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Abstract

Purpose: To examine the effects of wearing compression garments for 24 h post-exercise on the
biochemical, physical and perceived recovery of highly-trained athletes. Method: Eight field hockey
players completed a match-simulation exercise protocol on two occasions separated by 4 wks after
which lower-limb compression garments (CG) or loose pants (CON) were worn for 24 h. Blood was
collected pre-exercise and 1, 24 and 48 h post-exercise for IL-6, IL-1B, TNF-a, CRP and CK. Blood
lactate was monitored throughout exercise and for 30 min after. A 5 counter-movement jump (5CMJ)
and squat jump were performed and perceived soreness rated at pre-exercise and 1, 24 and 48 h post-
exercise. Perceived recovery was assessed post-exercise using a questionnaire related to exercise
readiness. Repeated measures ANOVA was used to assess changes in blood, perceptual and physical
responses to recovery. Results: CK and CRP were significantly elevated 24 h post-exercise in both
conditions (p<0.05). No significant differences were observed for TNF-a, IL1-f, IL-6 between
treatments (p>0.05). Power and force production in the 5CMJ was reduced and perceived soreness
was highest at 1 h post-exercise (p<0.05). Perceived recovery was lowest at 1 h post exercise in both
conditions (p<0.01), whilst overall, perceived recovery was greater when CG were worn (p<0.005).
Conclusion: None of the blood or physical markers of recovery indicate any benefit of wearing
compression garments post-exercise. However, muscle soreness and perceived recovery indicators
suggest a psychological benefit may exist.

Key Words: CYTOKINES, INFLAMMATION, CREATINE KINASE, MUSCLE FUNCTION,

TEAM SPORTS.



Introduction

The underlying feature of lower body, graduated compression garments is their ability to alter the
flow of blood, and in particular, enhance the return of blood from the peripheries to central regions of
the body (Sigel et al. 1973; Sigel et al. 1975). The compressive force applied by the garments to the
lower limbs reduces the size of the venous bed at the extremities, thereby increasing femoral vein
blood flow velocity (Sigel et al. 1973; Sigel et al. 1975). The associated reduction in stasis and
increased venous return at rest has proved beneficial in the treatment of patients with chronic venous
insufficiency (Horner et al. 1980; Zajkowski et al. 2002) and has reduced the incidence of deep vein
thrombosis following major surgery (Holford 1976). Inactive, hospitalised patients and those with
venous conditions have traditionally been the beneficiaries of such enhanced haemodynamics,
however, the benefit of wearing lower body compression garments on blood flow has also been

reported in patients with normal venous systems (Sigel et al. 1973; Sigel et al. 1975).

In recent years, compression garments have been promoted to athletes as a means of optimising
circulation during and following exercise. The potential influence of compression therapy on the
inflammatory and repair process post-exercise has emerged as a new frontier in the recovery of elite
athletes. Physiological recovery and repair of muscle fibres following exercise-induced muscle
damage (EIMD) can take up to 4-5 days (Armstrong et al. 1991; Connolly et al. 2003) and can
therefore, be a limiting factor for elite team-sport athletes during consecutive days of training or
competition (Barnett 2006; Ispirlidis et al. 2008). An acceleration of the muscle repair process, even
for minor episodes of muscle damage, is advantageous in their capacity to return to competition or
training at the earliest opportunity. Compression garment use is now being incorporated into athlete
recovery strategies in an attempt to attenuate the inflammatory response, reduce the effects of EIMD
and restore optimal muscle function sooner (Barnett 2006; MacRae et al. 2011). However, the

efficacy of such garments to deliver these outcomes in elite athletes is yet to be clearly demonstrated.

Given the effect of compression garments on blood flow, it is anticipated that enhanced circulation

may attenuate the increase in the concentration of cytokines in the post-exercise period, and therefore



influence the inflammatory response. However, the effect of compression garments on the post-
exercise inflammatory response has been investigated only once before with the impact on the
appearance of specific cytokines (IL-6 and IL-10) reported as unclear (Montgomery et al. 2008a). The
appearance of a range of cytokines in the blood suggests that an acute-phase inflammatory response
has been initiated and is thought to reflect the magnitude of the muscle damage that has occurred
(Pedersen et al. 1998). The sequence of cytokine appearance begins with TNF-a and IL-1B which are
pro-inflammatory cytokines and are thought to trigger the release of IL-6, which is restorative rather
than pro-inflammatory in nature (Mclintyre et al. 1995; Pedersen et al. 1998). IL-6 is also thought to
be involved in substrate delivery during exercise through its ability to induce lipolysis and fat
oxidation and through its involvement in glucose homeostasis (Petersen and Pedersen 2005). Further
along the inflammatory cascade, the presence of IL-6 promotes synthesis of C-reactive protein
(Pedersen et al. 1998), a marker of systemic inflammation and tissue damage (Malm et al. 2004)
which is involved in the suppression of pro-inflammatory cytokine production (Petersen and Pedersen

2005).

