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Abstract

Introduction: Acute neuromuscular fatigue impairs athletic performance and increases the risk of
musculoskeletal injury. Recovery strategies such as manual massage (MM) and intermittent
pneumatic compression (IPC) have been proposed to mitigate these effects, although their efficacy
remains controversial. Objective: To compare the MM and IPC effects on muscle damage recovery,
lower limb strength, and power in Under-20 soccer athletes. Methods: A cross-sectional crossover
studyn was conducted with twenty male youth athletes (n = 20) from the under-20 category (18.65 +
0.67 years) of Paysandu Sport Club — Brazil, who underwent a fatigue protocol followed by either
MM or IPC, with a seven-day washout between sessions. The following variables were assessed:
serum creatine kinase (CK), quadriceps and hamstrings isometric voluntary contraction (IVC), and
vertical jump (V]). Results: CK decreased following the MM (pre: 382.50 + 163.02 U/L; post: 305.40 +
239.98 U/L; p=0.042) but not for IPC (pre: 337 + 114.50 U/L; post: 199 + 89.50 U/L); p=0.16). After the
crossover, IPC elicited a significant reduction in CK (pre: 307 + 198 U/L; post: 256 +84.75 U/L; p=0.028),
whereas MM did not reach statistical significance (pre: 316.70 + 116.66 U/L; post: 252.50 + 91.77 U/L;
p=0.094). Neither intervention (MM or IPC) resulted in significant improvements in Quadriceps or
Hamstring (p>0.05) IVC or V] height (p>0.05). Conclusion: MM and IPC are viable recovery tools to
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mitigate biochemical markers of muscle stress without compromising performance, a crucial
consideration for high-performance environments where recovery windows are narrow.

Keywords: Muscle fatigue; functional recovery; creatine kinase; physical performance; football

1. Introduction

Acute neuromuscular fatigue is a common physiological response in high-demand intermittent
sports such as soccer and can significantly impair athletic performance while increasing the risk of
musculoskeletal injuries [1,2] This type of fatigue negatively affects muscle contractile capacity,
strength, and motor coordination, and may persist for up to 72 hours post-exercise [3,4]. As a result,
post-exercise recovery strategies have become increasingly adopted to mitigate the deleterious effects
of repeated exertion and optimize the return to functional condition [5]

Among these strategies, manual massage (MM) and intermittent pneumatic compression (IPC)
stand out and are widely used in athletic settings. MM is recognized for its analgesic effects, its ability
to reduce muscle stiffness, and its enhancement of perceived recovery [6]. However, the evidence
regarding its effects on muscular strength and power remains inconclusive[7,8,9]. In contrast, IPC
has been employed to enhance venous and lymphatic return and to facilitate the clearance of pro-
inflammatory metabolites, potentially reducing delayed-onset muscle soreness and serum creatine
kinase (CK) levels [10].Nevertheless, controlled trials suggest that the effects of IPC on
neuromuscular performance remain controversial, particularly in acute settings [11,12].

Despite the widespread use of these recovery modalities, there remains a gap in the literature
regarding direct comparisons between MM and IPC in young athletes, particularly within soccer.
Furthermore, few studies have concurrently assessed both biochemical markers of muscle damage,
such as CK, and functional neuromuscular performance measures, including maximal voluntary
isometric contraction and vertical jump performance, under methodologically controlled protocols.
Given the potential impact of recovery strategies during critical phases of the competitive calendar,
understanding the true efficacy of these interventions is essential for informing clinical and training
decisions [12].

Thus, this study aimed to compare the effects of MM and IPC on muscle damage recovery, as
well as on lower limb strength and power in Under-20 soccer athletes. The initial hypothesis
proposed that both MM and IPC would reduce serum CK levels and enhance musculoskeletal
performance, as measured by quadriceps isometric voluntary contraction (Q-IVC), hamstring
isometric voluntary contraction (H-IVC), and vertical jump performance (V]).

2. Materials and Methods

2.1. Ethical Considerations

The procedures of the present study were carried out in accordance with Law 14.874/2024 of the
Brazilian National Health Council. The study was submitted and approved by the Augusto Motta
University Centre ethics committee [7.163.787] and was conducted in accordance with the
Declaration of Helsinki.

