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of the compression tights used in the study. The remaining allocation of compression tights used 

in the current study were supplied by the company (Pressio Inc., London, United Kingdom) free 

of charge; however, the company had no input into the design, analysis, or reporting of results 

from this study. The results of the study are presented clearly, honestly, and without fabrication, 

falsification, or inappropriate data manipulation. The results of the present study do not constitute 

endorsement by the American College of Sports Medicine. The datasets generated during and/or 

analysed during the current study are available from the corresponding author upon reasonable 

request.  
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ABSTRACT 

Introduction/Purpose: Compression garments are a commonly used recovery aid following 

resistance exercise, which may improve muscle blood flow and perceived recovery. However, 

there has been limited insight into the underlying molecular mechanisms that may mediate the 

physiological effects of compression garments. The aim of this study was to investigate the effect 

of compression tights on markers of muscle protein synthesis, muscle blood flow, and indices of 

recovery following a bout of resistance exercise. Methods: Twenty resistance-trained participants 

(5 females, 15 males) completed a leg-press exercise session followed by a 5-h recovery period 

wearing either commercially available compression tights (COMP, n = 10) or no tights (CON, n = 

10). Physiological (markers of muscle protein synthesis, muscle blood flow, blood lactate, blood 

glucose), perceptual (total quality of recovery, perceived muscle soreness and subjective 

wellbeing), and performance measures (countermovement jump and isometric mid-thigh pull) 

were collected at baseline, immediately post-exercise (performance and perceptual only), and at 

1-h (physiological and perceptual only), 5-h and 24-h post-exercise. Results: No significant (p < 

0.05) interactions were observed between groups in physiological, performance, and perceptual 

measures. There were main effects of time for post-exercise measures compared to baseline (p < 

0.05), with increased markers of muscle protein synthesis, muscle blood flow, blood lactate, 

muscle soreness, and reduced blood glucose, total quality of recovery, subjective wellbeing, and 

countermovement jump height for both groups. CONCLUSIONS: Commercially available 

compression tights used post-resistance exercise did not influence muscle protein synthesis 

markers, muscle blood flow or indices of exercise recovery following resistance exercise in the 

current study. Key Words: RECOVERY INTERVENTION, MUSCLE SORENESS, 

STRENGTH, ADAPTATION  
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INTRODUCTION 

 Resistance exercise is a form of exercise that seeks to increase lean muscle mass, improve 

strength and power and assist in the prevention of injuries (1). Individuals performing resistance 

exercise may later experience symptoms of exercise-induced muscle damage (EIMD), including 

tissue oedema and reductions in maximal force capacity, though these are more common from 

unfamiliar or unaccustomed training (2). The resultant increase in pain sensation, otherwise known 

as delayed-onset muscle soreness (DOMS), can impair movement patterns and perceptual 

measures of recovery and possibly demotivate individuals to participate in subsequent training (2). 

To help mitigate the deleterious effects of DOMS and EIMD after resistance exercise and 

maximise subsequent training volume and quality, individuals may choose to implement recovery 

aids, with compression garments being a popular choice.  

 Originally used in clinical and therapeutic settings for the treatment of pulmonary emboli, 

oedemas and deep vein thrombosis, compression garments apply mechanical pressure to the body 

and are used to improve blood flow and circulation (3). In turn, this may promote enhanced 

recovery following a resistance exercise session when compared to no recovery intervention, as 

indicated by improvements in muscle strength (4, 5) and countermovement jump (CMJ) height (6-

8), as well as reductions in perceived muscle soreness (4, 6). Conversely, other investigations have 

reported no changes to CMJ height (9) or measures of lower and upper-body power (10) after using 

compression garments for 12-24 hours recovery following a resistance exercise session. These 

conflicting findings may reflect the variability in commercially available compression garments 

used for research, as the effectiveness of the garments in improving indices of exercise recovery 

can be dependent on garment pressure, composition and fit (6). 
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 One key mechanism by which compression garments may mediate improvements in 

recovery after resistance exercise is through changes to muscle blood flow. Subsequently, this may 

increase the clearance of metabolic waste products and the delivery of nutrients following exercise 

(11-13). For example, compression tights used during a 4-h recovery period following resistance 

exercise were shown to increase muscle blood flow and markers of venous return, which was 

associated with enhanced physical and perceptual recovery in resistance-trained individuals (14). 

However, a contradictory effect on blood flow appears to take place at the microvascular level, 

whereby muscle microvascular perfusion after exercise may be attenuated with the use of 

compression garments, which could subsequently influence nutrient uptake and related pathways 

involved in muscle protein synthesis (15). It is also apparent that the effect of compression 

garments on blood flow is dependent on applied garment pressure, whereby too little pressure will 

have no effect (16) and excessive garment pressure may hinder blood flow (17). This is pertinent 

given that the applied pressure of commercially available compression garments can vary 

considerably between manufacturers (18), as well as between individuals (19).  

 Resistance exercise has been shown to increase skeletal muscle blood flow, contributing to 

enhanced transport and delivery of amino acids necessary to stimulate muscle protein synthesis 

(20, 21). In response to a single session of resistance exercise, there is an elevation of muscle 

protein synthesis for up to 24–48 h (22), which can be attributed to the activation (phosphorylation) 

of protein kinases that include mammalian target of rapamycin (mTOR), p70S6 kinase (p70S6K) 

and ribosomal protein S6 (rps6) (23). These protein kinases are directly involved in the translation 

of proteins necessary for muscle growth, adaptation, and repair, as well as in stimulating mixed 

muscle protein synthesis (24). Though there is considerable heterogeneity between individuals, 

measuring changes in the content and phosphorylation of these proteins can provide insight into 
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an individual’s adaptation to the resistance exercise stimulus (25, 26) and, potentially, the capacity 

for muscle hypertrophy over time. For example, increased phosphorylation of p70S6k following 

an initial resistance exercise session has been associated with increased fat-free mass and muscle 

fibre cross-sectional area after a training program (23). While there is ample evidence to suggest 

compression garments may enhance recovery from resistance exercise (4, 6, 7, 14, 27), there has 

been no insight into the underlying molecular mechanisms that may mediate the observed 

physiological effects of the garments. Examining the changes in protein content and 

phosphorylation modulated by specific recovery strategies such as compression garments will 

ultimately contribute to a greater understanding of their overall role in physiological adaptation to 

training. Therefore, the compression-induced changes in blood flow during recovery from 

resistance exercise may also influence the complex molecular process of muscle protein synthesis. 

