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Abstract
Background The use of compression garments (CGs) during or after training and competition has gained popularity in the 
last few decades. However, the data concerning CGs’ beneficial effects on muscle strength-related outcomes after physical 
exercise remain inconclusive.
Objective The aim was to determine whether wearing CGs during or after physical exercise would facilitate the recovery 
of muscle strength-related outcomes.
Methods A systematic literature search was conducted across five databases (PubMed, SPORTDiscus, Web of Science, 
Scopus, and EBSCOhost). Data from 19 randomized controlled trials (RCTs) including 350 healthy participants were 
extracted and meta-analytically computed. Weighted between-study standardized mean differences (SMDs) with respect to 
their standard errors (SEs) were aggregated and corrected for sample size to compute overall SMDs. The type of physical 
exercise, the body area and timing of CG application, and the time interval between the end of the exercise and subsequent 
testing were assessed.
Results CGs produced no strength-sparing effects (SMD [95% confidence interval]) at the following time points (t) after 
physical exercise: immediately ≤ t < 24 h: − 0.02 (− 0.22 to 0.19), p = 0.87; 24 ≤ t < 48 h: − 0.00 (− 0.22 to 0.21), p = 0.98; 
48 ≤ t < 72 h: − 0.03 (− 0.43 to 0.37), p = 0.87; 72 ≤ t < 96 h: 0.14 (− 0.21 to 0.49), p = 0.43; 96 h ≤ t: 0.26 (− 0.33 to 0.85), 
p = 0.38. The body area where the CG was applied had no strength-sparing effects. CGs revealed weak strength-sparing 
effects after plyometric exercise.
Conclusion Meta-analytical evidence suggests that wearing a CG during or after training does not seem to facilitate the 
recovery of muscle strength following physical exercise. Practitioners, athletes, coaches, and trainers should reconsider the 
use of CG as a tool to reduce the effects of physical exercise on muscle strength.
Trial Registration Number PROSPERO CRD42021246753.
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Key Points 

The present systematic review is the first to use the 
generic inverse variance model to calculate standardized 
mean differences (SMDs) and, therefore, might estimate 
the real effects of compression garments (CGs) on mus-
cle strength more accurately than SMD estimates used 
previously.

This review revealed that wearing a CG during or after 
training appears not to facilitate muscle strength recov-
ery following physical exercise.

Practitioners, athletes, coaches, and therapists should 
reconsider the use of CG as an adjuvant to reduce 
the deleterious effects of physical exercise on muscle 
strength and seek alternative methods.

1 Introduction

Athletes train intensively and compete on consecutive days. 
Competition success necessitates rapid recovery from the 
aftereffects of physical exercise and the circumvention of 
overreaching [1, 2]. To this aim, athletes use a variety of 
post-exercise recovery strategies including cryotherapy 
[3], low-intensity exercise [4], and tissue compression [5] 
in an attempt to reduce the immediate and lasting effects 
of physical exercise on muscle strength. Compression gar-
ments (CGs) are form-fitted elastic garments that mechani-
cally compress the limb surface to stabilize or support the 
underlying tissue [6]. Mechanical pressure is also thought 
to promote tissue regeneration following exercise [7], and 
hasten post-exercise recovery by attenuating muscle dam-
age-induced inflammation [8]. The garments presumably 
facilitate post-exercise recovery by reducing muscle fatigue 
[9] through improved venous return when worn during 
or after exercise [10, 11]. Acute muscle fatigue has been 
defined as a reversible exercise-induced reduction in muscle 
performance, irrespective of task completion [12]. Previ-
ously, it has been postulated that wearing CG during exercise 
may (1) reduce muscle oscillations [13], (2) decrease post-
exercise blood lactate accumulation [10], and (3) improve 
spinal cord excitability [6]. More specifically, CG-related 
reductions in muscle oscillation may result in optimized 
neurotransmission and mechanics at the molecular level 
[14], which may reduce myoelectric activity [15]. In addi-
tion, there is evidence that compression increases venous 
blood flow, which helps to clear blood lactate from the mus-
cle and subsequently increases tissue oxidation [16]. This 

hypothesis has been supported by the finding that during 
recovery, blood lactate disappearance and maximal oxy-
gen consumption significantly correlated [10]. Moreover, a 
previous study [6] found a CG-related decrease in H-reflex 
amplitude, indicating altered spinal cord excitability via the 
presynaptic inhibition of Ia afferent transmission and/or 
via postsynaptic inhibition of motoneuron excitability [17, 
18]. These mechanisms are also supported by findings of a 
recently published study [19] indicating improved resting 
markers of venous return and muscle blood flow in male 
basketball players in response to the application of a CG. 
Furthermore, the results of this study also suggest that a CG 
covering larger compared with smaller body areas appear to 
be more effective [19]. In sum, a recently published scoping 
review [20] concluded that while CGs are likely to improve 
muscle oscillatory properties, increase arterial blood flow 
and local skin temperature, facilitate signal transmission 
in the sensorimotor system, and may reduce perception of 
exercise-induced muscle soreness and pain, it is unlikely 
that CGs can meaningfully alter tissue metabolism, blood 
pressure, heart rate, and cardiorespiratory function.