Previous research has provided evidence that different types of exercise can trigger the production of
cytokines in the post-exercise period. A 2.3-fold increase in TNF-a, a 2.1-fold increase in IL-1p
and a 128-fold increase in IL-6 was reported within 10 min of completion of a marathon race
(Ostrowski et al. 1999). Both soccer (Ispirlidis et al. 2008) and basketball (Montgomery et al. 2008a)
match-play resulted in a 3-4 fold elevation of IL-6 concentrations immediately after exercise, and
following the soccer match, the peak in IL-6 preceded the peak in CRP which is in line with previous
findings (Malm et al. 2000). In contrast, maximal eccentric resistance training produced a peak in IL-
6 concentrations 8 h after exercise with an almost 2-fold elevation above resting conditions (Miles et
al. 2007a). Maximal isometric contractions produced a 1.5 fold elevation of I1L-6 levels at 8 h post-
exercise, with no significant change in CRP concentrations (Miles et al. 2007b). Distance-related
increases in CRP concentrations after 5 running races of varying durations (15-88km) have been

reported, with CRP peaking 24 h after each race regardless of the distance travelled (Strachan et al.



1984). As such, it is clear that the magnitude and time course of the cytokine response varies with
different types of exercise. Whether wearing compression garments in the post-exercise period
reduces the time course or magnitude of this biochemical response in the hours and days after exercise

will be further investigated in the present study.

The specific effect of wearing compression garments in the post-exercise period on commonly used
indicators of EIMD, have previously been investigated with mixed results. Untrained subjects
demonstrated an enhanced recovery of force production, reduced creatine kinase (CK) concentrations
and decreased perceived soreness in the days following maximal eccentric muscle contractions after
wearing a compressive sleeve (Kraemer et al. 2001). Similarly, resistance-trained subjects showed
reduced CK response and improved upper body restoration of strength after wearing full body
compression garments in the recovery from a whole body heavy resistance exercise protocol
(Kraemer et al. 2010). However, subjects ranging from recreational performers to regional level
athletes who wore lower-body compression for 12 h following a resistance exercise protocol (French
et al. 2008) displayed reduced range of movement through knee and hip joints 48h after exercise,
showed no restoration of lower leg power above control conditions and suffered a slower recovery of
30m sprint times compared to control at 48 h after exercise. Furthermore, similar garments worn by
trained subjects after a plyometric drop-jump protocol (Davies et al. 2009) and a simulated basketball
tournament (Montgomery et al. 2008b) appear to have also impeded recovery of 5-20m sprint

performance with sprint times increasing beyond control values in the post-exercise period.

Although a growing body of research has investigated the efficacy of wearing lower body
compression garments on post-exercise recovery, the benefit to the highly-trained athlete remains
unclear. The main reasons for this include the differences in type and pressure characteristics of the
compression garments utilised, as well as the variation in the training status of the subjects used to
assess this recovery strategy. Furthermore, much of the research examining the effect of compression
garments on exercise recovery employs eccentric resistance exercise regimens traditionally used to

elicit muscle damage. Whilst this method is highly effective for measuring and monitoring purposes,



for elite athletes, this may not reflect the extent of typical damage incurred during training or
competition. As such, the recovery from this type of exercise may not be specific to the training

recovery required for their sport (Bishop et al. 2008).

The present study aimed to investigate the efficacy of wearing commercially available, full-length,
lower body compression garments following a hockey-simulation exercise protocol to determine
whether this strategy influenced the post-exercise biochemical response and recovery of muscle
function in highly-trained athletes. The pressure exerted by the compression garment was measured
and a practical post-exercise protocol utilised. The physiological, biochemical and perceptual
responses of highly-trained subjects were examined to determine the effect on post-exercise recovery,

of wearing versus not wearing lower body compression garments.

Methods

Subijects. Eight highly-trained male hockey players (mean age 21.9+2.3 yrs, height 180.1+8 cm, body
mass 77.9£13.9 kg, sum of 7 skinfolds 70.6+21.1 mm) who compete at either National or
International level, volunteered to participate in this investigation. Prior to commencing the study, all
participants were informed of the requirements, risks and benefits of the investigation and written
informed consent was obtained from each. Approval for the procedures of the study was granted by

the University of Melbourne Human Research Ethics Committee.

Pre-test protocol. Data were collected during two 3 day trial periods separated by 4 weeks. The 3 day
trial procedure is outlined in Figure 1. In the days prior to each trial and throughout the study period,
subjects were asked to refrain from taking anti-inflammatory medication (aspirin, ibuprofen). During
each trial period subjects were asked to limit the water temperature and duration of showers and
refrain from using the following therapeutic modalities: ice, ice baths, contrast water therapy, cold
water immersion, heat massage, massage therapy, stretching. A pack containing sports drinks, a urine
container, an instruction sheet, a food pack and a food diary was delivered to each subject prior to the

commencement of each trial. The food pack contained hydration fluids for the night before each trial



and a normalised breakfast pack for the morning of the trial aimed to deliver 1.2g CHO.kg BM™.
Food diaries were kept by each athlete in the 24 h prior to the start of the first trial and throughout the
3 day trial period and this food intake regimen was then replicated prior to the subsequent trial.

