OR compressionstockings OR tights OR stockings OR garments)AND recovery AND
(exerciseOR EIMD OR performanceOR recoveryOR sportOR athlete)).The databasesP®RTDiscus, Web of
Scienceand PubMed were used to identify academic papers (written in Engfisim), the start of records until
May 2016 Relevant papers were used for reference and citation sear€mhgarticles from peereviewed
academic journals were ilncled Resuts were alsoscreened withuse of theWeb of Science filters for
fategories (biochemical research metho@® biochemistryOR molecular biologyOR biology OR physiology
OR applied chemistryOR materials scienc®R biomaterialsOR sport science®R engineering (biomedicgl)

AND ¥esearch aredgsport science®R life scienceOR biomedicineOR biochemistryOR molecular biology.

Initial database search
(n=1318)

Removal of duplicates and use of
search filters (n = 820)

Studies screened for
eligibility (n = 498)

Titles and abstracts screened for
inclusion/exclusion criteria
(n=472)

Studies screened for
eligibility (n = 26)

Full text screened for inclusion/
exclusion criteria (n = 7)

Results obtained from
reference/citation Studies excluded due to:
searching (n=4)

Lack of maximal performance
test (n=3)

Lack of change-score data (n = 3)

23 studies included in review
Lack of randomisation (n=1)

Figure 1. Schematic of study selection, from initial search to included studies

2.2 Outcomevariables



Changes fronbbaseline scoresereextracted fromtsidiesthatassessed the effects of &l types)compared to
a control conditioron the recovery ofmaximal physical performance following exercistandardized mean
effect sizes (ESyere calculated from the diffemees in prgpost change scores between CG and control groups,
using the standard deviation of these changes\(&R Accepted performance outcomes inclddlee following;
strengthpower,andendurance. Power outcomesd to measure the rate at which force was appliedhanefore
included jump height, sprint speed/time, avattage from forcelynamometryrotocols Endurance performance
however, was defined as any continumeasureadutcome vhich surpasset min durationand would be limited
by aerobic capacitybgelow whch outcomes were classified pswel). Strengthmeasuresnust have reported
performance in units of mass, whtgr force, and included foraynamometryas well as total and maximum
loads lifted inresistance protocalsTo differentiate between triaBsssessingecovery and performance, only
studies that featured a temporal separation between an initial damaging intervention and suberégueahpe
tests were includedzor example bouts ofrepeded sprinting or resistance exercise tfegtured rests between
sets met oucriteria if CG were worn throughout recovery periods

2.3Inclusion and exclusion criteria

Studies that did not yield changeore data were excluded from the analyBifals were excludedf CG were

used in combination with an additional treatment (e.g. nutritional supplements), and if CG were not worn during
or immediately after exercise (withitwo hours). Studies were therefore excluded if CG were worn only
throughout exelise and subsequently removed beftive recovery period. Studies difnical populations were

excluded, as were studies that failed to provide sufficient data for the analysis of effect size.

2.4 Data collection and risk of bias assessment

Change scores were extracted or calculated from selected swMiiereinsufficient raw datavere reported,

these wergequested from corresponding authors or extrapolated from figures after digital magnification. In
accordance with current guidelines fmnducting metanalyse446], where Shhangewas not available, values
were calalated using a correlation coefficient derived from studies which provided sufficien38atéd, 47]
Results were assesseith the P statistic quantifying the percentage of variability in ES from heterogeneity,
rather than chandd8]. This was used to guide subsequent subgroup ana¥ysksof biagFigure 2)was reported

in accordance with current consenftg.

2.5 Stratification of studies

Studies werecategorisednto threegroups according to the characteristics of the exercise used pribe oG
recovery interventionThe stratificationwas guided by the results of previous research, noting differences in
recovery demands between higitensity sports and labased eccentricainage protocol§7]. Accordingly,
paperswere groupednto studies orresistance exercise (defined as those which specifically targaiedle
damage with resistan¢mining force dynamomety or drop-jumps),running and metabolic exercise protocols

(defined as noioad bearing endurance exergisgich includedcycling or skiingergometry) Subsequently,



results were also analysed according to performance measures, being dividégmgfi power and endurance
outcomes Furthermore, the relative benefits of CG were assessed in relation to thpofithef subsequent
testing, results beingroupedinto those taken &-2 h, 2-8 h, 24 h, and > 24 hAdditionally, the influence of
pressure on recovery was assessed by grouping studies intavtiioseapplieda (directly measuredninimum

of 15 mmHg at the thigh, or thosehich utilisedlooser fitting garmentsThislevel of compressiopressure is
required for enhanced venous ret{d3]. Finally, studies were also grouped according to participant training
staus, trained intviduals being defined as those regularly competing in a given sport, belonging to a sports club,
or thoseregularly exercising threer more times per weeRarticipants were classified as untrained if described

as such by the authdrk9, 49] or were inexperienced in the exercise modality that stadied50, 51]
2.6 Statistical analysis

Data were analysed usitige RevMarstatistical software packageersion 5.0, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2pRtB]) Standarized mean effect sizes and 9586énfidence
intervals (C) were reported as (H&ECL, UCL]), whereLCL and UCL reprsent the lower and upper 95%
confidence limitsespectively Subgroupdifferenceswerepresented ag valueswith $ scoreswhile the
likelihood of independent resgtwerepresentedsp values alongside correspondirascores. The threshold
values forstandardizedF KD QJHV ZH U H @\(triviRip &4 dmall), >0.5 (moderate), $.8 (large),
where 0.2was taken to represent the smallest worthwhile eff]t Settingthe threshold for statistical
significance ap = 0.05 changes were deemed very likely beneficial ifab& confidence intervatlearedthe
threshold for the smallest worthwhile charjg6, 52] Effects weradeemedunlikely beneficial if the 95%CI

extendedacrosghe thresbld for the smallest worthwhilehangp.