 Recent research on recovery strategies such as cold-water immersion (CWI) has drawn into 

question the role that such strategies may play in acute hypertrophy signalling (e.g., mTOR, 

p70S6K) and molecular adaptations (i.e., muscle hypertrophy, muscular strength) over time. While 

regular CWI use after resistance exercise may blunt molecular signalling when used regularly (28-

30), hot water immersion, a post-exercise strategy that aims to promote muscle blood flow and has 

similar proposed mechanisms to compression garments, has been reported to improve key markers 

of muscle protein synthesis and muscle hypertrophy (31). However, these findings are not 

consistent (32, 33), and future research is required to investigate the effect of strategies (i.e., 

compression garments) that may alter post-exercise muscle blood flow on markers of muscle 

protein synthesis. Furthermore, identifying the acute molecular responses and physical 

performance effects of compression garment use following resistance exercise will provide the 

initial insight for further research on the efficacy of long-term compression garment use and the 
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potential implications for training adaptations (e.g., muscle hypertrophy, muscular strength). 

Therefore, the primary aim of this study was to assess, for the first time, the effect of compression 

garments used for recovery on markers of muscle protein synthesis post-resistance exercise. A 

secondary aim was to assess the influence of compression garments on muscle blood flow and 

indices of muscle recovery.  

 

METHODS 

Participants  

In the current study, 28 adults volunteered to participate, of which 8 were found to be 

ineligible due to injury, contraindications to exercise, or training status. The final sample consisted 

of 20 adults (5 females; 15 males) (Table 1). The sample size was powered to detect a medium (d 

= 0.55) difference at a = 0.05 and ß = 0.2 (G*Power Version 3.1.9.7; Universität Düsseldorf, 

Düsseldorf, Germany), using previously reported differences in blood flow at the vastus lateralis 

with and without compression tights (14). To minimise large variations in response to the exercise 

intervention, all participants were required to be participating in at least two resistance exercise 

sessions per week (including lower-body exercises) for the previous six months to be eligible to 

participate. All participants were screened to ensure they did not have any contraindications that 

may have affected their ability to perform the physical performance testing or use the recovery 

intervention (e.g., joint pain or musculoskeletal injury). Written informed consent was obtained 

from each participant, and ethical approval was obtained from the Victoria University Human 

Research Ethics Committee of the institution (HRE19-094). Participants were matched one-on-

one for strength (by 1-repetition maximum (1RM) leg press result) and then randomly divided as 

a pair into one of two recovery groups prior to Visit 2. These groups were sports compression 
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tights (COMP, 2 females and 8 males, n = 10) and a passive control group (CON, 3 females and 7 

males, n = 10).  Female participants could voluntarily report details of their menstrual cycle on a 

questionnaire at the start of Visit 2, as recommended by Elliott-Sale, Minahan (34). 

 

Experimental Overview 

A parallel group design was used for the present study. Participants were allocated to an 

experimental (COMP) or control (CON) recovery intervention in a randomised design. 

Participants first completed a familiarisation session (Visit 1) of the testing protocols and 

performance measures (CMJ, isometric mid-thigh pull (IMTP) and assessment of muscle blood 

flow (near-infrared spectroscopy; (NIRS)) used in the study and performed 1RM leg press testing. 

Participants then reported to the laboratory 10 to 14 days later for an acute trial (Visit 2), consisting 

of pre-testing (perceptual ratings, resting muscle biopsy, NIRS, CMJ and IMTP) prior to a 

resistance exercise intervention (leg press exercise). Performance and perceptual measures were 

repeated immediately post-exercise before the application of either compression tights (COMP) or 

no recovery intervention (CON) for a 5-h period. During this period, perceptual measures, NIRS, 

muscle biopsies and performance measures were repeated as per Figure 1. Participants then 

returned to the laboratory for a 24-h follow up visit (Visit 3), where all physical and perceptual 

measures were repeated.  

 

Procedures 

Muscle Biopsies. Muscle biopsies were sampled by a trained physician at four time points (Figure 

1) from the vastus lateralis muscle using a suction-modified 5-mm Bergström needle (35, 36). 

New incisions were made on the same leg for each time point (i.e., baseline, 1-h post, 5-h post and 
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24-h post-exercise). Under local anaesthesia (1% lidocaine), a small incision was made through 

the skin, subcutaneous tissue and fascia overlying the vastus lateralis, using sterilised equipment 

and aseptic techniques. The needle was inserted into the muscle, and a small (~50 to 100 mg) 

portion of muscle tissue was removed. All muscle samples were snap-frozen in liquid nitrogen and 

stored at -80°C for later analysis.  

 

Immunoblotting of Muscle Protein Markers. Frozen muscle samples (~5 to 10 mg) were first 

lysed in RIPA buffer (25 mM Tris Hydrochloride, pH 7.6, 150 mM sodium chloride, 1% NP-40, 

1% sodium deoxycholate, 0.1% sodium dodecylsulphate) with the addition of a phosphate and 

protease inhibitor cocktail at 1:100. To assess total protein concentration in whole muscle lysates, 

a protein assay kit was used (Pierce™ BCA Protein Assay Kit; Thermofisher). All samples were 

subsequently treated in a 4 x Laemmli buffer containing beta-mercaptoethanol and subjected to 

boiling at 95 °C for 5 min. 20 μg micrograms of protein (10 microliters of samples of a 2mg/ml 

concentration) were loaded in each well on 4–20% Criterion™ TGX Stain-Free™ Protein Gels. 

