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Objectives: To assess the effect of wearing compression socks on immediate and subsequent 5 km running
time trials, with particular attention to the influences on physiological, perceptual and performance-
based parameters.

Design: Counter-balanced cross-over experiment.

Methods: Twelve male runners (mean + SD 5 km run time 19:29 + 1:18 min:s) each completed two exper-
imental sessions. Sessions consisted of a standardised running warm-up, followed by a 5 km time trial

gi{::?r:gs; (TT1), a one hour recovery period, then a repeat of the warm-up and 5 km time trial (TT2). One session
Time trial required the use of sports compression socks during the first warm-up and time trial (COMP), while the
Compression garments other did not (CON).

Athletes Results: The decline in run performance in CON from TT1 to TT2 was moderate and significantly greater
Circulation than that experienced by runners in COMP (9.6s, d=0.67, p<0.01). No difference was found between
Economy experimental conditions for oxygen consumption, blood lactate or calf volume (p=0.61,0.54, 0.64, respec-

tively). Perceptual measures of muscle soreness, fatigue and recovery were also similar between trials
(p=0.56, 1.00 & 0.61, respectively).
Conclusions: Wearing sports compression socks during high intensity running has a positive impact
on subsequent running performance. The underlying mechanism of such performance enhancement
remains unclear, but may relate to improved oxygen delivery, reduced muscle oscillation, superior
running mechanics and athlete beliefs.

© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Compression garments have long been used in the medical
industry for their ability to improve circulation,! and therefore,
venous return.? More recently, the use of compression garments
has become widespread among athletes in both performance and
recovery-based settings,®> with a wide range of garment types
investigated, including knee-high socks, calf sleeves, shorts, tights

Abbreviations: COMP, compression condition; CON, control condition; CSA,
cross-sectional area; RPE, rating of perceived exertion; TQR, Total Quality Recovery
scale; TT, time trial.

7 Study carried out at: Australian Institute of Sport, Leverrier Crescent, Bruce, ACT,
2617, Australia.
* Corresponding author.
E-mail address: n.brophywilliams@gmail.com (N. Brophy-Williams).
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and upper body compression.? Sports compression garments are
proposed to reduce muscle oscillation when used during exercise,
and hence limit muscle damage; as well as improving running econ-
omy, therefore proving beneficial to performance.*>

Changes in running economy brought about by compres-
sion garments may be related to several mechanisms, including
reductions in metabolic requirements, greater proprioception and
increased muscular support.5” Two investigations have revealed
no changes in the metabolic cost of running when compression
garments encapsulating the calves were worn while running at
submaximal speeds.?° However, Bringard et al.’® found improved
running economy at 12kmh~1, yet not at faster or slower speeds.
These equivocal findings suggest that the precise mechanisms
behind potential improvements in running economy are yet to
be clearly elucidated, and other changes, such as enhanced pro-
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prioceptive feedback and psychological factors, brought about by
compression garments may influence outcomes.

The capacity for compression garments to increase venous
return is proposed to allow more efficient oxygen delivery to
fatigued muscles, hasten the removal of metabolites built up during
exercise,” and therefore reduce cardiac load for a set work output.?
This reduction in metabolic cost can be illustrated through sur-
rogate measures such as lower blood lactate and heart rate for a
given workload.® However, these findings seem to be contrary to
the norm, with recent reviews concluding that compression gar-
ments have little or no effect on blood lactate and heart rate.>'! It
is likely that any small changes brought about by compression gar-
ments during exercise are overshadowed by the large increase in
blood flow to the limbs during exercise, which may be up to 10-fold
compared to rest.!?

Performance may be enhanced by the increase in proprio-
ceptive feedback provided by compression garments.'> Improved
proprioception allows for more efficient movement, as has been
illustrated by the capacity for below-knee compression socks to
increase movement accuracy.'* Movement efficiency is particu-
larly relevant to endurance-based activities like distance running,
that require thousands of repeated cyclical actions.

