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ABSTRACT

Armstrong, SA, Till, ES, Maloney, SR, and Harris, GA. Compres-
sion socks and functional recovery following marathon running:
A randomized controlled trial. J Strength Cond Res 29(2): 528-
533, 2015—Compression socks have become a popular recovery
aid for distance running athletes. Although some physiological
markers have been shown to be influenced by wearing these gar-
ments, scant evidence exists on their effects on functional recov-
ery. This research aims to shed light onto whether the wearing of
compression socks for 48 hours after marathon running can
improve functional recovery, as measured by a timed treadmill test
to exhaustion 14 days following marathon running. Athletes
(n = 33, age, 38.5 * 7.2 years) participating in the 2012
Melbourne, 2013 Canberra, or 2013 Gold Coast marathons were
recruited and randomized into the compression sock or placebo
group. A graded treadmill test to exhaustion was performed 2
weeks before and 2 weeks after each marathon. Time to exhaus-
tion, average and maximum heart rates were recorded. Participants
were asked to wear their socks for 48 hours immediately after
completion of the marathon. The change in treadmill times (sec-
onds) was recorded for each participant. Thirty-three participants
completed the treadmill protocols. In the compression group, aver-
age treadmill run to exhaustion time 2 weeks after the marathon
increased by 2.6% (52 * 103 seconds). In the placebo group,
run to exhaustion time decreased by 3.4% (—62 = 130 seconds),
P =0.009. This shows a significant beneficial effect of compres-
sion socks on recovery compared with placebo. The wearing of
below-knee compression socks for 48 hours after marathon run-
ning has been shown to improve functional recovery as measured
by a graduated treadmill test to exhaustion 2 weeks after the event.
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INTRODUCTION

he belief that compression garments can aid recov-

ery for athletes has been increasingly popular

across various sporting disciplines. There is a great

deal of data to indicate compression garments
should improve recovery because of their favorable biochem-
ical and physiological benefits (1-4,6,8,10,11,20,21,23,24), but
there are dearth of data to show an actual functional benefit.
This trial aims to address whether compression garments
conferred a functional benefit.

Functional recovery can be considered sport specific and
rather than analyze a change in static or dynamic muscle
strength to determine recovery, functional recovery is
measured by looking at completion of exercise specific to
the athlete’s sport. It has been shown that Vo,max is a poor
predictor of subsequent marathon time, but peak velocity
during a graded treadmill test correlates well with subse-
quent marathon time (19). Peak velocity during a graded
treadmill test can be equated to the time to exhaustion dur-
ing the same test, as there is a progressive increase in velocity
throughout the test.

Following exhaustive exercise, participants frequently
experience significant delayed onset muscle soreness
(DOMS). This is typically present 1-5 days after exertion
(1,6,24) and is closely correlated with ultrastructural muscle
damage as demonstrated on postexertion muscle biopsy
(13,25). This has also been indicated by increased levels of
creatinine kinase (CK), interleukin 6 (IL-6), and lactate levels
following exercise (21). Marathon running has been shown
to increase IL-6 levels by up to 100-fold from baseline (20).
Creatinine kinase levels have been shown to be closely cor-
related with both IL-6 levels and the degree of muscle
damage (5).

Following endurance exercise, there is considerable
venous pooling in the lower limbs (12), this leads to a dra-
matic fall in venous return and an increase in the time to
excretion of muscle damage waste products such as CK and
lactate. These “waste” products are thought to cause damage
to healthy muscle cells.

Compression socks have been shown to have beneficial
effects on self-reported DOMS when worn following
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running or plyometric exercise (2,11). They have also been
shown to decrease measured levels of CK and lactate when
worn following exercise (3,23). This indicates enhanced
repair of the body’s musculature at low levels of tissue dam-
age as experienced following exhaustive running (16). They
have a well-documented effect of increasing lower-limb
venous return and decreasing venous pooling postexercise,
which has been associated with dramatic increases in lower-
limb oxygenation (4,8). It has also been shown that lower-
limb compression garments reduce recovery heart rate
immediately following exercise, further aiding their potential
use as a recovery strategy (17).