Each gel also contained internal standards (pooled samples from all lysates). Samples and 

standards were separated via electrophoresis (Criterion™ Vertical Electrophoresis Cell, Biorad) 

for ~150 min at 80-100 V before transfer onto a low-fluorescence polyvinylidene difluoride 

(PVDF) membrane using the Trans-Blot® Turbo™ Transfer System (1.2 A, 25 V, for 10 min). 

Membranes were blocked for 1-h in 5% bovine serum albumin in Tris-buffered saline (TBS) and 

0.1% Tween 20 (TBS-T). After 3 × 5-min washes in TBS-T, membranes were incubated overnight 

at 4°C with gentle agitation in primary antibody solutions (1:1000 antibody in 5% BSA, plus 

0.02% sodium azide). The primary antibodies used were from Cell Signaling Technologies and 

include 4E-BP1 (#9452), phospho-4E-BP1 (#2855), eF2 (#2332), phospho-eF2 (#2331), mTOR 
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(#2983), phospho-mTOR (#5536), p70S6K (#9202), phospho-p70S6K (#9234), rps6 (#2217) and 

phospho-rps6 (#4856). The following day, membranes were washed for 3 x 5-min in TBS-T and 

incubated for 70 min in the appropriate dilution of secondary horseradish peroxidase-conjugated 

antibody. After another wash of 3 x 5 min with TBS-T, proteins were visualised using ultra-

sensitive enhanced chemiluminescence (SuperSignal™ West Femto Maximum Sensitivity 

Substrate, Thermo Scientific) or enhanced chemiluminescence (ECL) substrate (clarity western 

ECL substrate, Biorad) and were quantified through densitometry. Images of membranes for total 

protein and targeted protein bands were analysed using Image Lab, version 6.0.1 (Biorad) to 

determine band density. Subsequently, the band density data was normalised for each lane to both 

the total protein content and the internal standard loaded in each gel. From a maximum of 80 

samples per target protein, some samples were excluded from the final analysis due to technical 

issues during the western blot assay (Table 2). The activation ratio for each target protein was then 

quantified by dividing the phosphorylated protein content by the total protein content.  

 

Muscle Blood Flow. Muscle blood flow was measured at the vastus lateralis muscle using NIRS 

at four timepoints as indicated in Figure 1. One oximeter was secured with double-sided tape on 

the lowest third of the vastus lateralis muscle on the participant’s right leg, directly opposite the 

muscle biopsy site on the participant’s left leg. The placement site was shaved of excess hair (if 

required) and a quadriceps skinfold was taken from each participant to ensure a good quality signal 

at this location (< 35 mm) as used in previous studies (37). The quadriceps skinfolds for all 

participants were deemed acceptable for accurate measurement of blood flow with NIRS (Table 

1). Using an automated rapid cuff inflation system (Hokanson, Washington, USA), three 20-s 

venous occlusions of 70 mmHg were applied to the participant’s upper right thigh with a pressure 
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cuff, separated by 45-s of rest. Data from the oximeter was recorded and later analysed using 

proprietary computer software (Oxysoft V3.0.53, Artinins Medical Systems, The Netherlands). 

Blood flow into the muscle was calculated by the rise in total haemoglobin (tHb) (O2Hb + HHb) 

during each venous occlusion. For each timepoint, the average muscle blood flow from three 

occlusions was retained for data analysis. 

 

Blood Analyses. Blood samples were drawn at the baseline, 1-h post, 5-h post, and 24-h post time 

points via venepuncture (Winged Infusion Set 21G x 0.75”, Smiths Medical, USA). Two blood 

samples of approximately 10 mL each were collected into an EDTA tube (Smiths Medical, USA), 

and a portion (100 μL) of blood was analysed immediately for total haemoglobin (KX-21 N 

Sysmex, Japan; subsequently used for muscle blood flow analysis), blood glucose, and lactate 

concentrations (YSI 2500 Glucose/Lactate Analyser).  

 

One Repetition Max Testing. During Visit 1, participants were assessed for their 1RM leg press 

to prescribe an appropriate load for their exercise intervention during Visit 2.  This testing 

commenced with a standardised warm-up consisting of 5-min cycling at 1 Watt (W) per kg body 

mass, 10 repetitions of bodyweight squats, 10 repetitions of bodyweight walking lunges on each 

leg, high knee runs over 20 m, heel kick runs over 20 m, 10 Romanian deadlifts with a dowel, 2 

submaximal CMJs at 50% and 75% perceived effort, and 1 maximal CMJ. Following the warm-

up, participants completed a total of three warm-up sets on the leg press machine (Hammer 

Strength Linear, Schiller Park, IL, USA), consisting of 10 reps with no weight, 5 reps at 50% of 

self-estimated 1RM, and 2-3 reps at 75% estimated 1RM (38). Participants then performed one leg 

press repetition at an estimated 90% of 1RM. If this repetition was completed successfully, and 
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with correct technique, participants performed another one-repetition effort with gradually 

increasing resistance until failure or loss of technique. A 3-min rest period was used between 

maximum effort attempts. A successful 1RM was classified as the greatest mass lifted with correct 

form through a complete range of motion, i.e., the participant’s maximum possible knee extension 

and knee flexion positioned in the leg press machine (39).  

 

Exercise Performance Testing. Prior to performance testing, participants performed the same 

standardised warm-up as completed before 1RM testing. Following the warm-up, participants 

performed three maximal, non-continuous, unloaded CMJs on a 400 × 600 mm force platform 

(Kistler; Winterthur, Switzerland), with 10-s of rest between jumps. CMJs were performed with 

hands on hips to eliminate the influence of an arm swing. Participants were instructed to choose a 

self-selected squat depth and to jump for maximum height. Raw force-time data was obtained from 

the force platform software and analysed using Quattro Jump software (Kistler; Winterthur, 

Switzerland). The average CMJ height (in m, from take-off velocity), Reactive Strength Index 

modified (RSI-mod) (in m/s, calculated as jump height divided by jump time), push off time (s) 

and push off force impulse (N⋅s) were calculated for each timepoint. These metrics were selected 

as they represent key aspects of the CMJ, including the timing (push off time) and magnitude (push 

off force impulse) of force application, in addition to the resultant output (CMJ height). Given that 

measures scaled to jump output are most sensitive to neuromuscular fatigue (40), RSI-mod was 

also included as a measure of interest.  

