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ABSTRACT

Strenuous physical activity can result in exerdéisguced muscle damage. The purpose of this stualy te
investigate the efficacy of a lower limb compreasgarment in accelerating recovery from a marathon
Twenty four subjects (female n= 7, male n= 17) cleteggl a marathon run before being assigned toasntent
group or a sham treatment group. The treatmentpgveore lower limb compression tights for 72 h daling
the marathon run, the sham treatment group receiv@dgle treatment of 15 min_ of sham ultrasounidfiong
the marathon run. Perceived muscle soreness, rabxialuntary isometric contraction (MVIC) and serum
markers of Creatine Kinase (CK) and C-reactive@rmC-RP) were assessed before, immediately after24,
48 and 72 h post marathon. Perceived muscle sssemas significantly lowemp(< 0.05) in the compression
group at 24 h post marathon when compared to thensiroup. There were no significant group effeots f
MVIC, CK and C-RP 1§ > 0.05). The use of a lower limb compression gatnmaproved subjective perceptions
of recovery, however there was no significant inveraent in muscular strength, nor was there a sugmit

attenuation in markers of exercise induced musafeatie and inflammation.

Key Words: Exercise, Muscle damage, Endurance, External ypress
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INTRODUCTION

Exercise induced muscle damage (EIMD) often océaltswing strenuous physical activity, particularyhen
the exercise has an eccentric component or ispoblanged duration, both of these characteristiesypical of
long distance running (7, 29). This phenomenonhiaracterised by a number of symptoms including,pai
inflammation and reduced capacity of the affectadsete to produce force (10, 12). The negative sgmp
associated with muscle damage are likely to affeetfunctional capability of the individual, resol in a
reduction in subsequent exercise performance ($8ategies that may reduce symptoms of EIMD ardece
the recovery process are desirable, to enable ttilete to tolerate a higher training volume, fremgie or

intensity (8).

Prolonged endurance running is reported to causgagde to the muscle fiber and associated structties,
damage arises from several contributing processies (The initial damage is considered to be meidahin
nature resulting from repetitive loading on the oiedibers (6). Following the initial mechanicdmage, a
secondary inflammatory process arises that is apaaiad by oxidative stress. The experience of aikid
stress can further exacerbate the initial mechésitass in a so called vicious cycle (4, 22). vBt®ns in
markers of muscle damage and inflammation have bbserved following a marathon run (24), confirmthgt
the event causes significant ultrastructural disomp It may therefore be possible to apply aervention that
can effectively manage the processes associatédseitondary damage, either by reducing the magnitfid

damage or by accelerating the recovery process.

Knowledge regarding the potential mechanisms undeiny the efficacy of compression is limited, haweit
is suggested that compression garments may betieéfén reducing the swelling and inflammatory peeses
associated with muscle damage (21). It is sugdesi®t the garment works by creating an externasgure
gradient that reduces the space available for swetb occur, thereby reducing the secondary infletory
response (13). It has also been suggested thasthef compression can improve venous returncesganous
pooling and enhance the removal of metabolites, ithperhaps due to an enhanced muscle pump fan@&jo
26). Previous research has observed reducedgbeme of muscle soreness; (3, 13), reduced coraténis of

serum creatine kinase (CK) (3, 13) and a reducBanmmatory response (17, 28) with the use of cosgom
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garments. In contrast, research has also demtettthat compression garments have no effect orcleus
soreness (2, 17), CK concentration (2, 13), lactibydrogenase concentration (13), and thigh dit8).
Although the physiological and biochemical effeatsvearing compression garments remain poorly wstded,
the positive claims associated with the garmentg inaave led to an increase in the use of compregsoments

in sport.

Differences in experimental design including exsgcinodality, duration of the application of comgies and
the participant’s training status may explain sasfighe inconsistencies within the literature. Rertmore, the
majority of studies have focused on power sports (5, 27). Participation in.endurance events sash
marathon running is increasing in popularity, ahd tise of compression garments_ as training aidssis
increasing (14). Thus there is a need to focuserefficacy of compression garments on recovegniturance
based sports. To the knowledge of the authorsyslkeeof compression following prolonged enduranceing
has not been examined. Accordingly the purposéhisf study was to investigate the effects of wegrn
commercially available, lower limb, compressionrgant on the recovery of strength, soreness andeaddf

muscle damage following a marathon run.