Compression garments have also been shown to augment
lower-limb “muscle pump” action thereby increasing cardiac
venous return in preparation for renal perfusion and blood-
borne waste product removal (15). It is thought that com-
pression garments achieve this effect by creating an external
pressure gradient, which reduces available space for muscle
edema to occur and thereby reduces the secondary inflam-
matory response (10).

Improvement in these markers of muscle damage could be
assumed to herald an increased recovery effect from
compression garments; this has been demonstrated in pre-
vious studies looking at short-term recovery in cyclists and
after intense resistance training (7,9,16). These studies
looked at short-term recovery between repeated bouts of
exercise separated by 24 hours or less. It would be difficult
to extrapolate this to running because of the different bio-
mechanics and muscle fatigue profile between cycling or
heavy resistance training and running (18). To date, there
have been no studies looking at functional recovery follow-
ing exhaustive running and the use of compression garments.
There has been 1 recent study showing a trend to signifi-
cance in measures of maximum voluntary isometric contrac-
tion, CK, and C-reactive protein levels following marathon
running (14).

If compression socks produce beneficial effects on recov-
ery following exhaustive exercise, they could provide a ben-
efit in recovery from both training and competition. This
information would aid runners, strength and conditioning
specialists, athletic trainers, and coaches to increase the
training efficiency of their programs.

The primary aim of this study was to determine if lower-
limb compression garments impact on the functional recov-
ery from distance running.

MEeTHODS

Experimental Approach to the Problem

This study used a randomized controlled double-blinded
design to determine the functional recovery effects of wearing
below-knee compression socks compared with placebo non-
compressive below-knee socks. Participants were randomized
by a computer-generated random number into either the
compression sock group or the placebo noncompressive group.
The compression socks used were medical grade below-knee

Jobst compression socks (BSN Medical Inc., Rutherford
College, NC, USA) with a compressive value at the ankle of
30-40 mm Hg and at the calf of 21-28 mm Hg, which is typical
of many of the compression socks commercially available
to customers (Figure 1). The placebo socks used were
minimal-compressive SmartKnit seamless knee-high
diabetic socks (Knit-Rite Inc., Kansas City, KS, USA),
designed to only give enough compression to stop them
falling down. Calf circumference and shoe size data were
collected from each participant to ensure correct fit as per
the manufacturers instructions.

The premarathon and postmarathon treadmill tests were
performed 2 weeks before and 2 weeks after each study
participant’s respective marathon. Study participants were
asked to begin wearing their socks within 1 hour of finishing
their marathon and were asked to wear them continuously
for 48 hours following this.

The study was multicentered covering the 2012 Melbourne,
2013 Canberra, and 2013 Gold Coast marathons.

Subjects

Twenty-two moderately trained runners competing in the
2012 Melbourne marathon, 17 moderately trained runners
competing in the 2013 Canberra marathon, and 20 moder-
ately trained runners competing in the 2013 Gold Coast
marathon were randomized in the study. In total, 33

completed the full marathon of 26.2 miles (42.195 km) and

Figure 1. Jobst Activewear compression socks.
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TasLe 1. Anthropometric and training characteristics of the study participants.

appropriate effort. The partici-
pants were asked to continue
on with the treadmill protocol

