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Abstract
Purpose  To investigate sports compression garment (CG)-induced recovery hemodynamics and their potential impact on 
subsequent cycling performance.
Methods  In a randomized crossover design, 13 physically active men (20.9 ± 1.4 years; 65.9 ± 7.8 kg; 173.3 ± 4.8 cm; peak 
power output 254.2 ± 27.2 W) underwent 2 experimental trials. During each experimental trial, the subjects performed 20-min 
fatiguing preload cycling followed by 60-min passive recovery wearing either a sports CG (28.6 ± 9.4 mmHg) or gymnastic 
pants (CON). A 5-min all-out cycling performance test was subsequently conducted and power output and cadence were 
recorded. Cardiac output (CO) and stroke volume (SV) were measured using Doppler ultrasound (USCOM®). Heart rate 
(HR), blood lactate [BLa−], ratings of perceived exertion (RPE), leg muscle soreness (LMS), mean arterial pressure (MAP) 
and systemic vascular resistance (SVR) were monitored at 5, 15, 30, 45, 60 min during passive recovery.
Results  During the subsequent 5-min all-out cycling performance test, power output (215.2 ± 24.0 vs. 210.8 ± 21.5 W, CG 
vs. CON) and cadence (72.5 ± 3.8 vs. 71.2 ± 4.8 rpm, CG vs. CON) were higher in CG than CON (P < 0.05). SV was higher 
at 15, 30 and 45 min (P < 0.05), CO was higher at 5 and 45 min (P < 0.05), HR was lower at 15 and 30 min (P < 0.05) and 
[BLa−] was lower at 5 and 15 min (P < 0.05) during passive recovery, while LMS was lower at all time-points (P < 0.05) 
compared with CON.
Conclusion  Sports CG improves subsequent cycling performance by enhancing hemodynamic responses and attenuating 
perceived muscle soreness during passive recovery in physically active men.

Keywords  Cardiac output · Stroke volume · Blood lactate · Cycling cadence · Power output

Abbreviations
BLa−	� Blood lactate
CG	� Compression garment
CO	� Cardiac output
CON	� Gymnastic pants
DOMS	� Delayed onset muscle soreness
HR	� Heart rate
LMS	� Leg muscle soreness

MAP	� Mean arterial pressure
PPO	� Peak power output
PT	� Performance test
RPE	� Ratings of perceived exertion
SV	� Stroke volume
SVR	� Systemic vascular resistance
USCOM	� Doppler ultrasound

Introduction

Wearing sports compression garments (CG) has been sug-
gested as an effective recovery strategy for multisport ath-
letes to endure frequent training, and may benefit subse-
quent exercise performance (Brown et al. 2017; de Glanville 
and Hamlin 2012). The claimed benefits of CG in terms of 
enhanced exercise performance (Ali et al. 2010; MacRae 
et al. 2012) and recovery (Chatard et al. 2004; Driller and 
Halson 2013; Menetrier et al. 2013) remain controversial, 
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with contradictory findings from studies (Ali et al. 2007; 
Chan et al. 2016; Goto et al. 2017; Stickford et al. 2015) 
due to diverse experimental settings and the type of CG 
used. Although recent reviews suggest that sports CG may 
enhance recovery performance, reduce perceived exertion 
and the severity of delayed onset muscle soreness (DOMS), 
the potential mechanisms and relationship between sports 
CG and enhanced recovery remain elusive (Beliard et al. 
2015; Brown et al. 2017; Engel et al. 2016; Hill et al. 2014a).

The major claimed physiological benefit of wearing 
sports CG is to enhance cardiovascular performance by 
improving hemodynamic responses; i.e., enhancing venous 
return, which increases cardiac output (CO) and stroke vol-
ume (SV) (Born et al. 2013; Lee et al. 2020; MacRae et al. 
2011). Limited studies have examined CG-induced hemo-
dynamic responses during exercise (MacRae et al. 2012; 
Sperlich et al. 2011) and have reported contradictory find-
ings. Sperlich et al. (2011) found no significant improve-
ment in CO and SV using rebreathing techniques during 
submaximal running with compression socks in well-trained 
male endurance athletes. In contrast, using finger photop-
lethysmography, MacRae et al. (2012) reported higher CO 
during submaximal cycling in trained male cyclists wear-
ing a full-body sports CG. The discrepancy in findings may 
be attributed to the fact that hemodynamic responses vary 
considerably when different body parts are covered by CG 
(MacRae et al. 2011). Furthermore, differences in measuring 
methods, applied compression pressure and exercise modal-
ity may contribute to the disparity between findings. In addi-
tion, recently published studies report the positive effects of 
CG on post-exercise hemodynamic responses (Dorey et al. 
2018; Piras and Gatta 2017) and psychological responses 
(Smale et al. 2018) however, they do not examine the sub-
sequent exercise performance. While the aforementioned 
studies have provided some evidence on CG-induced hemo-
dynamic responses during exercise (MacRae et al. 2012; 
Sperlich et al. 2011) and post-exercise (Dorey et al. 2018; 
Piras and Gatta 2017; Smale et al. 2018), such effects, during 
recovery in addition to subsequent exercise, warrant further 
investigation.