Subjects were restricted from performing high intensity exercise in the 24 h prior to each trial.

The Loughborough Intermittent Shuttle Test (LIST) exercise protocol, used in the present study,
includes exercising at varying percentages of each individual’s maximal oxygen consumption. As
such, initial indication of the aerobic capacity of each subject was required prior to testing in order to
determine the appropriate protocol to be used. At least 7 days prior to the commencement of the study
and in accordance with procedures previously recommended (Nicholas et al. 2000), the predicted
VO,mx Of each subject was ascertained using a progressive multistage shuttle running test
(Ramsbottom et al. 1988). Following completion of the multistage shuttle running test, subjects were
grouped according to their predicted VO,ax Scores. Subjects with a predicted VO, in the range 53-
57 ml.kg.min™ were assigned the 55 ml.kg.min™ LIST exercise protocol and those in the range 57-62
ml.kg.min™ were assigned the 60ml.kg.min™ LIST exercise protocol to perform during the study
period. As such, the running speeds required of subjects during testing, were suitable to the aerobic

fitness level of each individual.

Each subject also participated in a familiarisation session for the tests of muscle function to be used
during the study. Body mass (BM) and waist girth measurements assisted the process of fitting
compression garments which was overseen by a representative of the manufacturer to ensure sizing
was appropriate. Subjects were fitted into a comfortable size, smaller than that outlined on the
packaging, which is in line with current manufacturer’s recommendations. Two garments were then

labelled and put aside for each subject.

Pressure interface monitoring. Separate to testing, the interface pressure between the compression
garment and the skin was monitored for each subject using a portable interface pressure evaluator

(Talley Medical, Miami, USA). Measurements were recorded at 3 sites on the lower limb (minimal



ankle, maximal calf and maximal thigh) according to international recommendations (Partsch et al.
2006). Subjects were measured, in the standing position, using a 2.8 cm pressure sensor positioned at
each of the 3 designated sites. The pressure sensor was attached to the hand held pressure evaluator
via a jack plug and air connector. The sensor was slowly inflated and then deflated whilst the pressure
(mm Hg) between two surfaces was displayed on the digital screen. The interface point was indicated

by visual and auditory signals.

Experimental protocol. On the first morning of each trial subjects were required to collect a urine
sample on waking. Urine specific gravity was measured to assess hydration status of the subject prior
to exercise. Subjects arrived at the testing venue at the same time on both trials. Upon arrival, subjects
had body mass (BM) measured and were then required to rest seated for 15 min before a baseline
venous blood sample was obtained for later analysis of IL1-B, IL-6, TNF-a and CRP, and, a baseline
capillary sample was obtained for CK analysis. This blood collection procedure was repeated at 1, 24
and 48 h post-exercise (Fig 1). Following baseline blood measurements, subjects moved to the indoor
gymnasium where they completed a standard warm-up consisting of low intensity stationary bike,
running drills, 30 m run throughs increasing in intensity and box jumps. A maximum of 5 min rest

was allowed before commencing baseline tests of muscle function.

Tests of muscle function. A 5-repetition counter movement jump (5CMJ) and a squat jump (SJ) were
performed by each subject at baseline, 1, 24 and 48 h post-exercise to monitor the effect of fatigue

and recovery on lower-body force and power production.

A repeated counter movement jump was used instead of a single counter movement jump due to the
potential for unique high or low scores in a single effort jump test and the likelihood that the
measurement of repeated efforts may be more reliable (Hopkins et al. 2001). It has previously been
suggested that the 5CMJ is suitable for assessing the training and performance of elite athletes
(Cormack et al. 2008) with good overall reliability for peak power and peak force (CV 4.4% and

3.3%, respectively).



For the 5CMJ, subjects were instructed to exert maximal effort for 5 consecutive jumps, without a
pause between them. An average of the five peak force and peak power values was calculated for each
set of jumps and the highest average value is reported as the 5CMJ mean force and 5CMJ mean

power, respectively.

According to previous recommendations for the SJ (Sheppard and Doyle 2008), subjects were
required to begin from a 90 degree squat position which was briefly held prior to jumping vertically as
high as possible. The brief isometric hold prior to the jump prevents counter movement activity
removing the contribution of the stretch-shortening cycle. The peak force for each SJ was recorded

and reported as SJ peak force.

Participants performed each jump test at least three times or until maximal force and power values no
longer increased. This was to ensure that the maximal values at each time point were recorded. Warm-
up procedures and tests of muscle function were repeated at 1, 24 and 48 h post-exercise.

