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ABSTRACT

BACKGROUND: There is not enough information on the effects of compression therapy in soccer players during recovery after matches. The
objective of this study was to examine the effect of wearing compression garments during soccer matches and during recovery period on physi-
cal responses.

METHODS: Eighteen semi-professional soccer players participated in this study. A two-stage crossover design was chosen. Participants acted
as controls in one match and were assigned to an experimental group (compression stockings group, full-leg compression group, shorts group)
in the other match. Participants in experimental groups played the match wearing assigned compression garments and were worn in the 3 days
post-match, for 7 hours/day. Blood lactate concentration, arterial oxygen saturation of hemoglobin, perceived exertion, perceived recovery, an-
aerobic power (vertical jump, sprint, change of direction) and aerobic capacity (Yo-Yo Intermittent Recovery level 2) were measured. Internal
and external loads were measured during both matches.

RESULTS: Using compression garments may slightly increase lactate during and after soccer matches and only full-leg garments can moder-
ately attenuate the reduction of arterial oxygen saturation of hemoglobin. Wearing compression garments can be useful between 24-48 hours
post-exercise to promote psychological recovery, especially with full-leg garments and compression shorts. Decreases in anaerobic power can
be attenuated but not significantly, mainly with full-leg compression garments or compression shorts. Compression garments could also have
positive effect on aerobic capacity, but we cannot exclude a placebo effect.

CONCLUSIONS: Compression garments could be moderately beneficial, but effects are not significant.

(Cite this article as: Marqués-Jiménez D, Calleja-Gonzalez J, Arratibel I, Delextrat A, Uriarte F, Terrados N. Physiological and physical respons-
es to wearing compression garments during soccer matches and recovery. J Sports Med Phys Fitness 2018;58:000-000. DOI: 10.23736/S0022-
4707.17.07831-8)
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or successful performance, soccer players must be able

to perform explosive actions repeatedly without any
loss in efficiency. These high demands imply mechanical
and metabolic stress which might induce physiological
changes during competition or exhausting training ses-
sions.! Moreover, soccer demands may potentially influ-
ence the time course of recovery, characterized by a de-
cline in physical performance over the following hours and
days.2 3 Soccer players usually need 48-72 hours to restore
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hematological changes,* exercise-induced muscle dam-
age (EIMD) and anaerobic performance decrements, 3
although several improvements have been demonstrated
24 hours post-match.5 Competition schedules in soccer
often require teams to play matches with only a few days
of recovery between them. That insufficient recovery time
may result in underperformance and increase the risk of
injuries.® Consequently, the ability to recover from intense
training or match is a key aspect of performance.
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Recently it has been reported that central processes
contribute significantly to the neuromuscular fatigue ex-
perienced in the days post-match, but the magnitude and
slower recovery of peripheral fatigue indicates that it is
the resolution of muscle function that primarily explains
the recovery of neuromuscular fatigue post-match.” There-
fore, any strategy which contributes to recovery of muscle
function following high-intensity exercise could be useful
in soccer players.

Compression garments may produce beneficial changes
because physical and mechanical properties can maintain
muscle structure and function.® They can diminish muscle
oscillation upon landing from a vertical jump,® 10 provide
structural support to muscles and joints, and improve mus-
cle regeneration.!! It has also been suggested that gradu-
ated compression garments increase blood flow velocity
and arterial perfusion and improve peripheral circulation
and venous return.!2-15 Thus, we can hypothesize that com-
pression garments would mitigate the physical response to
a soccer match.

There is a lack of studies carried out in field or in real
conditions, so effects of recovery strategies after specific
soccer tasks are still unknown. In fact, only one study with
soccer players and compression garments has already been
carried out, but it used a fatiguing protocol which does
not replicate specific competition demands.!¢ Therefore,
the aim of this study was to evaluate physiological and
physical responses to wearing compression garments dur-
ing soccer matches and during recovery.

Materials and methods

Eighteen semi-professional soccer players (mean age:
24+4.07 years; mean height: 177+5 cm; mean body weight:
71.8+6.28 kg; mean BMI: 22.73+1.81 kg/m?) participated
in this study. All participants were healthy, without serious
musculoskeletal injuries in the past 6 months. Musculosk-
eletal, metabolic, cardiovascular, respiratory, hematologi-
cal or endocrine exercise disorders were also considered
as exclusion criteria. Before given their informed consent
for participation in the research study, players were fully
informed about the objectives, risks and discomforts of the
experiment. This study was conducted in accordance with
the 1964 Declaration of Helsinki. It was also approved
by the Ethics Committee of the University of the Basque
Country (CEISH/357/2015/MARQUES JIMENEZ).

In order to reach the aim of the study we adopted a
crossover design with two friendly soccer matches played
and a 72-hour recovery phase when measurements were
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performed. Between data-collection periods, participants
train together with the entire training squad (avoiding de-
training symptoms), and it was not influenced by research-
ers. All participants took part in a pilot test four weeks be-
fore baseline measurements, when instructions of each test
performed were provided.

Participants were randomly divided into three groups:
stockings group (SG) (N.=6, height 179+7 cm, weight
67.85£6.98 kg, BMI 21.1£1.8 kg/m?), full-leg group
(FLG) (N.=6, height 176+4 cm, weight 73.08+£3.54 kg,
BMI 23.51+0.89 kg/m?), shorts group (QG) (N.=6, height
17845 cm, weight 74.47+£6.59 kg, BMI1 23.57+1.81 kg/m?2).
Ten participants acted as their own control (CG) (N.=10,
height 1.7745 cm, weight 71.18+5.7 kg, BMI 22.92+2.38
kg/m2) wearing no compression garment on a separate
occasion. Data of SG, FLG and QG were mixed together
for statistical analysis (experimental group [EG], N.=18,
height 1.78+5 cm, weight 71.8+6.28 kg, BMI 22.72+1.82
kg/m2). Each participant in the experimental condition
played the match wearing one type of graduated compres-
sion garment (Compressport, Geneve, Switzerland), and
kept wearing them 7 hours/day during 3 days post-match
(players put on them each day after testing session). Three
types of compression garments were used, whose pressure
ranges correspond to clinical medical grade II: compres-
sion stockings (SG, 20-25 mmHg at ankle, 15-20 mmHg
at calf), compression tights (FLG, 25-30 mmHg at calf,
15-20 mmHg at thigh), and compression shorts (QG, 15-
20 mmHg at thigh). Sizes were assigned according to the
manufacturer’s recommendations.