In 2019, worldwide sales of CGs reached 5 million pieces 
with an overall value of $45 million [21]. Although a study 
showed that swimmers generally preferred active recovery 
over the use of CGs as the most effective recovery strat-
egy [22], another study in 512 athletes showed that athletes 
perceived positive effects from wearing CGs [23]. Still, 
there is no consensus as to whether CGs can increase ath-
letic performance [16, 24–26]. Experimental setup, partici-
pants’ training status, exercise modality, body area where 
the garment was applied, design, exposure duration, timing 
of wear (during or after exercise), and compression levels 
are factors, which individually or in combination contrib-
ute to the observed inconsistencies [16, 24, 27–32]. For 
example, although some experimental studies have demon-
strated potential beneficial effects of wearing a CG during 
exercise [16, 27, 28], others did not confirm CGs’ perfor-
mance-enhancing effects during exercise [24, 29, 30]. On 
the other hand, CG may hasten recovery when worn during 
the post-exercise regeneration period [31, 32]. The applica-
tion of CGs after exercise reduced the decline in muscle 
power and strength [8, 10, 33], reduced the metabolites and 
concentrations of serum muscle damage markers [34, 35], 
and improved perceptual measures of recovery, i.e., muscle 
soreness, vitality, and readiness to train [11, 36]. Previous 
systematic reviews and meta-analyses suggest that CGs may 
aid faster recovery of exercise-induced muscle damage [5, 
37, 38] by reducing inflammation [39]. However, whilst the 
use of CGs improved running economy, biomechanical vari-
ables (i.e., ground contact time, step frequency, step length, 
swing time), and perceived body temperature [40], garment 
wear was not associated with improved sports performance 
during high-intensity exercise [41].
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In terms of the exercise modality, it seems that eccentric 
versus concentric training preferentially leads to exercise-
induced muscle damage [42, 43], characterized by delayed-
onset muscle soreness [44] and impaired muscle function 
[45, 46]. Eccentric exercise can be performed in a labora-
tory using an isokinetic dynamometer [47], or by plyometric 
training involving the stretch–shortening cycle, during which 
lengthening (eccentric) contractions are quickly followed by 
shortening (concentric) contractions [48, 49]. Eccentrically 
compared with concentrically biased or isometric exercise 
is characterized by cellular [50] and myofibrillar [51–53] 
disruption. Myofiber disruption may release protein-associ-
ated ions, resulting in increased osmotic pressure and muscle 
edema [54]. CGs may enhance muscle strength recovery fol-
lowing eccentric or plyometric exercise (PLYO) by attenuat-
ing the inflammation associated with muscle damage [55]. 
It has been hypothesized that tissue compression creates an 
external pressure gradient that reduces the space available 
for swelling to spread, whereby inflammation is reduced 
[56]. Indeed, a previous review suggested that CGs might 
have the greatest beneficial effects on strength recovery from 
resistance exercise (RES), including PLYO [5]. However, 
no likely recovery benefits from CGs were demonstrated 
following running [57] most likely due to the lower levels 
of muscle damage caused by running compared with RES 
[58–60]. In addition to exercise type, it is of interest to exam-
ine whether other factors may contribute to the efficacy of 
CGs. For instance, the preponderance of the previous studies 
using lower-limb CGs [33, 61–66] showed reduced exercise-
induced decrements in maximal voluntary isometric torque 
(MVIC) after different types of exercise modalities. In con-
trast, studies applying upper-body [67] or whole-body [68] 
garments revealed zero or even detrimental effects on muscle 
strength recovery, respectively. Moreover, a previous meta-
analysis [5] detected large, likely beneficial effects of CGs 
24 h following physical exercise, indicating that the tim-
ing and duration of CG application may also contribute to 
the efficacy of CG. That is, lower-limb CG compared with 
upper-limb or combined application of the garment might 
be more effective to reduce exercise-induced decrements 
in muscle strength [33, 61–66], especially 24 h following 
physical exercise [5]. Although some researchers suggested 
that experimentally induced muscle fatigue affects the gen-
eration of mechanical work and power in lower-limb joints 
even during gait [69, 70], a previous study found no effects 
of hundreds of sit-to-stand trials on knee MVIC in healthy 
younger and older adults [71]. A previous review discussed 
that muscle fatigue induced by repetitive single-joint muscle 
contractions such as knee extension-flexion is most prob-
ably due to a localized force impairment, while when a 
multi-joint fatiguing protocol is used (e.g., sit-to-stand task, 
6-min walk test), any adaptation in gait after the task is the 
result of a combined physiological and cognitive effect [72]. 

Therefore, it might be worth investigating whether the appli-
cation of CG would influence the exercise-induced decrease 
in muscle strength differently according to the time interval 
between the end of the exercise and subsequent testing.