Reducing muscle oscillations during exercise is also proposed
to improve movement efficiency.'? Compressions shorts have been
shown to support the muscle belly and reduce movements during
training.'® This reduction in movement may promote lower energy
expenditure.'® However, no clear link has been forged between
changes in muscle oscillation and endurance performance, as
research in this area has focused primarily on explosive sprint-
ing and jumping movements while wearing compression applied
to the upper leg.'6 While the link between muscle oscillation and
endurance performance is unclear, it is possible that exercise asso-
ciated inflammation and soreness could be limited by a reduction
in muscle movement.!” Although several investigators'®.!8 have
alluded to this phenomenon, no clear connection has been dis-
played between changes in muscle oscillation, improved recovery
and subsequent performance.

This study aimed to assess the effect of wearing compression
socks during a 5km running time trial on physiological, percep-
tual and performance-based parameters. In addition, the capacity
for compression socks to impact subsequent performance was also
investigated.

2. Methods

Twelve well-trained male runners (mean4SD; 5km run time
19:29 4+ 1:18 min:s, height 181.4 + 6.9 cm, body mass 77.8 + 6.5 kg,
age 30.5 + 8.1 years) participated in the current study. All runners
were briefed on the requirements of taking part in the study before
consent was provided. The study procedures complied with the
Declaration of Helsinki and were approved by the Australian Insti-
tute of Sport and University of Tasmania Human Research Ethics
Committees prior to data collection commencing.

Each runner attended a climate-controlled laboratory on
three occasions: one familiarisation session and two experimen-
tal sessions. The experimental sessions were administered in a
counter-balanced, crossover design. In order to control any dietary
variables, runners completed a 24 h food diary prior to their first
experimental session and were instructed to replicate their diet
as closely as possible before the subsequent experimental ses-
sion. Training was also controlled for, with runners keeping all
training identical for 48 h before testing on all occasions. Runners
were asked to refrain from strenuous exercise (<24 h) and caffeine
(<12 h)and to arrive in a fully rested, hydrated state. All testing was
performed on the same treadmill at the same time of day to mini-

mize diurnal variation, and participants wore the same footwear
and exercise attire for every session. Each experimental session
involved runners performing a standardised warm-up followed by
a5kmTT(TT1), then a one-hour recovery intermission before a sec-
ond warm-up and 5 km TT (TT2). Familiarisation sessions involved
the completion of just one warm-up protocol followed by a single
5km TT.

Runners completed one experimental session wearing new
compression socks (Performance Run Sock, 2XU, Melbourne,
Australia) for the first warm-up and TT1 (COMP), and one exper-
imental session with no compression socks (CON). Calf girth and
foot size were measured for each runner so that they could be
correctly fitted for sports compression garments according to man-
ufacturers’ recommendations. Pressure applied by the garment was
assessed at three landmarks on the right leg, using the valid and
reliable Kikuhime pressure monitoring device (MediGroup, Mel-
bourne, Australia). Mean pressure (£SD) of the compression socks
was 37 £4mmHg at the maximal calf girth, 31 £4 mmHg at the
upper ankle and 23 +4 mmHg at the lower ankle, measured prior
to the beginning of the COMP trial.

The exercise protocol is outlined in Fig. 1. The warm-up con-
sisted of three four-minute blocks of submaximal running at 60,
70 and 80% of runner-reported 5km race pace (mean speeds of
9.6+0.6,11.1+0.7&12.7+£0.8kmh~!, respectively) on a custom-
built, motorized treadmill (Australian Institute of Sport). A rest
period of one-minute was implemented between each warm-up
intensity. Following the warm-up, runners completed a maximal
5km TT on the same treadmill (TT1). The same warm-up and a sub-
sequent 5 km TT was performed 60-min later (TT2). The TTs began
ataspeed 1 kmh~1 slower than the predicted mean speed required
for completion of a 5 km road race, as previously reported by run-
ners. During the 5km TT, runners were blinded to their elapsed
time and run speed, and standardised, scripted encouragement was
given by the researcher every 500 m. Runners were to indicate to
the researcher for the speed to increase or decrease at any stage of
the test by saying ‘faster’ or ‘slower’, whereby speed was adjusted
by 0.5 km h~1. Runners were also partially blinded to distance cov-
ered, with progress revealed every 500 m up until the final 500 m,
whereupon they received updates for each 100 m run. Total time
was recorded at the completion of the 5 km TTs and the difference
between TT1 and TT2 was used as the main performance outcome
measure. The reliability of a 5km TT has been previously deter-
mined in our laboratory, with a typical error of 10.9 s and coefficient
of variation of 1.0%.