All participants

Compression group Placebo group

until voluntary exhaustion and

(mean = SD) (mean = SD) (mean = SD) the treadmill was terminated at
Number N = 33 16 17 that time. The total treadmill
Male/female 23/10 12/4 11/6 running time, maximum heart
Age (y) 385 + 7.2 39.0 + 6.2 38.1 + 8.2 rate, and rate of perceived exer-
Height (cm) 174.4 + 9.7 173.2 = 8.4 174.4 = 11.2 tion were recorded. Participants
Tr?iningl:](lvc::ume) 6.2 = 3.2 55 *1.9 6.9 £ 4.1 (1 in total) were excluded if
weekly hours thei t th treadmill
Years of running (y) 7.7 = 7.6 8 + 8.2 75 = 7.3 e pos r;:ara on re;. mld
Marathon time (hour:min) 3:58 + 0:26 4:03 + 0:29 3:54 + 0:23 maximum heart rate achieve

was not within 95% of their pre-

attended premarathon and postmarathon treadmills. The
runners were recruited by electronic digital messages in the
newsletters of each marathon, direct contact with local
running clubs, local triathlon clubs, local fitness establish-
ments, and through our Facebook page.

Inclusion criteria were Melbourne, Canberra, or Gold
Coast marathon participants older than 18 years. Exclusion
criteria were a history of lower-limb ischemia or a previous
lower-limb amputation because of peripheral vascular dis-
ease and regular use of nonsteroidal anti-inflammatory
medications. A questionnaire was completed detailing the
participants age, number of years running, and average
weekly running distance. We also collected anthropological
measurements to ensure correct fitting of the compression
socks (Table 1). All study participants gave written informed
consent and the study was approved by the Monash Uni-
versity Human Research Ethics Committee (approval num-
ber CF12/0348-2012000146), and the trial registered with
the Australia and New Zealand Clinical Trial Registry (reg-
istration number 12611000468921). Table 1 shows the phys-
ical and training characteristics of the 33 study subjects.

Procedures

The end point—time to exhaustion on a graded maximal
treadmill test—was measured using a stepwise speed and gra-
dient treadmill test to voluntary maximum duration. Partici-
pants had a 5-minute warm-up at a 4% gradient and
4 km-h~L Following the warm-up, the treadmill speed was
increased to 6 km-h~! for the next stage and then by
1 km-h™! every 3 minutes until a speed of 13 km-h™! was
reached. The treadmill gradient was then increased by 2%
every 3 minutes until a maximum gradient of 12% was
reached. To ensure safety of the participants, rate of perceived
exertion was recorded 2 minutes into each stage using the
Borg rate of perceived exertion visual analog scale. Heart rate
was recorded 2 minutes into each stage and was continuously
monitored throughout the trial using a Polar RS300x heart
rate monitor (Polar Electro Oy, Kempele, Finland) to capture
maximum heart rate, which was used as a marker of
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marathon treadmill maximum.

This cutoft level was used to

ensure an appropriate level of
effort was achieved by each participant during the follow-up
treadmills. Temperature in the exercise room for all treadmills
was 18-21° C with a relative humidity of 48-52% during the
premarathon and postmarathon treadmills. The motorized
treadmills used at each venue were the Tempo T3200 tread-
mill (Horizon Fitness Australia, Morwell, Australia) in Mel-
bourne and Life Fitness T3 treadmills (Life Fitness, Rosemont,
IL, USA) in both Canberra and the Brisbane testing sites. The
venues used were the physiology department at Melbourne
University Monash Campus in Melbourne, the Australian
Institute of Sport facility gymnasium in Canberra, and the
YMCA, Brunswick Street in Brisbane.

To control for circadian variability, an identical treadmill
time slot was used for the premarathon and postmarathon
treadmill tests. During the treadmill, plain water was avail-
able for hydration and participants were asked to drink to
thirst. No treadmill familiarization protocol was used.

Below-knee compression socks (Jobst ActiveWear 30-
40 mm Hg Firm Support Unisex Athletic Knee Highs) were
used in the compression group. The correct size was deter-
mined according to the manufacturer’s instructions using self
measurement of calf diameter and shoe size by each partic-
ipant. Correctly fitted, they are designed to have a maximal
compression at the ankle of 30-40 mm Hg (European class 3
compression) with a graduated decrease in compression
proximally to achieve a compression value of 70% of maxi-
mum at the calf. They are composed of 58% polyester, 20%
nylon, 10% cotton, and 12% spandex. The socks produce
a circular compression on the lower leg. They were provided
free of charge by Jobst Australia.