 The IMTP assessment was performed using an immovable bar placed within a squat rack, 

while standing on the same force platform (Kistler; Winterthur, Switzerland). The bar was adjusted 

to be in contact with the upper part of the thigh, below the hip crease, and participants subsequently 
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positioned their knees and hips at angles which replicated the second pull position of the power 

clean. Individual barbell height, hip and knee angles were replicated at each IMTP timepoint. With 

lifting straps applied to their wrists, participants were cued with the phrase ‘push into the platform 

as hard and fast as possible’ and instructed to maintain grip on the barbell for 3 s. Participants first 

performed two warm-up repetitions at 50% perceived effort and 75% perceived effort. Two 

maximal repetitions were then performed separated by 2-min rest, with a third repetition performed 

if a difference of > 250 N was observed between absolute peak forces of the first two efforts. The 

force-time curve was visually inspected to ensure a stable weighing period and no 

countermovement for each repetition. Raw force-time data was obtained from the force platform 

software and analysed using ForceDecks software (VALD Performance, Newstead, Australia). 

The average net force at 100 ms (N), net force at 200 ms (N), and net peak vertical force (N) were 

calculated for each timepoint. These metrics were selected for analysis as they represent both rapid 

force production (net force at 100 and 200ms) and maximal isometric strength (41).  

 

Perceptual Measures. Ratings of perceived muscle soreness (MS) for the legs were obtained on a 

visual analogue scale of one (no soreness) to ten (maximal soreness) (Thompson et al., 1999), 

while participants self-palpated the gluteal, hamstring and thigh muscles. Ratings of perceived 

recovery and fatigue were assessed using the Total Quality of Recovery (TQR) scale, which is a 

scale from 6 (no recovery) to 20 (maximal recovery) (42). Additionally, a subjective wellbeing 

survey (SWS) was completed at baseline (Visit 2) and 24-h post exercise (Visit 3). This survey 

recorded participant’s perception of fatigue, sleep quality, general muscle soreness, stress and 

mood, each on a five-point scale (Mclean et al., 2010). The combined total score of the five 

categories was used to calculate an overall wellbeing score (best positive result = 25).  
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Exercise Intervention. An eccentric-focused lower body exercise intervention was used to 

promote muscle damage, as used previously by O’Riordan, Bishop (14). Participants were seated 

on a leg press machine and placed their feet shoulder-width apart and flat on the platform. 

Following two warm-up sets (10 unloaded reps; 8 reps at 50% 1RM), participants completed 8 sets 

of 6 repetitions of a leg press exercise at 85% of their 1RM. Each repetition was monitored by the 

investigator to ensure that participants lowered the resistance platform slowly for a duration of 4-

s before pushing the platform back to its starting position as quickly as possible. A 3-minute rest 

period was maintained between each set. 

 

Recovery Intervention. For both recovery interventions (COMP or CON), participants were seated 

on a laboratory bed with legs supine for 5 h post-exercise. Participants in the CON group did not 

receive any recovery intervention but remained supine for 5-h post-exercise. For the COMP 

recovery intervention, full-length (waist-to-ankle) compression tights (Pressio Inc, London, United 

Kingdom) were provided immediately after post-exercise testing and worn for the duration of the 

5-h recovery period only. To facilitate the 1-h post-exercise measures, the tights were briefly rolled 

down to the mid-thigh to allow for placement of the NIRS oximeter and preparation of the muscle 

biopsy site and then returned to position. The oximeter was removed after the blood flow 

measurement and the tights were briefly rolled down once more for the biopsy procedure before 

being returned to their normal position for the remainder of the recovery period. Manufacturer 

guidelines were used to provide an approximate guide for sizing of compression tights. The applied 

interface pressure of the compression garments was assessed during Visit 1 at six standard 

anthropometric sites on the participant’s right leg (Figure 2), in both standing and supine positions. 

Garment pressure was measured using a Kikuhime pressure monitor (MediGroup, Melbourne, 
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Australia), which has previously been shown to be both valid and reliable (43). From landmark A 

(upper ankle) to F (upper thigh), the average applied garment pressure (mmHg) of the sports 

compression tights in COMP was 12.2 ± 2.8 (A), 13.0 ± 3.1 (B), 18.9 ± 4.6 (C), 9.1 ± 2.1 (D), 8.3 

± 1.8 (E) and 6.7 ± 1.4 (F), measured in the supine position.  

 

Dietary & Exercise Controls. Participant meals were standardised for the evening meal prior to 

Visit 2, the lunch meal during Visit 2, and the evening meal prior to Visit 3. Meals were 

individually prescribed based on a fixed macronutrient proportion of 55% carbohydrates, 20% 

protein and 25% fat content per meal, relative to participant body mass (44). The standardised 

meals were provided as commercially available meals (Dineamic; Melbourne, Australia) with 

additional snacks (e.g., fruit juice, muesli bars) included as required to meet the individual 

macronutrient targets. Following the exercise intervention in Visit 2, participants were provided 

with a shake made with water and protein powder (Lean WPI, Genetix Nutrition) equating to 0.3 

g of protein per kilogram of body mass (45, 46). All participants completed a 24-h food diary prior 

to Visit 2 to encourage replication of diet between Visit 2 and Visit 3 (inclusive of the provided 

meal).   