Studies examining the direct effect of compression pres-
sure on hemodynamic responses during recovery are limited 
(Beliard et al. 2015; Brown et al. 2017). In addition to heart 
rate (HR), Doppler ultrasound can accurately monitor CO 
and SV non-invasively at rest (Zhang et al. 2016). Previous 
CG studies on recovery performance have focused on the 
evaluation of blood biomarkers (Hill et al. 2014b, 2017), 
post-recovery jumping performance (Hill et al. 2017) and 
subjective muscle soreness (Hill et al. 2014b, 2017). We pre-
viously demonstrated, using Doppler ultrasound, that wear-
ing CG positively influenced hemodynamic responses dur-
ing an orthostatic challenge in healthy individuals (Lee et al. 
2018, 2019). Our published data revealed that a compression 

at calf (38.8 ± 4.4 mmHg), knee (26.2 ± 4.3 mmHg) and 
thigh (21.3 ± 2.3 mmHg) enhanced CO and SV in physi-
cally active individuals at rest (Lee et al. 2019). Wearing 
CG during post-exercise recovery possibly improve venous 
return, thereby enhancing CO and SV (Lee et al. 2020; Lim 
and Davies 2014), which reduce exercise-induced CK con-
centration (Hill et al. 2014a) and DOMS (Engel et al. 2016; 
Hill et al. 2014a; Marques-Jimenez et al. 2016) and enhance 
recovery (Born et al. 2013; MacRae et al. 2011). Since the 
experimental design was without exercise in these studies 
(Lee et al. 2018, 2019), the extrapolation of the findings 
may not be valid for the purported hemodynamic responses 
during passive recovery between exercise bouts.

Numerous studies have used ratings of perceived exer-
tion (RPE) to evaluate the subjective sense of effort toward 
wearing CG (Ali et al. 2010; Brophy-Williams et al. 2017; 
Chan et al. 2016; Chatard et al. 2004; MacRae et al. 2012). 
Moreover, wearing of graduated compression stockings dur-
ing a submaximal run was reported to attenuate the post-
exercise leg muscle soreness in trained triathletes (Ali et al. 
2010) however, limited published studies have reported on 
the effects of CG between exercises on RPE (Brophy-Wil-
liams et al. 2017; Chatard et al. 2004). In the current study, 
by monitoring of RPE between exercises may provide a new 
perspective for understanding the comprehensive mechanism 
and compression garment use and recovery performance, 
and be of practical utility for physically active populations 
seeking frequent exercise.

This study aimed to examine the effect of wearing sports 
CG on (1) hemodynamic responses during passive recov-
ery between exercise using Doppler ultrasound (USCOM®, 
Sydney, Australia) (Lee et al. 2018, 2019), (2) subsequent 
exercise performance, and (3) the leg muscle soreness and 
biomarkers in physically active individuals. It was hypoth-
esized that sports CG would improve biomarkers and hemo-
dynamic responses by increasing SV and CO while decreas-
ing HR during passive recovery after fatiguing preload 
exercise and enhance subsequent exercise performance and 
attenuate leg muscle soreness.

Methods

Participants

Thirteen healthy male participants (age: 20.9 ± 1.4 years; 
height: 173.3 ± 4.8 cm; weight: 65.9 ± 7.8 kg; Peak Power 
Output (PPO): 254.2 ± 27.2 W, Table 1) with no history of 
unexplained syncope, leg venous insufficiency or artificial/
metal implants were recruited for the study. The participants 
were physically active, engaging in recreational physical 
activity for ≥ 5 h per week.
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Experimental design

The participants attended six separate testing sessions over 
4 weeks at the laboratory (20–22 °C and 40–50% relative 
humidity). During week 1, the participants underwent pre-
liminary measurements and measured the pressure exerted 
by CG (Table 2), then completed an incremental cycling 
test to establish PPO. In week 2, the participants completed 
two full fatiguing preload cycling as familiarization trials, 
separated by 4 days. The participants completed a 24-h food 
diary before the first familiarization trial and replicated those 
diets as closely as possible before the second familiariza-
tion trial and subsequent experimental trials. In week 3, 
another incremental cycling test was conducted to establish 
the final PPO for each subject. In the fourth and final week, 
two experimental trials (Fig. 1) were conducted using a ran-
domized, crossover design with participants wearing either 
sports CG or gymnastic pants (CON) during a subsequent 