The use of CGs to facilitate recovery of exercise-induced 
muscle damage is supported by encouraging scientific evi-
dence (for reviews, see [5, 37, 38]); however, paralleling the 
inconsistencies in study designs, the results are also contra-
dictory concerning how, if at all, CG-induced tissue com-
pression would affect the recovery of muscle strength after 
physical exercise. Therefore, the purpose of this systematic 
review with meta-analyses was to determine if wearing a CG 
during or after physical exercise would reduce the deleteri-
ous effects of physical exercise on muscle strength-related 
outcomes. Based on the extant data [8, 63, 73], we hypoth-
esized that wearing a CG would facilitate the recovery of 
muscle strength after physical exercise, but this effect may 
differ according to (1) the type of physical exercise; (2) the 
body area where the CG is applied; (3) the timing of CG 
application, and/or (4) the time interval between the end of 
the exercise and subsequent testing. In contrast to previous 
reviews, which were limited in their statistical approach and 
entered the mean and the standard deviation (SD) of the per-
cent changes into the model and used correlation coefficient 
estimates to calculate or impute the missing SDs for changes 
[74, 75], we applied the generic inverse variance method that 
minimizes the imprecision of the pooled effect estimate by 
adjusting the weight of each study according to the sample 
size [76]. Therefore, the method used in the current meta-
analysis appears to be more reliable for calculating standard-
ized mean differences (SMDs) and, therefore, might estimate 
the effects of CGs on muscle strength more accurately [77].

2  Methods

A systematic review with meta-analysis was conducted 
according to the guidelines outlined in the Preferred 
Reporting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) statement [78]. This study was registered 
with the PROSPERO database on May 5th, 2021 (ID: 
CRD42021246753).

2.1  Data Sources and Search Strategy

A systematic literature search was performed across five 
databases (PubMed, SPORTDiscus, Web of Science, Sco-
pus, and EBSCOhost). A combination of keywords related 
to physical exercise, strength, training, exercise, rehabilita-
tion, and compression were used with Boolean conjunctions 
AND, OR, and NOT. The detailed search strategy has been 
provided in Table 1. Publication time was not restricted, to 
ensure all relevant literature was identified for screening. 
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Reference lists of all included studies were also screened to 
identify any further articles. The initial literature search was 
performed on April 12th, 2021 by two authors (JN and JH) 
and an alert for our syntax was installed in case of a relevant 
publication. No relevant publication was identified through 
this alert between April and August 2021. The selection 
process started with the removal of duplicate studies. Titles 
and abstracts of publications obtained by the search strategy 
were screened. Only peer-reviewed parallel and crossover 
randomized controlled trials (RCTs) written in English were 
classified as relevant. Based on the information within the 
full text, the inclusion and exclusion criteria were applied 
to select the trials eligible for inclusion in the review and 
meta-analysis. In the case of disagreement regarding study 

eligibility, co-authors UG, TH, and RN were consulted 
for clarification. Conference papers and case studies were 
excluded, as were reviews, but their references were manu-
ally screened to ensure all appropriate citations were also 
considered for inclusion.

2.2  Eligibility Criteria

A PICOS (Participants, Intervention, Comparators, Out-
comes, and Study design) approach was used to rate stud-
ies for eligibility [79]. The respective inclusion/exclusion 
criteria are reported in Table 2. Briefly, both randomized 
crossover and parallel RCTs met the inclusion criteria if par-
ticipants were healthy adults, irrespective of gender, training 

Table 1  Literature search strategy, PRISMA flow diagram (Fig. 1)

AB abstract, CG compression garment, EIMD exercise-induced muscle damage, MVC maximal voluntary contraction, MVIC maximal voluntary 
isometric torque, PRISMA Preferred Reporting Items for Systematic Reviews and Meta-analyses, TI title, TX all text, AND/OR/NOT Boolean 
operators

Database PubMed, Web of Science, Scopus, EBSCOhost

Date 12/04/2021
Strategy (#1 AND #2 AND #3 AND #4) NOT (#5 OR #6 OR #7)
#1 ‘fatigue’ OR ‘lassitude’ OR ‘tired*’ OR ‘weary’ OR ‘weariness’ OR ‘exhaustion’ OR ‘exercise-induced muscle damage’ OR 

‘EIMD’; TX
#2 ‘strength’ OR ‘force’ OR ‘torque’ OR ‘isokinetic’ OR ‘isometric’ OR ‘isotonic’ OR ‘MVC’ OR ‘MVIC’ OR ‘1RM’ OR ‘one-repe-

tition maximum’ OR ‘one repetition maximum’; TX
#3 ‘training’ OR ‘exercise’ OR ‘exercis*’ OR ‘sport’ OR ‘sport*’ OR ‘walking’ OR ‘gait’ OR ‘running’ OR ‘jump*’ OR ‘plyometric’ 

OR ‘crossfit’ OR ‘cross fit’ OR ‘physical activity’ OR ‘rehabilitation’ OR ‘treatment’ OR ‘rehab’ OR ‘therapy’ OR ‘physiother-
apy’ OR ‘physical therapy’; TI/AB