2.2. Participants

Twenty male youth athletes (Table 1) from the under-20 category of Paysandu Sport Club -
Brazil, regularly engaged in soccer team with a minimum of two years of competitive experience,
were recruited for this study. Inclusion criteria were: (i) being clinically healthy; (ii) absence of
musculoskeletal injuries within the last six months; and (iii) regular participation in structured soccer
training programs (minimum of three times/ weeks). Exclusion criteria included the use of anti-
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inflammatory medications, presence of neurological, cardiovascular, or musculoskeletal disorders,
and any medical contraindication to the proposed recovery techniques.

Table 1. Anthropometric characteristics of the sample (Mean + SD and 95%CI).

Mean = SD 95%CI CV (%)
Age (years) 18.65 + 0.67 18.40 - 18.90 3.59
Height (m) 1.78 +0.07 1.75-1.81 3.93
Weight (kg) 72.8 £6.99 70.19 - 75.41 9.60
Body Fat (%) 12.3+1.63 11.69 -12.91 13.25

SD: Standard Deviation; 95%CI: 95% Confidence Interval; CV: Coefficient of Variation.

2.3. Procedures

All procedures were randomized (by computer software - www.randomizer.org.br) and
counterbalanced across subjects and experimental conditions to compare the MM and IPC effects on
muscle damage recovery, lower limb strength, and power in soccer player under-20 category of
Paysandu Sport Club - Brazil. Subjects visited the laboratory 2 times with at least 7 days hours
between visits (Figure 1). During the IPC condition, participants underwent bilateral lower-limb
compression for a total duration of 20 minutes. In the MM condition, participants received unilateral
kneading and stroking techniques applied to the anterior and posterior thigh and the posterior lower
leg for the same 20-minute period, thereby equalizing the intervention volume across experimental
conditions. To minimize potential carryover effects, a seven-day washout period was implemented
between intervention phases. During this interval, participants were instructed to maintain their
regular training routines while refraining from any additional recovery interventions. After the
washout period, a crossover design was implemented to increase the statistical power and reducing
interindividual variability.

Assessed for Eligibility (n=20) |
Randomized (n=20) |
——
T Allocation

¥ v
4 ta P [+ ion {n=10) Allocated to Manual Massage (n=10)
Compression received (n= 10} Massage received (n =10}

Assessmant | Assessment
cK cK
Vertical jump Vertical jump
Dynamomatry Dynamomaetry
h Analysis A
Analyzed for pneumatic Analyzed for manual massage
compression (n=10) {n=10)
Assessment Assessment
Ck CcK
Vertical jump Vertical jump
Dynamometry Dynamometry
e S

(n=10) compression (n=10)

Analyzed for manual massage ‘ ‘ Analyzad for pneumatic ‘

Figure 1. Flowchart illustrating the process of selection, randomization, and allocation of research participants.

2.4. Instruments
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2.4.1. Intermittent Pneumatic Compression (IPC)

The IPC intervention was performed using a Reboot Go® sequential compression device. The
equipment was applied to the lower limbs via inflatable compression boots with serially arranged
chambers that promoted intermittent compression in a distal-to-proximal sequence, following the
parameters outlined by [13]. The protocol consisted of a compression cycle at a fixed pressure of 80
mmHg, applied continuously for a total of 20 minutes. The configuration was standardized for all
participants to ensure reproducibility and consistency of mechanical stimuli, with the aim of
optimizing venous return, reducing muscular edema, and supporting physiological post-exercise
recovery processes.

2.4.2. Manual Massage (MM)

The MM intervention followed an adapted protocol from Abrantes et al. [29], totaling 20 minutes
of application. All massage techniques were administered by a single experienced researcher to
ensure procedural consistency and reproducibility. Initially, participants were placed in the supine
position and subjected to effleurage and petrissage techniques, applied unilaterally to the quadriceps
musculature. These maneuvers were directed from distal to proximal, beginning at the mid-thigh
and extending to the inguinal region, delivered in a single set of 2.5 minutes per limb. Subsequently,
participants were repositioned in the prone position, and the same techniques were applied
unilaterally to the hamstrings (from the popliteal fossa to the ischial tuberosity) and gastrocnemius
muscles (from the Achilles tendon to the gastrocnemius heads at the popliteal region), also in a single
set of 2.5 minutes per limb. Pressure intensity was self-regulated by participants using a subjective
discomfort/pain scale ranging from 0 to 6, as described by MacDonald et al. [15], to ensure an effective
yet tolerable stimulus tailored to each individual's threshold.