Soccer matches were performed on an artificial turf
pitch (102x63 m). Data collection was obtained in a multi-
sport covered pavilion beside the soccer pitch, where envi-
ronmental conditions were similar in both periods. All the
procedures were performed at the same time of the day to
avoid circadian variation.

One day pre-match, participants were required to per-
form 3 countermovement jump (CMJ) with 3-minute re-
covery between attempts, 2 sprints over 20 m (10 m data
was also obtained) with a 3-minute resting period between
sprints, 2 T-tests according to the protocol described by
Semenick (1990),!7 and the Yo-Yo Intermittent Recovery
Test level 2 (YYIR2). One hour before the match, blood
lactate concentration ([La-]) and arterial oxygen satura-
tion of hemoglobin (Sa0O,) where measured, and rating of
perceived exertion using the Borg’s 6-20 scale (RPE) and
perceived recovery using the Total Quality Recovey scale
(TQR) were subjectively collected. These measurements
were considered as baseline (pre-match). [La-] and SaO,
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were only measured at half time and post-match. RPE was
measured at half time, post-match, 24, 48 and 72 h post-
match whereas TQR were only measured 24, 48, and 72
hours post-match. CMJ, 10-, 20-m sprint and T-Test were
performed again immediately after the matches, 24, 48,
and 72 hours post-match, but YYIR2 were only measured
post-match and 72 hours post-match. A standard warm-up
was conducted after blood samples and perceptual data
collection, and before physical performance tests.

Anthropometric characteristics of the participants were
measured with SECA mechanical medical scale with a
height rod (Seca, Bonn, Germany). Blood [La-] was mea-
sured with Lactate Pro2 (Arkray, Shiga, Japan) from a hy-
peremized ear lobe using the second blood drop and the
ear lobe previously cleaned with alcohol. SaO, from a hy-
peremized finger was obtained while players were seated
and hold their index finger on a stable surface. Skin sur-
face was cleaned with antiseptics before and after the test.
A finger pulse oximeter clamp was used (OXYM2001;
Quirumed, Valencia, Spain). Height jump was measured
by Optojump Next (Microgate, Bolzano, Italy), and sprint-
ing time was measured by photocell gates (Microgate
Racetime2, Bolzano, Italy; Chronoprinter 505, Tag Heuer,
Switzerland) placed 0.4 m above the ground. Participants
started 0.5 m away from the starting point and began the
test when they were ready.

External and internal match loads were monitored using
a short-range telemetry and triaxial accelerometer incorpo-
rated within the GPS (Polar Team Pro, Polar Electro, Kem-
pele, Finland). External loads indicators recorded were:
total distance covered (TD; m), maximal running velocity
(Vinaxs km/h), number of sprints (>23 km/h), number of
maximum intensity decelerations (MD; -3.0 m/s2), num-
ber of high intensity decelerations (HD; -2.9 to 2.0 m/s?),
number of high intensity accelerations (HA, 2.0 to 2.9 m/
s2) and number of maximum intensity accelerations (MA,
3.0 m/s?). Average heart rate (%HR,,,,), maximal heart rate
(%HR,,,,) and time spent (min) at various intensities were
recorded. Match-HR data was expressed as percentage of
HR ., and classified into five intensity zones: 50-59%, 60-
69%, 70-79%, 80-89%, and >90% of HR ,,,.

Participants were advised to avoid physical activity,
alcohol and caffeine 24 h before baseline measurements
and during study and were instructed to drink 0.5 liters of
water at night in order to normalize hydration status. Par-
ticipants had also to refrain from taking anti-inflammatory
drugs, acetaminophen, corticosteroids, sedatives, antico-
agulants, painkillers, nutritional supplements or other pre-
scription drugs, and refrain from receiving massages, topi-
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cal creams, heat or cold treatments such as sauna or hy-
drotherapy, stretching, or any plausible recovery strategy
for 7 days before the study and during it. Players recorded
their dietary intake 24 hours before baseline measurement
and had to replicate it every day. Nevertheless, breakfast
was standardized for all participants and had to be 3 hours
before data collection.

Statistical analysis

Descriptive statistics are reported as means and standard
deviations. We used the Shapiro-Wilk test (N.<30) to eval-
uate whether the data were normally distributed (P<0.05).
All variables analyzed were normally distributed, thus
parametric tests were performed. After using Levene’s
test for the homoscedasticity analysis, we used the 7-test
for independent samples (P<0.05) for parametric data of
internal-external load. Remaining variables were analyzed
using two-way ANOVA with the Bonferroni post-hoc test
(similar variances) or Tamhane’s T2 test (different vari-
ances) for pairwise comparisons (P<0.05). Pearson’s cor-
relation coefficient (P<0.01) was also used. Effect size
(ES) was calculated with Hedges’ g (P<0.05) to quantify
the size of the difference between two groups. Beforehand,
data were transformed from absolute values to relative val-
ues with respect to pre-match. Effect sizes were evaluated
as trivial (0-0.19), small (0.20-0.49), medium (0.50-0.79)
and large (>0.80).18 Statistical analyses were carried out
by SPSS 20.0 software (SPSS, Chicago, IL, USA), while
ES analysis were conducted using Review Manager 5.3.5
(The Nordic Cochrane Centre, The Cochrane Collabora-
tion, Copenhagen, Denmark).

Results

The descriptive analysis of internal and external loads
measured during soccer matches is shown in Figures 1 and
2. There were no significant differences in internal-exter-
nal load between matches, so results described below can-
not be linked to match-to-match variability or detraining
symptoms. Results of [La-] and SaO, are shown in Table
I, perceptual response is shown in Table II, and results of
physical performance are shown in Table III.