#4 ‘compression’ OR ‘CG’ OR ‘compression garment’ OR ‘compression garments’ OR ‘compression stocking’ OR ‘compression 
stockings’ OR ‘compression short’ OR ‘compression shorts’ OR ‘compressive tight’ OR ‘compressive tights’ OR ‘neoprene 
sleeve’ OR ‘neoprene sleeves’; TI/AB

#5 ‘joint stabilizers’ OR ‘brace’ OR ‘tape’ OR ‘bandages’ OR ‘corsets’ OR ‘orthosis’ OR ‘orthotics’; TI/AB
#6 ‘cell’ OR ‘cellular’ OR ‘molecular’; TI/AB
#7 ‘syndrome’ OR ‘disorder’ OR ‘Parkinson’ OR ‘Parkinson’s’ OR ‘disease’ OR ‘injury’ OR ‘injured’; TI/AB

Table 2  Selection criteria

CG compression garment, ECC eccentric exercise, MAR marathon run, MCC maximal concentric isokinetic torque, MVIC maximal voluntary 
isometric torque, NMES neuromuscular electrical stimulation, PLYO plyometric exercise, RCT  randomized controlled trial, RES resistance exer-
cise, RUN running exercise, SPRINT sprint exercise, WBV whole-body vibration

Category Inclusion criteria Exclusion criteria

Population Healthy adults, irrespective of gender, training status, or age Studies investigating individuals with orthopedic or neurologic 
disorders

Intervention CG + physical exercise including RES, PLYO, ECC, RUN, 
SPRINT, MAR, or any kind of sport activity

Exercise interventions using NMES or WBV; absence of 
exercise

Comparator Control group with no CG or with sham CG Absence of control group
Outcome Measures of isometric, isokinetic, or isotonic muscle strength 

(MVIC,  MCC)
Measures of muscular power (bench press throw, jump or sprint 

tests), running economy, or balance
Control group shows a reduction in strength-related outcome 

after exercise
No reduction in strength-related outcome after exercise

Study design Parallel and crossover RCTs Non-RCTs
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status, or age. With respect to the intervention, studies were 
included that compared CG with a no-CG or sham-CG con-
trol during or after physical exercise. Means and SDs of 
measures of isometric, isokinetic, or isotonic muscle strength 
had to be reported for all groups before and after interven-
tion. Considering that the overall aim of the study was to 
determine if wearing a CG during or after physical exercise 
would reduce the deleterious effects of physical exercise on 
muscle strength-related outcomes, we only included studies 
that observed decrements in strength-related outcomes in the 
control (no-CG or sham-CG) condition. Exclusion criteria 
were (1) no physical exercise, (2) use of braces or orthoses, 
(3) measures other than strength, (4) control group showed 
no reduction in strength-related outcome after exercise, and 
(5) no control condition.

2.3  Data Extraction

Pre- and post-test means and SDs were extracted from stud-
ies that assessed the effects of CG compared to a control con-
dition (e.g., sham) on muscle strength recovery after physi-
cal exercise. In some cases [8, 80, 81], the mean and SD data 
were extrapolated from the figures using a data extraction 
software (http:// getda ta- graph- digit izer. com/) [82]. In addi-
tion, we contacted authors to request the exact mean and 
SD values when they only reported the changes from base-
line values in the article. When authors did not respond, the 
study was excluded from the meta-analyses due to the lack 
of crucial data. Using Cochrane decision rules, only one of 
multiple interventions or one of multiple strength outcomes 
were included in the analyses. For instance, MVIC of the 
quadriceps was preferred over MVIC of the hamstrings or 
plantar flexors for the sake of homogeneity.

2.4  Risk of Bias Assessment

Risk of bias was calculated in accordance with the Cochrane 
Collaboration Guidelines [83]. Systematic differences (het-
erogeneity) were assessed using an I2 statistic, which indi-
cates the percentage of variability across studies due to 
heterogeneity [79]. Low, moderate, and high heterogeneity 
correspond to I2 outcomes of 25%, 50%, and 75%, respec-
tively [84]. A value above 75% is rated as being considerably 
heterogeneous [76].

2.5  Statistical Analyses

To examine the effects of CG on strength-related out-
comes during or after physical exercise, weighted between-
study SMDs were computed for post-test mean values and 

corrected for sample size according to Hedges and Olkin 
[76] using the following equation:

where m1 is the mean post-value of the intervention group, 
m2 is the mean post-value of the control group,  SDp is the 
pooled SD, and N represents the total sample size.

The inverse variance method is so named because the 
weight given to each study is chosen to be the inverse of 
the variance of the effect estimate (i.e., 1 over the square 
of its standard error [SE]). Thus, larger studies, which have 
smaller SEs, are given more weight than smaller studies, 
which have larger SEs. This choice of weights minimizes 
the imprecision (uncertainty) of the pooled effect estimate 
(see chapter 10.3 [76]).