The placebo group were provided with a noncompressive
SmartKnit seamless knee-high diabetic sock. They are
designed to be seam free and only provide the minimum
compression value to stop them falling down. These were
purchased from SmartKnit Australia.

Statistical Analyses
Data were analyzed using the SPSS statistical software
package (version 17.0; SPSS Inc, Chicago, IL, USA).
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Figure 2. Time under load stepwise treadmill test up to a voluntary maximum: compressive vs. placebo group.

The x? test was used to check for normal distribution of the
data. The 2-tailed Student’s #test was used to assess the
statistical significance of our results. A p-value of less than
0.05 was considered significant.

The Student’s #test was used as this is a valid method to
analyze the difference in treadmill times in 2 independent
groups. Our p value was 0.0091 and we considered this a
significant result.

REsuLTS

The results of the stepwise treadmill test to voluntary
maximum demonstrated that running performance in the
compression group improved by 524 * 103.3 seconds,
whereas it decreased by 61.7 = 129.6 seconds in the placebo
as shown in Figure 2. There was a statistically significant
difference with compression socks showing an increase
in treadmill time to exhaustion with a p-value of 0.0091.
Compared with the placebo group the compression group
had a 5.9% improvement in their run time to exhaustion.

Table 2 shows the maximum heart rate, rate of per-
ceived exertion of the study participants, and treadmill
time to exhaustion. There was no statistical difference in
maximal heart rate, maximal rate of perceived exertion,
or baseline treadmill time to exhaustion between the
2 groups.

Fifty-nine participants consented to take part in the study.
Thirty-three participants completed the study fully with
before and after treadmill data provided for analysis. Of the
26 participants who failed to complete the study, 15
participants failed to attend the initial treadmill test, 13
runners failed to complete their marathon, 1 runner failed to
wear the compression socks for the full 48 hours because of
muscle soreness, 5 runners were unable to attend the
postmarathon treadmill 2 weeks after the marathon, 1
participant was unable to complete the treadmill test because
of dizziness, and 1 participant failed to achieve 95% of their
baseline treadmill test in their follow-up test and was
subsequently excluded.

TaBLE 2. Mean maximal heart rate, rate of perceived exertion, and treadmill time to exhaustion.*

Placebo first treadmill

Placebo second

Compression first Compression second

Treadmill (mean = SD) treadmill (mean * SD) treadmill (mean = SD)  treadmill (mean *+ SD)

Maximum HR 179 = 10.7 181 = 9.0 183 = 10.7 182 = 10.9
(b-min~1)

Maximum RPE 87 1.5 8319 79 =14 8.8 = 1.1
(VAS)

Time to 1,839 = 382 1,777 = 386 1,765 + 254 1,811 = 319

exhaustion (s)

*RPE = rate of perceived exertion; VAS = visual analogue scale.
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The baseline characteristics of the compression and
placebo groups were not statistically different. One study
participant was unable to wear the compression socks for the
full 48 hours following the Melbourne marathon. This was
due to subjective discomfort from the compressive effect.
The participant was in the compression group. Their
symptoms resolved within 30 minutes of removing the socks
and no long-term consequences were reported. It is difficult
to determine whether their symptoms were directly related
to the compressive effects of the compression garments or
muscle damage from the marathon. No other participants in
either group reported any other adverse events.

DiscussioN

We aimed to answer the question of whether below-knee
compression garments worn for 48 hours following mara-
thon running confer a functional recovery benefit. Our
results confirmed our hypothesis showing that there was
a significant improvement in run time to exhaustion in the
compression group compared with the placebo group.