Significant correlations were also found (>0.95;
P<0.01) between internal-external load outcomes (con-
sidering data averaged over the entire match) and post-
match measurements. Immediately post-match we have
found a significant correlation between 10-m sprint and
20-m sprint (7=0.976; P<0.01) in the CG, 10-m sprint and
20-m sprint (#=0.991; P<0.01) and 10-m sprint and T-Test
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Figure 1.—Internal load during both matches: A) %HR,,,; B) %HR,,,; C) time (min) at 50-59% HR; D) time (min) at 60-69% HR; E) time (min)

at 70-79% HR; F) time (min) at 80-89% HR; G) time (min) at 90-100% HR.

SG

FLG QG

200.00- 200,001 N 200,001
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D
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CG: Control Group (N=10); EG: Experimental
Group (N=6); SG: Socks Group (N=6); FLG:
FulkLeg Group (N=6); QG: Shorts Group
(N=6).

I st half; I 2nd half;
(p<0.05).

1 Significant differences with respect to 1st
half

* Significant differences with respect to 2nd
half

a Significant differences with respect to CG
b Significant differences with respect to EG
¢ Significant differences with respact to SG
d Significant differences with respect to FLG

full match.

Figure 2.—External load during both matches: A) number of maximum decelerations (-3.0 m/s2); B) number of high decelerations (-2.9; -2.0 m/
s2); C) number of high accelerations (2.0; 2.9 m/s2); D) number of maximum accelerations (3.0 m/s2); E) total distance covered (m); F) maximum
running velocity (km/h); G) number of sprints (>23 km/h).

4 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS Mese 2018



COMPRESSION GARMENTS IN SOCCER MATCHES

TABLE l.—Mean differences in lactate and SaO2 relative effect size in the pre-match and 72 hours post-match.

MARQUES-JIMENEZ

Variable CG (N=10) EG (N.=18) SG (N.=6) FLG (N.=6) QG (N.=6)
Lactate, mmol/L
Pre-match 1.8+0.61 1.68+0.49 1.68+0.33 1.55+0.55 1.8£0.6
Half time 3.34+2.28 5.12+3.03 6.37+4.53 3.12+0.697 5.87+1.66 2
0.84 (0.03, 1.65) 1.04 (-0.05, 2.13) 0.48 (-0.55, 1.50) 1.54 (0.36, 2.72)
Post-match 3.75+2.7% 5.16£3.83 3.23+1.46 4.77+£3.21F 7.48+5.14%
0.42 (-0.37,1.21) -0.21 (-1.29, 0.87) 0.53 (-0.50, 1.56) 0.83 (-0.23, 1.90)
Sa0, (%)
Pre-match 98.2+0.69 97.44+1.85 97.67+1.03 96.67+2.88 98+1.1
Half time 97.3£1.49 96.94+1.39 97+0.63 97.17+1.72 96.67+1.75
0.25 (-0.52, 1.03) 0.43 (-0.59, 1.46) 0.63 (-0.42, 1.67) -0.15 (-1.17, 0.86)
Post-match 96.6+2.59 96.56+1.58 95.67+1.75% 97.17+0.98 96.83+1.72

0.27 (-0.51, 1.06)

-0.16 (-1.24,0.91)

0.70 (-0.35, 1.75)

0.18 (-0.83, 1.20)

Data presented as mean+SD and effect size (95% CI).

CG: control group; EG: experimental group; FLG: full-leg group; QG: quad group; SaO,: arterial oxygen saturation of hemoglobin; SG: socks group.
fStatistically significant difference versus pre-match (P<0.05); #significant difference versus half time (P<0.05); @ significant difference versus CG (P<0.05).

TABLE Il.—Mean differences in RPE and TOR and relative effect size in the pre-match, half time, post-match, 24, 48, and 72 hours post-

match.
Variable CG (N.=10) EG (N.=18) SG (N.=6) FLG (N.=6) QG (N.=6)
RPE, a.u.
Pre-match 6.3+0.48 6.28+0.46 6.33+0.52 6.3340.52 6.17+0.41
Half time 10.3+£2.587 9.56+1.627 10£1.67 8.83+£1.47 9.83£1.72
-0.37 (-1.15,0.41) -0.02 (-1.04, 0.99) -0.58 (-1.62, 0.46) 0.03 (-0.98, 1.04)
Post-match 13.3+3.531# 12.83+£2.79%# 13.33+£2.07% 11.83+£3.54 13.33+£2.8
-0.12 (-0.90, 0.65) 0.00 (-1.01, 1.01) -0.39 (-1.42, 0.63) 0.09 (-0.93, 1.10)
24 h post-match 13+1.83F 9.89+3.641 *a 10.67+£4.93 10.17£3.54 1 8.83+2.48* a
-0.91 (-1.73, -0.10) -0.57 (-1.61, 0.46) -1.10 (-2.21, 0.00) -1.56 (-2.75,-0.37)
48 h post-match 10.8+£1.627 9.83+2.921 * 10.67+£3.98 9+2.28 9.83+£2.48
-0.33 (-1.11, 0.45) -0.03 (-1.04, 0.98) -0.77 (-1.82, 0.29) -0.41 (-1.43,0.62)
72 h post-match 9.8+0.921 * $ 8.94+1.731 * 9+1.79 8.67+2.34 9.17+1.17% *
-0.46 (-1.25,0.32) -0.47 (-1.50, 0.56) -0.55 (-1.58, 0.49) -0.40 (-1.42, 0.63)
TQR, a.u.
Pre-match 19.3+£0.95 19.67+0.77 19.67+0.52 19.5+1.22 19.83+0.41
24 h post-match 12+£1.15% 14.67£2.63%a 13.83+2.47 16.33+3.08 2 13.83+1.83fa
1.11 (0.27, 1.94) 0.86 (-0.21, 1.93) 2.25(0.90, 3.60) 0.97 (-0.12, 2.05)
48 h post-match 14.7+£1.4278 15.72+1.18% 15.5+1.52F 16.33+1.21 2 15.334£0.51%
0.52 (-0.27, 1.31) 0.29 (-0.73, 1.31) 0.94 (-0.14, 2.02) 0.13 (-0.88, 1.15)
72 h post-match 15.6+1.271s 16£2.287 16.83+1.3375S 14.83+3.19% 16.33+£1.75%8

0.05 (-0.72, 0.83)

0.62 (-0.42, 1.66)

-0.30 (-1.31, 0.72)

0.17 (-0.85, 1.18)

Data presented as mean+SD and effect size (95% CI).

a.u: arbitrary units; CG: control group; EG: experimental group; FLG: full-leg group; QG: quad group; RPE: rating of perceived exertion; SG: socks group; TQR: total

quality recovery.

fSignificant difference versus pre-match; #significant difference versus half time; *significant difference versus post-match; Ssignificant difference versus 24 h post-

match; @ significant difference versus CG.