2.4.3. Measurements

Muscle Fatigue: Muscle fatigue was assessed through the analysis of serum CK levels, using a
portable biochemical analyzer (Simplex Eco Poc®). Blood samples were collected at two time points:
pre-intervention (CK-pre) and immediately post-intervention (CK-post). Samples were obtained via
capillary puncture from the index finger (30 uL), following antisepsis with 70% alcohol, with the first
blood drop discarded. Reagents were prepared at room temperature, and cartridges were discarded
after each reading, in accordance with the procedures described by Leite et al. [16], to ensure
methodological standardization and minimize bias.

2.4.4. Vertical Jump Performance (V]):

V] performance was evaluated using the Jumptest® contact platform (Hidrofit Ltda, Brazil),
connected to the Multisprint® software, which has been validated by Ferreira et al. [17]. After
familiarization with the equipment, each athlete performed two submaximal jumps followed by three
maximal-effort vertical jumps, with a 10-second rest interval between attempts. Data were
automatically processed by the software system.

2.4.5. Isometric Voluntary Contraction (IVC):

IVC strength of the knee extensor (Q-IVC) and flexor (H-IVC) muscle groups was measured
using the Medeor® isometric dynamometer, following the protocol described by Pinto-Ramos et al.
[18]. For Q-IVC, participants were positioned in a seated posture with the knee flexed at 60° and
stabilized using straps at the hip joint and mid-thigh. The dynamometer was affixed 5 cm proximal
to the medial malleolus on the anterior aspect of the leg. For H-IVC, participants were positioned
prone, with the knee flexed at 30°, stabilized at the lumbar spine and thigh. The dynamometer was
positioned on the posterior aspect of the leg, also 5 cm proximal to the medial malleolus.

2.5. Statistical Analysis
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Data were organized using an electronic spreadsheet (Microsoft Excel 360®) and all statistical
procedures were performed using R software (v.4.5) through the RStudio interface, with a
significance level set at p<0.05. Prior to hypothesis testing, data were assessed for normality using the
Shapiro-Wilk test followed by the symmetry, kurtosis and graphical distribution analysis (histograms
and QQ plot) and for homogeneity of variances with Levene’s test. When the assumption of
sphericity was violated (as tested by Mauchly’s test), Greenhouse-Geisser corrections were applied.
Given the within-subjects crossover design, two-way repeated measures analyses of variance
(ANOVA) were employed to examine the main effects of intervention (MM vs IPC), time (pre- and
post-intervention), and their interaction on the dependent variables: Q-IVC, H-IVC, V], and serum
CK levels. Post hoc pairwise comparisons were adjusted using Bonferroni correction to control for
Type I error inflation.

3. Results

Figure 1 illustrates the step-by-step methodological approach used for data collection in this
study and Table 1 presents the demographic and clinical characteristics of the participants included
in the study. Table 2 presents the effects of the MM and IPC interventions on various physiological
variables before and after the interventions.

Table 2. Pre- and post-intervention values (mean, standard deviation, and p-value) for serum CK, isometric
strength, and vertical jump performance following intermittent pneumatic compression and manual massage,

before and after crossover.