3. Results

3.1 Summary

In total, 136 datapoints from23 studieswere included in the analysis of the effect of CG over tffirable 1
Figure 1. These spanned from 1995 to 80&nd included a total 848 participantg256 males and 92 fema)es
Trials featured the use of graduated tightk tfials, 149 participanktsstockingqtwo trials, 40 participantsknee
sockgcalf sleeves (twdrials, 44 participants)arm sleevegfour trials, 71 participants)whole bodygarments
(threetrials, 34 participantsland asleeved togonetrial, 10 participants)After omitting anthropometric data
from onestudy which reported insufficient results, the mean age andimadg of the articipants were 3@6y
and 72.2t 8.4 kg, respectivelyThese data wer@so used to compaemdquantifythe effects of CGor different
performance outcomesxercisemodalities and participant training statué significant(p < 0.001,z = 553),
smalland very likelybenefcial effectof compressioron recovery wabserved wherwompared ta control
group(ES =0.38 P5% C10.25, 0.51). Risk of bias is indicated in Figure 2.



Free from bias relating to:

Other bias | | [
Selective reporting | -

Missing data
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— EN
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Figure 2. Risk of bias analysis according to Cochrane Collaboration guidéfi6gs



Table 1.Details of studies included in the metaalysis

Study Subjects® Design Protocol Exercise Minimum Garments  Performance test Performance Time-points
modality pressure outcome
(mmHg)®¢
Ali et al. 2007[53] 14 recreational male runners (22 + Crossover MSFT Running 18  GT MSFT Endurance 1h
ly) RCT
Armstrong et al. 201{4] 33 recreational marathon runners  Parallel Marahon Running 30" KS 9, QFUHPHQWDO WL Endurance 14d
(23 males, 10 females, 39+ 7y) RCT
Bieuzen et al. 20117] 11 highly trained male runners (35 Crossover Simulated trail races (15.6 km  Running 25 CS MVCines CMJ Strength, 1h,24h,48h
+10vy) RCT with 6.6 km hills) power
Born et al. 201455] 12 competitive female athletes (25 Crossover 30 x 30 m sprints (1.mib Running 18.3' GT ;6 S Utim®: B0x 30m3° min Power 10 min, 20 min,
+3y) RCT (1.min?) 30 min
Davies et al. 200883] 11 basketball and netball players ( Crossover 5 x 20 dropgiumps Running 15 GT Sprinttime: 5m, 10 m, 20 m;  Power 48 h
males, 7 females, 22 + 9y) RCT CMJ
Duffield and Portus 2007 10 physically fit, male, clutevel Crossover Sprints (30 x 20 m, with 1 min Running Not state WB Sprint time: 10m; throwing Power 0, 10 min, 20
[56] cricket players (22 + 3 y) RCT jogging) distance min, 24 h
Duffield et al. 200457] 14 male rugby playerd9 + 1y) Crossover 2 x consecutive days of simulate Running Not statefl GT Sprinttime: 5x20 m (25 m Power 24 h
RCT games (80 min sprint and agility recovery jog); PRum
circuit)
Duffield et al. 201(58] 11 male rugby players (21 + 3y)  Crossover 10 x 20 m sprints and 100 x DL Running 10f GT Sprint time: 10 x 20 m; Power 0,2h,24h
RCT bounds 100 x DL bounds;
MVCknee
Hill et al. 2014[21] 24 recreational marathon runners Parallel Marathon Running 9.9 GT MVCinee Strength 0,24 h, 48 h,
(17 males, 7 females, 44+ 11y) RCT 72 h
Montgomery et al. 20085] 29 male basketball players (19 + 2 Parallel 3 day basketball tournament Running 18f GS 6SULQW WLPH?2" Power 24 h,48h,72h
y) RCT CMJ
Pruscino et al. 201{%9] 8 highly trained male fieldhockey ~ Crossover 75 min match simulation exercis Running 4.8 GT 903 &0- " squat jump Power 1h,24h,48h
players (22 + 2 y) RCT protocol (LIST)
Rugg et al. 201860] 14 competitive runners (8 males, € Crossover 15 min run (incremental: 50%, Running Not statedl GT 9&0- Power 15 min
females, 28 + 14 y) RCT 70%, 85% HRR)
Carling et al. 199%60] 23 healthy, untrained college Parallel 70 x MVCECGipow Resistance 17t AS MVC eibow Strength 10 min, 24 h,
students (7 males, 16 females, 26 RCT 48 h,72h
4y)
Cerquiera et al. 201/51] 13 untrained young malg21 + 1 Parallel 30 x MVCECGpow Resistance Not statefl AS MVC eipow Strength 24 h, 48 h, 72 h,
y) RCT 96 h
Goto and Morishima 2014 9 strength trained male recreation: Crossover 35x10 @ 70% 1RM for 9 Resistance Not stated WB 9%HQFK SUHWY Strength 1h,3h,5h,8h,
[22] athletes (21 + 1) RCT (whole body) exercises 909 &N 24h