Vertical displacement of each jump was measured with a cable-extension potentiometer (distance
transducer) attached to a lightweight pole resting on the subject’s shoulders. Peak force data was
calculated by Balllistic Measurement System (Fitness Technology, Adelaide, Australia) computer

software.

Wearing compression garments during jumping has previously been reported to improve mean force
and power production over a 10 counter-movement jump test (Kraemer et al. 1996) and a single
maximal vertical jump (Doan et al. 2003) and as such, compression garments were removed prior to

jumping in the present study.

Rating of Perceived Soreness. An adapted visual analogue scale (Mattacola et al. 1997) was used to
measure the rating of perceived muscle soreness (RPS) that subjects experienced during muscle

function testing. Immediately following the 5CMJ and SJ, subjects rated their perceived muscle



soreness (RPS) on the 11 point visual analogue scale (VAS) which had anchors at either end
indicating no soreness (0) and extreme soreness (10). Subjects were asked to point to the marker on

the line which best indicated their soreness during jumping.

LIST Protocol. The LIST exercise protocol was used to induce fatigue and was performed on day 1
of each trial. The LIST protocol was performed on an indoor running track in moderate conditions

(24.8 +1.1deg C; 51.4 + 6.1% RH) on both occasions.

The LIST is made up of variable speed running, jogging and walking and was developed to simulate
the intermittent nature of sports such as soccer and field hockey (Nicholas et al. 2000). It was selected
due to its ability to elicit muscle damage and exercise induced muscle soreness (Thompson et al.

1999).

The exercise bouts are 15 min in duration, interspersed by 3 min rest periods, and include walking,
jogging at 55%V02max, cruising at 95% VO2max and sprinting at maximal running speeds up and
back on a 20 m course with markers at 0, 10, 15 and 20 m. Five exercise bouts (75 min of exercise in
total) were performed in the current study to closely simulate the duration of a field hockey match.
Audio cues from a CD indicated when each activity would occur and the activity order was of a

repetitive nature. The LIST protocol has been previously outlined in detail (Thompson et al. 1999).

At the conclusion of each 15 min exercise block, average heart rate (HR) and rating of perceived
exertion (RPE) was recorded (Borg 1970) and subjects ingested 2 mLkg" BM plain water from
clearly labelled, individually prepared drink bottles. At the start of each rest period and after 4, 8, 12,
20 and 30 min of recovery from the LIST, capillary blood samples were obtained from the earlobe of

each subject for blood lactate analysis (Lactate Pro, Arkray, Japan).

Post-exercise procedure. Upon completion of the LIST and after obtaining the 4 min post-exercise

capillary blood sample, subjects changed into either a full length, lower limb compression garment

10



(CG; 2XU Compression, Australia) or loose tracksuit pants (CON). The subjects were randomly
assigned to the two treatments over two trials in a balanced crossover research design and were
blinded to their order of treatment up until the first LIST protocol was completed. During the CG trial,
compression tights were worn for the full 24 h post-exercise period and were only allowed to be
removed for bathing and during jumping for muscle function testing, ensuring that the total time out

of the compression garment did not exceed 30 min.

In the hour following completion of the LIST, subjects rested in a seated position. At the 1 h time
point, subjects had blood samples collected and then repeated the standard warm-up, tests of muscle
function and RPS protocols. Subjects returned to the lab at 24 and 48 h post-exercise to repeat the

blood collection, warm-up, tests of muscle function and RPS procedures.

Perceived recovery. Whilst resting quietly prior to blood collection at 1, 24 and 48 h post-exercise,
participants were asked to respond to the following statement to assess their perceived recovery: “I
feel well recovered and physically ready to perform at my best in a match right now”. The participants

responded using a scale ranging from strong disagreement (1) to strong agreement (5).

Blood collection and analysis. Venous blood was analysed for inflammatory mediators 1L1-8, IL-6,
TNF-o and CRP. 5-6 ml of whole blood were collected into a plastic syringe and then separated into
blood collection tubes. Following centrifugation for 10 min at 2000rpm, the plasma was collected into
four clearly labelled storage tubes and frozen (-80 deg C) until analysis. Plasma concentrations of
IL1-B, TL-6 and TNF-a were determined using a standard analysis kit (Human High Sensitivity
Multiplex panel, Millipore, USA) whilst CRP was analysed using a separate analysis kit (Human
Cardiovascular Disease Panel 2, Millipore, USA). Both assays were carried out according to
manufacturer’s instructions using Luminex 100 instrumentation (Bio-Rad Laboratories, Hercules,
CA). The reliability (%CV) of measuring each analyte using these kits was 3.11% for IL1-B, 3.51%

for IL-6, 3.49% for TNF-a and 8.0% for CRP.
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A capillary blood sample was collected from the fingertip of each subject for CK analysis at baseline,
1h, 24h and 48h post-exercise (Fig 1). 32ul of blood was collected into a lithium-heparinised capillary
tube then transferred to the Reflotron CK test strip and immediately analysed using a Reflotron Plus
diagnostic device (Roche Diagnostics, Basel, Switzerland). The co-efficient of variation for the

analysis of CK was 3.5%.