Variables  IPC (Pre) IPC (Post) p-  Variables MM (Pre) MM (Post) p-
(n=10) (n=10) value (n=10) (n=10) value
CK (U/L) CK (U/L)
Mean Mean 382.50 305.40
337 (114.50) 199 (89.50) 0,16 ,042%
(SD) (SD) (163.02) (239.98)
Q-1vC Q-1vC
(kgf) (kgf)
Mean 45.08 43.07 Mean 44.64
0,58 42.74 (9.56) 0,59
(SD) (12.92) (10.18) (SD) (12.39)
H-IVC H-IVC
(kgf) (kgf)
Mean Mean
28.91 (8.66) 30.14(7.96) 0,47 29.27 (8.16) 29.84(7.14) 0,74
(SD) (SD)
V] (h/cm) V] (h/cm)
Mean Mean
39.58 (4.09) 39.23(341) 0,64 39.81(3.40) 39.29(3.34) 0,53
(SD) (SD)
Crossover
Variables  nrhiprey MM (Pos)  p- veHiables  1pe(pre)  [PC(Post)  p-
(n=10) (n=10) value (n=10) (n=10 value
CK (U/L) CK (U/L)
Mean 316.70 252.50 Mean
, 307 (198) 256 (84.75)  0,028*
(SD) (116.66) (91.77) (SD)
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Q-1vVC Q-1vVC
(kgf) (kgf)
Mean 41.11 44 .44 Mean 40.77 46.85
0,27 0,164
(SD) (14.83) (15.26) (SD) (14.11) (16.05)
H-IVC H-1VC
(kgf) (kgf)
Mean Mean
2714 (9.21) 26.54 (5.78) 0,78 27.72(8.79) 28.11 (4.87) 0,85
(SD) (SD)
VJ (h/cm) VJ (h/cm)
Mean Mean
39.46 (3.29) 38.98 (3.87) 0,46 40.19 (3.13)  39.41(3.77) 0,23
(SD) (SD)

Legend: CK = creatine kinase; Q-IVC = maximum isometric voluntary contraction of the quadriceps; H-ICV =
maximum isometric voluntary contraction of the hamstrings; VJ = vertical jump (h/cm); ICP = intermittent
pneumatic compression; MM = manual massage. *Statistical difference between Post e Pre-interventio; SD =

standard deviation.

3.1. Serum CK Concentration

CK levels significantly decreased following the MM (pre: 382.50 + 163.02 U/L; post: 305.40 =
239.98 U/L; p=0.042), suggesting a positive effect in reducing muscle damage (Table 2). In the IPC,
although a reduction was observed (pre: 337 + 114.50 U/L; post: 199 + 89.50 U/L), it was not
statistically significant (p=0.16) (Table 2). After the crossover, IPC elicited a significant reduction in
CK levels (pre: 307 + 198 U/L; post: 256 + 84.75 U/L; p=0.028), whereas MM did not reach statistical
significance (pre: 316.70 + 116.66 U/L; post: 252.50 + 91.77 U/L; p=0.094) (Table 2).

3.2. Isometric Voluntary Contraction (IVC)

Neither intervention (MM or IPC) resulted in significant improvements in Q-IVC (Table 2). In
the MM, mean values decreased from 44.64 + 12.39 kgf to 42.74 + 9.56 kgf (p=0.59), and in the IPC
from 45.08 + 12.92 kgf to 43.07 + 10.18 kgf (p=0.58) (Table 2). Following the crossover, although there
was a slight increase in IVC values, they were not statistically significant (MM: p=0.27; IPC: p=0.164)
(Table 2). H-IVC remained unchanged post-intervention, with no significant differences observed,
MM varied from 29.27 + 8.16 kgf to 29.84 + 7.14 kgt (p=0.74), and IPC from 28.91 + 8.66 kgf to 30.14 +
7.96 kgf (p=0.47) (Table 2). No significant differences were observed in the crossover analysis either
(Table 2).

3.3. Vertical Jump Performance

Neither intervention led to a significant increase in V] height (Table 2). In the MM, mean values
decreased from 39.81 + 3.40 cm to 39.29 + 3.34 cm (p=0.53), and in the IPC from 39.58 +4.09 cm to 39.23
+3.41 cm (p = 0.64) (Table 2). Post-crossover results also showed no statistically significant differences
(MM: p=0.46; IPC: p=0.23) (Table 2).

4. Discussion

The present study compared the effects of MM and IPC on muscle damage recovery, strength,
and lower limb power in Under-20 male soccer athletes. The main findings indicate a significant post-
intervention reduction in serum CK levels in both MM (p=0.042) and the IPC (p=0.028). Additionally,
neuromuscular performance outcomes (Q-IVC, H-IVC, and V]) did not show statistically significant
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differences for either intervention (p>0.05). These findings partially confirm the initial hypothesis of
this study.