(=0.959; P<0.01) in the GS, and [La-] and 10-m sprint
(=-0.986; P<0.01) in the QG. At 24 h post-match we have
found a significant correlation between 10-m sprint and
20-m sprint (+=0.976; P<0.01) in the FLG. At 48 h post-
match we have found significant correlations between
10-m sprint and 20-m sprint (7=0.987; P<0.01) in the EG,
TQR and time spent at 90-100% HR (7=0.962; P<0.01),
and 10-m sprint and 20-m sprint (=1.000; P<0.01) in the
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SG, 10-m sprint and 20-m sprint (=0.971; P<0.01) in the
FLG, and 10-m sprint and %HR,;, (r=-0.986; P<0.01) in
the QG. At 72 h post-match we have found significant cor-
relations between 10-m sprint and 20-m sprint (»=0.976;
P<0.01) in the CG, and 20-m sprint and time spent at 50-
59% HR (7=0.968; P<0.01), 20-m sprint and time spent at
60-69% HR (7=0.951; P<0.01) and T-Test number of MA
(r=0.960; P<0.01) in the QG.
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TABLE lIl.—Mean differences between in physical performance and relative effect size in the pre-match, post-match, 24, 48, and 72 hours
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post-match.
Variable CG (N.=10) EG (N.=18) SG (N.=6) FLG (N.=6) QG (N.=6)
CMJ height, cm
Pre-match 36.71+5.18 36.81+4.81 38.84+3.84 37.62+5.84 33.98+3.8
Post-match 33.4+5.42 35.52+6 36.73+7.06 37.39+6.58 32.64+4.07
0.96 (0.13, 1.79) 0.66 (-0.45, 1.77) 2.16 (0.83, 3.49) 1.03 (-0.06, 2.12)
24 h post-match 35.46+5.14 36.514+4.82 39.19+4.19 36.44+5.92 33.91+2.95¢
0.36 (-0.43, 1.15) 0.61 (-0.50; 1.71) 0.06 (-0.96, 1.07) 0.45 (-0.58, 1.47)
48 h post-match 35.82+5.29 37.27+4.79 39.09+4.75 37.68+5.9 35.03+3.23
0.57 (-0.23, 1.37) 0.44 (-0.65, 1.53) 0.39 (-0.63, 1.42) 0.92 (-0.16, 2.00)
72 h post-match 35.79+4.51 36.59+5.49 38.53+5.62 36.89+6.97 34.34+3.37
0.29 (-0.49, 1.08) 0.23 (-0.85, 1.31) 0.03 (-0.98, 1.04) 0.95 (-0.13, 2.03)
10-m sprint, s
Pre-match 1.8+0.07 1.79+0.08 1.76+0.06 1.78+0.09 1.82+0.07
Post-match 1.86+0.11 1.81+0.14 1.8240.19 1.75+0.12 1.86+0.12
-0.38 (-1.17; 0.41) 0.01 (-1.06, 1.09) -1.11 (-2.22,-0.01) -0.33 (-1.35, 0.69)
24 h post-match 1.84+0.08 1.8+0.09 1.78+0.11 1.75+0.08 = 1.87+0.05 cd
-0.27 (-1.06, 0.51) -0.14 (-1.22,0.93) -0.98 (-2.07, 0.10) 0.26 (-0.76, 1.28)
48 h post-match 1.78+0.06 1.79+0.09 1.79+0.1 1.74+0.08 1.84+0.07 ¢
0.38 (-0.41, 1.16) 0.79 (-0.33, 1.92) -0.49 (-1.52, 0.54) 0.77 (-0.29, 1.82)
72 h post-match 1.81+0.06 1.78+0.1 1.76+0.13 1.74+0.07 1.84+0.86
-0.15 (-0.93, 0.63) -0.08 (-1.16,0.99) -0.52 (-1.55,0.51) 0.12 (-0.90, 1.13)
20-m sprint, s
Pre-match 3.12+0.08 3.09+0.11 3.06+0.1 3.08+0.13 3.13+0.12
Post-match 3.26+0.19% 3.2+0.26 3.26+0.45 3.11+0.1 3.24+0.19
-0.16 (-0.94, 0.62) 0.22 (-0.86, 1.30) -0.80 (-1.86, 0.26) -0.27 (-1.28, 0.75)
24 h post-match 3.18+0.11 3.13+0.17 3.11+£0.22 3.04+0.12 a 3.23+£0.914d
-0.17 (-0.95, 0.61) 0.04 (-1.11, 1.03) -1.16 (-2.27, -0.04) 0.48 (-0.55, 1.52)
48 h post-match 3.1+0.08* 3.09+0.15 3.09+0.24 3.02+0.13 3.18+0.09 ¢
0.20 (-0.58, 0.98) 0.45 (-0.64, 1.54) -0.89 (-1.96, 0.18) 0.95 (-0.13, 2.03)
72 h post-match 3.14+0.06 3.11£0.17 3.09+0.23 3.07+0.83 = 3.18+0.16
-0.04 (-0.82, 0.74) 0.05 (-1.03, 1.12) -0.48 (-1.50, 0.55) 0.20 (-0.82, 1.21)
T-test, s
Pre-match 9.33+0.21 9.53+0.31 9.58+0.26 9.61+0.29 a 9.39+0.36
Post-match 10.04+0.37% 9.89+0.7 10.34+0.99 9.68+0.41 9.74+0.57
-0.58 (-1.38, 0.22) 0.17(-0.91, 1.25) -1.80 (-3.04, -0.56) -1.38 (-2.53,-0.22)
24 h post-match 9.79+0.21% 9.81+0.42% 9.61+0.42 9.96+0.49 9.86+0.37%
-0.59 (-1.39, 0.21) -1.39 (-2.61,-0.17) -0.38 (-1.40, 0.65) -0.01 (-1.02, 1.00)
48 h post-match 9.44+0.3* 9.4+0.37* % 9.43+0.51 9.31+0.12% 9.46+0.38
-0.71 (-1.52, 0.10) -0.71 (-1.82, 0.40) -1.15 (-2.26, -0.04) -0.13 (-1.14, 0.89)
72 h post-match 9.33+0.32* 9.41+0.34* $ 9.39+0.38 9.29+0.3% 9.53+0.35
-0.36 (-1.15, 0.42) -0.56 (-1.66, 0.54) -1.01 (-2.10, 0.08) 0.42 (-0.60, 1.45)
YYIR2 distance, m
Pre-match 648+102.93 622.22+109.95 626.67+135.45 606.67+77.63 633.33+127.54
Post-match 384+105.32f 395.29+113.91* 380+123.29% 413.33+112.197 406.67+122.421
0.30 (-0.48, 1.09) -0.14 (-1.21, 0.94) 0.64 (-0.40, 1.68) 0.49 (-0.54, 1.53)
72 h post-match 580+118.13* 575.56+114.39* 600+£16.49* 540+90.33 586.67+135.45

