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Abstract
Introduction: Unaccustomed eccentric exercise (e.g. downhill running) causes muscle injury. We examined the effect 

of wearing lower body compression garment during downhill running on recovery of jump height and delayed onset muscle 
soreness (DOMS). 

Methods: Young adult males (n=18, age: 20±1 yrs, height: 178±5 cm, body mass: 76.2±5.8 kg, BMI: 23.7±1.3 kg·m-2) 
volunteered. Within subjects, unilateral custom fitted compression garment (9-18 mmHg) (Skins™ Sport Long Tights) was 
randomly assigned to be worn on the dominant or non-dominant leg. Opposite leg served as control. DOMS (scale 1-10) 
of vastus medialis (VM), vastus lateralis (VL) and rectus femoris (RF) muscles and vertical jump height of each leg were 
measured before, 0, 24, 48 and 72 hr after downhill running (5x8 min, gradient: -10%, speed: 80% of maximal running 
speed). Two-way repeated measures ANOVA with t-tests were used to analyse data with significance set at P<0.05.  

Results: DOMS was increased compared to baseline at all time points following the downhill run for VL and VM and at 
24, 48 and 72 hr for RF. The compressed leg had reduced DOMS compared to the control leg at 24 and 48 hr in RF and at 
24 hr in VM. Jump height was lower than baseline in both legs at 24 hr. The compression garment had no effect on recovery 
of jump height. Both legs showed complete functional recovery at 48 hr. 

Conclusion: Wearing compression garment during downhill running has no effect on functional recovery but reduces 
delayed onset muscle soreness in quadriceps muscles.
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Introduction
Exercise with unaccustomed eccentric contrac-

tions (i.e. muscle lengthening during activation) result 
in immediate functional impairments, indicative of 
muscle injury [1, 2], and the development of muscle 
soreness [e.g. 3]. A whole body exercise modality in 
which skeletal muscle perform eccentric contractions 
is downhill running. Downhill running has been 
shown to impair muscle function with soreness to be 
evident for several days. The delayed onset muscle 
soreness (i.e. DOMS) typically peaks 2-3 days after 
unaccustomed eccentric contractions [4–6]. Delayed 
onset muscle soreness is also commonly associated 
with clinical observations such as pain, tenderness on 
palpation, swelling, and loss of range of motion. 

Several treatment strategies have been imple-
mented to help alleviate the severity of DOMS and 
enhance recovery of muscle function. These include 
non-steroid anti-inflammatory drugs [7], massage [3], 
ultrasound [8], cryotherapy [9], stretching [10], prior 
eccentric exercise [11] and compression [12]. 

Graduated compression garments are body-
moulded garments designed to give mild compres-
sion on the skin. The compression may be beneficial 
to enhance recovery by improving blood flow and 
reducing oedema from exercise. Several studies on 
the effects of compression garments have shown 

improved performance and recovery after exercise-
induced muscle damage [13–15]. In these studies, 
the compression garments were worn during the 
recovery phase. However, physiological causes for 
the development of exercise-induced muscle damage 
(e.g. DOMS) may be attenuated by wearing graduated 
compression garments during exercise. Although 
the specific mechanism(s) for the development of 
delayed onset muscle soreness are not known, muscle 
soreness was reduced following a 10 km road race 
with participants wearing graduated compression 
stockings during the exercise and not during recovery 
[16]. It is possible that wearing compression garments 
during eccentric exercise may limit the amount of 
active fibre lengthening that leads to injury, reduc-
ing the inflammatory response that may contribute 
to delayed onset muscle soreness. Studies on the 
effects of wearing graduated compression garments 
during eccentric exercise-induced muscle injury on 
subsequent recovery are lacking.

Therefore, the purpose of this study was to examine 
the effects of a lower limb graduated compression gar-
ment worn during downhill running on subsequent 
perceived ratings of DOMS and single leg vertical jump 
performance during recovery. It was hypothesised that 
compression garments during eccentric exercise would 
reduce DOMS and functional deficits.
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Methods
Participants

The study was approved by the University of 
Chichester Ethical Committee and was carried out 
in accordance with the Declaration of Helsinki. Eigh-
teen healthy male students from the University of 
Chichester’s 1st and 2nd football team volunteered for 
the study. Their average age, height, body mass and 
BMI (means±SD) were 20.3±0.8 yrs, 1.78±0.05 m, 
76.2±5.8 kg and 23.7±1.3 kg·m-2, respectively. None 
of the subjects had any involvement in physical activ-
ity or exercise that involved unaccustomed eccentric 
muscle contractions over the past six months. Subjects 
were advised not to change dietary habits and avoid 
unaccustomed activity during the testing period. 
Subjects provided written informed consent before 
testing began.