Statistical analyses were carried out using Review Man-
ager 5.3 (The Nordic Cochrane Centre, The Cochrane Col-
laboration, Copenhagen, 2011). All data were analyzed 
using a random-effect model. To examine whether wearing 
CG during or after physical exercise would reduce exercise-
induced decrements in muscle strength-related outcomes, 
SMDs were weighted with respect to their SEs and aggre-
gated to compute the overall SMDs, which are presented 
with 95% confidence intervals. Overall SMDs were set 
at < 0.2 = trivial, 0.2–0.49 = small, 0.5–0.79 = moderate, 
and ≥ 0.8 = large [85]. The χ2 was used to determine whether 
the differences in the results are due by chance, and in such 
a case, a low p value, or high χ2 statistic, relative to degrees 
of freedom would be apparent [76]. To assess the impact of 
different meta-analytic methods, a sensitivity analysis was 
completed. The significance level was set at p ≤ 0.05.

2.6  Subgroup Analyses

The Cochrane Handbook for Systematic Reviews of 
Interventions suggests a minimum of two data points 
to aggregate study findings [76]. If at least two studies 
were available, subgroup analyses were computed for 
the type of physical exercise. Studies were categorized 
with respect to whether they applied PLYO versus lab-
based eccentric exercise protocols (ECC) versus RES ver-
sus running exercise protocols (RUN) versus combined 
physical exercise protocols (COMB), including sport-
specific training or the combination of PLYO and RUN. 
Further subgroup analyses were computed with regard 
to the body area, where the CG was applied using the 
following categories: arm/upper body versus leg/lower 
body versus upper + lower body. Finally, subgroup analy-
ses were also performed on the timing of CG applica-
tion with the following categories: during exercise versus 
after exercise for ≤ 12 h versus after exercise for ≤ 48 h 

SMD =
m

1
− m

2

SDp

⋅

(

1 −
3

4N − 9

)

http://getdata-graph-digitizer.com/
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versus after exercise for ≤ 72 h. Two studies [68, 80] were 
excluded from this particular subgroup analysis because 
they applied the CG during and after the physical exercise 
in the same study cohort, which would bias the results 
of the analysis. To assess the relative benefits of CG on 
strength-related outcomes in relation to the time point 
(t) of subsequent testing, separated meta-analyses were 
performed for those taken at (a) immediately ≤ t < 24 h, 
(b) 24 ≤ t < 48 h, (c) 48 ≤ t < 72 h, (d) 72 ≤ t < 96 h, and 
(e) 96 h ≤ t.

3  Results

3.1  Search Results

An overview of the search process is displayed in Fig. 1. Ini-
tially, 910 studies were identified. After removing duplicates, 
803 records remained. We screened out 688 records based on 
titles and abstracts. From the remaining 115 records, 95 were 
excluded during the eligibility check based on the a priori 
defined exclusion criteria (Table 2). Two additional studies 

Fig. 1  PRISMA flow diagram: process of study selection from initial identification to inclusion. CG compression garment, PRISMA Preferred 
Reporting Items for Systematic Reviews and Meta-analyses
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[81, 86] were identified through reference list searches; 
therefore, a total of 22 studies were included, from which 
13 were parallel RCTs (n = 283 participants) [8, 9, 28, 33, 
61, 66, 81, 87–92], while the remaining nine were crossover 
RCTs (n = 117) [62, 65, 67, 68, 73, 80, 86, 93, 94]. Three 
studies (n = 50) [73, 89, 93] were excluded from the meta-
analysis due to insufficient data reporting.

3.2  Sample Characteristics

The training status of the participants in the studies included 
in the meta-analysis ranged from untrained adults to pro-
fessional athletes (e.g., elite judoka [94], marathon run-
ners [92], handball players from the professional French 
National Handball League [65]). The total number of par-
ticipants in the data set was 350 (n = 251 men and n = 99 
women), with a mean and SD age of 24.5 ± 5.5 years, height 
of 174.4 ± 5.3 cm, and body mass of 73.1 ± 7.5 kg. Two stud-
ies [90, 94] did not report participants’ body height, from 
which Pearce et al. [90] did not report the age and body mass 
of participants. Eleven studies solely enrolled male partici-
pants, two studies solely enrolled female participants, and 
six studies included both, males and females.

Participants performed the following physical exercise 
protocols: PLYO (four RCTs, n = 97), ECC (seven RCTs, 
n = 121), RES (three RCTs, n = 39), RUN (one RCT, n = 24), 
or COMB (four RCTs, n = 69). The garments were applied 
to the arm/upper body (six RCTs, n = 88), leg/lower body 
(ten RCTs, n = 217), or both on the upper and lower body 
(three RCTs, n = 38) during (seven RCTs, n = 116) or after 
exercise for ≤ 12 h (five RCTs, n = 205), ≤ 48 h (one RCT, 
n = 29), or ≤ 72 h (four RCTs, n = 106). CGs were used dur-
ing and after physical exercise (two RCTs, n = 21). Strength 
outcomes included the following: MVIC of the quadriceps, 
hamstrings, elbow flexors, or plantar flexors; maximal con-
centric force/torque of quadriceps, hamstrings, or elbow 
flexors; grip strength; or bench/chest press as strength-
related outcomes (Table 3).