Jakeman et al. 20188] 17 physically active females (21 + Parallel 10 x 10 drogumps Resistance 14.9° GT 96 T X D WM - Xep°g Strength, 1h,24h,48h,
2y) RCT 9 & (0'eh power 72h,96 h

90&91et924h'48h'72h'96h

Kraemer et al. 200[19] 15 healthy, untrained males (22 + Paired 2 x 50 bicep curls (MVCECGow  Resistance 10" AS 90 9 oM 728 Strength, 24h,48h,72h
y) parallel every 4% 3 min rest) 9 & MVC o2t M 481 721 power
RCT
Kraemer et al. 200[49] 20 untrained females (21 +3y)  Parallel 2 x 50 bicep curls (MVCECG.» Resistance 10¢F  wB 90 9 oM 72N 96 Strength, 24 h,48h,72h,
RCT every 4% 3 min rest), isometric 9 & MVCjpeyi'® N 721961 power 96 h
hold
Martorelli et al. 201561] 15 resistance trained men (23 £ 4 Cros®ver 6 x 6 bench press @50% 1RM, Resistance Not statefl AS MPhench Power 2min30s,5
RCT min rest (6 x 6 @50% 1RM); min, 7 min 30 s,
MVCpencn 10 min, 12 min
30 s, 30 min
Argus 201262] 11 highly trained male cyclists (39 Crossover 3 x 30 s sprints (20 min rest) Metabolic 18%¢ GS Sprint power: 3 x 30 s (30 min  Power 30 min
+7y) RCT rest)
de Glanville and Hamlin 14 trained multisport male athletes Crossover 40 km TT Metabolic 6% GT ;o NP 77 Endurance 24 h
2012[35] (20 £ 2Yy) RCT
Driller and Halson 20184] 10 highlytrained male cyclists (31 Crossover 30 min cycling (15min @70% Metabolic 11.8 GT MP15minTT Endurance 1h
+6Y) RCT PPO, 15min TT)
Sperlich et al. 201f63] 10 welttrained male athletes (25 + Crossover Sprinty (3 x 3 min) Metabolic 949 ST Sprinty (3 x 3 min, Endurance 18 min
4y) RCT 3 min rest (MP) 3 min rest)

D $00 SDUWLFLSDQWY FDWHJRULVHG DV pXQWUDLQHGYT LQ VXEVHTNVAHQ®YW D CCFAXY YN TODEE® QO WE&E N WHXVFK H /& O FDWMKHHI &
b Age data are meanSD

¢ Minimum pressure applied by garments (or pressure given at the thigh if minimum pressure not recorded).

d Pressure measured directly.

e Pressure applied after exercise.

f Target/modelled pressure.

g Pressure applied during and after exercise.

MSFT = multistage fitness test; RM = repetition maximum; Resistance = resistance exercise with eccentric component; Metabolic sutardixeeasse with minimal eccentric component;

MV Cknee= maximal voluntary contraction knee flexion; MVCE&iew = maximal eccentric voluntary contraction elbow flexion; Mdw= maximal voluntary contraction elbow flexion;

MV Crench= maximal voluntary contraction bench press; spaintskiing ergometer sprint; BlRm= peak scrunpower; Bk = peak power; RCT = ralomised controlled trial; TTE = graduated

time to exhaustion test (treadmill); TT = time trial; DL = double leg; PPO = peak smsjgut; LIST = Loughborough intermittent shuttle test, CMJ = countermovement jump, HRR = heart
rate reserve, MP = mean powBPrench= mean power bench press; PMS = perceived misstkeness; GT = graduated tights; GS = graduated stockings; KS = knee socks/calf sleeves; AS =
DUP VOHHYHV % ZKROH ERG\ JDUPHQWV 67 VOHHYH®QWRS 9 6LJQLILFDQW GG FUHDN5).URPadeiRdP Sddridbyasl R Q
are related to units of measurement, with an increase in time to exhaustion, power, strength or jump height indicatiigoenfiouance. Decreases in sprint timesnoe tirial times

indicate improved performance.



3.2 Analysis of pressure

Three studies were identified in the high pressuregrapplying pressures from 418.3 mmHg[53, 55, 62]
while five studies[21, 35, 44, 59, 63leported directly measuring presssi < 15 mmHg (4-81.8 mmHg).No
effect of compressiepressuren the magnitude of recovery was apparent following extraction of 24pdatts
from theeightidentified studies which took direct measurements at the garskeminterface § = 0.06, $ =
3.46).This trend towards improved recovery favoured the lower pressure (ES8up0.16 P5% CI-0.06, 0.38]
in comparison to trials applying greater pressures (H528 P5% CI1-0.70, 0.13]).

3.3Training status

No significant difference was found between the effects of CG on the recovery of trained and untrained
participants across all tim@oints, considering all exerciseodalitiesand performance outcomgs% 0.64, $=

0.21). Subgroup analysigesulted in naneaningfulreduction ofheterogeneityl? values o0f66% and 8% for

trained and untraingghrticipantgespectively, compared t&% for thecombinedgroup Both trained§ < 0.00],
z=484) and untrained populationp € 0.007, z= 2.70) experienced significant benefits from CG on recovery.
However, whilst thesmallbenefits of CG were very likely beneficial for trained participaassdemonstrated by

the 95%CI failing to transect the threshold for the smallest worthwhile efiegt=0.37 [95% CI10.22, 0.51]),

this was not the case for untraineatticipantdES = 0.45 §5% CI10.12, 0.78]).