Capillary blood, collected from the earlobe, was used to determine blood lactate concentration
immediately following completion of each 15min exercise bout and throughout the 30 min post-
exercise period. A portable lactate analyser (Lactate Pro, Arkray, Japan) was used and has previously
been shown to be an accurate and reliable portable analyser for blood lactate concentration (Tanner et

al. 2010).

Data Analysis. Two-way analysis of variance (ANOVA) with repeated measures (treatment x time)
was used to determine differences between the two treatments with regards to blood and muscle
function test parameters. Statistical significance is reported when P < 0.05. Statistical analysis was
carried out using IBM SPSS Statistics (Version 19.0). A Tukey’s honestly significant difference post-
hoc test was used to establish where any significant differences occurred. Following post-hoc
analysis, effect size (ES) data was calculated using Cohen’s d to determine the magnitude of the
effect. Effect sizes were assessed using the following criteria: <0.2=trivial; 0.2-0.6=small; 0.6-
1.2=moderate; 1.2-2.0= large, >2.0=very large (Hopkins 2002). All data are expressed as mean *

standard deviation (SD).

Results
Pre-exercise hydration variables. There were no significant differences in baseline body mass (78.0
+ 13.6 kg v 77.6 + 12.7kg for CG v CON, respectively) or urine specific gravity (1.019 + 0.008 v

1.019 + 0.005 for CG v CON, respectively) between trials.
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Pressure Interface Data. The interface pressure between the lower body compression garment and
the skin was measured at three sites of the lower limb. There was a significant difference between the
pressure exerted by the compression garment at the ankle and the calf (19.1£3.6 v 7.2+2.8 mm Hg,
p<0.01), ankle and thigh (19.1£3.6 v 4.8+1.6 mm Hg, p<0.01), but not between the calf and thigh
(7.2+2.8 v 4.8£1.6 mm Hg, p>0.05). Rather than providing uniform pressure along the length of the
limb, the garments provide greater pressure at the ankle that at the thigh and therefore can be

categorized as a graduated compression garment.

HR, Blood Lactate and RPE during the LIST. The average HR, blood lactate concentration and
RPE were recorded following every 15 min bout of the LIST exercise protocol. A main effect for time
was found for RPE across the five bouts (p<0.01) with RPE increasing as exercise duration increased.
At the completion of the final stage of exercise, regardless of the treatment that was to proceed
exercise, there was no difference in average HR (CG: 167+10 bpm v CON: 167+10 bpm, p>0.05),
blood lactate concentration (CG: 2.7+1.2 mmol.L™ v CON: 2.6+0.8 mmol.L™, p>0.05) or RPE (CG:
15+1 v CON: 1441, p>0.05). As such, prior to commencing either CG or CON, the amount of work
performed by subjects in the LIST, their physiological response to this work, and their physiological

state at the conclusion of the LIST exercise protocol was the same.

Post-exercise Blood Lactate. Table 1 shows the blood lactate concentration of subjects from 0-30
min post-exercise under both conditions. No differences were observed between trials for post-

exercise blood lactate concentration (p>0.05).

Cytokines and Proteins. No significant differences were observed for TNF-o or IL-18 or IL-6
between the two treatments (p>0.05, Figure 2). The C-reactive protein (CRP) response revealed a
significant interaction (p=0.030, Figure 2) and post-hoc analysis identified a difference between the
two treatments only at baseline. A main effect for time (p=0.001) also confirmed that CRP was
significantly higher at 24 h post-exercise than all other time points. For CG, CRP at 24h was higher

than baseline, 1h and 48h (p<0.01), whilst for CON, CRP at 24h was higher than at 48h (p<0.05).
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CK. A main effect for time identified that CK concentration was significantly elevated in the post-
exercise period in both CG and CON (p=0.001, Figure 3), however, there were no differences in the
concentration of CK when comparing CG with CON (p>0.05). CK values peaked 24 h after the
completion of exercise at which time they were higher than all other time points (p<0.05) indicating
that the LIST protocol successfully induced some muscle damage, however, the leakage of CK into

the blood, appears to have been similar between trials regardless of the recovery technique used.

Tests of Muscle Function. A significant interaction (p=0.039) and a main effect for time (p=0.002)
were observed for mean power production during the 5CMJ (Table 2). Power production had
decreased significantly (p<0.05) by 1h after exercise in both trials and was significantly higher at 48h
compared with 1h and 24h post-exercise (p<0.01). The post-hoc analysis following the significant
interaction, revealed a difference between CG and CON only at 48h post-exercise (p<0.05), however,
the magnitude of the difference between treatments at this time point (158w) and that which was
observed across time within each treatment, were generally smaller than the typical error associated
with this test (210w intraday, 278w interday) (Cormack et al. 2008). For mean force in the 5CMJ, a
significant time effect (p<0.05) confirmed that mean force production was significantly lower at 1h
post-exercise than at baseline, 24h and 48h under both conditions, and the difference was generally
greater than the typical error (69N) associated with this parameter (Cormack et al. 2008). There were
no significant differences observed between trials for mean force or mean power output in the SJ

(Table 2).