60-min passive recovery period, with each trial separated by 
4 days. Each subject refrained from strenuous exercise and 
caffeine intake for at least 24 and 12 h, respectively, prior to 
each trial. In addition, the participants consumed 500 mL 
of water 3 h prior to each trial to ensure good hydration. 
Upon arrival at the laboratory, a standardized breakfast with 
a carbohydrate drink (Pocari Sweat; 6% carbohydrate con-
tent) and muesli bars (PowerBar; 20 g of carbohydrate per 
bar) were provided to participants to be consumed ad libitum 
in their first trial, with consumption levels matched for the 
subsequent trials. Then, it was followed by 30 min of seated 
rest before undertaking trials. All testing was performed at 
the same time of day and the tests were performed on the 
same cycle ergometer.

Exerted pressure

A pressure monitor (PicoPress 35020 Ponte S. Nicolò PD, 
Italy) with three transducers of 50 mm in caliber was posi-
tioned at the right calf, knee and thigh before donning the 
garment to measure the exerted pressure (Lee et al. 2019). 
The exerted pressure at these landmarks was measured while 
the participants were in a standing position.

Incremental test

To determine the participants’ PPO, an incremental test was 
conducted on a cycle ergometer (Monark LC7, Stockholm, 
Sweden) and the protocol was described elsewhere (Driller 
and Halson 2013). During the test, the participants were 
encouraged to give maximal effort. PPO was determined 
using the following formula:

where Wcompleted is the power output for the last full work-
load completed, t is the time in seconds for which the final 
uncompleted workload was sustained, 60 is the target num-
ber of seconds in each workload, and 25 is the workload 
increment in watts as previously stated (Driller and Halson 
2013).

Familiarization trials

The participants wore identical sporting attire during all 
familiarization cycling trials. They underwent 20 min of 
fatiguing preload cycling, consisting of four 5-min bouts 
performed at 30%, 40%, 65% and 85% PPO (Menetrier et al. 
2013). The CO, SV, HR, mean arterial pressure (MAP) and 
systemic vascular resistance (SVR), perceptual and affective 
responses and blood lactate [BLa−] were measured pre- and 
post-familiarization trials while the participants remained 
seated on the ergometer.

PPO = Wcompleted + (t∕60 × 25),

Table 1   Anthropometric and physiological characteristics of partici-
pants, mean ± SD

Variable Participants (n = 13)

Age (years) 20.9 ± 1.4
Height (cm) 173.3 ± 4.8
Weight (kg) 65.9 ± 7.8
Body fat (%) 14.4 ± 3.7
Calf circumference (cm) 36.6 ± 2.6
Thigh circumference (cm) 51.7 ± 3.9
Calf skinfold (mm) 7.5 ± 2.5
Thigh skinfold (mm) 9.6 ± 3.5
Peak power output (W) 254.2 ± 27.2

Table 2   Of the 13 participants, exerted compression pressure 
(mmHg) from CG and CON at different leg levels in a standing posi-
tion, mean ± SD

a Different from CON garment (P < 0.001)

Exerted compression pressure (mmHg) Standing position

Garment (overall)
 CG 31.4 ± 11.1a

 CON 2.2 ± 1.3
Calf
 CG 47.4 ± 8.8a

 CON 2.4 ± 1.2
Knee
 CG 27.5 ± 5.0a

 CON 1.7 ± 1.6
Thigh
 CG 24.1 ± 2.4a

 CON 2.2 ± 1.5
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Experimental trial

It involved identical fatiguing preload cycling as in the 
familiarization trials, followed by 60 min of passive recov-
ery in a semi-reclined position after either a sports CG or 
CON garment was donned within 3 min after the fatiguing 
preload cycling, followed by a 5-min all-out cycling per-
formance test (PT) wearing identical sports attire as dur-
ing the fatiguing preload cycling (Fig. 1). During the PT, 
participants were encouraged to give maximal effort and 
to produce the greatest mean possible power output for the 
whole 5-min cycling bout, and the time countdown was the 
only information communicated to the participants (Driller 
and Halson 2013; Menetrier et al. 2013). The participants 
were fitted with a heart rate chest strap (ANT + Soft Strap 
Premium Heart Rate Monitor, Garmin International, Kan-
sas City, MO) and HR was recorded at the same time point 
of hemodynamic responses. The average power output and 
cadence were calculated for each cycling stage. Hemo-
dynamic responses and leg muscle soreness (LMS) were 
measured while the participants remained seated on the 
ergometer pre- and post-fatiguing preload cycling, at 5, 15, 
30, 45 and 60 min during passive recovery (semi-reclined 
position) and post-PT, using USCOM®; finger prick blood 

samples were then taken and [BLa−] (L+, Nova Biomedi-
cal, USA) was measured (Fig. 1). During the PT, the par-
ticipants were not informed of their performance results.