3.4 Time-point analysis

When all performance measures were consideredm€@iated recovery was significantly influencedthme-
point(p < 0.001, $=31.6). This was reflected in reduced heterogeneityiae of the foutime-periods analysed
with 12 values 0f0%, 0%, &%, 82% beingreported for the @ h, 28 h, 24 h and 24 h timepoints respectively
compared t®6% for the combined groupVhilst recovery was significantly enhanced by CG at each-tiara
(Figures 3-5), effects werdrivial and unlikely beneficiaat 02 h (p = 0.01,z= 2.52; ES = 0.1495% CI0.03,
0.24]). However, later timpoints were subject tsignificant(moderate and largeffects including 28 h (p <
0.001 z=533 ES =1.14 P5% CI0.72, 1.56}, 24 h =0.003, z=2.97, ES =0.49 P5% CI0.17, 0.82) and >
24 h £ <0.001,z=4.14 ES =0.76 P5% CI10.40, 1.12).



Figure 3. Forest plot illustrating the effects of compression garments (CG) compared to control on all measures of recovery

at 0-2 h. The results represent part of a comparison with 224 h and > 24 h timgoints and have been weighted accordingly.

Square boxegepresent the standardized mean effect for each study, with lines demonstrating 95% confidence intervals. A
diamond represents the overall standardized mean effect. Resistance = resistance exercise with eccentric component; Metabolic
= cardiovascular exeige with minimal eccentric component; 0 = pesercise; MSFT = mulstage fithess test; MVC =

maximal voluntary contraction; knee = knee extension; elbow = elbow flexion; ham = hamstring flexion; pk = peak; CMJ =
countermovement jump; TT: time trial; RBFum = peak scrunpower; bench = bench press; ski = skiing ergometer; Cl =
confidence interval



Figure 4. Forest plot illustrating the effects of compression garments (CG) compared to control on all measures of recovery
at 28 h and 24 h. The results represent part of a comparison i@ 24 h timgoints and have been weighted

accordingly. Square boxespresent the standardized mean effect for each study, with lines demonstrating 95% confidence
intervals. A diamond represents the overall standardized mean effect. Resistance = resistance exercise with eccentric
component; Metabolic = cardiovascular exseavith minimal eccentric component; 0 = pesgercise; MVC = maximal

voluntary contraction; knee = knee extension; elbow = elbow flexion; ham = hamstring flexion; throw = maximal throwing
distance; CMJ = countenovement jump; TT: time trial; REum= peak scrurrpower; bench = bench press; CI = confidence
interval



Figure 5. Forest plot illustrating the effects of compression garments (CG) compared to control on all performance
measures of recovery at > 24 h. The results represent part of a compariso2 w2t B and 24 h timgoints and have

been weighted accordingly. Saye boxes represent the standardized mean effect for each study, with lines demonstrating
95% confidence intervals. A diamond represents the overall standardized mean effect. Resistance = resistance exercise with
eccentric component; 0 = pesstercise; MVC= maximal voluntary contraction; knee = knee extension; elbow = elbow

flexion; acc = average acceleration; CMJ = countevement jump; Cl = confidence interval; TTE = graduated time to
exhaustion test (treadmill); 505 = agility test; CCT = (basketballytccoverage time; LD = (basketball) line drill; pre =-pre

match; post = pognatch



3.5 The Effects ofcompression garmentn recoveryoutcomes

The magnitude of C@nediated recoverwas significantly differentg = 0.08, $ = 6.94) betweerperformance
outcomes gtrength, power and enduranadtigures6-8). Accordingly, P values were smaller itwo of three
subgroups gtrength= 64%, power= 66%, endurance= 22%) compared to the total groug=166%). Strength
recovery was subject to the largest benefits from £& @.001, z = 5.30), which were moderate in magnitude
and very likely beneficial (ES 9.62 P5% CI0.39, 0.84). The effects of CG orstrengthrecoverywere
significantly greater tharon power overall time-points (p = 0.008, $ = 6.93. No other differences between
outcomes were apparemtnalysis ofstrengttrecovery at different times revealed significgnt(0.001, z= 5.33)
large very likely beneficial effects at-8 h (ES =1.14 P5% CI0.72, 1.56] and >24h (p <0.00L, z= 3.70, ES
=1.03 P5% Cl10.48, 1.57).

The effectsof CG on power recovergFigure 7)were significantacross all timeoints(p = 0.0, z = 2.64),
althoughthe smalleffectwas not very likelyto represent a worthwhile benefiS =0.23 [95% CI10.06, 0.4]).
Significantbut not very likelybenefitsfrom CG onthe recovery opowerwere demonstrateohly at > 24 hif =
0.02,z=2.31, ES = 0.5995% CI10.09, 1.10)).

The recovery of endurance performameer all timepoints,following all exercise challengein€luding both
running and metabolic exerc)sevas also significantly improvedith the use of Cp = 0.04, z = 2.04).
Enduranceaecoverywas subject to smaliut not very likely benefits from C@&S =0.39 P5% CI10.02, 0.77]+
Figure8). A significant(p = 0.01,z = 2.58) largeand very likelybeneficial effect was apparentzt h (ES =
1.05 P5% CI10.25, 1.85]}, with no effecs at either 62 h or >24 h.



