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Abstract 

The use of compression garments (CG) has been associated with improved recovery following 
exercise-induced muscle damage (EIMD). The mechanisms responsible are not well established, and 
no consensus exists regarding the effects of compression pressure (i.e. the “dose”), which until 
recently was seldom reported. With the increasing prevalence of studies reporting directly measured 
pressures, the present review aims to consolidate current evidence on optimal pressures for recovery 
from EIMD. Additionally, recent findings suggesting that custom-fitted garments provide greater 
precision and experimental control are discussed. Finally, biochemical data from human trials are 
presented to support a theoretical mechanism by which CG enhance recovery, with recommendations 
for future research. The effects of compression on adaptation remain unexplored. More studies are 
required to investigate the relationship between compression pressure and the recovery of 
performance and physiological outcomes.  Furthermore, improved mechanistic understanding may 
help elucidate the optimal conditions by which CG enhance recovery.  
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Introduction  

In recent years the search for effective recovery strategies has become one of the most studied fields 
in sports science (1, 2). The term “recovery” describes the reestablishment of exercise performance 
following fatigue (2, 3), with far reaching implications for athletes at every level. For example, 
inadequate post-exercise recovery may reduce adherence in recreational exercisers (4), while 
consistent under-recovery may also lead to over-reaching and/or overtraining syndrome in 
competitive athletes, compromising health and performance (3). In addition to appropriate nutrition 
and rest/sleep, a multitude of physical recovery interventions have gained the attention of researchers 
and athletes (1, 2, 5). Whilst evidence on many such interventions is equivocal (2, 6), the volume and 
quality of evidence to support the use of compression garments (CG) has increased in recent years (7-
10). Compression appears to be particularly beneficial for recovery from exercise-induced muscle 
damage (EIMD) (7, 8). The term EIMD describes the cellular disruption of myocytes, and is functionally 
defined by severe and persistent declines in isometric strength (11). Strength deficits following EIMD 
may exceed 50 % baseline values and persist for up to 10 days (11). Muscle damage also impairs 
muscular power and sprinting performance (12-14), endurance (15), and is associated with muscular 
soreness, impaired mobility and swelling (13, 14, 16). Accordingly, the use of CG may represent a 
particularly valuable recovery strategy, with the potential to increase the opportunity for athletes to 
train at high intensity. 

 

Establishing a cause and effect relationship between compression and recovery 

Conclusive evidence on the efficacy of any physiological intervention depends upon establishing a 
cause and effect relationship between an intervention and a beneficial outcome (17). Mechanistic 
evidence and observations of a dose-response relationship therefore provide valuable support for 
making conclusive recommendations (17). At the time of writing however, neither the mechanisms 
responsible nor the optimal compression pressures for recovery from EIMD have been definitively 
established. The effects of compression pressure on exercise recovery are further obscured by the 
scarcity of studies reporting directly measured pressure data, with many studies failing to report 
garment pressures (18), citing those estimated from manufacturer specifications (19), or derived from 
indirect modelling techniques (13). Even where researchers have reported garment pressures from 
prior pilot testing (20), such values may be inaccurate, as anthropometric differences lead to 
considerable between-individual variation in the pressures applied (21).  This uncertainty over the 
pressures used in compression trials has provided a major obstacle to the systematic, scientific 
evaluation of CG. For example, a meta-analysis from 2015 failed to identify any effect of pressure on 
recovery (22), however, the analysis was limited by the small number of trials included (n = 6), and 
only three of these studies reported directly measured pressure data. Furthermore, only one of the 
studies reviewed focused specifically on damaging exercise, which seems to be the modality for which 
CG are most effective (7, 8).  In contrast, studies comparing the effects of different, directly measured 
compression pressures for recovery have begun to emerge over the past three years (9, 23-25), 
providing evidence to support a dose-response relationship between compression and recovery 
variables following EIMD.  

 

Improvements in the accuracy of quantifying garment pressures and evidence of a dose-response 
relationship between pressure and exercise recovery 

Over the last decade portable pressure monitors have become available which provide valid and 
reliable readings (26), allowing researchers to systematically evaluate the effects of compression. 
Furthermore, recent developments in 3-D scanning technology (24) have enabled the design and 
manufacture of custom-fitted garments, providing greater accuracy and precision when controlling 
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garment pressures (9, 24). To the authors’ knowledge, only four studies to date (Table 1) have directly 
compared the effects of CG providing different, directly measured (in-vivo) pressures for recovery 
following damaging exercise (9, 23-25). These studies were identified as comparing the effects of CG 
(providing at least two different verified pressures) on neuromuscular performance following exercise 
with an eccentric component. Indirect physiological markers of EIMD were also quantified, such as 
intramuscular enzyme concentration/activity, soreness, or limb circumference (16). These studies 
provide varying degrees of evidence that the effects of CG for recovery are mediated by garment 
pressures.  