 Participants were asked to refrain from caffeine and alcohol consumption (< 12-h) before 

Visit 2 and Visit 3. Participants presented to the laboratory for Visit 2 and Visit 3 following a 

minimum 8-h fasting period. In addition, participants were asked to refrain from unaccustomed 

exercise for 7 days prior to Visit 2, and to refrain from all exercise for 24 h preceding Visit 2. 

Participants were also asked to refrain from other exercise and recovery interventions between 

Visit 2 and Visit 3.  
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Statistical Analyses 

Descriptive statistics (means and standard deviations) for all variables were computed for 

each time point. A repeated measures ANOVA was conducted to assess differences in subjective 

wellbeing (total SWS score) between groups using a 2x2, Group (COMP and CON) x Time 

(baseline and 24-h post) design. Data were assessed for normality via Normal Q-Q Plots and 

examination of studentized residuals for values greater than ± 3. 

For all other variables, a linear mixed model (LMM) was fit with a fixed effect for time 

(categorical factor: 4-5 levels), interacted with condition (categorical factor, 2 levels: COMP, 

CON). A random intercept and slope model was first fit to allow a different variance over time per 

group. However, the model failed to converge, hence the random effect structure was simplified 

to a random intercept (by ID) only model. Time varying variance was modelled using an 

autoregressive lag 1 (AR1) covariance structure. Marginal and conditional R2 values were 

calculated to estimate the fit of the model fixed effects (marginal R2) and fixed and random effects 

(conditional R2) (47). The assumption of normality of model residual was examined via visual 

inspection of Q-Q plots and an appropriate transformation applied to stabilise the variance if this 

assumption was violated. The imprecision of model fixed effect parameter estimate was denoted 

by 95% bootstrapped confidence interval (1000 iterations). All statistical analyses were conducted 

using Jamovi (Version 2.5.6) at the 95% level of significance (p < 0.05). 

 

RESULTS  

Protein content 

Representative western blot images for total protein content and phosphorylated protein 

content are shown in Figure 3. There were no interaction effects for total mTOR protein [F(3, 43) 
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= 0.09, p = 0.967], total p70S6K protein [F(3, 53) = 0.575, p = 0.634], total 4E-BP1 protein [F(3, 

54) = 0.901, p = 0.447], total rps6 protein [F(3, 54) = 1.07, p = 0.370] or total eF2 protein [F(3, 

52) = 0.08, p = 0.972]. Additionally, there were no interaction effects for mTOR activation ratio 

[F(3, 14) = 0.58, p = 0.626], p70S6K ratio [F(3, 29) = 0.21, p = 0.892], 4E-BP1 activation ratio 

[F(3, 42) = 0.742, p = 0.533], rps6 activation ratio [F(3, 42) = 0.49, p = 0.693], or eF2 activation 

ratio [F(3, 49) = 1.292, p = 0.288].  

 There were main effects of time for total mTOR protein [F(3, 43) = 5.07, p = 0.004], total 

p70S6K protein [F(3, 54) = 3.95, p = 0.013], total 4E-BP1 protein [F(3, 54) = 4.60, p = 0.006], 

total rps6 protein [F(3, 54) = 9.55, p < 0.001] and total eF2 protein [F(3, 52) = 10.14, p < 0.001]. 

Post-hoc analyses revealed lower total mTOR, p70S6K, rps6 and e-F2 protein content at 1-h post 

and 5-h post compared to baseline, and lower total 4E-BP1 protein at 1-h post compared to 

baseline. 

 There was also a main effect of time for mTOR ratio [F(3, 14) = 16.66, p < 0.001], p706SK 

ratio [F(3, 29) = 25.22, p < 0.001], 4E-BP1 ratio [F(3, 42) = 8.694, p < 0.001],  rps6 ratio [F(3, 42) 

= 77.40, p < 0.001]. Post-hoc analyses revealed a greater total mTOR ratio and 4E-BP1 ratio at 1-

h post and 5-h post compared to baseline, and greater p706SK ratio and rps6 ratio at 1-h post, 5-h 

post and 24-h post compared to baseline (Figure 4).  

 No interaction effects were observed for muscle blood flow [F(3, 47) = 0.25, p = 0.86], 

blood lactate [F(3, 53) = 0.536, p = 0.66], blood glucose [F(3, 54) = 0.235, p = 0.87], MS [F(4, 72) 

= 0.586, p = 0.67], TQR [F(4, 72) = 2.02, p = 0.10], or SWS total score [F(1, 18) = 3.10, p = 0.10].  

 There were main effects of time for muscle blood flow [F(3, 47) = 6.28, p = 0.01], blood 

lactate [F(3, 53) = 0.536, p < 0.001), blood glucose [F(3, 54) = 7.59, p < 0.001), MS [F(4, 72) = 

19.10, p < 0.001], TQR [F(4, 72) = 16.09, p < 0.001] and SWS total score [F(1, 18) = 3.10, p = 
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0.01]. Post-hoc analyses revealed greater muscle blood flow (0.03 ± 0.01 mL/min·100/g, p < 

0.001), greater blood lactate (0.186 ± -0.08 mmol/L, p < 0.001) and lower blood glucose (-0.61 ± 

0.30 mmol/L, p < 0.001) at 1-h post compared to baseline in both groups. MS was greater at each 

timepoint compared to baseline (post-exercise: 2.3 ± 0.94 AU, p < 0.001; 1-h post: 1.65 ± 0.67 

AU, p < 0.001; 5-h post: 1.5 ± 0.22 AU, p = 0.003; 24-h post: 3.1 ± 0.98 AU, p < 0.001), while 

TQR was lower at each timepoint compared to baseline (post-exercise: -4.0 ± 0.46 AU, p = 0.001; 

1-h post: -2.2 ± 0.05 AU, p < 0.001; 5-h post: -2.0 ± 0.03 AU, p = 0.001; 24-h post: -2.3 ± 0.5 AU, 

p < 0.001) for both groups. Additionally, SWS total score was lower at 24-h compared to baseline 

(-1.7 ± 0.62 AU, p = 0.01) for both groups (Table 3).   