Figure 6. Forest plot illustrating the effects of compression garments (CG) compared to control on strength recovery at all
time points. The results represent part of a comparison with power and endurance performance and have been weighted
accordingly. Square boxes represent the standardized mean effect for each study, with lines demonstrating 95% confidence
intervals. A diamond represents the overall standardized mean effect. Resistance = resistance exercise with eccentric
component; 0 = mkexercise; MVC = maximal voluntary contraction; knee = knee extension; elbow = elbow flexion; ham =
hamstring flexion; bench = bench press; CMJ = coumi@vement jump



Figure 7. Forest plot illustrating the effects of compression garments (CG) compared to control on power recovery at all
time points. The results represent part of a comparison with strength and endurance performance and are weighted
accordingly. Square boxes repeasthe standardized mean effect for each study, with lines demonstrating 95% confidence
intervals. A diamond represents the overall standardized mean effect. Resistance = resistance exercise with eccentric
component; 0 = postxercise; MVC = maximal voluary contraction; knee = knee extension; elbow = elbow flexion; bench
= bench press; CMJ = cournerovement jump; CCT = (basketball) court coverage time; LD = (basketball) line drill; pre =
prematch; post = poshatch; pk = peak; acc = acceleration; 50&giity test; throw = maximal throwing distance;sBfh

= peak scrunpower; bound = double leg bound



Figure 8. Forest plot illustrating the effects of compression garments (CG) compared to controls on recovery of endurance
performance at all timpoints. The results represent part of a comparison with strength and power performance and have
been weighted accordingly. Square boxes represent the standardized mean effect for each study, with lines demonstrating
95% confidence intervals. A diamond repents the overall standardized mean effect. Metabolic = cardiovascular exercise
with minimal eccentric component; 0 = p@stercise; TT = time trial; TTE = graduated time to exhaustion trial (treadmill);

ski = skiing ergometer

3.6 The benefits of CG fordifferent types of damaging exercise

There was a significant effect of exercimedality on the effects of CG over all timgoints (Figure®-11), for
all measure®f recovery p < 0.001, $ =28.6). Heterogeneityas shown by the ktatistic,was lower intwo of
thethreesubgroupsresistance=s 79%, running= 0%, metabolic= 0%) comparedo the combined datset (2 =
66%). Recoveryfrom resistance exercigeigure9) was subject to the greatest effed$ (=0.49 P5% CI0.37,
0.61)), which although smallwere very likely beneficial andignificant(p < 0.001, z = 8.0). Analysing the
resistance exerciggoup separately revealéarge very likely (ES =1.14 P5% CI10.72, 1.56}, and significant
(p < 0.001 z=5.33) benefits at B h, as well as a?4 h  =0.004,z=2.92,ES = 1.1095% CI10.36, 1.83) and
>24 h <0.00, z=4.97, ES =1.33 [95% CI10.80, 1.85]. In contrast, the impact of CG on recovery was
insignificant @ = 023, z = 1.20), trivial, andunlikely following running (ES = 0.@ [95% CI-0.04, 0.17]).
Accordingly, the effects on CG on recovery were significantly greater folloveisigtance exercismmpared to
running(p < 0.001, $=27.6).

The recovery of endurance performance followingtabolically challengingnonload-bearing)exercisewas
subject to significanty= 0.01,z= 2.49 benefits from CG. However, thes@deratebenefits werainlikely (ES
=0.44 P5% CI0.09, 0.79). When analysethdependetty, the effects of CG on recovery frametabolic exercise
were significant only at the 24 h tismint (p = 0.01,z= 2.58). Thiseffectwas large and very likely beneficial
(ES= 1.0595% Cl0.25, 1.85]).



Figure 9. Forest plot illustrating the effects compression garments (CG) compared to control on all recovery measures
following resistance exercise at all time points. The results represent part of a comparison with runningy@amaimgpn
endurance (metabolic) exercise challenges, and have béghtedeaccordingly. Square boxes represent the standardized
mean effect for each study, with lines demonstrating 95% confidence intervals. A diamond represents the overall



standardized mean effect. MVC = maximal voluntary contraction; 0 =ep@stise; kee = knee extension; elbow = elbow
flexion; bench = bench press; CMJ = couat@mvement jump; pk = peak; 505 = agility test

Figure 10.Forest plot illustrating the effects of compression garments (CG) compared to control on all recovery measures
following runningbased exercise at all time points. The results represent part of a comparison with eccentric exercise and
nonrunning endurancexercise challenges, and have been weighted accordingly. Square boxes represent the standardized
mean effect for each study, with lines demonstrating 95% confidence intervals. A diamond represents the overall
standardized mean effect. 0 = postexerciseEFWMS multistage fitness test; MVC = maximal voluntary contraction; knee =
knee extension; ham = hamstring flexion; CMJ = countevement jump; TTE = graduated time to exhaustion trial



(treadmill); PRerum= peak scrunrpower; LD = (basketball) line drilliCCT = (basketball) court coverage time; acc =
acceleration; throw = maximal throwing distance; bound = double leg bound; prevafute; post = posnatch

Figure 11.Forest plot illustrating the effects of compression garments (CG) compared to controls on all recovery measures
following metabolic (norrunning endurance) exercise at all time points. The results represent part of a comparison with
runningbased and regence exercise, and have been weighted accordingly. Square boxes represent the standardized mean
effect for each study, with lines demonstrating 95% confidence intervals. A diamond represents the overall standardized
mean effect. 0 = postexercise; TT =dimial; ski = skiing ergometer