Hemodynamics examination by USCOM

The USCOM (a noninvasive transcutaneous Doppler ultra-
sound device) was used to measures CO intermittently. 
A handheld probe placed in the sternal notch was used 
to insonate the blood flow across the aortic valve by an 
experienced investigator; SV was calculated as the prod-
uct of the velocity time integral and aortic valve cross-
sectional area derived using an internal algorithm based 
on the height of participant; MAP and SVR were also 
derived using an internal algorithm in USCOM (Lee et al. 
2018, 2019; Zhang et al. 2016). Baseline CO, SV, HR, 
MAP and SVR were obtained after the participants under-
went 10 min of seated rest or reached a steady HR on the 
ergometer before the experimental trials. After the fatigu-
ing preload cycling and PT, the participants were seated 
upright on the ergometer and all hemodynamic measure-
ments were repeated within 2 min (Lee et al. 2018, 2019).

Fig. 1   Schematic diagram of the experimental trial. Fatiguing preload 
cycling based on 30%, 40%, 65% and 85% of peak power output. CG 
sports compression garment, CON control garment, USCOM® hemo-

dynamic measurements using Doppler ultrasound, RPE ratings of 
perceived exertion, LMS leg muscle soreness, [BLa−] blood lactate, 
HR heart rate
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Lower‑body compression garments

The sports CG consisted of a combination of commercially 
available sports compression flex leg sleeves (UA 3568b, 
2XU, Melbourne, Australia) worn on top of sport compres-
sion tights (MA1959b, 2XU, Melbourne, Australia), the size 
and design were according to the previous study (Lee et al. 
2019). The CON consisted of gymnastic pants made of 80% 
polyester and 20% elastane, sourced from a local market.

Perceptual and affective responses

RPE was assessed with a modified Borg scale from 0 (rest) 
to 10 (maximal). LMS was monitored at the right leg at 
six anatomical landmarks (Ali et al. 2010) with a hand-held 
pressure algometer (FDIX, Wagner Instruments, Greenwich, 
CT) and a visual analog scale (VAS) (Goddard et al. 2004). 
Likert scales were used to assess comfort, tightness and any 
associated pain from wearing the CG and CON throughout 
the trials and the participants rated each variable from 1 
(very uncomfortable, slack/loose, no pain) to 10 (very com-
fortable, very tight, very painful) (Ali et al. 2010).

Statistical analyses

Data are reported as mean ± SD. Two-way repeated meas-
ures analysis of variance (ANOVA) with repeated factors 
was used to explore differences in cycling power output and 
cadence, [BLa−], perceptual responses and hemodynamic 
responses between the CG and CON trials and the inter-
actions between variables. When significant differences 
between interventions were identified, paired t tests, using 
the Holm–Bonferroni adjustment, were applied. To compare 
the practical relevance and meaningfulness of the various 
findings, effect sizes (d; 0.20, 0.50 and 0.80; small, medium 
and large, respectively) were calculated (Cohen 1988). SPSS 
(Version 20, Chicago, IL) was used for all analyses. The 
level of significance was set at P < 0.05.

Results

All participants completed all trials. An interaction of gar-
ment × time was observed for W (P = 0.01) and cadence 
(P = 0.02), with a higher W (P = 0.03; Fig. 2) and cadence 
during the PT in CG than in CON (P = 0.04; Table 3). There 
was no main effect of garment on W (P = 0.65) and cadence 
(P = 0.25), and the overall cadence was similar (P = 0.11; 
Table 3) between the CG and CON trials. An effect of time 
was observed on W (P < 0.001), increasing throughout the 
fatiguing preload cycling until the PT (Table 3).

An interaction of garment × time (P < 0.001) was 
observed for [BLa−], such that [BLa−] was lower at 5 min 

(P < 0.001) and 15 min (P = 0.004) during passive recovery 
with CG than with CON (Table 4). There was a main effect 
of garment on [BLa−] (5.3 ± 0.8 vs. 5.9 ± 1.0 mmol·L−1, CG 
vs. CON; P = 0.03; Cohen’s d = 0.7). Moreover, a main effect 
of time on [BLa−] was observed; it decreased during passive 
recovery and increased at post-PT (P < 0.05; Table 4).