Serum CK levels in the MM group decreased significantly from 382.5 + 163.02 U/L to 305.4 =
239.98 U/L (p=0.042). Physiologically, such reductions may suggest a potential attenuation of acute
muscle damage, which is often associated with repeated eccentric efforts and exercise-induced
muscle microtrauma, common features of soccer training and competition[19].These results are
supported by quantitative evidence [20], who conducted a randomized trial with 18 participants
undergoing eccentric elbow exercises. The application of massage (consisted of effleurage (stroking)
of the hand (30 seconds), wrist to elbow (1 minute), and elbow to shoulder (1 minute); petrissage
(kneading) of the wrist to the elbow (30 seconds) and elbow to shoulder (30 seconds) two hours post-
exercise significantly reduced the CK peak value for the massage condition (982 + 356 IU/L) was 36%
lower than that for the control condition (2704 + 637 IU/L).

Similarly, in a systematic review by Guo et al. [21], 11 studies reported significant reductions
(p=0.03) in serum CK levels following massage (used western massage techniques or Swedish
massage techniques including effleurage and petrissage) compared to control groups, with a
standardized mean difference (SMD) of —0.58 (95% CI: -1.02 to -0.14), indicating a moderate effect in
reducing CK concentration. Rasooli et al. [22] investigated the impact of various recovery methods
(massage, active recovery, and passive rest) on blood lactate levels and swimming performance in
professional athletes. The results indicated that massage, performed using effleurage and petrissage
techniques, was significantly more effective than passive recovery in reducing lactate concentration,
with post-intervention values of 7.10 + 1.27 mmol/L for the massage group versus 10.94 +2.05 mmol/L
for passive recovery (p=0.031) [23].

In our study, the application of IPC resulted in a significant reduction in CK levels, suggesting
a beneficial physiological effect on post-exercise muscle recovery. These findings diverge from
previous investigations [24], who reported no significant changes in CK activity between the IPC and
control groups (p<0.882) in 67 physically active men [25]. Similarly, a systematic review and meta-
analysis by Maia et al. [24] described the effects of IPC on muscle function and pain as trivial to small,
with high variability in muscle damage biomarkers. Despite the absence of statistically significant
improvements in IVC (p=0.164) and V] height (p=0.23), no decline in performance was observed. This
supports the idea that IPC, although it does not improve acute neuromuscular outcomes, does not
impair function and may represent a valuable complementary approach to reduce delayed onset
muscle soreness and aid in the perception of recovery in athletes [26].

Nevertheless, no statistically significant differences (p>0.05) were observed in Q-IVC, H-IVC or
V] for either the IPC or MM (Table 2). These findings are consistent with those of Hilbert et al. [26],
who found no improvements in muscle strength following massage therapy (effleurage, tapotement
and petrissage) after an eccentric exercise protocol in a crossover study. Similarly, Dawson et al. [27]
reported that 30 minutes of massage (effleurage and petrissage) applied to half-marathon runners
did not alter quadriceps or hamstring strength parameters (peak torque). Supporting these findings,
Davis et al. [28], in a comprehensive meta-analysis involving 29 studies and over 1.000 participants,
concluded that massage therapy (petrissage, effleurage and tapotement) did not lead to statistically
significant improvements in muscle strength, jump height, speed, or endurance in volleyball,
basketball, cycling and boxing athletes. The absence of significant effects on strength-related variables
may also be attributed to the intensity and duration of the massage protocol. According Abrantes et
al. [29], massage (manual and instrumental massage) administered prior to strength and power
assessments may enhance maximal repetition and muscular power performance.

Both MM and IPC promote recovery primarily through passive mechanisms, such as enhanced
circulation, lymphatic drainage, and modulation of the autonomic nervous system. MM stimulates
cutaneous and deep mechanoreceptors, which may reduce nociceptive input and increase
parasympathetic activity [6] while IPC mimics the muscle pump, improving venous return and fluid
clearance [30]. Despite these physiological benefits, neither technique induces sufficient
neuromuscular activation or mechanical load to acutely improve strength or power. These strategies
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may thus serve to optimize recovery without compromising neuromuscular function.
Physiologically, both MM and IPC operate through predominantly passive mechanisms, enhancing
circulation, lymphatic drainage, and the subjective perception of recovery. However, they do not
provide sufficient neural or mechanical stimulus to elicit acute strength or power adaptations,
although they do not impair performance either [6].