MATERIALS AND METHODS

Subjects

Following approval from the University’s researcthies committee, in accordance with the Declaratdn
Helsinki, 24 recreational marathon runners (malel# female: n=7), volunteered to participate ins th
investigation. All subjects completed a healthesaing questionnaire and gave written informed eons
Participant characteristics, marathon time and thamahistory are presented in table 1. Subjectgasked to
refrain from heavy exercise in the 48 h precedimgrharathon. Subjects were also asked to refram fising
any recovery strategy, such as water immersion, INSAmassage and also to refrain from consuminghalc

for the duration of the study.

Experimental Design

Subjects were required to complete a 26.2 milesied run in an outside environment. Subjectédcseiect

when to complete the marathon on one of three dHtescourse remained the same on each date. €a m
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environmental conditions for the three days webammetric pressure of 762 £ 12 mmHg (750-771 mmkg)
air temperature of 9 + 2°C (6-10° C), a wind spe&d6 + 4 krrh™ (12-20 kmh'™) and a relative humidity of 73
+ 6% (66-77%). At least 7 days before the marathom subjects reported to the laboratory to conepbet
submaximal lactate profile and a maximal exercest bn a treadmill (H/P Cosmos Pulsar 4.0, H/P @ssm
Sports and Medical, Nussdorf-Traunsdein, Germainyprder to characterise the physiology of the grand
establish baseline data. The submaximal lactati#econsisted of a series of stages each lagtimgn with 30

S rest between each stage to enable the collecfian blood lactate sample, the sample was immdgiate
analysed using an automated analyser (Biosen C-EK€& Diagnostic, Ebendorfer Chaussee 3, Germahy).
the start of each new stage the treadmill speednasased by 1 kin', heart rate (Polar A1, Polar Electro OY,
Kempele, Finland) was recorded throughout the desta 1 min average was taken during the last miofit
each stage. Ratings of perceived exertion (RPEEwssessed using the Borg scale. Subjects weeel &sk
indicate their perception of exertion on a scalegiag from 6 (very, very light) to 20 (very, vergaid) during
the last 30 s of each stage. Expired air was aadlgontinuously using an online gas analyser éia@gycon
Pro, Jaeger Ltd, Hoechberg, Germany). The subn@Xest was terminated when blood lactate conceotra
exceeded 4 mmol:L The participant was given 10 min rest before memcing the maximal exercise test. The
test began 2 kin' slower than the finishing speed of the submaxitesl. Throughout the test the treadmill
speed remained constant and the gradient was sextdsy 1% every minute. The test was terminateghvthe
participant reached volitional .exhaustion. Expi@d was analysed continuously, maximal oxygen kmta
(VOuma) Was determined as the highest 30 s average. aVerizouragement was given throughout. Subjects
were matched based upciO.na and then were randomly assigned to a compressament group
(compression) or a sham ultrasound group (shamgpeBdent measures included perceived muscle ssrenes
maximum. voluntary isometric contraction (MVIC) dfet knee extensors, creatine kinase (CK) and Civeact
protein (C-RP) and were assessed immediately béfierenarathon, within 1 h post marathon and a#84and

72 h post marathon.

Treatment Groups

The sham group received 15 min (5 min quadricepmirp hamstrings and 5 min gastrocnemius) of sham
ultrasound (Combined therapy ultrasound/inferentdirewsbury Medical, Shropshire, UK) within 1 htbé

completion of the marathon run. A water-solublgdsllergenic ultrasound gel (Aquasonic 100 ultrasbu
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transmission gel, Parker Laboratories, Fairfiel&A)Y was applied to the leg and the ultrasound hezsl used
to spread the gel over the skin in circular pagerithe ultrasound unit was turned off throughdet duration
and the unit was obscured from view. The compoesgarment group were given a pair of compressgits
(2XU, MA1551b men’s compression tights and WA15%&imen’s compression tights, Melbourne, Australia),
fitted according to the manufacturer’s instructior®ubjects were instructed to shower and put ergtirments
within 1 h of the completion of the marathon ruFhe garments were worn for 72 h following the rsmbjects
were asked to wear them continuously, only removiren to shower. The degree of pressure exertetieon
leg was measured using a body pressure-measuririgedKikuhime, TT Medi Trade, Sgleddet, Denmark).
Pressure was measured at the medial aspect o&lhat ¢che site of maximal girth and also at thenfrthigh at
the midpoint between the inguinal crease and tpersor aspect of the patella. Pressure measursra¢mach
site were taken with the subject standing in thet@mical position and also during a contractiomrath muscle

group. Measurements were repeated 3 times witmten value recorded.