0.36 (-0.43, 1.15)

0.66 (-0.45, 1.76)

-0.05 (-1.06, 0.96)

0.52 (-0.51, 1.56)

Data presented as mean+SD and effect size (95% CI).

CG: control group; CMJ: countermovement jump; EG: experimental group; FLG: full-leg group; QG: quad group; SG: socks group; YYIR2: Yo-Yo Intermittent

Recovery Test Level 2.

Significant difference versus pre-match; *significant difference versus post-match; Ssignificant difference versus 24 h post-match; @ significant difference versus CG; ®
significant difference versus EG; ¢ significant differences versus SG; ¢ significant difference versus FLG.

The present results show that compression garments could
be moderately beneficial for the recovery after soccer

Discussion
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matches, but effects are not significant. The use of magni-
tude-based ES statistics can appropriately express practi-
cally meaningful outcomes that may not reach statistical
significance because, sometimes, a statistically significant
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result means only that a huge sample size was used.!® Fur-
thermore, a very small and not significant (1%) increase
in a performance variable can yield success in competi-
tive sport, thus a small-to-moderate effect size may not be
statistically significant but may be practically important.
Considering that we have calculated relative ES, effect of
compression garments is favorable to treatment when in-
creases in those measurements which increase respect to
pre-match as a result of soccer demands are smaller than
increases in CG (when ES is negative). It is also favor-
able to treatment when decreases in those measurements
which decrease respect to pre-match as a result of soccer
demands are smaller than decreases in CG (when ES is
positive).

No significant differences between groups have been
found in most of the variables representative of internal-
external loads, confirming a limited influence of compres-
sion therapy in soccer players during a friendly match. Re-
sults from experimental studies showed that HR responses
of soccer players depend on playing position20 and previ-
ous studies did not find significant differences in HR wear-
ing either compression garments or non-compression gar-
ments,2!. 22 thus finding a relation between HR responses
and compression garments is complicated. For most of the
external load variables, we did not find significant differ-
ences between groups, suggesting that wearing compres-
sion garments did not influence running performance.

Several researchers have observed a reduction in [La-]
in the second half compared to the first.23. 24 However,
our results show a different trend. Except in GS, in which
[La-] follows this pattern, other groups showed a continu-
ous increase in [La-], but with a very small difference be-
tween half time and post-match in CG and EG. ES values
show that [La-] increases when compression garments are
used during matches, except in SG at post-match (ES=-
0.21). Reduction in [La-] in the second half compared to
the first are frequently observed with specific reference to
both the total distance covered and high intensity actions
decrements, as well as the lower muscle glycogen content
and glycolytic capacity.23:24 Our results show that the total
distance covered, and intensity of actions performed dur-
ing matches are lower in the second half than the first in
all groups. Consequently, no significant increases in [La-]
in experimental groups must be associated to compres-
sion therapy. Enhanced [La-] removal and oxidation when
compression garments are worn have previously related to
hemodynamic improvements.25 Nevertheless, our findings
support the hypothesis that external pressure on the mus-
cles probably retained La- in the previously active muscle
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with compression garments rather than being cleared more
quickly without,26.27 explaining the higher post-match [La-
] compared to half time, and in the experimental groups
compared to CG. However, [La-] obtained post-match
are not high, so we may not assume this response as truly
harmful for players” performance. Further studies with
soccer players are necessary to confirm whether playing
a friendly match or training with compression garments
increases post-exercise [La-], on the basis that previous
results showed that wearing compression garments during
recovery from exercise facilitates high [La-] elimination.2’

No significant differences between groups were identi-
fied in Sa0, at any measurement time, but there was a sig-
nificantly lower SaO, post-match compared to pre-match
in SG (97.67£1.03 vs. 95.67+1.75; P<0.05). As match-
time goes by, no significant decrements were observed in
Sa0, in all groups except in FLG, in which there is no
significant increase. ES show a limited mitigation in SaO,
reductions except in FLG, in which SaO, increases. It has
been demonstrated that graduated compression stockings
may achieve their beneficial effects in patients with venous
insufficiency by reducing venous pooling and improving
deeper tissue oxygenation,!? but it seems unlikely that it
would result in an increase in SaO, during maximal or sub-
maximal exercises (RSA), despite the expected increased
blood volume.?2 A study on marathon athletes showed no
difference in SaO, between those athletes who ran with
compression stockings (25-20 mmHg) and those who did
not wear any compression garments.28 Although there were
decreases in Sa0O, post-race compared to pre-exercise val-
ues, differences between groups were not significant. The
small effect of compression garments in eliminating [La-]
shown in that study?8 suggests the lack of effect of com-
pression stockings on venous return, although no hemo-
dynamic variables were measured in that study. Likewise,
we did not measure hemodynamic variables and [La-] was
not attenuated in our study, so we can only suggest that
external pressure on the muscles probably retained La- in
the previously active muscle,?6. 27 and a plausible effect
of full-leg compression garments in hemodynamic during
soccer matches, although we cannot corroborate it. The
increased blood flow velocity and improved peripheral
circulation and venous return facilitated by compression
garments!2. 14,15 could influence cardiac preload and affect
cardiac output.?® HR,,, in FLG was lower than that of SG
and QG, hence cardiac preload and cardiac output may
have also been improved by the increased venous return
in the GFL, but we cannot confirm it. The plausible cause
of the no significant Sa0O, increase in FLG as match-time
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goes by may be the size of the area covered by the full-leg
compression garment.