Figure 12.A comparison of the effects of compression garments with controls on all measures of performance recovery at

all time-points.Columns represent the standardized mean effect at each time point, with errenhbamstdating 95%

confidence intervals (CI).7KH WKUHVKROG YDOXHV IRU VWDQGDUGL]HG FKDQJHV ZHUH DV
(moderate), > 0.8 (large). Effects were deemed very likely if the 95% CI did not cross below the thregheldrfailest

worthwhile effect (filled columns with solid borders). Transparent columns without borders indicate that the 95% CI

transected the threshold for the smallest worthwhile effect. Cl = confidence interval



Figure 13.A comparison of the effectsf compression garments with controls on recovery from all exercise challenges at

all time-points. Columns represent the standardized mean effect at each time point, with error bars demonstrating 95%

confidence intervals (Cl)The threshold values for SaGDUGL]J]HG FKDQJHV ZHUH DV IROORZV " wuL®
(moderate), > 0.8 (large). Effects were deemed very likely if the 95% CI did not cross below the threshold for the smallest
worthwhile effect (filled columns with solid borders). Traagent columns without borders indicated that the 95% CI

transected the threshold for the smallest worthwhile effect. Metabolic = cardiovascular exercise with minimal eccentric

component; resistance = resistance training or-flnoyps

4. Discussion

This metaanalysis, which included36 datapoints from 23 studies, is the first to evaluate the effects of CG in
relation to performance outcomes, exercise challenges, training status and recovppijritmis findings may

help inform practice by iddifying the optimal conditions under which CG may aid recoverysummary, CG

would seento bemost effective for recovery from resistance exercise paitd to strength performance. Large,

very likely benefits were demonstrated in these conditions,edisasw br nextday cycling perfomance The

benefits of CG in relation to applied pressures and participant training status are unclear and limited by the paucity

of reported data.

4.1 Performance Outcomes

Thesedatademonstrate that Céxert a preferential effect ostrengthrecovery. Whilst previous analyses have
reporteda tendency for CG to exert greater relative effectpmmerrecovery[9, 64], these analyses were less
extensive. Hillet al.[21] reporteda tendency towardsirger effects for power recoveppmpared tcstrength
following theanalysis of17 power outcomes frosix studies and 16 strengtiutcomedrom five studies (a total

of eightstudies and 33 dataoints). Similarly, Marquedimenez et a[64] recently reportec tendency towards



comparativelygreater effects on power recovery after analysingg@@er outcomes frorfive studies and 45
strengthoutcomedrom eightstudies finestudies and 78atapointsin total). However, the present results from
the analysis o136datapoints demonstrata significantly larger effedrom CG onstrengthcompared to power
while very likely benefits were apparent fetrengthoutcomes only (Figure 6, Figure)1l2nalysingtherecovery
from specific exercise challenges seems to mirror these findings, as CG were most effective fodeistagce
or plyometricexercise(Figure 9, Figurel0, Figure 13)This finding issupported by numerouwgudies which
demonstrate tit CG serve taattenuatesymptoms of muscle damade7, 19, 20] Furthermore, ampression
garments demonstratdarge, very likelybenefitson strengthrecoveryat > 24 h, when muscle damage and
associated force decrement® greatesf27, 28] This suggests thatompression enhances force resgvby

ameliorating EIMD.

4.2 Compression muscle damage angtrength recovery

Within the studies reviewed, theegitest levels of muscle damagere obsered following resistance exercise
The greatest circulating levels 6K for example, were reported reach1350 U.L* following two sets of 50
bicep curls with 12 maximal eccentric contractifi@]. In contrast, far lower [CK] values of 353 [58] and
305 U.L1[47] were elicited by repeated sprint protocols. These findings are consistergxigiting literature
which suggests that resistance exercise typically leads to greater levels of muscle damage tha®5t6ifing
while nonload bearing exercise is subject to even less eccentric[1&dd Although runniig can result in
comparable levels of EIMD to resistance exercise, for example, following a mafattiprevels of EIMD

reported throughout the literature are generally lower than those from resistance féfihing

The large benefits &G on both strengthrecovery and recovery fronesistancexercise areoncordantvith a

role in ameliorating muscle damage. The results of this rartdysis support this theory threemain ways.

Firstly, force recovery is intimately linked touscle damagebeing impaiedto a greater exterty EIMD than
eitherrunning[69] or poweroutcomeg19, 20, 70ffrom 2448 h. Secondly, the olesved timecourse of recovery

for both resistance exercise astdengthperformancdends further weight to the idea that CG ameliorate muscle
damage. Apart from the- h timepoint, very likely benefits to recoveffgr both strengthperformancdES =

1.03 P5% Cl10.48, 1.57) andfollowing resistance exercig&S= 1.33 [95% CI0.80, 1.85]) were only apparent

at > 24 h.A delayed recovery from resistance exerésse common feature &IMD [27], while impairments to
strength are known to persist for longer than pdi#@y 71] Strengthrecoveryat time points> 24 h postexercise

will dependupon theattenuatiorof EIMD [70, 71] Finally, markers of muscle damage, although not quietif

in this metaanalysis, wergreatlyattenuated b€Gin studies orstrengthrecovery and resistance exercléhere
measured, reductions in CK activity were reported in parallel with both improved strength performance and
DOMS[17, 19, 20] while four studies to demonstrasggnificantbenefits from CG also reported lower levels of
swelling compared to contro[49, 22, 44, 49]Interestingly oedemahas been suggested to play a mechanistic
role in the progression of muscle damage, rather than simply representing a symptom of EIMD. It is thought that
the infiltration of fluid into muscle cells increases osmotic pressure, leadifgther cell lysis and muscle
damagd30, 32] Compression garments méyerefore enhance recovery by ameliorating swelling to limit the
progression oEIMD [17, 19, 20]