Dependent Variables

Muscle soreness was obtained using a 200 mm viswbgue scale with ‘no pain’ at 0 mm and ‘unbelgrab
pain’ at 200 mm (Howatson et al. 2010). Subjetdsd with their feet shoulder width apart with harah hips
and were asked to perform a squat to 90° and rétustending and mark their subjective feeling aihpon the
scale. MVIC was assessed using a strain gauge (édical Research Ltd., Leeds, UK). Subjects vseated
on a platform, with their hip and knee joints flexat 90°. The strain gauge was attached 2 cm abiwmve
malleoli of the left ankle. Subjects were askedn@ximally extend the knee against the device fer Bach
participant was given 3 maximal attempts each sépdrby 1 min the highest of which was recordeMs($C.

Verbal encouragement was given (25).

Serum CK and C-RP were measured at each time pAjmproximately 8.5 mL of blood was collected frohe
antecubital fossa into serum separation vacutaiB3 equipment, vacutainer systems, Plymouth, UK).
Following collection the sample was immediatelycgld in a refrigerated centrifuge (Mikro 220R D-7853
tuttlingen, Germany) and spun at 3500 rpm, a nedatentrifugal force of 3000g, for 20 minutes &t 40 enable

the separation of serum. The serum was immedi&t@tgn at -80°C for later analysis.
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Creatine kinase was analysed in duplicate usinguaomated clinical chemistry analyser (Modular B¢l
Diagnostics, West Sussex, UK). C-RP was analyselliplicate from serum samples using a high seitgitC-
reactive protein ELISA kit (Kalon Biological, Gufiord, UK). The absorbance of each sample was etad

405nm (Biochrom Ltd, Cambridge, UK).

Statistical Analysis

All data analyses were carried out using SPSS forddivs v 18 and values are reported as mean = SD. A
independent samples t-test was used to identifydéffgrences in group characteristics at baselilreorder to
account for inter-individual variation MVIC was eggsed as a percentage change from baseline.epdindient
variables were assessed using a treatment by ¢éipgated measures analysis of variance (ANOVA). |shats

test of sphericity was used to check homogeneityariance for all analysis.  The Greenhouse-Geisser
correction factor was used where violations ofaksumption occurred. Where a significant effect alaserved
interaction effects were further examined usind-8D post hoc analysis. A significance level pf< 0.05 was

applied.

RESULTS

The mean pressure of the garment exerted on thé thigh was 9.9 + 2 mmHg in the anatomical positiad
17.5 £ 3.5 mmHg during muscle contraction. The mg@ssure exerted on the calf was 19.3 + 2.6 mmHbe
anatomical position and 24.4 + 5 mmHg during musdatraction. There were no significant differenaes
VO,max Previous marathon history, average weekly trgjrdistance and marathon finish time between groups

(Table 1). All dependent variables showed a sigaift time effect (< 0.004).

Muscle soreness exhibited a significant time byugreffect E. ) -30.8,p < 0.001) and a significant group

effect Fq 22 = 4.451,p = 0.046, with those in the compression group expeing reduced muscle soreness
(Figure 1). Apost hoc LSD test indicated that this difference occurre@4h post exercise in the compression
group. At this time point the sham group increagednean soreness from 26.8 to 36.4 mm, while the

compression group decreased in mean soreness frem13.9 mm.
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Post marathon concentrations for CK were elevate4aand 48 h post exercise, with the highest &lue
occurring at 24 h (692.1 + 625.6 and 1022.3 + 14A9in the compression and sham group respectiveG)
RP concentrations were also elevated at 24 and g&hmarathon, with the highest values occurring4ah
post (7.4 + 4.6 and 10.3 + 9.0 gin the compression and sham group respectivety)eler there was no

significant difference between groups for eitherkea (p > 0.05; see figures 2 and 3).

Maximal voluntary isometric contraction (MVIC) wasduced immediately post marathon, returning tonaor
at 72h h post marathon. The largest measuredatexie MVIC occurred immediately after the maratf@8
+13.9 and 77 £ 14.8 percent of max in the compoasand sham group respectively), however no sicanit

group effect (f1,22)-2.256, p = 0.124) or interaction{m= 0.688 p = 0.543) was observed (see figure 4).

DISCUSSION

To the authors knowledge this was the first ingzdion to examine the efficacy of compression gasién
accelerating recovery from endurance running. dsvaypothesised that the use of lower limb comjess
garment would enhance the recovery process follpveirmarathon run. Those in the compression garment
group experienced less muscle soreness 24 h posthoa when compared to the sham group. Despite thi
finding there were no significant differences beswgroups for MVIC, CK and C-RP, however there appé¢o

be a trend for improved recovery of MVIC and arattation of CK and C-RP in the compression group.