During the 60-min recovery period a carbohydrate drink
(Gatorade; 6% carbohydrate content) and muesli bars (Uncle
Toby’s; 20.5 g carbohydrate per bar) were provided to runners to
be consumed ad libitum in their first experimental session, with
consumption timing and amounts matched for the subsequent
experimental session. Runners remained in a passive, seated posi-
tion for the duration of the recovery period in both conditions.

Expired air was analysed throughout all three stages of the first
warm-up using a custom-built open-circuit indirect calorimetry
system with associated in-house software (Australian Institute of
Sport). The final minute of each collection was used to assess run-
ning economy.

Blood lactate concentration (BLa) was measured via a capil-
lary fingertip sample using a Lactate-Pro 2 analyser (Arkray, Shiga,
Japan). Samples were collected at the completion of each stage of
the warm-up protocol, as well as three minutes after the comple-
tion of both TT1 and TT2. Ratings of Perceived Exertion (RPE) were
also collected at these time points.

Three-dimensional (3D) laser body scans (Vitus Smart XXL,
Human Solutions; Kaiserslautern) were used to assess any changes
in cross-sectional area of the calf. Repeat scans were taken without
compression before the first warm-up and immediately after TT1.
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I—COMP or CON—|

Warm-up 1 TT1 Recovery Warm-up 2 TT2
4min @ 60% Skm treadmill 60 min 4min @ 60% Skm treadmill
4min @ 70% time trial 4min @ 70% time trial
4min @ 80% 4min @ 80%

Ao Ao Ao Ao

Fig. 1. Experimental protocol. Warm-up intensities based on 60, 70 and 80% of self-predicted 5 km road race pace. COMP = compression condition (wearing compression

socks); CON =control condition (no compression socks).

The Vitus Smart XXL 3D scanner has been reported as accurate and
reliable.'®

Before and after each warm-up and TT, runners performed a
half-squat exercise, as described by Vaile et al.,2? to promote gen-
eral body awareness before rating their perceived muscle soreness
and fatigue on a 10-point visual analogue scale (from ‘no soreness at
all’ to ‘extremely sore’ and ‘no fatigue at all’ to ‘extremely fatigued’,
respectively). Runners also rated their perceived recovery on the
Total Quality Recovery scale (TQR)?! at the start and end of the
recovery period.

SPSS Statistics Package (SPSS Statistics IBM, Version 20.0)
was used for all data analyses. Normality was tested with the
Kolmogorov-Smirnov test and violations of the assumption of
sphericity were determined using Mauchly’s Test of Sphericity.
No violations were apparent. A paired t-test was used to deter-
mine that no order effect was apparent for the two conditions,
with further t-tests to assess differences in time trial performance.
Two-way repeated measures ANOVAs (time point*condition) were
then performed to determine main effects for each of the remaining
dependent variables (blood lactate, expired gases, calf CSA and per-
ceptual assessments). Post-hoc analyses (t-tests) with Bonferroni
corrections determined where specific differences occurred.

Practical differences in performance between conditions were
identified by calculating standardised (Cohen’s d) effect size scores
and interpreting them 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.??
All results are presented as mean +95% confidence limits unless
otherwise stated.

3. Results

There was no significant difference in TT1 or TT2 performance
between conditions (Table 1). A significant, yet trivial, decrement
in run performance from TT1 to TT2 was evident for CON, while the
change in performance in the COMP condition was considered to be
trivial and non-significant. However, there was a moderate signif-
icant performance benefit for COMP when comparing the decline
in run performance from TT1 to TT2 between conditions. No order
effect was apparent for the two conditions (p=0.07).