Evidence from Hill et al. (23) reported that recovery was superior when class-II clinical stockings were 
worn (applying 14.8 ± 2.2 mmHg at the thigh and 24.3 ± 3.7 mmHg at the calf) in comparison to sports 
compression leggings providing lower pressures (8.1 ± 1.3 mmHg and 14.8 ± 2.1 mmHg, respectively). 
The authors reported improved recovery of jump performance with greater levels of compression 
when garments were worn throughout 72 h recovery following 100 drop-jumps (Table 1). Clinical 
grade stockings effected a 9 % improvement for recovery of countermovement-jump performance 
compared to sports leggings at 24 h. Conversely, standard sized CG provided no benefits compared to 
a sham treatment, with the authors suggesting that the lower pressures applied were suboptimal for 
recovery. However, no condition x time interaction was observed for the recovery of isometric 
strength - the defining functional measure of EIMD (16). Further evidence that CG enhance recovery 
in a dose-dependent manner is provided by the work of Mizuno and colleagues (9), who recently 
reported superior post-exercise jump performance from CG providing moderate levels of compression 
(16.1 ± 2.0 and 17.9 ± 3.5 mmHg at the thigh and calf, respectively) compared to high pressure CG 
(26.9 ± 3.3 and 29.2 ± 3.8 mmHg) and controls (< 5 mmHg). Immediately after 120 min uphill running, 
a significant 8.5 % benefit in jump performance was reported alongside a significantly lower area 
under the curve for IL-6 when moderate-pressure CG were worn throughout exercise (Table 1). 
However, the use of uphill running, assessing performance only immediately post-exercise, and the 
lack of isometric strength assessment makes it difficult to ascertain if the benefits of CG were related 
to an ameliorative effect on EIMD. Interestingly however, these findings suggest the existence of an 
optimal pressure for recovery, beyond which compression may exert negative effects. Indeed, 
increasing compression pressures have been associated with perceived discomfort (27), which could 
theoretically undermine functional benefits (28).  

In contrast with the studies above, Zinner et al. (25), failed to identify a significant effect of garment 
pressure on recovery from a repeated sprint protocol in well-trained handball players. Garments 
providing 23 ± 2 mmHg, 11 ± 1 mmHg and 3 ± 1 mmHg (controls) at the thigh were worn for 48 h post-
exercise and compared for recovery of countermovement-jump and sprint performance using a 
crossover design. No time x condition interaction was apparent for either outcome when performance 
measures were taken at baseline and 48 h post-exercise. However, it is unclear if exercise caused 
significant muscle damage in these participants, as no time-effect was reported and only trivial 
performance decrements were apparent. Furthermore, neither performance variable was measured 
immediately post-exercise and isometric strength was not recorded. As post-exercise decrements in 
isometric strength are considered the primary indicator of the severity of EIMD (16), the presence of 
muscle damage cannot be confirmed. Despite the lack of performance benefits, the authors reported 
a ‘likely’ to ‘very, very likely’ ameliorative effect of moderate compression on CK at 24 h, supporting 
the existence of optimal compression pressures. However, beneficial reductions in CK were calculated 
using magnitude based-inference only, while no significant time x condition interaction was reported. 
Accordingly, the authors’ interpretation that these data represented a limited dose-response from 
compression for recovery cannot be considered conclusive.  
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Table 1. Effect of compression garment pressure on performance recovery following damaging exercise 
 

Study Participants Design High pressure CG Low/moderate 
pressure CG 

During/ 
post 
exercise  

Exercise 
challenge 

Effect of CG pressure 
on recovery 

Measures of 
EIMD 

Hill et al., 
2017 

45 recreationally 
active participants 
(72.2 ± 11.9 kg; 30 ± 
2 y, 26 m, 19 f) 

Parallel, 
blinded (x 3; 
HP, LP, sham) 

Full length stockings 
(thigh = 14.8 ± 2.2; calf 
= 24.3 ± 3.7 mmHg) 

Sports compression 
leggings (thigh = 8.1 ± 1.3; 
calf = 14.8 ± 2.1 mmHg)  

Post 100 drop jumps HP: MVIC↑G                           
HP: CMJ↑TxG (24 h) 

MVIC*, CK*, 
Mb, GSOR*, 
LBSOR*, CRP 

Mizuno 
et al., 
2017 

8 physically active 
males  (62.3 ± 3.3 
kg, 23 ± 2 years) 

Crossover (x 3; 
HP, MP, CON)  

Custom made leggings 
(thigh = 26.9 ± 3.3; calf 
= 29.2 ± 3.8 mmHg) 

Custom made leggings 
(thigh = 16.1 ± 2.0; calf = 
17.9 ± 3.5 mmHg) 

During 120 min uphill run 
(7 % at 60% of 
VO2max)  