Compression Garment
The garments used for this study were commer-

cially available lower limb compression tights (Skins™ 
Sport Long Tights, Skins Compression Garments, 
Sydney, Australia – 76% Nylon Tactel Microfibre, 
24% Elastane Creora). Height and body mass of each 
subject were supplied to the manufacturer to ensure 
custom-fit sizes were worn by the participants. The 
garment covered the lower limb of one leg only from 
the superior aspect of the medial malleolus of the ankle 
to the superior aspect of the iliac crest. This experi-
mental approach avoided the repeated bout effect on 
injury markers after eccentric exercise. The compres-
sion garments used had an average compression rate 
of 18mmHg at the calf and 9mmHg at the thigh (E. 
Hames. Skins™, personal communication). The leg 
wearing the compression garment was randomly as-
signed with the opposite leg acting as the control. Note 
that studies examining effects of compression garment 
may differ by using other commercially available gar-
ments with different pressures [e.g. 17].

Maximum running velocity
During the preliminary session, participants per-

formed an incremental running treadmill test to de-
termine maximum running velocity on a HP Cosmos 
Pulsar treadmill (Bodycare Products. Southam, War-
wicks, UK). The compression garment was not worn 
during this test. Following a 5 minute warm-up run 
and general stretching, participants began exercising 
at a speed of 10 km·h-1 at a 0% gradient. The treadmill 
speed increased by 1 km·h-1 every minute until voli-
tional exhaustion [18]. Maximum treadmill running 
velocity was taken as the highest speed (km·h-1) main-
tained for a complete minute during the incremental 
running treadmill test. When a participant was un-
able to complete 60 seconds at a particular treadmill 
velocity, running velocity of the preceding completed 

minute was taken as the peak treadmill running veloc-
ity. Maximum running velocity was 17.8+1.3 km·h-1 
(range: 15-20 km·h-1). 80% of the maximum running 
velocity was used for downhill running.

Downhill running
Compression garments were only worn during 

the downhill running protocol. The downhill run-
ning protocol, previously shown to be successful in 
inducing DOMS [19], consisted of 1 session where, 
following a 5 minute warm up at 0% gradient and 4 
km·h-1, each participant underwent 5 x 8 minute bouts 
of downhill running performed at 80% of ¦O

2
max 

at a -10% gradient. Two minute static recoveries fol-
lowed each bout. A safety harness was attached to the 
participant throughout the duration of the session. 
During the downhill run, heart rate (Polar Electro UK 
Ltd, Warwick, UK) was measured in the final minute 
of each bout. Heart rates values were 148±20 (bout 1), 
160±18 (bout 2), 166±18 (bout 3), 170±18 (bout 4), 
and 172±18 (bout 5). 

Delayed onset muscle soreness 
Delayed onset muscle soreness was evaluated before 

and immediately after testing and again at 24, 48 and 
72 hr following the downhill running session. A leg 
blood pressure cuff (Omron, automatic blood pressure 
cuff, Medistore, UK) was wrapped around a golf ball 
[adapted from 20] and placed on the m. rectus femoris, 
m. vastus medialis or m. vastus lateralis. Location of 
the golf ball was based on location of EMG electrode 
placements on muscles of interest [21]. A standard 
pressure of 100 mmHg was applied. When a pressure 
of 100 mmHg was reached, the subjects indicated the 
intensity of DOMS on a 1-10 point Visual Analogue 
Scale (VAS) with 1 representing no soreness and 10 
indicating extreme soreness.

Single Leg Vertical Jump
A single leg vertical jump was performed on each 

leg before the downhill run and then at the same time 
intervals as muscle soreness measurements. Three 
SLVJ’s were performed on each leg with a 30 second 
recovery period between each effort. All participants 
were familiarised with one-legged jumping tests. 
Participants were instructed to step onto a jump mat, 
place their hands on their hips, squat to 90 degrees 
on a single leg, jump as high as possible, and then 
landing on two feet. Flight time was recorded for the 
three jumps. The average flight time was used to cal-
culate vertical jump height. Our experimental design 
allowed the compression garment to be worn on one 
leg only during eccentric exercise. Because compres-
sion garments by athletes are worn due to a potential 
performance benefit and/or improved recovery from 
exercise, a single leg vertical jump was chosen as a 
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performance measurement as this would be more 
applicable to a sporting environment compared to a 
physiological measurement such as maximal voluntary 
isometric force.