The main finding of the present study was that ke of a lower limb compression garment signifiant
reduced muscle soreness 24 h after a marathorseenFjgure 1). This finding is consistent withestktudies
which have demonstrated that the use of compregmoments results in reduced perceived muscle sssen
following damaging exercise (3, 13). The experéent muscle soreness is proposed to arise from amédl
trauma to the tissue, giving rise to structural dgenand an inflammatory response (11). Therefoezlaction
in soreness may be related to reduced structurabda to the tissue and/or a reduced inflammat@syaese
(3). Itis suggested that the application of comspion may be effective in reducing this inflammatarocess,
this may be because compression garments creaetenmal pressure gradient reducing the spacead@ifor
swelling, haemorrhage and haematoma (13, 21). chlaé of events that occur following initial mechaa
damage to the muscle fibers can result in an isexasmotic pressure within the tissue, which caaseefflux

7
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of fluid from the capillaries into the interstitiazpbaces (21). The application of compression neagen the
change in osmotic pressure and consequently redfiaenmation, the circulation of inflammatory markeand
the sensation of pain (21). Although this studytodted for a placebo effect by using sham ultrashut is
possible that the finding of reduced perceived reusoreness may be linked to the participant'sebehat

compression garments have a positive responsecoxasy.

C-Reactive protein is a marker of inflammation thas been proposed to reflect the inflammatory loadhe
body (30). Concentrations of C-RP were elevatéidviong the marathon run, peaking at 24 h post iea
(see Figure 2), this is consistent with previouseegch (24). There was no significant group effdxsterved on
concentrations of C-RP. Few studies investigatirguse of compression garments have measured @y&de,

who have measured this marker have also found grofisiant effect of compression on concentratioh6) (

However, several have looked at mid thigh girthamsindirect measure of inflammation, one such study

observed no time or group effect with mid thighttyifollowing the application of compression (13)his data
differs from the findings of an earlier study tlitserved an increased thigh circumference in aasinbathing
group and a control group but no increase in tltigbumference in a compression garment group, Vielig a
bout of damaging exercise (17). Given that thereewe significant reductions in the inflammatory rkea

CRP, the reduction of soreness is unlikely to bkeld to a reduction in the inflammatory response.

Similarly to C-RP, this study observed no grougeffffor CK. Creatine kinase (CK), an enzyme thakt from

damaged muscle tissue into the blood stream regulti an elevated serum concentration of CK (9), is

frequently used as a marker of muscle damage. ak perease in concentration is usually observdu (Rt

exercise with levels remaining elevated at 48 &hfi post-exercise (9). The CK concentrations alegkmn this

study follow the well established response to dantpgxercise. The concentration of CK was elevated

immediately after the marathon run, peaking at 2dobkt exercise. The concentration of CK continteed
remain elevated at 48 and 72 h post-exercise (gpeeF3). This indicates that the marathon run gedla
significant amount of tissue damage. While it appehat there was a trend for higher concentrat@rCK in

the sham group this difference was not statisticgijnificant. This apparent trend is consisterthwhe findings

of previous studies that have found reduced coratoms of CK in those wearing compression garments

compared to those in a control group (13, 14, 18).
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Training status is a key factor that may explairywle current study has not observed a reductiddKror C-
RP when compared to previous research. Well traindididuals tend to exhibit lower concentratiorfsGK
following a bout of damaging exercise when compdeetheir less trained counterparts (9). This igported
benefit of the repeated bout effect which sugg#sis a bout of damaging exercise offers protectigainst
future bouts of damaging exercise whereby the iddals experience less severe symptoms of EIMD. (Z8)e
average number of previous marathons completedhbysubjects taking part in this study was 16 + 24
suggesting that they were experienced marathoneraniit is therefore possible that the prior mavatland

training history of the subjects in this study off@ protection in the form of an adaptive response.