MP: CMJ↑TxG (post)  
MP: IL-6EX AUC↓  

CK*, [Mb]*,      
[IL-6]* 

Zinner et 
al., 2017 

12 well-trained male 
handball players 
(89.7 ± 12. kg, 22 ± 4 
years) 

Crossover RCT 
(x 3; HP, LP, 
CON) 

Compression tights 
(thigh = 23 ± 2 mmHg) 

Compression tights (thigh 
= 11 ± 1 mmHg) 

Post 30 × 30 m sprints CMJ↔, 30 m Sprint↔ CKNG, [CRP]NG, 
[Urea]NG, 
perceived 
recovery*  

Brown et 
al., 2020 

45 male university 
rugby players (91.9 
± 14.1 kg, 23 ± 4 y) 

Parallel, 
blinded (x 3; 
HP, LP, sham) 

Custom made stockings 
(thigh = 19 ± 3; calf = 24 
± 4, ankle = 32 ± 3 
mmHg) 

Sports compression 
leggings (thigh = 7 ± 3; 
calf = 10 ± 3, ankle = 11 ± 
5 mmHg) 

Post 20 x 20 m sprints 
(5 m deceleration) 
+ 100 drop jumps 

HP: MVIC↑TxG (24 h, 48 h) 
CMJ ↔,  
30m sprint↔  
HP: CK↓TxG (24 h, 48 h)  
HP: MTG↓TxG (24 h, 48 h) 

MVIC*, CMJ*, 
30m sprint*, 
LBSOR*, CK*, 
MTG*  

 
CG = compression garments, MVIC = maximal voluntary isometric contraction, CK = circulating creatine kinase activity, [Mb] = circulating myoglobin 
concentration, GSOR = global soreness, LBSOR = lower body soreness, [CRP] = circulating C-reactive protein concentration, [IL-6] = circulating interleukin-6 
concentration, [Urea] = circulating urea concentration, MTG = mid-thigh girth, IL-6EX AUC = IL-6 area under the curve during exercise, HP = high pressure 
(defined by authors), MP = moderate pressure (defined by authors), LP = low pressure (defined by authors), CON = control garment providing negligible 
pressure. Effects of compression pressure given with arrows, with the timing of significant post-hoc comparisons provided in superscript. ↔ = No effect of 
compression pressure, ↑ = significant increase, ↓ = significant decrease, TxG = Significant beneficial time x group effect for compression garments, G = 
Significant benefit of compression for group only (no time x group effect); * = Significant deterioration in markers of muscle damage (denoting an increase 
in raw values, except for MVIC and CMJ, where it denotes an absolute decrease), NG = time effect not given  
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Most recently, work from our own laboratory (24) reported improved recovery of isometric strength 
(knee extension) following 20 x 20 m sprints and 100 drop jumps in male university level rugby players 
when high pressure CG were worn following exercise. Custom-fitted stockings providing (19 ± 3, 24 ± 
4 and 32 ± 3 mmHg) pressure at the thigh, calf and ankle respectively, significantly improved the 
recovery of isometric knee extension strength over 48 h compared to both a sham treatment and 
sports compression leggings (7 ± 3, 10 ± 3 and 11 ± 5 mmHg). In players wearing custom fitted 
garments, recovery at 24 h was 9.4 % and 5.9 % greater than sham and sports CG respectively, with 
9.1 % and 9.7 % improvements at 48 h. Custom-fitted CG were also associated with attenuated 
creatine kinase (CK) activity throughout recovery. Furthermore, in addition to the greater pressures 
applied with custom-fitted garments (p < 0.001), subsequent analysis (unpublished data) 
demonstrated that significantly greater precision was also achieved when compared with the standard 
sized leggings (29). The pressures applied by custom-fitted CG demonstrated a smaller between-
individual variation in pressure (expressed as a percentage of mean pressure), compared to sports 
compression leggings (Figure 1.d.). This between-group comparison revealed significantly lower 
coefficients of variation (CVs) at both the thigh (χ2 = 3.92, p = 0.048) and the ankle (χ2 = 16.0, p < 
0.001). Subsequently, the athletes in the CF group were also fitted for standard-sized garments (Figure 
1.b.) to allow a within-group statistical comparison of the consistency of pressures applied (30), 
although lower CVs were apparent at the ankle only (t = 3.53, p = 0.004). 