 There were no interaction effects for CMJ height [F(3, 54) = 1.46, p = 0.236], CMJ RSI-

mod [F(3, 53) = 2.75, p = 0.052], CMJ push off time [F(3, 52) = 0.79, p = 0.50], CMJ push off 

force impulse [F(3, 52) = 2.21, p = 0.10],  IMTP net force at 100ms [F(3, 53) = 1.38, p = 0.26], 

IMTP net force at 200ms [F(3, 53) = 1.58, p = 0.21] or IMTP net peak vertical force [F(3, 53) = 

0.571, p = 0.64] There was a main effect of time for CMJ height [F(3, 54) = 3.71, p = 0.02], with 

post-hoc analyses revealing lower jump height at post-exercise (-0.03 ± 0.01 m, p = 0.002), 5 h 

post (-0.02 ± 0.02 m, p = 0.03) and 24 h post (-0.02 ± 0.01 m, p = 0.02) compared to baseline for 

both groups (Table 4). 

 

DISCUSSION 

The primary aim of this study was to investigate the effects of compression garments on 

markers of muscle protein synthesis and muscle blood flow when used for recovery post-resistance 

exercise. A secondary aim was to assess the effect of compression garments on the recovery of 

physical performance and perceptual recovery characteristics. The main findings were that the 
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commercially available compression garments used in the present study were not associated with 

any beneficial effects when worn for 5 h following resistance exercise. In particular there were no 

changes in markers of muscle protein synthesis or muscle blood flow following resistance exercise, 

and no effect of the garments on physical performance or perceived recovery over a 24-h follow-

up period.  

 A novel component of this study was to investigate the effects of wearing compression 

garments post-exercise on markers of muscle protein synthesis, a first in the field of compression 

garment research. Our findings showed that there was no significant effect of compression 

garments on markers of muscle protein synthesis when used for recovery following resistance 

exercise. Overall, the results demonstrate normal temporal changes in key signalling proteins in 

both groups, including increased phosphorylation of mTOR and 4E-BP1 for 5 h, and a sustained 

increase in phosphorylation of p706SK and rps6 for 24 h post-exercise, indicative of their role as 

key downstream targets of the mTOR pathway (23). These changes are consistent with previous 

reports on the effects of resistance exercise on acute muscle protein responses (48-50), and are 

associated with skeletal muscle hypertrophy with resistance training (51). In contrast to the current 

findings, previous research on CWI has reported the suppression of muscle protein synthesis and 

skeletal muscle hypertrophy alongside increased markers of protein degradation (28, 30). While 

this has placed CWI largely in the category of a ‘hormetic agent’ (52) that should be used with 

caution in the context of resistance exercise recovery, the current data does not indicate that 

compression garments have any significant effect on markers of muscle protein synthesis. 

However, as markers of muscle protein degradation and measures of muscle protein synthesis were 

not analysed in the present study, the potential effect of compression garments on overall muscle 

protein balance cannot be inferred, and this may be of interest in future research.  
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 A potential explanation for the observed lack of change in markers of muscle protein 

synthesis with compression garments may be the absence of compression-induced increases in 

muscle blood flow, which was expected based on previous research (14, 37, 53). However, it is 

notable that such studies have used compression garments exerting a higher applied pressure than 

those in the current study, particularly at the thigh (~15 mmHg compared to 8 mmHg), which may 

explain the lack of changes in muscle blood flow. This underlines the inherent variability of 

commercially available compression garments, which, due to fabric type, composition, garment 

sizing, and anthropometry can result in differences in the magnitude of applied pressure on 

individuals. For instance, significant differences in applied pressure have been observed between 

three commercially available brands of sports compression tights measured in the same participant 

group (18). In the current study, manufacturer guidelines were used only as an approximate guide 

for sizing of the compression garments, with greater consideration given to the pressure applied 

across the leg, as recommended by MacRae, Laing (54). Despite this, garment pressure was still 

lower than reported in previous studies using commercially available sports compression tights 

(14, 18). While there is no consensus on a ‘minimum dose’ of pressure for compression garments 

to be effective, higher-pressure compression garments may improve physical and perceptual 

recovery after a damaging drop jump protocol to a greater degree than low-pressure compression 

garments (thigh: 14.8 ± 2.2 mmHg vs 8.1 ± 1.3 mmHg) (6). As such, the relatively low pressure 

of the compression garments (mid-thigh: 8.3 ± 1.8 mmHg) used in the current study was clearly a 

limiting factor that likely contributed to the lack of change in muscle blood flow. Alternatively, it 

is also possible that a divergent effect of compression garments on blood flow occurred, whereby 

femoral blood flow was altered with compression garments, but no change was apparent at the 
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microvascular (muscle) level (15). However, without direct measurement of femoral blood flow 

in the present study, this is purely speculative.  

 Given that muscle blood flow is associated with glucose uptake (55), the lack of change in 

muscle blood flow observed may also explain the absence of any effect on blood glucose with the 

use of compression garments for recovery. A normal post-exercise blood glucose response was 

observed across both groups (56), whereby blood glucose significantly decreased at 1-h post-

exercise compared to baseline. Only one previous investigation in compression garments has 

reported on glucose uptake, finding no difference with the use of compression shorts after high-

intensity cycling (57). However, it is difficult to compare to this study, given that the applied 

pressure of the compression shorts (~37 mmHg) was substantially higher than the compression 

tights used in the present study. As such, it is not clear whether blood glucose or glucose uptake is 

unchanged with compression garments, or if it is dependent on garment pressure and, 

subsequently, muscle blood flow. Similarly, while blood lactate was significantly increased at 1-h 

post-exercise compared to baseline, there was no difference between groups. This may reflect the 

difficulty of using blood markers as an indicator of physiological recovery, which contributes to 

the variable findings on the effect of compression garments on lactate responses after exercise 

(58). However, it is also probable that there was a mixed response to the exercise intervention 

across the participant group due to the training status and sex of the participants (59, 60), which 

influences the interpretation of these blood measures.  