Interaction of garment × time for SV (P = 0.001), CO 
(P = 0.012) and HR (P = 0.017) were found. SV was higher 
at 15 min (P = 0.01), 30 min (P = 0.01) and 45 min (P = 0.02) 
during passive recovery and at post-PT with CG than with 
CON (Table 4). CO was higher at 5 min (P = 0.04) and 
45 min (P = 0.04) during passive recovery (Table 4) and 
HR was lower at 15 min (P = 0.04) and 30 min (P = 0.04, 
Table 4) in CG than CON. There was a main effect of gar-
ment on SV (51.9 ± 16.2 vs. 47.8 ± 14.6 cm3; CG vs. CON; 
P = 0.02; Cohen’s d = 0.3) as well as a main effect of time 
on SV (P = 0.014). SV decreased throughout passive recov-
ery and increased at post-PT (Table 4). CO was similar 
between garments (P = 0.074) but a main effect of time was 
observed (P < 0.001); CO decreased throughout passive 
recovery (Table 4). There was no main effect of garment 
on HR but there was a main effect of time (P < 0.001); HR 
decreased during passive recovery (Table 4). A main effect 
of time was observed (P < 0.001) on MAP; however, no 
difference was found between time points after Bonferroni 
adjustment (P > 0.05; Table 4). There was no main effect of 
garment (P > 0.05) and no interaction of garment × time for 
MAP (Table 4). There was a main effect of time on SVR 
(P < 0.001); SVR increased during passive recovery and was 

Fig. 2   Mean power output of all participants completing 5-min all-
out cycling performance test (PT) in different trials; filled bars show 
mean ± SD, whereas lines represent individual performance. CG 
sports compression garment trial, CON control garment trial
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lower at post-PT (Table 4). There was no main effect of gar-
ment (P > 0.05) and no interaction of garment × time on SVR 
(P > 0.05; Table 4).

There was an interaction of garment × time on LMS 
(P < 0.001), with LMS lower in CG than CON throughout 
passive recovery (P < 0.001; Table 4). However, LMS was 
similar at post-PT for both garments (P = 0.36; Table 4). Fur-
thermore, LMS was lower in CG (17.2 ± 9.9 vs. 26.7 ± 11.0, 
CG vs. CON; P = 0.001; Cohen’s d = 0.9) and increased 
over time (P < 0.001; Table 4). RPE decreased over time 
(P < 0.001) but there was no garment (P = 0.073) or interac-
tion (P = 0.14) effects (Table 4).

Discussion

The aim of this study was to examine the effects of wear-
ing CG on recovery responses (hemodynamics, biomarkers 
and LMS) and their potential impact on subsequent exercise 
performance. The main findings were that CG induced (1) 
higher SV and CO and lower HR during passive recovery, 
(2) lower [BLa−] and LMS during passive recovery and 3) 
enhanced subsequent exercise performance.

This is the first study to measure CG-induced hemody-
namic responses using Doppler ultrasound (USCOM®) dur-
ing passive recovery after fatiguing exercise. We observed a 
higher SV and CO and lower HR throughout passive recov-
ery with CG, affirming the increase in venous return (Avril 
et al. 2010) and the postulated hemodynamic advantages of 
wearing a CG (Born et al. 2013; MacRae et al. 2011). An 
improvement in local blood flow with compression stockings 
has been previously demonstrated in chronic venous disease 
patients (Mosti and Partsch 2014). Researchers suggested 
that the calf is more compressible than other parts of the 
leg, therefore wearing compression stockings can effectively 
reduce blood pooling and improve venous return of the legs 
at rest (Avril et al. 2010). However, equivocal results have 
been reported from studies involving healthy individuals 
wearing lower-body CG after fatiguing exercise (Menetrier 
et al. 2015; Sperlich et al. 2013). Menetrier et al. (2015) 

demonstrated improved femoral blood flow with compres-
sion stockings (thigh: 14 mmHg, calf: 27 mmHg, ankle: 
15 mmHg) while Sperlich et al. (2013) reported decreased 
thigh blood flow with compression shorts (thigh: 35 mmHg). 
However, hemodynamic responses were not reported in 
either study. Furthermore, it has been suggested that calf 
compression is more important than compression of other 
leg regions for improving hemodynamic responses (Mosti 
and Partsch 2014). In contrast, the positive hemodynamic 
responses in the current study may be attributable to the 
wearing of a lower-body CG (thigh: 24.1 ± 2.4 mmHg, calf: 
47.4 ± 8.8 mmHg) resulting in effective compression pres-
sure, which narrows superficial leg vessels and dilates deep 
vessels (Lee et al. 2019), thus reducing blood pooling and 
potentially enhancing venous pumping function (Lim and 
Davies 2014; Mosti and Partsch 2014), resulting in improved 
venous return and enhancing hemodynamic responses. How-
ever, direct comparison of these results with previous studies 
may not be appropriate due to heterogeneity in study design, 
hemodynamic measurements and the compression pressure 
applied (Menetrier et al. 2015; Sperlich et al. 2013). There-
fore, the effect of wearing different types of CG on recovery 
hemodynamic responses warrants investigation.