Inconsistent findings have been previously found on
perceived exertion immediately after exercise and during
recovery?230 and those reported of perceived recovery.3!.32
It seems that the perceptual benefits of compression gar-
ments are only experienced during recovery in high-inten-
sity intermittent sports. Our results support this hypoth-
esis. In our study RPE peaks at post-match in each group,
and then gradually decreases. According to ES obtained,
the influence of compression therapy on perceived fatigue
during recovery is greater than during exercise, and it is
especially greater 24 hours post-match. FLG presented the
lowest RPE value both at half time and at post-match and
ES values show the moderately effect of full-leg garment
on RPE reduction. During recovery, full-leg garment and
compression shorts seems to be more effective in decreas-
ing RPE than compression socks, probably associated with
the greatest body region covered by these garments. Per-
ceived recovery was the lowest at 24 hours post-match,
but ES indicate that compression therapy can be associated
with an improved perception of recovery, specially using
full-leg garment and compression shorts. Therefore, per-
ceptual responses suggest that wearing compression gar-
ments during recovery can be useful during 24-48 hours
post-exercise to promote psychological recovery from
high-intensity exercise, regardless of possible physiologi-
cal changes. A plausible reason may be that participants
felt comfortable when wearing compression garments, but
we cannot exclude the placebo effect as a possible contrib-
uting factor to the subjective response.

Wearing compression garments during exercise may de-
crease muscle oscillation during landing from jumps and
attenuate impact forces, hence reducing structural damage
resulting from impact forces.% 10,21, 33,34 This decrease in
vibration reduces the mechanical tissue stress,!®¢ so com-
bined effects of all these factors could potentially attenuate
the physical performance impairment. During recovery,
compression seems to attenuate strength decrements by
reducing the number of muscle fibers affected by EIMD,
promote better recovery of the membrane structure and
a more stable alignment of muscle fibers (dynamic cast-
ing), reduce certain movement of the tissues, offer “dy-
namic immobilization,” and reduce swelling and delayed
onset of muscle soreness (DOMS).11. 3537 These factors
may facilitate the functional recovery of the muscle and
could explain the disturbances observed, but some other
mechanisms might be responsible for the attenuation of
the performance decrements.3S In fact, the loss of muscle
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strength can also be related to neural disorders.38 Com-
pression garments could also improve neurotransmission
and mechanical efficiency due to a better stimulation of
muscle afferences and better muscle excitation through the
pressure applied to the skin.9 10.21

There was no significant time effect on vertical jump
performance (absolute values), nor differences between
experimental groups (EG, SG, FLG, QG) and CG, but
performance is slightly impaired at post-match and during
recovery (not significantly). As relative ES indicate, wear-
ing compression shorts have a relative moderate effect on
reducing strength impairment and vertical jump decrement
during recovery, whereas post-match decrements can be
attenuated largely using full-leg garments. This may be
due to a likely influence in the membrane structure, ac-
celerating the recovery of contractile force and the process
of excitation-contraction coupling.3® Although no signifi-
cant effects have been reported in some studies,34 40 others
researchers have shown positive effects of full-leg com-
pression during recovery in team sports.32 4! The positive
effect on vertical jump performance seems to be greater
with medical grade Il compression garments,*? like those
used in our study.

Sprint performances over 10 and 20 m were slightly
reduced (not significantly) between post- and 24 hours
post-match, although they were both recovered 48 hours
post-match. Relative ES of EG shows a small positive ef-
fect of compression garments on sprint performance, but
relative decrements can be attenuated largely using full-
leg garments. Another study showed that 10-m sprint
performance was not recovered with respect to a control
group 48 hours post-exercise, but athletes who wore full-
leg garments showed similar performance in 30-m sprint
compared to pre-exercise values, whereas the performance
of a control group was still significantly lower than pre-
exercise levels.40 Peak speed impairment during maxi-
mal exercise may be explained by a reduction in volun-
tary muscle activation,3 possibly because of an inhibition
caused by DOMS.43 However, the lack of significant effect
of compression garments on sprint performance has been
observed in team sport players.44 45

T-test performance is significantly impaired at post- and
24 hours post-match in CG, whereas is significantly im-
paired only at 24 hours post-match in EG and QG; 24-48
hours seems to be enough to recover agility T-test perfor-
mance, whether or not athletes were wearing compression
garments. Previous studies have shown that there were no
significant differences between compression and control
groups on the ability to change direction or agility test 48
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hours post-exercise.40. 45 However, ES show that the rela-
tive performance impairment is lower using stockings and
full-leg garments than compression shorts. In athletes with
EIMD, agility test performance is negatively affected by
alterations in the stretch-shortening cycle, because of in-
creased knee stiffness and a central inhibition in strength
by neural mechanisms.38. 46 It is likely, therefore, that a
change in the recruitment order of motor units and a bet-
ter stimulation of muscle afferences and muscle excitation
through the pressure applied to the skin,33 linked to the
mechanical support facilitated by compression garments,
promote faster recovery in tasks including changes of di-
rection.