In contrast to the lorterm benefits of compressipsome of the greatest effects of CGstrengthrecoverywere
demonstrated at-2 h. All data were extracted from a single trial which assessed the effects of CG over 24 h
recovery from resistance trainif@2]. The authors reported faster recovery of upper body strength-fresst1

RM) over the first 8 hif < 0.05). However, the mechanisms of action over thesepimmas were unclear as the

CG and control groups displayed similar levels aftdée, muscle damage (myoglobamd CK), anabolic
hormones (insulin like growth factdr andfree testosterone), anaflammation, as shown hipterleukin 6, and
interleukin 1J22]. Itis interesting that whilst the effects of muscle temperature on strength and power performance
are well established72], and may explain both detrimentfd3] and ergogenid74] effects of recovery
interventions the efects oftenperature as a mediating factor compressiorhave yet to be definedDther
mechanisraproposed to explaithe shortterm recovery benefits @G include proprioceptive or neuromuscular

effects[75], improved lactate clearan§&8, 58, 61, 63hndincreased oxygen saturatiffo].

4.3 Compression, power recovery, and running

In contrast taesistance exercisaolikely recovery benefits from CG were demonstrdtaidwing running This
finding is in agreement withprevious researglwith a recenteview of 32 trialausingCG during or after running
repating insignificant effects on recovef@7]. An earlier reviewof 23 peefreviewed paperd,1 of which wee
studies on recovery from running, afeandinsignificant effects fronCG [39]. The mechanisms by which load
bearing exercise retards recovery amnplex and varied, and includeuscle damagand the depletion of
endogenous energy substratg¥], the accumulation of metabolic {pyoducts [78, 79] and impaired
neuromuscular functiofi80]. It is therefore unsurprising that ameliorating muscle damage asowdten
insufficient to aid recovery from runnifd3, 81] as this milieu of degenerative processes is unlikely to be wholly
addressed by a single recovery mett®enerating powetoo, depends on garied combination of physiological
factors, including neuromusculdi70], coordinativg82] and tendormediated componenf83]. Thiswill reduce
the relaive influence of muscle damage, gmoktentially, thebenefis of CG. Compression makiave also failed

to providevery likely benefits @ power recoverylue to thewvide variation in the performance measures studied
The current analysis grouped together power outputs for squas,jwmpntermovement jumpspumerous
resistance exercises (at various loads and velocities), and various randieggoneterbased sprint protocols.
The large number of outcomes analysed here (79mtatds) compared to previous metaalyses (17 and 30
data points for the analyses of Hill et al. ata@rquesJimenez et al., respectivéiynay further explain theonflict
between result§s, 33, 38, 47, 5%2]. As the recovery rate®f these different moveemtsare unique to thi
neuromuscular profileg84, 85] any positive impact from CG which stem purely from attenuating muscle

damage will varyaccording taoutcomemeasures

4.4 Compression metabolic exercise and endurance performance

Compressiomediatedecoveryfollowing metabolic exerciseand prior teendurance performanceeresubject

to only small, significantout unlikely benefits(Figures 8, 11, 12, 13As studiesfeaturing metabolic exercise
modalitiessubjeced participants to minimal eccentric loaduscledamagewould have beeiffar lower inthis
group than for load bearing exercj42]. Subsequent elurance performance is also known to be far less affected
by EIMD than strengtfi69]. The trivial recovery benefitef CG for endurancéraining arethereforeconsistent

with arole in ameliorating muscle damage



Although large, very likely beneficial effects of CG were apparent at 24 h follomigeigbolic exerciser prior

to endurance performanceo recovery benefitgollowing endurance exercisgere apparent at-B h. Such a
finding is perhaps surprising giveaports ofCG enhancingnetabolite clearandlroughout repeatezprinis [63],

and immediately post exercif@4]. It is likely that variations in athlete training status, the duration of recovery,
and the specific demands of imdlual exercise challenges arsponsible fomconsistencies ighort term effects
[86, 87] For instance, although enhanced lactate clearance from CG failed to improve recoverytefl sipea
performanceverthreex threemin boutsin competitive endurance athle{€8], the reportegbeak lactaté[La]ow)
valuesof 2.8 +3.0 mmol/L would have been unlikely to limit performancuch levels arevell below [La]pk
values of 13.5 = 0.hmol/L [88] and 7.28 + 1.8Bnmol/L [89] previously reported igollegiate andtlite cross
country skiergespectivelyConverselyCG were associated witlothimprovements in postxercise lactatand
improved recovery in the second of two 30 myelingtime trials separated by 1[#4]. Thereported meapost
exercise [Lajk value 0f10.3 + 2.2mmol/L would have beephysiologically relevant to recovery and subsequent
performancet 1 h In contrast the significant and very likely benefits of CG atl2ih metabolic trialscamotbe
attribuiedto improved lactate metabolism. No bergefih postexercisglLa]pk were reported following #ier of

two boutswhenCG wereworn throughout each ¢#vo daily 40 km time trials and the intervening 243b].