Data Analysis
Statistical analyses were computed using SPSS 

for Windows version 16.0 Statistical Software Pack-
age (SPSS Inc., Chicago, IL). Data are presented as 
means±SD and were initially examined both visually 
and statistically for normal distribution. Two-way 
repeated measures analysis of variance (ANOVA) was 
used. Significance was set at P<0.05. The Mauchly 
sphericity test was used to test for assumptions of 
homogeneity of variance. Where this was violated, 
the Greenhouse-Geisser value was used to adjust de-
grees of freedom to increase the critical value of the 
F ratio. If any differences were found, pre-planned 
t-tests were used to analyse for compression effects at 
similar time point or time effects for compressed and 
non-compressed leg. It should be noted that data for 

delayed onset muscle soreness (measured on a 10 point 
scale) cannot be normally distributed. However, de-
sign of the experiment does not allow non-parametric 
comparison. Therefore, a two-way repeated measures 
ANOVA was used and it was accepted that one of the 
assumptions of ANOVA was violated.

Results
Delayed onset muscle soreness

Delayed onset muscle soreness increased signifi-
cantly over time following the downhill running pro-
tocol (Fig. 1-3). The results of the ANOVAs for each 
muscle group were VM (F(4,68)=16.102, P<0.01), VL 
(F(4,68)=15.966, P<0.01) and RF (F(4,68)=24.804, P<0.01).  
For VL, delayed onset muscle soreness values were 
higher compared to baseline at all time points for both 
compressed and non-compressed leg (P<0.01) with no 
effect for compression or interaction (Fig. 1). 

For RF, there was no change in ratings of delayed 
onset muscle soreness immediately post-exercise for 
the compressed leg. Compared to baseline, the delayed 

Fig. 1. Delayed onset muscle soreness of vastus lateralis (VL) muscle prior to and 0, 24, 48 and 72 hr following downhill running. *, indicates significant diffe-
rence from pre-value (P<0.05); †, indicates significant difference from pre-value (P<0.05). Non-Comp, non-compressed leg; Comp, compressed leg.

Fig. 2. Delayed onset muscle soreness of rectus femoris (RF) muscle prior to and 0, 24, 48 and 72 hr following downhill running. *, indicates significant dif-
ference from pre-value (P<0.05); †, indicates significant difference from pre-value (P<0.05); **, indicates significant difference between non-compressed and 
compressed leg (P<0.05). Non-Comp, non-compressed leg; Comp, compressed leg.
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onset muscle soreness in RF of both compressed and 
non-compressed was higher at 24, 48 and 72 hr. RF 
of compressed leg had lower values of delayed onset 
muscle soreness at 24 hr (P<0.01) and 48 hr (P<0.05) 
(Fig. 2). 

For RF, there was no interaction effect. For VM, 
delayed onset muscle soreness values were higher com-
pared to baseline at all time points for both compressed 
and non-compressed leg (P<0.01) with no interaction 
effect (Fig. 3). VM of compressed leg had lower values 
of delayed onset muscle soreness at 24 hr (P<0.05).

Single Leg Vertical Jump
A significant main effect of time was observed on 

SLVJ relative to baseline (F(4,68)=10.868, P<0.01). There 
was a significant decline in vertical jump height in both 
legs at 24 hr (P <0.01). There was no effect of com-

pression or interaction effect. Both legs had complete 
recovery at 48 hr (Fig. 4). 

Discussion
The main finding of the study was that wearing 

a graduated compression garment during eccentric 
exercise did not enhance functional recovery but was 
associated with lower values for delayed onset muscle 
soreness. As far as we know, this is the first study that 
examined the effect of wearing a graduated compres-
sion garment during an eccentric exercise-induced 
muscle injury protocol.  Only one study examined 
muscle soreness following exercise (i.e. 10 km road 
race) with participants wearing graduated compres-
sion stockings during the exercise and not during 
recovery [16]. Similar to our study, wearing graduated 
compression garments reduced levels of soreness in 

Fig. 4. Changes in one-legged vertical jump height as a percentage of pre-value at 0, 24, 48 and 72hr following downhill running. *, indicates significant 
difference from pre-value (P<0.05).