Figure 1. Recorded garment pressures and coefficients of variation (CV) for custom-fit, compared to 
sports compression leggings. CF = Custom-fitted garments; STD = Sports compression leggings, sold in 
standard sizes; Black circles/columns = CF; Grey circles/columns = STD. Garment pressures are plotted in the 
upper panels (a and c) as means ± standard deviations (black vertical lines) alongside individual data points; a = 
repeated-measures comparison, c = parallel-group comparison. Coefficient of variation (CV) values are plotted 
in the lower panels (b and d) as solid columns; b = repeated-measures comparison, d = parallel-group 
comparison. * = significant difference in mean pressures between garments (p < 0.001); γ = significant difference 
in CV between garments (p < 0.05)  
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Recent findings provide support for the existence of optimal compression pressures for recovery from 
EIMD (9, 23, 24), and the capacity of custom-fitted garments to apply target pressures with improved 
precision (24). Although a clear dose-response relationship has yet to be established for recovery, 
unpublished data from the study on rugby players (24) demonstrated a significant correlation between 
changes in isometric strength and the pressures applied by CG (Figure 2.a.). A moderate correlation 
was observed. The study was limited by the small range of pressures and variety of garments assessed, 
however, such a finding is promising considering the large inter-individual variation in muscle damage 
responses typically observed following EIMD (16). While this cohort included both highly trained sub-
elite rugby players and recreational players leading to variation in recovery profiles, greater pressures 
were associated with improved recovery in this group (Figure 2.a.).  

Although the purpose of this article is to discuss CG for recovery from EIMD, a dose response has also 
been observed for other exercise modalities, with a recent study reporting improved recovery of next-
day cycling performance from high (15 ± 3 and 10 ± 3 mmHg at the calf and thigh, respectively) 
compared to low (7 ± 3 and 5 ± 2 mmHg) levels of compression (31). Performance in an 8 km time trial 
was significantly improved when high pressure CG were worn for 24 h following high-intensity 
exercise. A dose response may also explain apparent discrepancies between two recent studies 
assessing the effects of CG for short-term recovery following running (32, 33). In both studies, the 
authors examined the effects of CG for recovery between two 5 km time-trials separated by 1 h. Whilst 
the first of two crossover trials reported insignificant results from compression socks providing 23 ± 8 
mmHg at the calf compared to a control condition (32),  a subsequent study using more compressive 
garments in the same group of runners (37 ± 4 mmHg) reported a significant time x condition 
interaction in favour of compression (33). Although there were other key differences between trials, 
including whether CG were worn during the first exercise bout (33) or throughout recovery only (32), 
the variation in applied pressures represents an important difference between these studies.  

 

Figure 2. Observed relationships between compression pressures and changes in isometric knee 
extension strength and mid-thigh girth throughout recovery from muscle damage in rugby players 

a. Changes in isometric knee extension force from baseline (∆F) vs. applied pressures (r = 0.432, p = 0.001); b. 
∆F vs. changes in mid-thigh girth (∆MTG; r = -.0275, p = 0.037); c = ∆MTG vs. applied pressures (r = 0.368, p = 
0.005) 
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Dose responses and the physiological effects of compression – implications for potential 
mechanisms 

Findings from our laboratory (24) demonstrated that certain physiological indices of recovery (namely 
CK activity and oedema) were also dependent upon garment pressures, adding weight to the notion 
that the benefits of CG are mediated by biological rather than perceptual factors (24, 32). This 
conclusion is strengthened by the use of an effective sham treatment in this study. These findings 
draw parallels with existing clinical literature. The benefits of CG for improving venous return and 
ameliorating oedema in clinical patients for example, have been reported to exhibit a clear dose 
response, which may translate into improved functional outcomes (34, 35). Furthermore, the 
magnitudes of optimal pressures observed in a clinical setting (34, 35) appear similar to those reported 
for recovery (9, 23-25). The greater control of the pressures applied by CG that is now possible may 
allow a more systematic approach to investigate dose-responses, as well as informing researchers on 
the potential mechanisms involved.  

Despite evidence that improved haemodynamic function is related to garment pressures in both an 
exercise (36) and a clinical setting (34, 35), the relevance of these effects to athletic recovery is unclear. 
However, the benefits of CG for recovery do consistently occur alongside reduced swelling (Figure 2 - 
(13, 14, 18, 20, 24)). Conversely null-effects have been reported where pressures were insufficient to 
attenuate oedema (37), or where the exercise challenge employed did not cause muscular swelling 
(5, 19). Indeed, it has been proposed that the oedema-reducing effects of CG may mediate 
improvements in pain and mobility to enhance recovery (13, 14, 20). It is therefore likely that effective 
compression pressures for recovery should be sufficient to influence local haemodynamics, as the 
attenuation of oedema is compromised below or above optimal pressures (34, 35). Accordingly, a 
haemodynamic mechanism would explain recent reports that either insufficient (9, 23) or excessive 
(9) pressures are suboptimal for recovery following strenuous exercise. Such findings have important 
implications for the pressures selected for recovery and require further investigation.   