As with trials d resistance exercise, positive effects of CG on endurhagealso beenreported alongside
redudions in swelling [44]. A significant attenuation of the peskercise increase in thigh circumference was
reported alongside improved subsequent performimites CG group (30 min timeial), 1 hafter theinitial 30
min cycling bout[44]. However, nomeasure®f leg circumference were taken in tbely trial which assesel
recovery of endurance performance2dth [35]. It is therefore impossible to confirm whether G8rved to
enhancenextday recovery by amelioratingwelling Convergly, compressiomediated reductions in pest
exercise swelling were not significant in any of thaningstudies, in line with the lack &G efficacy in this
group[6, 33]. The conditions for optimal CG efficacy may be influencedikslinood of postexerciseswelling

at a specific timgoint

4.5Pressure

The effects of CG on recovery were not different between trials applying gapnessures more or less than 15

mmHg @ = 0.06, $ = 3.46). However, only 24 datmints fromeight trials were identified where garment
pressures had been measured directly. The apparent trend towards poorer recovery in the higher pressure group
likely reflects the fact that all of these studies repoeeduranceneasures. In comparison, data from ltheer

pressure trials will have been skewed by the inclusion of studigesistance exercise and strength recovery

which displayed a preferential treatment effect from @{though geater pressures have been demonsttated

bemore beneficial for reducing T2 relaxation times throughout recq96ityto date no evidence exists to suggest

an enhanced effect dnerecoveryof performanceMethodological inconsisteres inmeasuring pressure, as well

as variations between exercise protogodstinue to obscure the effects of garment pressure on red8deBg]

More research is required to quantify the effects of CG in relation to the pressures they apply.

4.6 Training Status



The results of this analysis would suggest that the effects of CG are not dependent on training status. However,
the definition of training status is prone to subjective bias, not least due to heterogeneity in the populations studied.
The participants stueld by Jakema[88] for example, exercised a minimumtbfeetimes per week and included
representatives of competitive university teaperg¢onal communicatiodohn JakemanHowever, athletes were
excluded if actively involved in lower body resistance or plyometric training, despite including atbiefesting
regularly,and participating in sprirtaining. Thereforgthis cohort could theoreticallyaveincluded both hich-
performance athletes that routinslystainednuscle damage from load bearing exercise, as well as recreational
exercisers with no prior experience of running or resistance training (for example swimmers and cyclists). Further
bias may have resulted fratime fact that all of the participants in the @aitied group belonged to just fowials

of resistance exercig&7, 19, 50, 51] This exercisemodality was associated with the largest recovery benefits
from CG The potential for training status to influence the efficacy of CG is still unknown, but a case could be
made for a preferential effect in either group. As the repdadet effect minimises subsequent levels of DOMS

and performance decrements in trained particip@its91] it could be feasible that untrained individuals stand

to gain the most from CG. However, it is also possible that tieiater degree of muscle damage could mask
anything othethan very large benefits from compressi®here is a lack of studies analysing the effects of CG

in untrained participants in activities other than resistance exercise. More trials with unteaii@damts are

required which provide direct measurements of garfpeggsures.

4.7 Limitations

The strength of the conclusions drawn from this analysis are liniteal large degredy methodological
differences amongst the trials reviewdgbth performance outcomes and exercise protocols were subject to
heterogeneity, with power outcomes in particubming subject to variednechanical, neuromuscular, and
technical requiremen{83, 5558].

Meaningful interpretations of these results, as well as assessment of the quality of includedvesdies]e

difficult by inconsistencies in data reportimdp trials gave information on randomisation, and wiitshpression

trials areinherentlyprone tocontrol issuesnone reported data on the effectiveness of blinding (Figuh&/i2i)st

this analysis focusedn performance recovery, more consistent reporting of physiological measures would also
help to clarify the mechanismsesponsible. This would helgtrengthen recommendations on therticular

exercise modalities and subsequent performance outcomes for@@iate most effectivaConsistenteporting

of swelling, CK, and DOMS, as well akintemperature, lactate concentration and neuromuscular fupotiold

help elucidate the meahisms responsible for specific recovery benefistthermore, the subjective and
inconsistent nature of reporting participant characteristics among the studies reviewed also obscured the effects

of training status.

Particular analyses were also limitegt the small numbers of eligible studies. For exampleawing valid
conclusions on the effects of pressure m@possible, agnly eight trials directly reorded compression pressures
[21, 35, 36, 53, 55, 59, 62, 63Finally, the largevery likely benefits reported for mtngth recoveryat 28 h

following resistance exercig22] and for nextday cycling performance respectivgBb] were both based on the



results of single studies. More research on recovery in these scenarios, as wabhgsitiegical mechanisms

involved, could help confirm the optimal conditions for compression.

5. Conclusions
Compression would seemlbe most effective for improvinigng term (>24 h) recovery from exercise that elicits
a large degree of muscle damage, suctesistanceor plyometric exercise. Regarding performance outcomes,
CG confer the largest benefits to strength fro® [2[22], or > 24 h. Alarge,very likely beneficial effect also
exists for nexiday cycling performancélhese findings coulgrovide effective guidareon the use of CG to
optimise performancescovery following training or competition.
Fromthis metaanalysis CG would berecommended to aid the recovery of:

X Maximal strengthat least 24 h postxercise (for example in strength and power athletes undertaking

resistance training programmes)

x  Strengthand power performance followirrgsistancérainingor eccentricexercise

X Next-daycycling performance
Furtherinvestigationof the mechanisms involvefdr recovery from specifiéorms of exerciseis required to

providefurtherguidance on the effective use of CG.
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