 Compression garments used for 5 h post-resistance exercise did not influence the recovery 

of physical performance, as assessed through CMJ and IMTP testing. This aligns with previous 

studies investigating the use of compression garments for recovery after resistance exercise, which 

have generally reported no improvement in CMJ metrics (9, 10, 27). Similarly, the lack of effect 
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of compression garments on IMTP performance is in agreement with previous research 

demonstrating no significant changes to IMTP absolute or relative peak force with post-resistance 

exercise compression garment use (14). While the 5-h recovery period used in the present study 

reflects the most common duration that athletes wear compression garments after exercise (61), 

longer periods of compression wear (> 12-h) are often associated with improvements in jump 

performance and recovery of muscle strength after resistance exercise (4, 8). This suggests that 

further research into the dose-response relationship for compression garments may be required to 

understand the potential effects of different garment wear periods on the recovery of physical 

performance.  

 A common consideration in recovery research is whether the exercise intervention 

implemented was of an appropriate intensity for participants, thereby warranting the use of a 

recovery intervention. The leg press exercise session which was implemented was clearly 

strenuous from both a physical and perceptual perspective, as demonstrated by a significant 

reduction in CMJ height immediately following exercise and increased blood lactate and decreased 

blood glucose at 1-h post-exercise in both groups. Additionally, all perceptual measures (MS, TQR 

and SWS) were significantly impaired during the 24-h follow-up period in both groups. These 

post-exercise physical and perceptual responses were of a similar magnitude to previous studies 

of recovery interventions which utilised resistance or eccentric-based exercise interventions to 

maximise muscle damage ((6, 10, 62).Further, the changes to muscle protein synthesis signalling 

pathways in both groups were consistent with the response to a resistance exercise session (22, 

23). This highlights that the exercise intervention was of an appropriate intensity and resulted in 

reduced indices of perceived recovery, with no apparent difference with the use of compression 

garments post-exercise. In contrast, compression garment research often presents a positive effect 
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of compression garments use post-exercise on measures of perceived soreness, pain, recovery and 

comfort (4, 63, 64). It is possible that there was a varied response to the exercise intervention 

across and within groups as a result of individual factors (e.g., training status), which subsequently 

may have influenced subjective wellbeing and perceived recovery quality. Indeed, there was a 

clear difference in TQR from baseline to post-exercise in COMP compared to CON, despite no 

recovery intervention having been delivered at this timepoint, demonstrating a distinct response to 

the exercise intervention in this group. While a parallel group design, such as that in the present 

study, can overcome the potential confounder of a repeated bout effect (65), a crossover design 

study also has its advantages (i.e., reducing between-subject variability), though it is often not 

feasible due to logistical constraints. 

 

CONCLUSIONS 

In conclusion, results from the present study suggest that commercially available 

compression tights used for 5-h following a lower-body resistance exercise session were not 

associated with changes in markers of muscle protein synthesis, which may be due to a lack of 

change in muscle blood flow. Although previous research supports the benefits of compression 

garments used after resistance exercise, the current study did not observe any compression-induced 

benefits on indices of exercise recovery (i.e., performance, perceptual, blood markers). Overall, 

this study provides novel insight into molecular responses when using commercially available 

compression garments after resistance exercise and should be considered a starting point for future 

research interested in understanding adaptive responses to post-exercise compression garment use. 

Higher compression garment pressure than observed in this study may be required to observe any 

compression-induced physiological effects. Additionally, it may be useful to investigate muscle 
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protein synthesis via amino acid tracers, as well as analyse acute changes in muscle protein 

degradation markers, to improve the understanding of changes in overall muscle protein balance 

with the use of compression garments for recovery after resistance exercise.   
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FIGURE LEGENDS 

 

Figure 1. Schematic of study design and testing measures for participant Visits 1-3. 1RM = 1 

repetition maximum; CMJ = countermovement jump; COMP = compression group; CON = 

control group; IMTP = isometric mid-thigh pull; NIRS = near-infrared spectroscopy; MS = muscle 

soreness; SWS = subjective wellbeing survey; TQR = Total Quality of Recovery.  

 

Figure 2. The following anthropometric sites were used for measuring applied garment pressure 

in the COMP group: A: 5 cm proximal to the distal border of the medial malleolus; B: 5 cm 

proximal to A; C: medial aspect of maximal calf girth; D: anterior aspect of the thigh 10 cm below 

landmark E; E: midpoint between the inguinal crease and the superior-posterior border of the 

patella; F: 5 cm proximal to landmark E.  

 

Figure 3. Representative western blot images for total protein content and phosphorylated (p) 

protein content at four timepoints (baseline, 1-h post-exercise, 5-h post-exercise, 24-h post-

exercise) for 2 participants per group. Images have been cropped for clarity of presentation. CON 

= control group; COMP = compression group; 4E-BP1, eukaryotic initiation factor 4E binding 

protein; eF2, eukaryotic elongation factor-2; mTOR, mammalian target of rapamycin; p70S6K, 

p70 kDa ribosomal protein subunit kinase 1; rps6, ribosomal protein S6. 

 

Figure 4. Ratio of activation (phosphorylated (p) protein content/total protein content) of mTOR 

(A), p70S6K (B), 4E-BP1 (C), rps6 (D) and eF2 (E) for CON (light blue) and COMP (dark blue) 
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participants at four timepoints (baseline, 1-h post-exercise, 5-h post-exercise, 24-h post-exercise). 

# Significantly (p < 0.05) different from baseline for both groups. 
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Figure 2 
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Figure 3 
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Figure 4A 
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Figure 4B 
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Figure 4C 
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Figure 4D 
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Figure 4E 
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Figure 4 Legend 
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Table 1. Descriptive characteristics of participants in control (CON) and compression (COMP) 

groups (mean ± SD).  