Aerobic performance (YYIR2) was significantly im-
paired after the match compared to pre-match, but it is
significantly increased respect to post-match at 72 hours
post-match in CG, EG and SG. Relative ES of our study
indicates that compression garments could have a positive
effect on the ability of the player to perform until exhaus-
tion. Contrasting results were previously observed. Al-
though it seems that compression therapy has a small posi-
tive effect on time to exhaustion,#’ a limited effectiveness
of compression therapy has also been shown in maintain-
ing performance during a second bout of exercise to ex-
haustion.28. 48 It seems that wearing compression garments
during recovery after exercise enhances blood flow veloci-
ty and cardiac output,?5 and a increased blood flow may in-
crease carbohydrates metabolism, enhancing muscle glu-
cose availability and, ultimately, glycogen synthesis.35: 49
Nevertheless, it was reported that wearing compression
shorts with 37-mmHg reduced blood flow both in the deep
and superficial regions of the muscle tissue during recov-
ery from high intensity exercise, but did not affect glucose
uptake, which was independent of blood flow.50 Further
studies with a placebo condition are required to confirm
whether aerobic performance is improved during recovery
when athletes use compression garments and to identify
the underlying mechanisms.

Conclusions

Our results show that the use of compression garments
during a friendly soccer match may slightly increase [La-]
during and after soccer matches, but Full-Leg garments
can moderately attenuate the reduction of SaO,. Percep-
tual responses suggest that wearing compression garments
during recovery can also be useful during 24-48 hours
post-exercise to promote psychological recovery from
high-intensity exercise, especially full-leg garments and
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compression shorts. Decreases in anaerobic power (verti-
cal jump, sprint, change of direction) can be attenuated but
not significantly, mainly when soccer players use full-leg
compression garments or compression shorts. Compres-
sion garments could also have a positive effect on aerobic
capacity (YYIR2), but we cannot exclude a placebo effect.
Thus, we could advise soccer players to use them because
no negative effects have been found.

References

1. Marqués-Jiménez D, Calleja-Gonzalez J, Arratibel I, Delextrat A, Ter-
rados N. Fatigue and recovery in soccer: evidence and challenges. Open
Sports Sci J 2017;10:52-70.

2. Ispirlidis I, Fatouros IG, Jamurtas AZ, Nikolaidis MG, Michaili-
dis I, Douroudos I, et al. Time-course of changes in inflammatory and
performance responses following a soccer game. Clin J Sport Med
2008;18:423-31.

3. Nedelec M, McCall A, Carling C, Legall F, Berthoin S, Dupont G. The
influence of soccer playing actions on the recovery kinetics after a soccer
match. J Strength Cond Res 2014;28:1517-23.

4. Marqués-Jiménez D, Calleja-Gonzalez J, Arratibel I, Terrados N. Rel-
evant biochemical markers of recovery process in soccer. Arch Med De-
porte 2016;33:404—12.

5. Krustrup P, @rtenblad N, Nielsen J, Nybo L, Gunnarsson TP, laia FM,
et al. Maximal voluntary contraction force, SR function and glycogen re-
synthesis during the first 72 h after a high-level competitive soccer game.
Eur J Appl Physiol 2011;111:2987-95.

6. Dupont G, Nedelec M, McCall A, McCormack D, Berthoin S, Wisleff
U. Effect of 2 soccer matches in a week on physical performance and
injury rate. Am J Sports Med 2010;38:1752-8.

7. Thomas K, Dent J, Howatson G, Goodall S. Etiology and Recovery
of Neuromuscular Fatigue after Simulated Soccer Match Play. Med Sci
Sports Exerc 2017;49:955-64.

8. Marqués-Jiménez D, Calleja-Gonzalez J, Arratibel I, Delextrat A, Ter-
rados N. Are compression garments effective for the recovery of exercise-
induced muscle damage? A systematic review with meta-analysis. Physiol
Behav 2016;153:133-48.

9. Kraemer WJ, Bush JA, Triplett-McBride NT, Koziris LP, Mangino
LC, Fry AC, et al. Compression garments: influence on muscle fatigue. J
Strength Cond Res 1998;12:211-5.

10. Doan BK, Kwon YH, Newton RU, Shim J, Popper EM, Rogers RA,
et al. Evaluation of a lower-body compression garment. J Sports Sci
2003;21:601-10.

11. Kraemer WJ, Bush JA, Wickham RB, Denegar CR, Gomez AL, Got-
shalk LA, et al. Influence of compression therapy on symptoms following
soft tissue injury from maximal eccentric exercise. J Orthop Sports Phys
Ther 2001;31:282-90.

12. Agu O, Baker D, Seifalian AM. Effect of graduated compression
stockings on limb oxygenation and venous function during exercise in
patients with venous insufficiency. Vascular 2004;12:69-76.

13. Bochmann RP, Seibel W, Haase E, Hietschold V, Rddel H, Deussen
A. External compression increases forearm perfusion. J Appl Physiol
(1985) 2005;99:2337-44.

14. Lawrence D, Kakkar VV. Graduated, static, external compression of
the lower limb: a physiological assessment. Br J Surg 1980;67:119-21.
15. Sigel B, Edelstein AL, Savitch L, Hasty JH, Felix WR Jr. Type of
compression for reducing venous stasis. A study of lower extremities dur-
ing inactive recumbency. Arch Surg 1975;110:171-5.

16. Valle X, Til L, Drobnic F, Turmo A, Montoro JB, Valero O, et al.

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS 9



MARQUES-JIMENEZ

Compression garments to prevent delayed onset muscle soreness in soccer
players. Muscles Ligaments Tendons J 2014;3:295-302.

17. Semenick D. Tests and measurements: the T-test. Strength Condit J
1990;12:36-7.

18. Cohen J. A power primer. Psychol Bull 1992;112:155-9.

19. Sullivan GM, Feinn R. Using Effect Size-or Why the P Value Is Not
Enough. J Grad Med Educ 2012;4:279-82.

20. Alexandre D, da Silva CD, Hill-Haas S, Wong P, Natali AJ, De Lima
JR, et al. Heart rate monitoring in soccer: interest and limits during com-
petitive match play and training, practical application. J Strength Cond
Res 2012;26:2890-906.

21. Bringard A, Perrey S, Belluye N. Aerobic energy cost and sensation
responses during submaximal running exercise—positive effects of wear-
ing compression tights. Int J Sports Med 2006;27:373-8.

22. Duffield R, Portus M. Comparison of three types of full-body com-
pression garments on throwing and repeat-sprint performance in cricket
players. Br J Sports Med 2007;41:409—-14.

23. Bangsbo J, Nerregaard L, Thorse F. Activity profile of competition
soccer. Can J Sport Sci 1991;16:110-6.

24. Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard
soccer players with special reference to development of fatigue. J Sports
Sci 2003;21:519-28.