 

The association between improved recovery and reductions in limb swelling 

Evidence that improved recovery following the use of CG is consistently associated with an 
ameliorative effect on oedema may also explain observations that compression has resulted in 
positive effects for recovery following markedly different exercise challenges. For example, our recent 
meta-analysis revealed that while CG may be particularly effective for recovery from EIMD (7), 
compression was also associated with large improvements following cycling, an exercise modality with 
minimal eccentric load (38).  Closer inspection revealed that studies on both cycling (20) and eccentric 
exercise (13, 14, 18) in which CG were effective, commonly reported that compression served to 
moderate post-exercise swelling. However, although we report moderate correlations between 
compression pressures and both the magnitude of post-exercise recovery (Figure 2.a.) and changes in 
limb circumference (Figure 2.c.), the relationship between compression, swelling and recovery is still 
uncertain. Relationships between indices of EIMD are known to be highly variable between 
individuals, with only weak relationships apparent between changes in limb-circumference and 
strength recovery following damaging exercise (16). Our data on rugby players demonstrate a 
significant inverse relationship between strength recovery and post-exercise changes in limb 
circumference (Figure 2.b.), however, this correlation was only weak. Further research in large and 
homogenous populations is required to evaluate the effects of CG in relation to any attenuative effects 
on swelling, while more research is required to establish the mechanism by which CG aid recovery. 
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Proposed mechanisms for compression-mediated recovery from EIMD 

Although reported associations between recovery and improvements in swelling do not confirm a 
causative relationship, these findings coupled with recent evidence that CG may ameliorate muscular 
inflammation (9, 10) may highlight a novel mechanism by which CG enhance recovery from damaging 
exercise.  Current opinions on proposed mechanisms appear to be divided, with several theories 
incompatible with experimental observations. For example, the haemodynamic effects of CG have 
been proposed to accelerate metabolite clearance and nutrient delivery to enhance recovery (27, 32). 
However, whilst CG have been associated with improved lactate clearance (20), the relevance to 
functional recovery is unproven (39). Furthermore, the notion that CG enhance recovery by 
augmenting nutrient delivery is undermined by observations that compression is ineffective for 
influencing blood glucose uptake (40), while the short term benefits of CG cannot be explained by an 
acceleration of structural syntheses, which are known to take weeks (41). In contrast, observations 
that CG may influence inflammation in clinical patients (42), and more recently in an exercise setting 
(10) may better explain reported outcomes. Such a mechanism may also explain the greater benefits 
of CG for EIMD in comparison to other exercise modalities (7) as the propagation of EIMD is largely 
attributable to post-exercise inflammation (43). Furthermore, the theory that CG may attenuate local 
inflammation is compatible with observations that CG are effective when worn for recovery only (13, 
14), rather than simply providing protection to muscle throughout the preceding exercise bout. Finally, 
this hypothesis would also explain the observed short-term effects of compression for recovery (18), 
with CG serving to ameliorate secondary damage, rather than enhancing synthetic processes. 

 

Evidence for an anti-inflammatory effect of compression in recovery from EIMD 

To our knowledge, only one study has demonstrated that CG improve intramuscular inflammation 
following damaging exercise (10). Such evidence is important because it is well established that 
circulating inflammatory markers may not reflect the inflammatory status of exercised muscle (43-
45). Valle and colleagues (10) reported attenuated neutrophil and macrophage infiltration with 
reduced muscular trauma, as indicated by albumin influx, 48 h after CG were worn during 40 min of 
downhill running. Although no measures of limb circumference were taken to assess swelling, these 
findings may be explained by considering the role of inflammation and vascular stasis in propagating 
EIMD. Vascular stasis and oedema caused by inflammatory stimuli lead to reduced flow rates of blood 
and lymph to further facilitate leukocyte adhesion and transmigration (46). In short, oedema plays a 
role in propagating the inflammatory response rather than representing a symptom alone. 
Accordingly, the effects of CG for maintaining haemodynamic flow (34, 36) may help regulate local 
inflammation. However, since CG were worn throughout exercise and removed soon after, and no 
measures of muscular performance were taken, the relevance of Valle and colleagues’ findings for 
informing post-exercise recovery strategies is uncertain. 

Evidence that CG may moderate perturbations in redox chemistry (47) further supports the theory 
that CG attenuate inflammation. Oxidative stress arises following EIMD when the cytotoxic activity of 
leukocytes is enhanced in the acute phase of inflammatory response, resulting in the release of 
oxidative species or “neutrophil burst” (43). Conversely, leukocyte inactivation reduces oxidative 
stress following exercise (48). Therefore, evidence that the use of CG has been associated with both 
reduced leukocyte infiltration (10), and a reduction in reactive oxygen metabolite concentrations (47) 
suggests that the antioxidant effects of CG may describe an aspect of an anti-inflammatory 
mechanism. 
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Implications for muscular adaptation 

Evidence of anti-inflammatory (10, 42) and anti-oxidant (47) effects from CG may have important 
consequences for the use of CG throughout training and competition. Emerging evidence suggests 
that many recovery strategies restore short-term performance at the expense of chronic adaptation 
by attenuating cellular signalling processes (44, 45, 49), with impaired adaptive responses reported 
following the use of high-dose antioxidants (49), cold-water immersion (45) and non-steroidal anti-
inflammatory drugs (50). However, to date, no research has been carried out to assess the effects of 
CG on muscular adaptation. Further research on CG is required to ascertain the effects on adaptive 
responses. 