Improved lactic acid clearance while wearing CG, meas-
ured by monitoring [BLa−] during passive recovery, has 
been reported in well-trained cyclists (Driller and Halson 
2013; Menetrier et al. 2013) and elderly cyclists (Chatard 
et al. 2004). In contrast, others have reported non-signif-
icant reductions in post-exercise [BLa−] in highly trained 
cyclists during passive recovery with CG after sprint cycling 
(Argus et al. 2013). The heterogeneity of study protocols 
may have led to these differences in [BLa−] results, with 
some studies involving submaximal cycling (Chatard et al. 
2004; Driller and Halson 2013; Menetrier et al. 2013) while 
others involved multiple cycles of sprinting and recovery 
spinning (Argus et al. 2013). The recovery spinning may 
have obscured the recovery performance of the CG, as the 
claimed benefit of CG is the enhancement of limb blood 
flow and hemodynamic responses (MacRae et al. 2011). 
Furthermore, the effect of CG on [BLa−] clearance and 

Table 3   Cycling performance 
of the experimental trials at 
different time points

PPO peak power output, PT all-out cycling performance test, mean ± SD
* Significantly different from CON trial (P < 0.05)

Trial Fatiguing preload cycling (% of PPO) 5-min PT Cohen’s d

30 40 65 85

Power output (W)
 CG 74.8 ± 8.3 100.2 ± 11.9 162.1 ± 18.9 207.0 ± 22.5 215.2 ± 24.0* 0.2
 CON 75.6 ± 7.7 100.7 ± 11.4 163.0 ± 17.7 207.4 ± 24.7 210.8 ± 21.5

Cadence (rpm)
 CG 70.8 ± 0.8 71.1 ± 0.7 71.0 ± 0.8 70.0 ± 2.3 72.5 ± 3.8* 0.3
 CON 71.0 ± 0.7 71.1 ± 0.8 71.1 ± 0.8 69.7 ± 3.2 71.2 ± 4.8
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submaximal exercise performance have been suggested 
to be trivial in trained individuals (Ali et al. 2010; Brown 
et al. 2017). That being the case, whether spinning (active 
recovery) and wearing CG have independent and/or additive 
effects on lactic acid clearance warrants further investiga-
tion. In addition, the participants in current study donned the 
CG within 3 min after the fatiguing preload cycling. Lower 
[BLa−] at the beginning of passive recovery was observed 
with CG than with CON (Table 4), which may be attributed 
to enhanced CO and SV when wearing CG. This finding 

aligns with the results of Menetrier et al. (2013) although a 
higher compression pressure was applied in our study. It has 
been suggested that wearing CG might increase lactic acid 
retention in the muscle bed as opposed to less lactate being 
produced or a greater clearance of lactate from the mus-
cle (Berry and McMurray 1987). In our study, the [BLa−] 
levels after fatiguing preload cycling were similar for both 
trials, but significantly lower at 5 min and 15 min during 
the passive recovery in the CG trial was observed. Similar 
concentrations were recorded at the end of both trials during 

Table 4   Hemodynamic and other variables of the experimental trials at different time points

CO cardiac output, HR heart rate, SV stroke volume, MAP mean arterial pressure, SVR systemic vascular resistance, [BLa−] blood lactate, LMS 
leg muscle soreness, PT all-out cycling performance test, RPE ratings of perceived exertion; mean ± SD
* Different from CON trial (P < 0.05)
# Different from CON trial (P < 0.001)

Trial Pre-fatiguing 
preload cycling

Post-fatiguing 
preload cycling

Passive recovery period (minute) Post-PT

5 15 30 45 60

SV (cm3)
 CG 44.8 ± 13.4 54.3 ± 14.0 52.9 ± 16.8 49.7 ± 17.3* 53.4 ± 21.2* 51.7 ± 19.0* 51.5 ± 18.3 52.1 ± 12.0*
 CON 43.9 ± 12.0 53.8 ± 10.7 47.4 ± 12.3 42.8 ± 13.8 45.4 ± 17.9 45.2 ± 17.2 47.8 ± 14.9 57.9 ± 18.2

CO (L·min−1)
 CG 3.1 ± 0.9 7.2 ± 1.5 5.0 ± 1.2* 4.1 ± 1.2 4.0 ± 1.3 3.7 ± 1.4* 3.6 ± 1.3 7.2 ± 1.5
 CON 3.2 ± 0.9 7.1 ± 1.4 4.5 ± 1.1 3.7 ± 1.1 3.6 ± 1.1 3.2 ± 1.0 3.3 ± 1.0 7.7 ± 2.2