Oxygen consumption and blood lactate significantly increased
over the course of the exercise protocol (p<0.001 for both), but
there was no main effect of condition (p=0.61 and p = 0.54, respec-
tively) or the interaction of time point*condition (p=0.34 and
p=1.00, respectively, Table 2) for either variable. Oxygen consump-
tion increased significantly, with each increment of the warm up
protocol (d=2.30, p<0.01 from stage 1 to 2 and d=2.46, p<0.01
from stage 2 to 3). Blood lactate did not differ from the first to the
second stage of the warm-up (d =0.33, p=1.00), but increased sig-
nificantly for the third stage (d=0.81, p<0.01). TT efforts resulted
in significantly higher blood lactate measures than the warm-up

stages (d=2.80,p<0.01),butdid notdiffer fromTT1 to TT2 (d <0.01,
p=0.10).

A main effect was apparent for time on perceived exertion
(p<0.01). Runners’ perceived exertion increased significantly as
the warm-up progressed (d=0.90, p<0.01), and both TT efforts
corresponded with significantly higher exertion than any stage of
the warm-up (d=3.19, p<0.01). However, there was no difference
between conditions at each of these time points.

Runners perceived their muscle soreness and fatigue to be
similar regardless of intervention (p=0.56 & 1.00, respectively).
Both parameters did however change over time, with signifi-
cant increases in soreness and fatigue from pre-TT to post-TT on
both occasions (d=1.05, p<0.01and d =1.75, p<0.01, respectively).
During the recovery period, perceived soreness remained con-
stant (p=0.14), while fatigue was reduced over the 60-min period
(p<0.01). Perceptions of recovery were also unaltered by the use
of compression socks, with TQRPer similar between conditions
(p=0.61). However, runner ratings did improve over the course of
the recovery period (d=0.87, p=0.01).

Compression socks did not influence changes in calf cross-
sectional area. There were no differences between conditions
and no change in cross-sectional area from prior to warm-up 1
to immediately post-TT1 (d=0.01, p=0.64 and d=0.05, p=0.22,
respectively).

4. Discussion

The primary finding from this investigation was that wearing
compression socks during exercise can positively influence perfor-
mance in a subsequent exercise bout (9.5 s in this population). This
is a novel outcome, adding a further layer to research into sports
compression garments, where the majority of previous investiga-
tions have studied the immediate effects of wearing compression
garments during performance, or their efficacy when worn post-
exercise.>> 11

The current study attempted to better understand any changes
in running performance by assessing a multitude of mechanistic
parameters that have previously been attributed to potential per-
formance enhancements elicited by sports compression garments.
Similar to the majority of previous investigations, 82324 blood lac-
tate was not affected by the use of compression garments while
running. Scientists have proposed that compression garments may
enhance circulatory flow, and therefore hasten lactate removal,®
but this phenomenon is yet to be clearly displayed in an athletic
setting. Oxygen consumption did not differ between experimen-
tal conditions either. This result is consistent with the findings of
Rider et al.?* and Stickford et al.,° who both assessed the efficacy
of compression garments while running on a treadmill. Similarly,
assessments of calf CSA were no different between conditions in the
present study, again reflecting previous research that has found no
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Table 1
Summary of time trial performances for (CON) and compression (COMP) conditions.
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CON (mean +95% confidence limits)

COMP (mean £95% confidence limits) Difference between conditions

TT1
TT2
Decrement from TT1 to TT2

19:24+0:51
19:41+0:53
1594855 (p<0.01,d=0.19)

19:32+0:48
19:38 +£0:53
6.4+19s(p=0.08,d=0.17)

No difference (p=0.18, d=0.10)
No difference (p=0.75, d=0.03)
Moderate benefit (p<0.01,d=0.67)

" Denotes significant difference, p <0.05

Table 2

Summary of physiological measures for (CON) and compression (COMP) conditions (presented as mean 4 SD).