 

Conclusions 

Recent analyses have reported that the use of CG is associated with clear and significant 
improvements to recovery following EIMD (8, 24). Indeed, the evidence on CG appears to compare 
favourably with other recovery interventions (2, 6-8). The information presented in this review has 
consolidated recent evidence which suggest that that the effects of CG for recovery from EIMD are 
mediated by compression pressures and display a dose-response relationship (9, 23, 24). Evidence of 
CG ameliorating inflammation in both clinical and exercise settings (9, 10, 42) has been discussed, and 
a physiological rationale by which CG may ameliorate muscle damage has been proposed. While the 
mechanisms involved are still uncertain, evidence that CG attenuate muscular trauma and functional 
indices of EIMD alongside improvements in swelling may provide some explanation for the apparent 
influence of garment pressures, and is supported by clinical findings (34, 35). To the authors’ 
knowledge, no studies have yet reported harmful effects from CG on recovery. However, the reported 
anti-inflammatory effects of compression may have important implications for muscular adaptation 
following the prolonged use of CG. Further evidence is required to explore the effects of CG on 
intramuscular inflammation and to verify the apparent dose-response relationship between 
compression and recovery, before a cause and effect relationship can be confirmed. 

 

Implications for applied practice 

• To date, evidence suggests that optimal pressures for recovery from EIMD lie in the region of 
14 – 19 mmHg at the thigh and 19 – 24 mmHg at the calf 

• Consistent evidence that the benefits of CG are associated with attenuated oedema and 
altered haemodynamics suggests that garments should be chosen that provide sufficient 
pressures to reduce swelling 

• Considering the propensity of a particular exercise modality to elicit swelling may therefore 
help inform the decision on whether to use CG for recovery 

• Since the effects of CG on muscular adaptations are still unknown, athletes, coaches and 
sports scientists should be wary of using CG for prolonged periods, throughout heavy blocks 
of training 

 

Future directions 

All future research on CG should take care to accurately characterise the garments, populations and 
exercise modalities studied. Research is required to more clearly elucidate the optimal compression 
pressures for recovery. Studies should investigate at least three levels of compression to evaluate the 
effects of pressures above and below hypothesized optima. Examining greater numbers of 
participants and compression pressures will provide improved resolution when assessing potential 
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dose responses.  Studies are required to evaluate the effects of CG on muscular adaptations, while 
more clearly establishing the mechanisms, biochemical and physiological effects of compression may 
help to better determine the optimal conditions of use. Such findings may help guide the effective use 
of CG throughout training and competition. Previous research demonstrating reduced leukocyte 
adherence from compression following damaging exercise should be expanded to assess the effects 
of CG worn throughout recovery only, as well as the effects of CG on isometric strength and limb 
circumference.  

 