Five studies [9, 63, 68, 80, 81] administered multiple 
interventions or measured multiple strength outcomes; 
therefore, we had to choose and include one representative 
outcome in the meta-analyses. In the case of three stud-
ies, MVIC of the quadriceps was preferred over MVIC of 
the hamstrings [68, 80] or plantar flexors [81]. The results 
of moderate-velocity (60°/s) plantar flexor torque were 
extracted and used in the meta-analyses. In addition, the 
CG providing 18 mmHg pressure at the ankle was chosen in 
the study of Miyamoto et al. [9] for the sake of homogene-
ity. Finally, because most of the included studies measured 
MVIC at 90° of knee extension, we extracted the MVIC data 
of 80° instead of 60° from the study of Négyesi et al. [63].

The outcome of the risk of bias assessment revealed 
that sequence generation and allocation concealment were 

largely unclear, with only one study [66] reporting how par-
ticipants were allocated to groups and one study with a high 
risk of selection bias (Fig. 2; Supplementary Fig. 1, see the 
electronic supplementary material).

3.3  The Overall Effects of CG

Forests plots depict the meta-analytical comparisons of the 
overall effects of CG at different time points (Fig. 3a–e). 
Three additional RCTs were included in the qualitative anal-
ysis only [73, 89, 93]. After physical exercise, CG versus no 
CG revealed no effects on muscle strength at any time point: 
(a) immediately ≤ t < 24 h: SMD =  − 0.02 (− 0.22 to 0.19), 
p = 0.87 (Fig. 3a); (b) 24 ≤ t < 48 h: SMD = − 0.00 (− 0.22 
to 0.21), p = 0.98 (Fig. 3b); (c) 48 ≤ t < 72 h: SMD = − 0.03 
(− 0.43 to 0.37), p = 0.87 (Fig.  3c); (d) 72 ≤ t < 96  h: 
SMD = 0.14 (− 0.21 to 0.49), p = 0.43 (Fig. 3d); (e) 96 h ≤ t: 
SMD = 0.26 (− 0.33 to 0.85), p = 0.38 (Fig. 3e). Values for I2 
ranged between 0 and 49% and indicated low heterogeneity.

3.4  Subgroup Analyses

Table 4 shows time-point subgroup analyses. Considering 
that only one study applied RUN [92], we have excluded it 
from the subgroup analysis for the type of physical exercise. 
There was a small and unlikely beneficial dose–response 
effect of CG after PLYO (SMD = 0.42 [− 0.03 to 0.87], 
p = 0.07, three RCTs) (Supplementary Fig. 2, see the elec-
tronic supplementary material). Moreover, only one study 
[86] out of three applied the CG during exercise; therefore, 
this result does not represent the effects of CG on muscle 
strength. CGs applied during or after PLYO resulted in (all 
p > 0.05) small and not very likely effects on muscle strength 
at other time points (24 ≤ t < 48 h: SMD = 0.37 [− 0.43 to 
1.17], p = 0.37, three studies; 48 ≤ t < 72 h: SMD = 0.44 
[− 0.72 to 1.61], p = 0.46, three studies; 72 ≤ t < 96  h: 
SMD = 0.49 [− 0.21 to 1.18], p = 0.17, three studies) com-
pared to other physical exercise types where non-significant 
trivial effects were observed (Supplementary Figs. 3–5).

The body area where the CG was applied did not affect 
strength-related outcomes after exercise (Supplementary 
Figs. 6–10). The timing and duration of CG application also 
had no effects on the exercise-induced decrements in mus-
cle strength (Supplementary Figs. 11–15). In all subgroup 
analyses, heterogeneity was low to moderate (I2 ≤ 53%).

4  Discussion

Contrary to the hypothesis, meta-analytical evidence sug-
gests that wearing a CG during or after training does not 
seem to facilitate the recovery of muscle strength after phys-
ical exercise. We discuss the overall and subgroup analyses 
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with a perspective on the use of CGs to reduce physical 
exercise-induced strength loss.

4.1  Overall Effects of CGs on Muscle Strength

We hypothesized that wearing CGs would facilitate the 
recovery of muscle strength from physical exercise. Con-
trary to this expectation, the meta-analytical comparisons 
between CG versus control revealed no muscle strength-
sparing effects from physical exercise. This somewhat unex-
pected result is not in line with findings of previous reviews 
[5, 37, 39] that reported beneficial effects of CGs on muscle 
strength and recovery of muscle function after exercise. The 
inconsistencies might be due to differences in the applied 
meta-analytical methods between this current and previous 
meta-analyses.