25. Chatard JC, Atlaoui D, Farjanel J, Louisy F, Rastel D, Guézennec
CY. Elastic stockings, performance and leg pain recovery in 63-year-old
sportsmen. Eur J Appl Physiol 2004;93:347-52.

26. Berry MJ, McMurray RG. Effects of graduated compression stock-
ings on blood lactate following an exhaustive bout of exercise. Am J Phys
Med 1987;66:121-32.

27. Rimaud D, Messonnier L, Castells J, Devillard X, Calmels P. Effects
of compression stockings during exercise and recovery on blood lactate
kinetics. Eur J Appl Physiol 2010;110:425-33.

28. Areces F, Salinero JJ, Abian-Vicen J, Gonzalez-Millan C, Ruiz-Vi-
cente D, Lara B, ef al. The use of compression stockings during a mara-
thon competition to reduce exercise-induced muscle damage: are they re-
ally useful? J Orthop Sports Phys Ther 2015;45:462-70.

29. Mostbeck A, Partsch H, Peschl L. [Alteration of blood volume distri-

bution throughout the body resulting from physical and pharmacological
interventions]. Vasa 1977;6:137—42. German.

30. Sperlich B, Born DP, Swarén M, Kilian Y, Geesmann B, Kohl-Bareis
M, et al. Is leg compression beneficial for alpine skiers? BMC Sports Sci
Med Rehabil 2013;5:18.

31. Argus CK, Driller MW, Ebert TR, Martin DT, Halson SL. The effects

of 4 different recovery strategies on repeat sprint-cycling performance. Int
J Sports Physiol Perform 2013;8:542-8.

32. Pruscino CL, Halson S, Hargreaves M. Effects of compression gar-
ments on recovery following intermittent exercise. Eur J Appl Physiol
2013;113:1585-96.

33. Kraemer WJ, Bush JA, Bauer JA, Triplett-McBride NT, Paxton NJ,
Clemson A, et al. Influence of compression garments on vertical jump
performance in NCAA division I volleyball players. J Strength Cond Res
1996;10:180-3.

34. Kraemer WJ, Flanagan SD, Comstock BA, Fragala MS, Earp JE,
Dunn-Lewis C, et al. Effects of a whole body compression garment on

COMPRESSION GARMENTS IN SOCCER MATCHES

markers of recovery after a heavy resistance workout in men and women.
J Strength Cond Res 2010;24:804-14.

35. Hamlin MJ, Mitchell CJ, Ward FD, Draper N, Shearman JP, Kimber
NE. Effect of compression garments on short-term recovery of repeated
sprint and 3-km running performance in rugby union players. J Strength
Cond Res 2012;26:2975-82.

36. Jakeman JR, Byrne C, Eston RG. Efficacy of lower limb compression
and combined treatment of manual massage and lower limb compression
on symptoms of exercise-induced muscle damage in women. J Strength
Cond Res 2010;24:3157-65.

37. Kraemer WJ, Bush JA, Wickham RB, Denegar CR, Gémez AL, Got-
shalk LA, et al. Continuous compression as an effective therapeutic in-
tervention in treating eccentric-exercise-induced muscle soreness. J Sport
Rehabil 2001;10:11-23.

38. Michaut A, Pousson M, Babault N, Van Hoecke J. Is eccentric exer-
cise-induced torque decrease contraction type dependent? Med Sci Sports
Exerc 2002;34:1003-8.

39. Jakeman JR, Byrne C, Eston RG. Lower limb compression garment
improves recovery from exercise-induced muscle damage in young, ac-
tive females. Eur J Appl Physiol 2010;109:1137-44.

40. French DN, Thompson KG, Garland SW, Barnes CA, Portas MD,
Hood PE, et al. The effects of contrast bathing and compression therapy
on muscular performance. Med Sci Sports Exerc 2008;40:1297-306.

41. Gallaher E, Boyd L, Stepto N, Snow R, Aughey R. Compression gar-
ments enhance recovery following Australian Football training. J Sci Med
Sport 2010;13:e39—40.

42. Hill J, Howatson G, van Someren K, Gaze D, Legg H, Lineham J,
et al. The Effects of Compression-Garment Pressure on Recovery After
Strenuous Exercise. Int J Sports Physiol Perform 2017;12:1078-84.

43. Byme C, Twist C, Eston R. Neuromuscular function after exercise-
induced muscle damage: theoretical and applied implications. Sports Med
2004;34:49-69.

44. Houghton LA, Dawson B, Maloney SK. Effects of wearing compres-
sion garments on thermoregulation during simulated team sport activity
in temperate environmental conditions. J Sci Med Sport 2009;12:303-9.

45. Davies V, Thompson KG, Cooper SM. The effects of compression
garments on recovery. J Strength Cond Res 2009;23:1786-94.

46. Highton JM, Twist C, Eston RG. The effects of exercise-induced
muscle damage on agility and sprint running performance. J Exerc Sci
Fit 2009;7:24-30.

47. Engel FA, Holmberg HC, Sperlich B. Is there evidence that run-
ners can benefit from wearing compression clothing? Sports Med
2016;46:1939-52.

48. Treseler C, Bixby WR, Nepocatych S. The effect of compression
stockings on physiological and psychological responses after 5-km
performance in recreationally active females. J Strength Cond Res
2016;30:1985-91.

49. de Glanville KM, Hamlin MJ. Positive effect of lower body com-
pression garments on subsequent 40-kM cycling time trial performance. J
Strength Cond Res 2012;26:480-6.

50. Sperlich B, Born DP, Kaskinoro K, Kalliokoski KK, Laaksonen MS.
Squeezing the muscle: compression clothing and muscle metabolism dur-
ing recovery from high intensity exercise. PLoS One 2013;8:¢60923.

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Acknowledgements.—The authors thank Alejandro Vaquera, Javier Yanci, Julen Castellano, Hugo Salazar, and Francisco Garcia San Juan for their generous

cooperation.

Article first published online: July 24, 2017. - Manuscript accepted: July 24, 2017. - Manuscript received: May 29, 2017.

10 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

Mese 2018