References 

1. Kellmann M, Bertollo M, Bosquet L, Brink M, Coutts AJ, Duffield R, Erlacher D, Halson SL, 
Hecksteden A, Heidari J. Recovery and performance in sport: Consensus statement. Int J Sports 
Physiol Perform. 2018;13(2):240-5. 
2. Peake JM. Recovery after exercise: What is the current state of play? Curr Opin Physiol. 
2019;10:17-26. 
3. Skorski S, Mujika I, Bosquet L, Meeusen R, Coutts AJ, Meyer T. The temporal relationship 
between exercise, recovery processes, and changes in performance. Int J Sports Physiol Perform. 
2019;14(8):1015-21. 
4. Flack KD, Johnson L, Roemmich JN. Aerobic and resistance exercise reinforcement and 
discomfort tolerance predict meeting activity guidelines. Physiol Behav. 2017;170:32-6. 
5. Montgomery PG, Pyne DB, Hopkins WG, Dorman JC, Cook K, Minahan CL. The effect of 
recovery strategies on physical performance and cumulative fatigue in competitive basketball. J 
Sport Sci. 2008;26(11):1135-45. 
6. Higgins TR, Greene DA, Baker MK. Effects of cold water immersion and contrast water 
therapy for recovery from team sport: A systematic review and meta-analysis. J Strength Cond Res. 
2017;31(5):1443-60. 
7. Brown F, Gissane C, Howatson G, van Someren K, Pedlar C, Hill J. Compression garments and 
recovery from exercise: A meta-analysis. Sports Med. 2017;47(11):2245-67. 
8. Hill J, Howatson G, van Someren K, Leeder J, Pedlar C. Compression garments and recovery 
from exercise-induced muscle damage: A meta-analysis. Br J Sports Med. 2014;48(18):1340-6. 
9. Mizuno S, Arai M, Todoko F, Yamada E, Goto K. Wearing lower-body compression garment 
with medium pressure impaired exercise-induced performance decrement during prolonged 
running. PLoS One. 2017;12(5):e0178620. 
10. Valle X, Til L, Drobnic F, Turmo A, Montoro JB, Valero O, Artells R. Compression garments to 
prevent delayed onset muscle soreness in soccer players. Muscles, Ligaments Tendons J. 
2013;3(4):295. 
11. Clarkson PM, Nosaka K, Braun B. Muscle function after exercise-induced muscle damage and 
rapid adaptation. Med Sci Sports Exerc. 1992;24(5):512-20. 
12. 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(1):24-30. 
13. Kraemer, Bush JA, Wickham RB, Denegar CR, Gomez AL, Gotshalk LA, Duncan ND, Volek JS, 
Newton RU, Putukian M. Continuous compression as an effective therapeutic intervention in 
treating eccentric-exercise-induced muscle soreness. J Sport Rehabil. 2001;10(1):11-23. 
14. Kraemer, Bush JA, Wickham RB, Denegar CR, Gomez AL, Gotshalk LA, Duncan ND, Volek JS, 
Putukian M, Sebastianelli WJ. Influence of compression therapy on symptoms following soft tissue 
injury from maximal eccentric exercise. Eur J Appl Physiol Occup Physiol. 2001;31(6):282-90. 
15. Burt DG, Twist C. The effects of exercise-induced muscle damage on cycling time-trial 
performance. J Strength Cond Res. 2011;25(8):2185-92. 
16. Nosaka K, Chapman D, Newton M, Sacco P. Is isometric strength loss immediately after 
eccentric exercise related to changes in indirect markers of muscle damage? Appl Physiol Nutr 
Metab. 2006;31(3):313-9. 



Accepted for publication in Current Sports Medicine Reports April 2nd 2021 

17. Howick J, Glasziou P, Aronson JK. The evolution of evidence hierarchies: What can bradford 
hill's ‘guidelines for causation’contribute? J R Soc Med. 2009;102(5):186-94. 
18. Goto K, Morishima T. Compression garment promotes muscular strength recovery after 
resistance exercise. Med Sci Sports Exerc. 2014;46(12):2265-70. 
19. Davies V, Thompson KG, Cooper SM. The effects of compression garments on recovery. J 
Strength Cond Res. 2009;23(6):1786-94. 
20. Driller MW, Halson SL. The effects of lower-body compression garments on recovery 
between exercise bouts in highly-trained cyclists. J Strength Cond Res. 2013;2(1):45-50. 
21. Hill JA, Howatson G, van Someren KA, Davidson S, Pedlar CR. The variation in pressures 
exerted by commercially available compression garments. Sports Eng. 2015;18(2):115-21. 
22. Beliard S, Chauveau M, Moscatiello T, Cros F, Ecarnot F, Becker F. Compression garments 
and exercise: No influence of pressure applied. J Sports Sci Med. 2015;14(1):75-83. 
23. Hill J, Howatson G, van Someren K, Gaze D, Legg H, Lineham J, Pedlar C. Effects of 
compression garment pressure on recovery from strenuous exercise. Int J Sports Physiol Perform. 
2017:1-22. 
24. Brown F, Jeffries O, Gissane C, Howatson G, van Someren K, Pedlar C, Myers T, Hill JA. 
Custom-fitted compression garments enhance recovery from muscle damage in rugby players. J 
Strength Cond Res. 2020. Epub Published online ahead of print. 
25. Zinner C, Pelka M, Ferrauti A, Meyer T, Pfeiffer M, Sperlich B. Responses of low and high 
compression during recovery after repeated sprint training in well-trained handball players. Eur J 
Sport Sci. 2017;17(10):1304-10. 
26. Brophy-Williams N, Driller M, Halson S, Fell J, Shing C. Evaluating the kikuhime pressure 
monitor for use with sports compression clothing. Sports Eng. 2014;17(1):55-60. 
27. Ali A, Creasy RH, Edge JA. Physiological effects of wearing graduated compression stockings 
during running. Eur J Appl Physiol. 2010;109(6):1017-25. 
28. Wassinger CA, Sole G, Osborne H. The role of experimentally-induced subacromial pain on 
shoulder strength and throwing accuracy. Manual Therapy. 2012;17(5):411-5. 
29. Feltz CJ, Miller GE. An asymptotic test for the equality of coefficients of variation from k 
populations. Stat Med. 1996;15(6 ):647-58  
30. Sokal RR, Braumann CA. Significance tests for coefficients of variation and variability profiles. 
Syst Biol. 1980;29(1):50-66. 
31. Williams E, R. , McKendry J, Morgan P, T. , Breen L. Enhanced cycling time-trial performance 
during multiday exercise with higher-pressure compression garment wear. Int J Sports Physiol 
Perform. 2020;(aop):1-9. 
32. Brophy-Williams N, Driller MW, Kitic CM, Fell JW, Halson SL. Effect of compression socks 
worn between repeated maximal running bouts. Int J Sports Physiol Perform. 2017;12(5):621-7. 
33. Brophy-Williams N, Driller MW, Kitic CM, Fell JW, Halson SL. Wearing compression socks 
during exercise aids subsequent performance. J Sci Med Sport. 2019;22(1):123-7. 
34. Liu R, Lao T, Kwok Y, Li Y, Ying M-C. Effects of graduated compression stockings with 
different pressure profiles on lower-limb venous structures and haemodynamics. Adv Ther. 
2008;25(5):465-78. 
35. Partsch H, Damstra RJ, Mosti G. Dose finding for an optimal compression pressure to reduce 
chronic edema of the extremities. Int Angiol. 2011;30(6):527-33. 
36. Lee DC, Ali A, Sheridan S, Chan DK, Wong SH. Wearing compression garment enhances 
central hemodynamics? A systematic review and meta-analysis. J Strength Cond Res. 2020;Epub 
Published online ahead of print. 
37. Heiss R, Hotfiel T, Kellermann M, May MS, Wuest W, Janka R, Nagel AM, Uder M, Hammon 
M. Effect of compression garments on the development of edema and soreness in delayed-onset 
muscle soreness (doms). J Sports Sci Med. 2018;17(3):392-401. 
38. Penailillo L, Blazevich A, Numazawa H, Nosaka K. Metabolic and muscle damage profiles of 
concentric versus repeated eccentric cycling. Med Sci Sports Exerc. 2013;45(9):1773-81. 