To our knowledge, the present systematic review is the 
first that used the generic inverse variance method. Previous 
reviews entered the mean and SD of the percent change into 
the model. When an RCT reported insufficient information, 
change-from-baseline SDs for the same outcome measure 
from other studies in the review can be used to calculate 
the SDs for the changes [95]. Another option is to calcu-
late or impute the missing SDs for changes using a correla-
tion coefficient [74, 75]. However, one can never be certain 
that an imputed correlation coefficient is accurate. On the 
other hand, the generic inverse variance method minimizes 
the imprecision of the pooled effect estimate by adjusting 
the weight of each study according to the sample size, as 
described in the Cochrane guidelines for meta-analyses 
[76]. Therefore, the method used in the meta-analyses of 
the present review appears to be more reliable for calculat-
ing SMDs and, might, therefore, estimate the real effects of 
CGs on muscle strength more accurately. However, for this 
method, pre and post mean and SD data are needed, which 
are often unreported. We received the necessary data for 19 
RCTs (n = 350) (Fig. 1, Table 3), but not for others (three 
RCTs, n = 50) [73, 89, 93], which were excluded from the 
meta-analysis.

The second possible reason for the inconsistent results 
between the present and previous reviews might be related 
to the multiple imputations of the same RCT within one 
meta-analysis. Multiple outcome domains from single RCTs 
that are likely to be not independent or one single outcome at 
different time points included multiple times can also create 
bias. In such a case, all outcomes extracted from one study 
or subgroup must be combined to calculate one effect size 
using standard procedures [96, 97]. Nevertheless, measur-
ing the impact of treatment across a broad array of measures 
through the calculation of an average effect across measures 
within an RCT may not accurately represent the effective-
ness of this study’s intervention [97]. Previous reviews that 
aimed to identify the effects of CGs on muscle strength and Ta
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e 
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CG Effects on Muscle Strength After Physical Exercise

muscle function after physical exercise included multiple 
outcomes or one outcome at different time points from one 
study, which most likely biased the results of the meta-
analysis. We, therefore, only used the most relevant out-
comes according to Cochrane decision rules and performed 
separate meta-analyses for each time point to objectively 
determine the effects of CG on muscle strength. Sensitiv-
ity analyses confirmed the current results (Supplementary 
Fig. 16, see the electronic supplementary material).

4.2  The Effects of CG Application During or After 
Different Exercise Types on Strength

An eccentric contraction-biased exercise i.e., PLYO or 
ECC, is associated with myofibrillar disruption and damage 
[50–52]. CGs may have the potential to reduce the increased 
osmotic pressure and the resultant edema in response to 
muscle damage arising from PLYO or ECC. This is achieved 
by producing external pressure to oppose the internal pres-
sure created by the edematous fluid that could in turn reduce 
inflammation [54]. Thus, CGs may facilitate muscle recov-
ery following eccentrically biased exercises. This is in line 
with a previous review that suggested the largest benefits 
resulting from CGs are for strength recovery from RES, 
including PLYO [5]. Yet, according to previous studies, CGs 
have little to no effects on exercise performance during pro-
longed exercise, including running [92, 98], hiking [99], or 
even repeated sprints [24, 36, 80, 100].

The extant data gave rise to the hypothesis that the nature 
of strength recovery may differ according to the type of 
physical exercise so that CGs may spare decline in muscle 
strength after exercise. CGs produced no strength-sparing 
effects after any type of exercise, surprisingly not even after 
PLYO (Supplementary Figs. 2–5, see the electronic sup-
plementary material), against the observation reported by a 
previous systematic review with meta-analysis [5]. Variation 
between PLYO RCTs in the magnitude of strength recovery 
might negate any potential CG effects. Quadriceps MVIC 
recovered at an accelerated rate over 72 h post-PLYO with 

the post-exercise application of a high-compression CG to 
the thigh (14.8 ± 2.2 mmHg) and calf (24.3 ± 3.7 mmHg) 
for 72 h [61]. In line with these data, CG worn for 12 h 
after PLYO also reduced the physical exercise-induced 
decrements of quadriceps MVIC as compared to a passive 
recovery group [33]. In contrast, CG did not reduce physical 
exercise-induced strength loss after exhaustive PLYO [81, 
86]. The interpretation of these studies is complicated by 
considering the area of the leg where the CGs were applied 
(thigh vs. calf), implying the effects of anthropometric dif-
ferences, which we were unable to systematically examine.

Quantitative analyses revealed no muscle strength-spar-
ing effects of CGs after other exercise types. Notably, only 
one study that met the inclusion criteria [92] applied RUN; 
therefore, we could not include it in the subgroup analysis. 
Nevertheless, this study also reported no effects of lower-
limb CG on MVIC when worn for 72 h after the marathon 
run. Qualitatively, the ‘beneficial’ effects of CGs on quadri-
ceps MVIC after a 3 × 5.2-km trail run [93] or RES [73] 
were found to be in contrast with the no effects of com-
pression tights or socks worn during 2 h uphill running on 
quadriceps or plantar flexor MVIC [89].