HR (bpm)
 CG 72.5 ± 6.0 184.8 ± 7.2 96.5 ± 12.7 83.0 ± 6.4* 76.0 ± 8.8* 72.6 ± 8.9 69.8 ± 8.1 181.1 ± 7.9
 CON 70.2 ± 6.8 184.7 ± 10.3 95.5 ± 7.7 86.9 ± 7.5 81.2 ± 12.1 72.2 ± 7.2 69.3 ± 9.2 176.2 ± 10.2

MAP (mmHg)
 CG 89.2 ± 14.0 89.3 ± 17.3 87.4 ± 9.2 85.8 ± 7.7 84.3 ± 8.8 86.7 ± 9.1 88.3 ± 8.9 94.4 ± 14.3
 CON 87.3 ± 11.0 91.2 ± 11.9 84.4 ± 8.8 82.9 ± 6.0 82.3 ± 7.5 83.4 ± 8.2 82.6 ± 7.6 93.6 ± 9.7

SVR (dyn·s·cm−5)
 CG 2482.1 ± 733.1 1061.2 ± 319.2 1509.4 ± 418.8 1838.6 ± 568.4 1907.0 ± 700.8 2086.3 ± 712.6 2231.7 ± 797.7 1102.6 ± 292.1
 CON 2382.1 ± 613.9 1064.6 ± 203.9 1593.8 ± 427.3 1970.7 ± 713.5 1993.8 ± 515.8 2263.4 ± 632.5 2167.1 ± 604.8 1028.0 ± 202.4

[BLa−] (mmol·L−1)
 CG 1.5 ± 0.4 12.5 ± 1.7 6.4 ± 1.7# 4.6 ± 1.4* 3.4 ± 0.9 2.8 ± 1.1 2.0 ± 0.5 12.7 ± 1.3
 CON 1.7 ± 0.5 12.4 ± 1.4 8.7 ± 1.8 6.0 ± 1.4 3.9 ± 1.1 2.8 ± 0.7 2.3 ± 0.6 12.2 ± 1.3

LMS
 CG / 3.5 ± 2.4 2.3 ± 1.8# 2.5 ± 2.0# 2.8 ± 2.2# 2.8 ± 2.4# 2.5 ± 2.1# 4.3 ± 2.3
 CON / 3.8 ± 2.4 4.4 ± 2.5 4.4 ± 2.2 4.7 ± 2.2 4.8 ± 2.4 4.4 ± 2.3 4.1 ± 2.4

RPE
 CG 1.0 ± 0.0 8.2 ± 0.7 2.4 ± 1.8 1.9 ± 1.4 1.6 ± 1.0 1.5 ± 0.8 1.3 ± 0.6 8.2 ± 0.9
 CON 1.0 ± 0.0 8.6 ± 0.9 2.9 ± 2.3 2.2 ± 1.7 1.7 ± 1.0 1.5 ± 0.9 1.4 ± 0.8 8.2 ± 1.2

Comfort
 CG / / 6.5 ± 1.7 7.4 ± 1.1 7.1 ± 1.5 7.1 ± 1.3 7.5 ± 1.1 /
 CON / / 7.2 ± 1.7 7.4 ± 1.7 7.4 ± 1.8 7.4 ± 1.7 7.7 ± 1.4 /

Tightness
 CG / / 7.6 ± 1.3* 7.1 ± 1.6* 6.9 ± 1.4* 7.2 ± 1.6* 6.9 ± 1.6* /
 CON / / 3.2 ± 1.6 3.0 ± 1.4 3.0 ± 1.8 3.0 ± 1.8 3.0 ± 1.6 /

Pain
 CG / / 2.2 ± 1.8 1.5 ± 1.0 1.5 ± 0.8 1.3 ± 0.6 1.2 ± 0.7 /
 CON / / 1.5 ± 1.5 1.2 ± 0.6 1.3 ± 0.6 1.3 ± 0.9 1.2 ± 0.6 /
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passive recovery. This suggests that lactic acid may poten-
tially be removed more efficiently from the muscle when 
wearing CG during passive recovery. Therefore, the cur-
rent results do not fully support the earlier findings of Berry 
and McMurray (1987). In contrast, Chatard et al. (2004) 
demonstrated that wearing CG significantly lowered [BLa−] 
throughout 80 min of passive recovery in elderly cyclists. 
This discrepancy may be due to an age-associated decline 
in hemodynamic responses (Stratton et al. 1994), i.e., lactic 
acid might take longer to clear in the elderly. Therefore, CG 
application for optimal recovery within different populations 
remains to be determined.