Accepted for publication in Current Sports Medicine Reports April 2nd 2021 

39. Hall MM, Rajasekaran S, Thomsen TW, Peterson AR. Lactate: Friend or foe. PM&R. 
2016;8:S8-S15. 
40. Sperlich B, Born D-P, Kaskinoro K, Kalliokoski KK, Laaksonen MS. Squeezing the muscle: 
Compression clothing and muscle metabolism during recovery from high intensity exercise. PLoS 
One. 2013;8(4):e60923. 
41. DeFreitas JM, Beck TW, Stock MS, Dillon MA, Kasishke PR. An examination of the time course 
of training-induced skeletal muscle hypertrophy. Eur J Appl Physiol. 2011;111(11):2785-90. 
42. Beidler SK, Douillet CD, Berndt DF, Keagy BA, Rich PB, Marston WA. Inflammatory cytokine 
levels in chronic venous insufficiency ulcer tissue before and after compression therapy. J Vasc Surg. 
2009;49(4):1013-20. 
43. Paulsen G, Mikkelsen UR, Raastad T, Peake JM. Leucocytes, cytokines and satellite cells: 
What role do they play in muscle damage and regeneration following eccentric exercise? Exerc 
Immunol Rev. 2012;18:42-97. 
44. Figueiredo VC, Roberts LA, Markworth JF, Barnett MP, Coombes JS, Raastad T, Peake JM, 
Cameron-Smith D. Impact of resistance exercise on ribosome biogenesis is acutely regulated by post-
exercise recovery strategies. Physiol Rep. 2016;4(2):e12670. 
45. Roberts LA, Raastad T, Markworth JF, Figueiredo VC, Egner IM, Shield A, Cameron-Smith D, 
Coombes JS, Peake JM. Post-exercise cold water immersion attenuates acute anabolic signalling and 
long-term adaptations in muscle to strength training. J Physiol. 2015;593(18):4285-301. 
46. Lawrence MB, Springer TA. Leukocytes roll on a selectin at physiologic flow rates: Distinction 
from and prerequisite for adhesion through integrins. Cell. 1991;65(5):859-73. 
47. Flore R, Gerardino L, Santoliquido A, Catananti C, Pola P, Tondi P. Reduction of oxidative 
stress by compression stockings in standing workers. Occup Med. 2007;57(5):337-41. 
48. Brickson S, Ji LL, Schell K, Olabisi R, St Pierre Schneider B, Best TM. M1/70 attenuates blood-
borne neutrophil oxidants, activation, and myofiber damage following stretch injury. J Appl Physiol. 
2003;95(3):969-76. 
49. Gomez-Cabrera MC, Vina J, Ji LL. Role of redox signaling and inflammation in skeletal muscle 
adaptations to training. Antioxidants (Basel). 2016;5(4). 
50. Mackey AL. Does an nsaid a day keep satellite cells at bay? J Appl Physiol. 2013;115(6):900-8. 

 

 

 