Perceived recovery. Although no interaction effect was observed (p>0.05), significant main effects
for both treatment (p=0.005) and time (p=0.001) were found. At 1 h after the end of exercise in both
CG and CON, subjects disagreed with the notion that they were “well recovered” and “ready to
perform at their best”. They felt significantly less recovered at 1h (p<0.05) compared with 24h and
48h post-exercise. Given the treatment main effect, averaged across all time points it is evident that

perceived recovery was reported as superior when CG were worn. Individual data show that after
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wearing CG for 48 h, six out of eight subjects strongly agreed they were “ready to perform at their

best”, compared to one out of eight for CON.

Rating of Perceived Soreness. Rating of perceived muscle soreness in the post-exercise period is
displayed in Figure 4 (0=no soreness; 10=extreme soreness). There was no significant interaction
effect, however, the main effect for time was p=0.003 as perceived soreness was higher at 1 h post-

exercise in both conditions compared to all other time points (p<0.05). There was a trend for a
treatment main effect (p=0.053) with soreness reported to be less in the CG versus control

condition averaged over all recovery time points.

Discussion

The focus of the present study was on the efficacy of wearing full length lower body compression
garments for 24 h post-exercise as a recovery aid for highly-trained athletes. Additionally, it provided
a unigue comparison of blood variables, perceptual responses and muscle function in the 48 h
following intermittent activity. The majority of subjects in the present study felt better recovered and
reported earlier exercise readiness after 24 h of wearing compression garments following a hockey
match simulation exercise. Despite this, blood markers and tests of muscle function monitored in this

study revealed that compression garments provided minimal assistance to the recovery process.

Compression garments have been shown to increase femoral vein flow velocity by reducing the
pooling of blood in the lower extremities and encouraging venous return of blood to the heart. Sigel et
al. (1975) found that garments which apply a compressive force of 18 mm Hg around the ankle,
reducing to 8 mm Hg around the thigh, generate the fastest average flow velocity of 38.4% above
baseline, in inactive recumbent subjects. A garment which applies graduated compression in this way
has been shown to increase blood flow to a greater degree than compression distributed evenly over
the lower extremity in patients with normal venous systems (Sigel et al. 1975). The commercial

garments used in the present study provided interface pressure of 19.1 mm Hg at the ankle, 7.2 mm
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Hg at the calf and 4.9 mm Hg at the thigh. Given the pressure applied at the extremities and the
graduated nature of the garments used in this study, the expected influence on blood flow would be

similar to what has previously been described (Sigel et al. 1975).

In the present study, a range of blood variables were monitored in the post-exercise period to
determine whether any influence of the garments on the recovery process could be observed. The
effect of circulation on the removal of blood lactate may have provided some insight into the effect of
compression garments worn in the immediate post-exercise period. However, the blood lactate
response of our subjects in the present study (average 2.7 mmol.L™ across the five bouts) was much
lower than previously reported for this protocol (Nicholas et al. 2000) and as such, it is difficult to
elucidate the specific impact on blood lactate removal post-exercise. Although the LIST was chosen
and has previously been defined as a “high-intensity” exercise protocol (Nicholas et al. 2000), our
highly-trained subjects were well adapted to this type of exercise and tolerated the exercise well as a
result. We may have seen more changes in the HR, RPE and blood lactate response during exercise in

less well-trained subjects.

Following EIMD, the inflammatory response is generally accepted as part of the post-exercise
recovery process and it has been previously documented that eccentric exercise with an endurance
component produces a robust cytokine response (Sayers and Hubal 2008, p43). However, whether the
post-exercise cytokine response is actually associated with a fully-developed inflammatory response
has been questioned. Malm et al. (2004) found that, although there is an increase in cytokines
following eccentric exercise, this does not indicate skeletal muscle inflammation. Instead the
relationship between cytokines, growth factors and hormones post-exercise may be more closely
related to the regeneration and adaptation of human skeletal muscle rather than the inflammatory
process (Malm et al. 2004). Ostrowski et al. (1999) suggested that the magnitude and duration of the
inflammatory response following endurance exercise is restricted; cytokines are produced locally and
are rapidly cleared from circulation following exercise. Previous studies demonstrate that IL-6, IL-1f

and TNF-a reach their peak and are then rapidly removed from the circulation possibly within the first
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hour following exercise, much quicker than would be expected of a traditional inflammatory response
(Ispirlidis et al. 2008; Montgomery et al. 2008a; Ostrowski et al. 1999; Ostrowski et al. 1998; Peake et
al. 2008). IL-1B and TNF-o have been shown to increase only modestly post-marathon but decrease
by 2 h (Ostrowski et al. 1999; Ostrowski et al. 1998). This was not the case in the present study, as

there was no main effect for time observed for either IL-1p or TNF-a following intermittent exercise.