Although no statistically significant changes were observed in Q-IVC (A=3.2%; p=0.219), H-IVC
(A=2.7%; p=0.281), or V] performance (A=1.9%; p=0.337), it is noteworthy that no functional
impairment occurred. This indicates that neither MM or IPC negatively impacted neuromuscular
performance following exercise-induced fatigue. The ability to maintain strength and power metrics
post-intervention may itself be considered a positive outcome in athletic recovery settings,
particularly when athletes are exposed to high training or competition demands. These findings
suggest that, while MM and IPC may not acutely enhance performance, they also do not compromise
it, supporting their continued use as non-invasive strategies that may contribute to recovery without
detrimental effects [6, 7, 27, 31].

It is plausible to consider several aspects related to the present study, including the relatively
small sample size. However, given that the sample comprised the entire roster of youth players from
a professional football club, with no dropouts or exclusions, this strengthens the study’s internal
validity and reduces the risk of sampling bias [32]. Another limitation concerns the methodological
variability in the application of MM reported in the literature, as there is no consensus on the ideal
protocol in the sports context. To mitigate this factor, a standardized protocol adapted from [29] was
used and applied by a trained professional to ensure consistency of the protocol used. Similarly, the
IPC was based on the most commonly used parameters in systematic reviews and applied studies in
sports recovery, with pressure, duration, and sequence standardized according to current
recommendations [27, 31].

Furthermore, the results did not reveal statistically significant changes, either improvements or
impairments, in neuromuscular performance. This may be related to the acute nature of the
intervention, the low sensitivity of some variables to short-term changes, or the preservation of the
athletes” functional status following intense training loads, as previously reported by Davis et al. [28].
To minimize external interference, all sessions were conducted at the same time of day, in a controlled
environment, by a single experienced evaluator, using a crossover design with a seven-day washout
period, in accordance with methodological recommendations for clinical trials with small samples
[31]. Nevertheless, further longitudinal studies with larger samples, multiple intervention sessions,
and varying protocols are recommended to deepen the understanding of the physiological effects of
these recovery techniques.

5. Conclusions

In this cross-sectional crossover study, both MM and IPC were evaluated for their acute effects
on muscle damage and neuromuscular performance in elite U-20 soccer players. The findings
revealed that both interventions elicited significant reductions in serum CK levels, an established
marker of muscle damage, suggesting a beneficial effect on post-exercise recovery. Notably, MM
produced an immediate reduction in CK following the first intervention phase (p=0.042), while IPC
demonstrated a delayed but significant effect after the crossover (p=0.028). Despite these biochemical
benefits, neither intervention significantly altered IVC or V] performance, indicating no acute
enhancement, or impairment, of neuromuscular output. These results align with previous evidence
that passive recovery modalities such as MM and IPC may not stimulate sufficient neuromuscular
adaptation to impact strength or power outcomes in the short term.

From a practical standpoint, these findings support the use of MM and IPC as viable recovery
tools to mitigate biochemical markers of muscle stress without compromising performance, a crucial
consideration for high-performance environments where recovery windows are narrow. Coaches
and sports performance practitioners may consider integrating these techniques post-exercise or
between training sessions to facilitate recovery while maintaining neuromuscular readiness. Future

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0738.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 July 2025 d0i:10.20944/preprints202507.0738.v1

9 of 11

investigations should explore the cumulative effects of repeated sessions over time and assess
whether individualized protocols may yield greater functional benefits.

6. Limitations

This study is not without limitations. First, the small sample size, although controlled for by the
crossover design, may limit generalizability. Second, the acute nature of the interventions may not
reflect the cumulative effects of repeated recovery sessions. Third, only biochemical and
neuromechanical markers were assessed; future studies should consider incorporating perceptual
and hormonal indicators to provide a more holistic understanding.
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