Fig. 3. Delayed onset muscle soreness of vastus medialis (VM) muscle prior to and 0, 24, 48 and 72 hr following downhill running. *, indicates significant 
difference from pre-value (P<0.05); †, indicates significant difference from pre-value (P<0.05); **, indicates significant difference between non-compressed 
and compressed leg (P<0.05). Non-Comp, non-compressed leg; Comp, compressed leg.



197
Webb E.C., Willems M.E.T. / Medicina Sportiva 14 (4): 193-198, 2010

upper leg after 24 hr [16]. In that study, there was 
a trend of wearing compression stockings on run-
ning time, a potential confounding variable that was 
avoided in our study. In our study, both legs were tested 
as the result of one downhill run. Our experimental 
design did not take into account potential differences 
for susceptibility of dominant and non-dominant legs 
for eccentric-contraction induced muscle injury.  

Most studies that have examined the effects of 
graduated compression garments had subjects wear-
ing those during the recovery phase. Beneficial ef-
fects of wearing graduated compression garments 
during recovery have been reported. For example, 
Jakeman et al. [13] reported reduced soreness in the 
compressed leg from plyometric jumping exercises. 
Decreased perceptions of soreness at 72 and 96 hr post 
eccentrically induced muscle damage were reported 
in upper extremity muscles [14, 22]. Davies et al [23] 
reported reductions in perceived muscle soreness 48 
hr after maximal drop jumps. We have no evidence 
that the mechanism(s) causing muscle soreness were 
influenced by wearing the compression. It is likely that 
unaccustomed eccentric contractions overstretched 
sarcomeres, ultimately leading to an inflammatory 
response, i.e. oedema formation, due to the break-
down of muscle fibres and membrane damage. In 
addition, it is likely that the delayed onset muscle 
soreness resulted from the chemical stimulation of 
the sensory nerve endings of the involved muscular 
structures from the swelling and osmotic pressure in 
the muscle. It is tempting to speculate that wearing 
the graduate compression garments during eccentric-
exercise induced muscle injury may have reduced the 
potential to develop oedema and leading to decreased 
perceptions of soreness. The reduced oxygen demand 
during running with compression garments [24] may 
implicate for our study that there could have been a 
reduced muscle oxygen demand in the compressed leg 
leading to diminished oxidative free radical activity 
and reduced soreness (see [25] for a potential role of 
free radicals in DOMS). However, the nature of our 
experimental protocol complicates interpretation. In 
addition, we feel that the absence of exact compres-
sion values at location of DOMS measurements does 
not allow statements on potential muscle-specific 
effects of compression garments and further research 
is required. Positive results for the compressed leg 
with respect to delayed onset muscle soreness maybe 
due to the Hawthorne effect [26], i.e. positive results 
result due to the known potentially beneficial treat-
ment effect. Future studies may want to use graduated 
compression garments with severely less compression 
to examine the Hawthorne effect. However, it is pos-
sible that wearing graduated compression garments 
during eccentric exercise may have influenced the 
damaging effect of eccentric contractions and reduced 

the impact of events that may lead to delayed onset 
muscle soreness such as the inflammatory response. 
Mechanical support afforded by compressive clothing 
may also have promoted stable alignment of muscle 
fibres [22]. Doan et al. [27] also propose that a reduc-
tion in oscillatory displacement of the muscle may 
occur potentially reducing the damaging effect of 
the eccentric contractions during downhill running. 
It is known that performance during some events 
may be enhanced by wearing graduated compression 
garments indicating an effect on muscle functioning 
during exercise.

We were surprised that the downhill run did not 
result in a change in vertical jump height immediately 
after exercise, a finding potentially in conflict with the 
reported immediate effects on force producing capa-
bility of skeletal muscles after eccentric exercise. This 
finding may be explained by the level of sport partici-
pation within the current sample. All participants were 
highly experienced football players tested in season. 
Football players are familiar with the performance of 
jumping movements in fatigued conditions. Minor 
muscle fatigue and/or injury may not necessarily 
influence jumping performance due to a change in 
segmental coordination [28]. The significant drop 
in vertical jump height at 24 hr following damaging 
exercise for both legs is consistent with previous re-
search [13] but there was no effect of compression on 
recovery of jump height.

In conclusion, it was demonstrated that wearing 
graduated compression garments during eccentric 
exercise reduced levels of delayed onset muscle sore-
ness but had no effect on performance deficits during 
recovery.
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