Endurance exercise has been shown to bring about an increase in IL-6 levels immediately after a
marathon (128-fold increase), after 60 min of treadmill running (10-fold increase) and following 120
min of cycling (12-fold increase), with values declining dramatically by 1-2 h post-exercise (Cox et
al. 2007; Ostrowski et al. 1999; Ostrowski et al. 1998; Peake et al. 2008). Intermittent exercise has
also been shown to increase IL-6 with 3-4-fold elevations reported immediately after basketball
(Montgomery et al. 2008a) and 4-fold elevations immediately following soccer (Ispirlidis et al. 2008).
This is greater than in the present study where IL-6 levels were only 1.5-fold above baseline values at
1 h post-LIST. The baseline IL-6 levels in the present study, however, were higher than reported
elsewhere (Cox et al. 2007; Ispirlidis et al. 2008; Montgomery et al. 2008a; Ostrowski et al. 1998) and
may have influenced the magnitude of the post-exercise increase observed. This is likely due to the
pre-exercise snack that was ingested prior to the LIST protocol which delivered 1.2g.kg BM™
carbohydrate 2.5 h prior to exercise. Whilst this was intended to ensure that pre-exercise glycogen
stores were similar between the two trials, it may actually explain the elevated IL-6 levels at baseline
as glycogen ingestion has previously been shown to cause an increased in baseline pro-inflammatory

factors (Aljada et al. 2006).

Depending on the trigger for production, it is possible that the post-exercise peak of IL-6 in the
present study occurred either earlier than 1 h post-exercise, or closer to 8 h post-exercise which has
been reported previously (Miles et al. 2007a; Miles et al. 2007b). The two independent pathways of
IL-6 production in response to exercise, as specified by Miles et al. (2007b), suggest that IL-6 which
is produced as a normal response to exercise peaks during or immediately after exercise and declines

very quickly following exercise. In contrast, the IL-6 peak in response to muscle damage may be
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smaller, occurring hours after the completion of exercise (Miles et al. 2007b). Although the IL-6 peak
observed in the present study was small and not significant, a significant elevation of CRP at 24 h
post-exercise in both trials was observed. Given that IL-6 is a trigger for CRP production (Pedersen et
al. 1998) it is possible that, although not detected in the present study, a significant increase in I1L-6
may have occurred at some stage throughout the recovery period. However, given the timing of
sampling in the present study, the magnitude of the IL-6 response, and any impact that the potential

circulatory benefits of CG had on this, remains unclear.

The LIST exercise protocol brought about some changes at the cellular and muscular levels in the
post-exercise period. CK increased significantly and peaked 24 h after the conclusion of exercise
under both conditions suggesting cell membrane permeability had been disturbed, but there was no
impact of the garment worn. In addition there is evidence that muscle function was reduced at 1 h
after exercise when the 5CMJ was performed in the present study. However, similar to the impact on
CK, the lower body CG worn for 24 h post-exercise in the present study did not enhance the recovery
of muscle function in the lower limbs. Several previous studies investigating the use of lower body
garments on recovery, have found similar results with regards to CK activity (Davies et al. 2009;
Duffield et al. 2010) and recovery of muscle function (Davies et al. 2009; Duffield et al. 2010; French
et al. 2008; Montgomery et al. 2008b). Kraemer et al. (2010), however, found that a whole body
compression garment reduced CK values by half at 24 h post-exercise in men and women after an
upper and lower body resistance workout, and Kraemer et al. (2001) reported reduced CK values after
subjects wore a compression sleeve over the arm for 5 days following eccentric exercise. Both studies
reported that recovery of upper body muscle function was significantly improved after wearing
compression compared with control conditions, however there was no impact on the lower body
measures of muscle function when whole body compression was worn (Kraemer et al. 2010). This
may be because eccentric exercise of the arm has been shown to induce much larger increases in CK
activity and have a greater impact on muscle function compared to lower body exercise of the same
relative intensity (Jamurtus et al. 2005). As such, the effect on CK activity and muscle function

reported by Kraemer et al. (2001) when an arm sleeve was worn, and Kraemer et al. (2010) when a
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whole body garment was worn, may be primarily due to the specific characteristics of the upper body
response and may be why the same outcome was not evident in the present or previous studies

investigating lower body garments.