 CON (n = 10) COMP (n = 10) 

Menstruation status of 

females (no. of 

participants) 

 NM days 1-5 = 1 

 NM days 6-14 = 2 

 NM days 1-5 = 1 

 NM days 15-21 = 1 

Age (years) 28 ± 6.0 28 ± 4.0 

Height (cm) 176.8 ± 12.1 171.8 ± 6.5 

Body mass (kg) 82.2 ± 15.0 77.9 ± 18.2 

Quadriceps skinfold 

(mm) 

11.6 ± 6.0 7.7 ± 4.6 

BMI (kg/m2) 26.2 ± 3.8 26.2 ± 4.6 

1RM leg press (kg) 317 ± 107 307 ± 96 

NM: naturally menstruating (cycle length between 21-35 days and at least 9 consecutive 

periods in a year).   
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Table 2. Distribution of excluded samples for CON and COMP groups for each target protein 

(pooled timepoints).  

 

 

Target protein 

Excluded samples (n)  

Total samples 

retained for 

analysis (n) 

 

CON 

 

COMP 

mTOR 5 6 69 

P70S6K 0 0 80 

rps6 0 0 80 

4E-BP1 0 0 80 

eF2 0 2 78 

p-mTOR 9 11 61 

p-P70S6K 16 16 48 

p-rps6 8 8 64 

p-4E-BP1 8 8 64 

p-eF2 1 2 77 

4E-BP1, eukaryotic initiation factor 4E binding protein; eF2, eukaryotic elongation factor-2; 

mTOR, mammalian target of rapamycin; p = phosphorylated protein content; p70S6K, p70 

kDa ribosomal protein subunit kinase 1; rps6, ribosomal protein S6.  
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Table 3. Summary of muscle blood flow, blood measures (lactate and glucose) and 

perceptual measures (MS, TQR and SWS) for CON and COMP groups, presented as mean ± 

SD for each timepoint. 

 

  Timepoint 

Measure Condition Baseline Post-

exercise 

1-h post 5-h post 24-h post 

Muscle blood 

flow 

(mL/min·100/g) 

CON 0.13 ± 0.05  0.15 ± 0.04# 0.13 ± 0.03 0.13 ± 0.04 

COMP 0.13 ± 0.04  0.16 ± 0.05# 0.13 ± 0.05 0.14 ± 0.03 

Lactate 

(mmol/L) 

CON 0.56 ± 0.43  0.69 ± 0.33# 0.51 ± 0.27 0.38 ± 0.12 

COMP 0.45 ± 0.19  0.68 ± 0.15# 0.47 ± 0.18 0.44 ± 0.11 

Glucose 

(mmol/L) 

CON 4.50 ± 1.23  3.88 ± 0.83# 4.90 ± 1.33 4.53 ± 1.05 

COMP 4.92 ± 0.72  4.32 ± 0.51# 5.07 ± 0.82 4.98 ± 0.54 

MS (AU) CON 0.9 ± 1.3 3.5 ± 2.2# 2.4 ± 2.0# 2.2 ± 1.4# 3.8 ± 2.4# 

COMP 1.5 ± 1.1 3.5 ± 2.2# 3.3 ± 1.7# 3.2 ± 1.3# 4.8 ± 1.9# 

TQR (AU) CON 16.4 ± 2.7 13.6 ± 2.2# 15.2 ± 2.4# 15.5 ± 2.5# 14.4 ± 2.0# 

COMP 17.2 ± 1.6 12.0 ± 2.9# 13.9 ± 1.7# 14.2 ± 1.6# 14.6 ± 1.4# 

SWS Total 

Score (AU) 

CON 19.6 ± 2.5    17.1 ± 2.0# 

COMP 17.4 ± 1.4    16.8 ± 1.2# 

MS = muscle soreness; SWS = subjective wellbeing survey; TQR = Total Quality of 

Recovery. # indicates significant (p < 0.05) difference from baseline for both groups. 
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Table 4. Summary of performance measures (CMJ and IMTP) for CON and COMP groups, 

presented as mean ± SD for each timepoint (baseline, post-exercise, 5-h post and 24-h post). 

 

 Timepoint 

Measure Group Baseline Post-exercise 5-h post 24-h post 

CMJ height (m)  CON 0.33 ± 0.07 0.30 ± 0.06# 0.32 ± 0.06# 0.33 ± 0.08# 

COMP 0.35 ± 0.09 0.32 ± 0.09# 0.31 ± 0.06# 0.31 ± 0.06# 

CMJ RSI-mod 

(m/s)  

CON 0.40 ± 0.11 0.39 ± 0.09 0.42 ± 0.12 0.41 ± 0.14 

COMP 0.46 ± 0.10 0.43 ± 0.11 0.41 ± 0.06 0.40 ± 0.06 

CMJ push off force 

impulse (N⋅s) 

CON 202 ± 46.4 201 ± 38.3 200 ± 42.8 201 ± 46.2 

COMP 197 ± 48.3 197 ± 44.4 189 ± 47.4 186 ± 41.6 

CMJ push off time 

(s) 

CON 0.27 ± 0.04 0.27 ± 0.05 0.27 ± 0.05 0.28 ± 0.04 

COMP 0.26 ± 0.02 0.28 ± 0.04 0.26 ± 0.02 0.26 ± 0.02 

IMTP net force at 

100ms (N) 

CON 237 ± 149 217 ± 136 305 ± 177 317 ± 145 

COMP 297 ± 152 338 ± 162 317 ± 139 327 ± 189 

IMTP net force at 

200ms (N) 

CON 694 ± 387 609 ± 338 763 ± 378 840 ± 376 

COMP 768 ± 347 842 ± 326 824 ± 291 791 ± 324 

IMTP net peak 

vertical force (N) 

 

CON 1963 ± 792 1794 ± 720 1830 ± 621 1978 ± 636 

COMP 1779 ± 415 1646 ± 299 1647 ± 255 1662 ± 338 

CMJ = countermovement jump; IMTP = isometric mid-thigh pull; RSI = reactive strength 

index. # indicates significant (p < 0.05) difference from baseline for both groups.  
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