Time point CON COMP Difference between conditions
VO, (mlkg~! min—1) Warm-up No difference (p=0.61)
(Stage 1) 358+1.9 37.1+14
(Stage 2) 416+1.2 40.8+1.2
(Stage 3) 474+1.9 47.7+£2.0
BLa (mmol L 1) Warm-up No difference (p=0.54)
(Stage 1) 1.3+0.2 1.7+05
(Stage 2) 1.3+0.2 1.6+04
(Stage 3) 1.9+03 2.1+04
Post-TT1 92+1.7 9.3+2.2
Post-TT2 75+14 7.8+2.6
Cross sectional area Pre-warm-up 1 115.8+6.7 116.1+£6.7 No difference (p=0.63)
(cm?) Post-TT1 116.7£7.0 116.2+6.8
ACSA 09+1.0 0.1+0.8
RPE (6-20 scale) Warm-up No difference (p=0.56)
(Stage 1) 8.2+0.9 82+1.0
(Stage 2) 9.7+1.1 10.0+1.1
(Stage 3) 11.1+£13 11.2+1.4
Post-TT1 18.0+£1.3 182+1.2
Post-TT2 18.7+0.8 18.7+0.7
Muscle soreness (1-10 Pre-warm-up 1 1.0+0.6 0.8+0.5 No difference (p=0.56)
scale) Pre-TT1 1.6+09 1.6+£0.6
Post-TT1 3.7+1.2 42+1.1
Pre-warm-up 2 40+13 3.2+0.7
Pre-TT2 46+1.1 3.7+0.8
Post-TT2 57+1.2 6.0+1.3
Fatigue (1-10 scale) Pre-warm-up 1 1.1+0.7 0.8+0.5 No difference (p=1.00)
Pre-TT1 2.0+0.7 1.8+0.7
Post-TT1 54+1.5 56+1.3
Pre-warm-up 2 36+1.1 3.3+0.7
Pre-TT2 43409 45+0.9
Post-TT2 7.1+14 74+1.1
TQRP (6-20 scale) Post-TT1 1 10.6+0.2 11.44+0.2 No difference (p=0.61)
Pre-warm-up 2 13.9+0.2 13.8+0.2
ATQRP 33+24 24+19

effect of compression garments on lower limb volume 5 min after
the completion of 10 km and marathon running efforts.232>

Although the aforementioned parameters could not justify the
performance changes in this study, other mechanisms may have
affected running performance. Reducing the workload required
from the athlete in the first exercise bout would have improved
recovery and allowed superior performance in the subsequent TT.
Areduction in workload may have been brought about by improved
oxygen delivery,2627 reduced muscle oscillation,'> and a decrease
in cardiovascular demands due to enhanced circulatory flow.58
Hooper et al.?8 also suggested that compression garments increase
proprioception, which may improve stride mechanics, therefore
aiding biomechanical running economy and reducing potential
muscle damage.?? However, it must be recognised that this com-
bination of outcomes is highly speculative, and focus must also be
placed on the role that psychological factors, including a placebo
effect, may play on athletic performance.

Surprisingly, the current study revealed no differences in per-
ceptual measures between experimental conditions, unlike most
previous research into the efficacy of compression garments.
Several studies have reported athletes who wore compression gar-

ments during exercise to have experienced reductions in muscle
soreness from 24 to 72 h post-activity.?339 This disparity is likely
due to the limited duration of the recovery period in the present
study, which could have been too brief to realise any potential
benefits of wearing compression socks while running.

5. Conclusion

In summary, wearing compression socks during high intensity
running does not affect immediate performance. However, they
have a positive impact on subsequent running performance. The
underlying mechanism of such performance enhancement remains
unclear, but may relate to improved oxygen delivery, reduced mus-
cle oscillation and superior running mechanics.

Practical implications

e Wearing compression socks while running does not affect imme-
diate performance.
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e However, compression socks worn during exercise can augment
subsequent exercise bouts, so should be considered when athletic
performances are scheduled in short succession.

e Compression socks worn when running also have the capacity to
augment post-exercise recovery.
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