Previous studies that have indicated a lowered @kcentration following the application of compresshave
used club level (14) or university level (13) gamésyers who may not be familiar with-high trainimglumes.
Howatson et al. (24) observed much higher valueSkf(2814 compared to 1022 U/L in the placebo gs)up
and CRP (27 compared to 10 mg/L in the placebopgptollowing a marathon race compared to this gmes
study. Higher values of these markers would indieagreater degree of muscle damage occurred;dbld be
related to previous marathon history as the avenagaber of competed marathons for the subjectadgabart in
Howatson et al. (24) was 6 = 8 where the averagebeun of completed marathons for the subjects tagargin
this study was 16 * 24, indicating that the sulgj@ethe present study were more experienced possible that
the potential of the garment to have a benefidielceis attenuated with a lower magnitude of cteimgmarkers
of muscle damage and inflammation. This is perhalpg, in the present study, there was a trend éduced

concentrations of CK and C-RP but no significafe&t

The use of compression garments did not improvedbevery of muscle force production following arathon
run (see Figure 4). This is consistent with thedifngs of others (14, 16). The effects of compoEs®n
contractile performance is unclear, it is thoudtdttany improvement or recovery in muscle stremgdly be
related to contractile function. The decrease Wi®observed immediately following the marathon roay be
due to both localised muscle trauma and periphateicle fatigue, resulting from the accumulatiorHofions
which will inhibit excitation-contraction couplin@.9). The results of this study indicate that,pitesthe use of
compression, the recovery of voluntary muscle fiamctvas not improved. It has previously been sstggbthat

equivocal responses in performance standards foitpthe use of a recovery strategy may be dueaiaity
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status (17). Experienced athletes are more adcoestdo the discomfort associated with high intgnekercise

and are better able to reproduce performances (17).

One current argument surrounding the use of comaiBravailable compression garments is whethey tten
exert enough pressure to be of any benefit (18)cohtrast to this research has also suggestedyénatents
exerting high levels of compression (23-32 mmH@ @aot as effective at maintaining leg power as gats
exerting low (12-15 mmHg) or medium (18-21 mmHgggsures (1). The pressures observed within this/stu
ranged between 9.9-24.4 mmHg. The fitting of thgsements is often based upon the manufacturer’s
guidelines, however due to differences in body sizd tissue structure the range of sizes availaalg not be
sufficient. Whilst we measured the degree of ca@sgion exerted in this study and our compressieel lwas
similar to that achieved in other studies (3, 2@pre research is needed to ascertain the optingrkdeof
compression in the recovery from symptoms of EIMDaeell as how the degree of compression variesdmtw

individuals wearing the same size garments.

In conclusion, it would appear that the use of welolimb compression garment, following a marathon,
results in significantly lower perceived muscleeswss at 24 h post marathon. In addition the garimed no
statistically significant effect on improved recoyef muscle performance or post-exercise remo¥aeoum
markers of muscle damage and inflammation. Howedespite the lack of a statistically significafiieet in

these markers a trend for improvement was apparehé compression group.

Practical Application

A variety of ‘modalities are frequently used to derae recovery from strenuous exercise. A nundfer
investigations have indicated that the use of cesgion garments may help recovery following dan@ggin
exercise (3, 13, 21). The observation of reducedale soreness in this study may have implicationsa
number of populations, wishing to embark on exercegimes, who are discouraged due to the experiehc
soreness. As such compression garments may beeosia recovery aid when worn during the 24 h post

exercise to reduce the experience of perceived Imssreness. While this study investigated theatsf of

10
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compression in experienced, but nonetheless réanehtrunners, further research should look to iifign

whether significantly greater effects are obselinddss experienced runners
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Table 1. Descriptive characteristics of the participantthie compression and ultrasound groups. Valuemasn + SD, N=12 per group. There were no stagityic

significant differences between groups for anyalalg.

Group Age Height Mass VO2max Finish time Previous Weekly
(yrs) (cm) (kg) (mlkgmin™) (h:min:s) M arathons mileage

Compression 47.7£10.8 177.8+10.2 73.3x14.1 53.8+10.2 03:3600:22:30 15.6+28.8 35.3£10.5

(n =8 male, n = 4 female)

Sham ultrasound 41.1+£10.5 175.3+7.0 71.6+7.3 55.6+£8.4 03:39¥33:10 12.7+12.1 40.9£15.2

(n =9 male, n = 3 female)
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Fig. 1 Perceived rating of muscle soreness for the compression and sham groups before and after the Marathon.
* gignificantly different from compression group (grey lines denote individual participant results, black line

denotes the group mean with SD values).
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Fig. 2 Serum CRP values for the compression and sham groups before and after the Marathon. No significant

differences ware observed between treatment groups (grey lines denote individual participant results, black line

denotes the group mean with SD values).
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Fig. 3 Serum CK values for the compression and sham groups before and after the Marathon. No significant
differences were observed between treatment groups (grey lines denote individual participant results, black line

denotes the group mean with SD values).
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Fig. 4 Percentage change in MVIC for the compression and sham groups before and after the Marathon. No
significant differences were observed between treatment groups (grey lines denote individual participant results,

black line denotes the group mean with SD values).
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