Analysis of the data showed on average a 3.4% decline in
postmarathon treadmill tests in the placebo group and
a 2.6% improvement in postmarathon treadmill test times
in the compression group. This would indicate that the
compression group had recovered fully from the marathon
and the actual marathon, or enforced rest following the
event, had improved their fitness capabilities. The placebo
group had failed to fully recover from the marathon at their
follow-up treadmill.

When compared with previous studies, these results
would be consistent with decreases in ultrastructural muscle
damage and decreased levels of biochemical markers of
muscle damage observed (13,25). It is also consistent with
previous findings in cyclists of a beneficial effect of compres-
sion garments on short-term recovery (7). Our result confirms
the physiological benefits of compression garments as dem-
onstrated in previous studies are translated into functional
benefits and aid physical recovery from exhaustive exercise.

We chose a graduated treadmill run to exhaustion as
a direct measurement of functional recovery. This tool is
valid for measuring recovery as it is specific to running fitness
measurement and is easily reproducible with minimal vari-
ability from external factors (22). We elected not to measure
Vo,max as it has been shown to be a less accurate predictor
of overall running performance (19).

The main limitation of this study was the small number of
participants recruited. Despite this, we were able to achieve
a statistically significant result. A further limitation of the
study is in blinding. The study was double blinded, but it is
conceivable that participants could develop insight into
which group they were in because of the compressive effect
of the socks and the fact that they felt “tight.” The investi-
gators tried to minimize the risk of group disclosure by pro-
viding supporting information to both groups that the effect
was hypothesized to be through the wearing of the socks not

532  Journal of Strength and Conditioning Research

the degree of compression. We chose a diabetic sock to use
as the placebo as it is similar in manufacture and look to
a compression sock. Diabetic socks are also designed to have
a low compressive value because of the high risk of periph-
eral vascular disease in diabetics.

We attempted to minimize independent variables such as
temperature, humidity, and wind speed by holding the
treadmill tests in climactically controlled locations. We
also minimized circadian variability by repeating the tread-
mill tests at a similar time of day for each individual. We did
not control for nutritional variability in the 48 hours before
each treadmill or other recovery methods used after the
marathon. We also did not control for training volume in the
48 hours before each treadmill, which may introduce some
bias into our results.

For compression socks, we used a medical grade below-
knee compression. We chose below knee to increase
compliance with wearing of the sock. Above-knee compres-
sion socks have a poor user compliance rate because of
increased heat retention and discomfort. Validation of the
sock’s compressive value was not possible in all participants
because of funding limitations. As we used an off-the-shelf
product with sizes guided by participants self measurement,
there would have been inherent inconsistencies in the actual
compressive values obtained. For some of the Canberra par-
ticipants who were also involved in a side trial with the
recovery team at the Australian Institute of Sport, it was
possible to measure the compressive value of the socks 24
hours after the marathon. They calculated an average com-
pression value of 20 mm Hg at the calf with a stated value
of 21-28 mm Hg compression at this point by the
manufacturers.

Future directions for this field of research could include
repeating the study with differing degrees of compressive
value to find an optimum compression. There is also the
possibility of an enhanced effect with the use of full leg
compression rather than the below-knee socks we used. It
could be hypothesized that a stronger effect would be seen 1
week after marathon running rather than the 2-week
recovery we analyzed. We chose 2 weeks as an appropriate
time as research has shown incomplete recovery in muscle
function 1 week after marathon running (22) and runners
anecdotally take at least 2 weeks of rest before restarting
run training. It would also be beneficial to control each sub-
ject’s nutritional intake and training 48 hours before each
treadmill and any other recovery strategies used.

PRACTICAL APPLICATIONS

The use of graduated compression socks for 48 hours
following exhaustive exercise does aid functional recovery
in runners. Below-knee compression socks are a valid, safe,
and relatively inexpensive recovery method. This study
indicates all runners would benefit from the use of compres-
sion socks for 48 hours following exercise and they should
see a 6% improvement in their recovery parameters.
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