In contrast to blood and muscle function results, the perceived response of subjects in the present
study suggests that there may be a psychological benefit of wearing the garment in the post exercise
period. Muscle soreness was rated higher in CON throughout the entire trial period and peaked at 1 h
post-exercise in both conditions. This is much earlier than the observed peak in CK activity at 24 h
post exercise in the present study. The poor relationship between plasma CK activity and muscle
soreness has previously been reported with suggestion that the muscle soreness commonly associated
with EIMD may not directly reflect the magnitude of damage to the muscle itself (Malm et al. 2004;
Nosaka 2008, p66). Malm et al. (2004) provided evidence that damage to the connective tissue rather
than the muscle itself may be more likely associated with delayed onset muscle soreness following
EIMD, and furthermore, the increase in CK activity is not related to muscle inflammation post-
exercise. This may explain the evident dissociation between muscle soreness, plasma CK activity and
changes in muscle function observed in the current and previous research (Nosaka et al. 2002).
Although muscle soreness may not specifically reflect the magnitude of exercise-induced muscle
damage, it does provide further information regarding the state of the muscle environment (Nosaka et

al. 2002) and likely contributes to the athlete’s perceived readiness for exercise.

This was certainly the case in this study whereby perceived recovery was significantly greater at 24
and 48 h after exercise in both conditions. Perceived recovery responses were only collected in the
post-exercise period and although it is unclear as to which treatment was superior, subjects always felt
better recovered when CG were worn. One possible explanation for this may be that the garments felt
comfortable to wear and the subjective response of the subjects reflected this notion. In addition,
compression garments have previously been found to reduce muscle oscillation during jumping (Doan
et al. 2003) and as such, it is possible that a reduction in the displacement of the functioning muscles

may attenuate the sensation of pain and stiffness following EIMD. This may suggest that by providing
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mechanical stability to exhausted limbs, compression garments enhance the functionality of the

connective tissue following EIMD, however we have no specific data to support this notion.

Conclusions

Typical indicators of EIMD including muscle soreness, loss of muscle function, elevated CK and
cytokine activity were evident in the present study, even though the level of muscle damage appears
to have been low and the inflammatory response was subtle. This may in part be due to the training
status of our subjects and their high level of adaptation to the exercise stimulus performed, and the
timing of the blood sampling which may have precluded complete capture of the cytokine changes
and any potential impact of altered circulation. Even so, muscle soreness was reported, mild loss of
muscle function was evident and there was some indication of an acute-phase inflammatory response.
Based on the perceptual data, subjects always felt better recovered when CG were worn, however, the
restoration of muscle function post-exercise and the biomarkers investigated showed no evidence of
enhanced physiological recovery. Additional information in the initial hour and between 1 and 24 h
post-exercise, may provide further insight into the true cytokine response to the intermittent exercise
and the impact, if any, of the garments worn. Given the heavy promotion of compression garments to
athletes and the general belief that they are of benefit, any positive psychological aspect of wearing
the garments should be viewed with caution. As such, in the absence of a completely blinded control
trial, the potential for an overestimation of the treatment effectiveness should also be considered.
Apart from the perceived response of subjects, the biochemical and physical responses observed in
this study provide no evidence of a benefit on the recovery process of highly-trained team-sport

athletes wearing lower body CG for 24 h following exercise.
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Figure Captions
Figl Experimental design and study timeline

Fig2 Cytokine and Protein response following intermittent exercise: CRP (A), IL-6 (B), IL-1p (C),
TNF-a (D). *P < 0.05 from baseline, 1h and 24h for CG, and, different from 48h for CON. #P < 0.05
CG different from CON. Values are presented as mean + SD.

Fig3 CK concentration. *P<0.01 from all other time points for CG and CON. Values are presented as
mean + SD.

Fig4 Perceived recovery (A) from strongly disagree (1) to strongly agree (5) at 1 h, 24 h and 48 h
post-exercise, and Rating of Perceived Soreness (B) from no soreness (0) to extreme soreness (10) at
baseline, 1 h, 24 h and 48 h post-exercise. *P<0.01 from 1h and 48h for CG and CON. aP<0.05from
all other time points for CG and CON. Main effect for treatment observed for both Perceived recovery
(P<0.01) and RPS (P=0.053). Values are presented as mean + SD.
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Table 1 Blood lactate concentration in the 30 min following exercise (n=8). CG worn from 4
min post-exercise until 24 h post-exercise.
Values are presented as mean (SD).

CG
Baseline 1lh 24 h 48 h Baseline 1lh
?VS)MJ Mean Power 3711(790) 3576 (680)%  3610(706) 3666 (668)" 3648 (776) 3541 (76
Z\C‘:)MJ Mean Force 2000 (421) 1923 (361)* 1941 (356) 2016 (431) 2032 (420) 1950 (40
SJ Peak Force (N) 1876 (341) 1838 (340) 1834 (325) 1834 (331) 1848 (320) 1829 (3¢

Table 2 Tests of muscle function (5CMJ and SJ) at baseline, 1 h, 24 h and 48 h following
exercise.

Values are presented as mean (SD).

* P<0.05 from CG

#P<0.05 from baseline

* P<0.01 from 1h and 24h

A P<0.05 from baseline, 24h and 48h
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