One of the main reasons for the observation of benefits 
in the present findings may be the well-controlled perfor-
mance test with a high test–retest reproducibility (Chatard 
et al. 2004; Driller and Halson 2013; Menetrier et al. 2013), 
and appropriate timing of donning of the CG. The increased 
CO and SV may have facilitated lactic acid clearance from 
the bloodstream and subsequently enhanced BLa− oxida-
tion, thereby improving subsequent endurance performance 
(MacRae et al. 2011). The current study found that 9 of 
the 13 (~ 70%) participants had higher mean power output 
after passive recovery with CG than with CON (Fig. 2). We 
showed that participants wearing CG had higher power out-
put and cadence in subsequent endurance performance after 
passive recovery from fatiguing preload exercise (Table 3). 
In contrast, a recent meta-analysis suggested that wearing 
CG for recovery performance may have small yet signifi-
cant and very likely benefits (Brown et al. 2017). The small 
effect sizes could be related to the inconsistency in study 
design and measured variables (Armstrong et  al. 2015; 
Chatard et al. 2004; Driller and Halson 2013; de Glanville 
and Hamlin 2012; Menetrier et al. 2013). Furthermore, we 
applied a higher compression pressure than what might be 
required to improve hemodynamic responses in patients 
(Mosti and Partsch 2014). Moreover, the duration of CG 
application may affect endurance performance recovery 
(Brown et al. 2017). CG application for 15 to 80 min after 
exhaustive exercise appears to be more effective in enhanc-
ing lactic acid removal and improving subsequent endurance 
performance (Chatard et al. 2004; Driller and Halson 2013; 
Menetrier et al. 2013). Although subsequent endurance 
performance has been reported to improve with longer CG 
application (Armstrong et al. 2015; de Glanville and Hamlin 
2012), other factors might obscure this effect, as the effects 
of nutrition, sleep quality and the recovery process have not 
previously been well documented (Armstrong et al. 2015; 
de Glanville and Hamlin 2012). Any potential interaction 
of CG, sleep quality and nutrition remain unclear, and fur-
ther work is necessary to reveal the optimal duration of CG 
application for effective performance recovery.

The LMS was lowered throughout passive recovery with 
CG. LMS has been widely used to evaluate CG recovery 

performance (MacRae et al. 2011) and is associated with 
DOMS. While the exact mechanism of DOMS has not been 
confirmed, damage to muscle tissue and acute inflammatory 
response, specifically edema formation, have been postu-
lated (Cheung et al. 2003; Hill et al. 2014b). Wearing CG 
has been shown to reduce edema in leg pain patients (Lim 
and Davies 2014) and in healthy individuals (Driller and 
Halson 2013). The exerted pressure from wearing CG may 
reduce the change in osmotic pressure and therefore reduce 
inflammation (Hill et al. 2014b), in turn relieving pain sensa-
tion. Although leg circumference was not measured directly 
in this study, the application of compression pressure has 
previously been demonstrated to reduce in vivo muscle cir-
cumference (Lee et al. 2019), which may have contributed 
to the positive LMS responses reported herein. The applica-
tion of CG has been reported to alleviate perceived muscle 
soreness (Hill et al. 2014b), consistent with the findings of 
the current study. The relationship between the compression 
pressure of CG and its beneficial effects on perceived muscle 
soreness and limb circumference is a crucial indicator of 
performance recovery (Cheung et al. 2003; Hill et al. 2014b) 
and merits investigation.

Some limitations of our study may affect the generali-
zation of our findings. A placebo effect may exist when 
conducting a performance study using CG. The beliefs of 
athletes in the efficacy of compressions garments may play 
a role in their performance (Brophy-Williams et al. 2017). 
We acknowledge that despite the challenging nature, no pla-
cebo was used in the current study. It must also be recog-
nized that the clear differences in [BLa−] and hemodynamic 
responses between the two trials—which are not under the 
voluntary control of the participants—suggest that placebo 
effect may be unlikely and contributed to the improved per-
formance. Furthermore, the 5-min PT was not included in 
the familiarization trials. Participants performed consistently 
throughout the fatiguing preload cycling and the post-PT 
lactate was well over 9 mmol, which demonstrated that the 
trials were well controlled and participants exerted their 
maximal effort (Edvardsen et al. 2014). Finally, because the 
participants were physically active men, the findings may 
not apply to other populations. Future studies should inves-
tigate the effect of CG on performance recovery in various 
populations.

Conclusions

Wearing sports compression garment (CG) has been sug-
gested as an effective recovery strategy for athletes to endure 
frequent training, and may benefit subsequent exercise per-
formance. Our study indicates that wearing sports CG after 
fatiguing exercise enhance passive recovery hemodynamics 
and subsequent cycling performance in physically active 
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young men. The results of this study indicate that recov-
ery CO, SV, HR, blood lactate clearance and LMS were 
improved with wearing sports CG after fatiguing cycling. 
Concomitantly, the subsequent cycling performance was 
improved. This suggests that wearing the sports CG could 
be useful for physically active individuals seeking to engage 
in multiple bouts of exercise in a single day.
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