4.3  Effects of the Body Area and Timing of CG 
Application on Muscle Strength

We found no effects of body area and timing of CG applica-
tion on muscle strength after physical exercise (Supplemen-
tary Figs. 11–15, see the electronic supplementary material). 
Based on the preponderance of the involved RCTs show-
ing positive effects of lower-limb CGs on muscle strength 
recovery after PLYO [33, 61], ECC [62, 63], or even COMB 
[65, 66], we expected that lower-limb CGs compared with 
upper-limb or combined application of the garment might 
be more effective to reduce physical exercise-induced dec-
rements in MVIC. However, when meta-analyzing the data 
with the generic inverse variance method, we found that CGs 
produced minimal strength-sparing effects. These effects 
were also independent of the body area where CGs were 

Fig. 2  Risk of bias percentile 
chart in accordance with the 
Cochrane Collaboration [83]. 
Horizontal axis denotes percent 
of studies
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Fig. 3  Effect of CG versus a 
control condition on meas-
ures of strength after physical 
exercise at each time point: 
a immediately ≤ t < 24 h; b 
24 ≤ t < 48 h; c 48 ≤ t < 72 h; 
d 72 ≤ t < 96 h; e 96 h ≤ t. 
CG compression garment, CI 
confidence interval, df degrees 
of freedom, IV inverse variance, 
SE standard error
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applied (Table 4). The high risk of heterogeneity at time 
points ≥ 48 h in most of the subgroups is perhaps related 
to differences in participants’ training status and exercise 
characteristics. While in one RCT, healthy young men per-
formed 30 repetitions of eccentric actions with weighted 
dumbbells [88], others used an isokinetic dynamometer and 
examined its effect on muscle strength recovery in (1) non-
trained women following two sets of 50 arm curls at 60° 
 s−1 [8] or (2) healthy men following 35 maximal isokinetic 
eccentric extensions of the elbow flexors at 90°  s−1 [90]. 
Nevertheless, only one of these RCTs reported beneficial 
effect of upper-limb CG on MVIC of elbow flexors. Over-
all, subgroup analyses revealed heterogeneity, preventing us 
from detecting any meaningful effects of the body area of 
CG application on muscle strength.

Regarding the timing and duration of CG application, 
a previous review detected large, likely beneficial effects 
of CG at 24 h following physical exercise, regardless of 
training status [5]. When worn immediately after the physi-
cal exercise is terminated, CG may have the potential to 
enhance metabolite clearance and reduce swelling and the 
perception of muscle soreness [101]. However, our analysis 
did not confirm this possible favorable post-exercise effect 
(Supplementary Figs. 11–15). The pressure exerted locally 
by a CG in the studies reviewed here ranged between 8.1 
and 35 mmHg. However, most studies failed to report the 
level of pressure [62, 63, 67, 68, 88, 90, 91] or provided 
it as reported by the manufacturer or previous researches 
[9, 33, 65, 80, 81, 86], instead of measuring pressure 
directly [8, 61, 66, 87, 92, 94]. Although a previous review 
of studies with both trained and untrained participants 
reported no relationship between cuff pressure and CG-
produced effects, differences in cuff pressure may explain 
the inconsistent results between studies [57]. Besides the 
limited data, the subgroup showed a moderate heterogene-
ity (I2 = 53%), which might be related to differences in the 
exercise modality (PLYO vs. ECC), the body area of CG 
application (arm vs. leg), and the outcome measure (elbow 
flexor vs. quadriceps MVIC).

4.4  Limitations and Future Direction

Based on the risk of bias assessment, the overall methodo-
logical quality of the included studies is limited, which is 
why more high-quality studies are needed in this area in 
the future.

Contrary to the hypothesis, our meta-analytical evi-
dence suggests that wearing CGs during or after exer-
cise does not seem to facilitate the recovery of muscle 
strength from physical exercise; this could be related to the 
low pressures (< 35 mmHg) exerted by the CG. Directly 
measuring and consistently reporting CG-induced pressure 
can help to elucidate the potential underlying mechanisms 

responsible for strength recovery benefits. Moreover, the 
levels of pressure applied by the garment may vary due 
to anthropometric differences of participants within and 
between studies. Therefore, future studies should care-
fully measure and report participants’ anthropometric 
characteristics. Finally, participant training status was not 
consistent across the included studies, as most enrolled 
healthy untrained individuals. Therefore, there is a need to 
examine the effects of CGs on strength recovery in highly 
trained athletes. Overall, future studies should clarify the 
potential benefits of CGs in relation to applied pressures, 
participants’ anthropometric characteristics, and training 
status so that the optimal conditions for CG use can be 
determined.

5  Conclusions

This systematic review with meta-analytical evidence sug-
gests that wearing a CG during or after exercise does not 
seem to facilitate the recovery of muscle strength from phys-
ical exercise even when the type of exercise or the body area 
and timing of CG application is taken into account. Practi-
tioners, athletes, coaches, and therapists should reconsider 
the use of CG as an adjuvant to reduce physical exercise-
induced decrements in muscle strength and seek methods 
alternative to CG.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40279- 022- 01681-4.
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