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Abstract
Background 
and Study Aim

Short-term recovery occurs between successive exercise bouts in intermittent sports. Intense 
exercise is followed by metabolic accumulation, inflammatory responses, and increased muscle 
discomfort. Static stretching and massage are used as recovery strategies after exercise. Despite 
the use of these approaches, their relative effectiveness in enhancing acute recovery remains a 
subject of practical consideration. This study examined whether a sequenced combination of static 
stretching followed by massage enhances acute recovery more than single-modality interventions 
or passive rest.

Material and 
Methods

Forty-eight male collegiate football players (19–22 years) were randomly allocated to sport massage 
(SM), static stretching (SS), sequenced combination (SC), or passive control (CON). Participants 
completed an incremental treadmill test to induce metabolic and inflammatory stress. A 10-minute 
recovery intervention was applied immediately post-exercise. Blood lactate, interleukin-6 (IL-6), 
creatine kinase (CK), perceived muscle pain (VAS), and knee flexion range of motion (ROM) were 
assessed pre-exercise, post-exercise, and post-recovery. Data were analyzed using ANCOVA (post-
exercise as a covariate), one-way ANOVA of change scores, and linear mixed-effects models (p < 
0.05).

Results No baseline differences were observed between groups (p ≥ 0.724). Significant Group × Time 
interactions were detected for lactate, IL-6, CK, VAS, and ROM (p ≤ 0.003; η²p = 0.20–0.28), 
indicating distinct recovery trajectories. After adjustment for post-exercise values, SC showed 
lower post-recovery lactate (5.18 mmol·L⁻¹) compared with CON (8.74 mmol·L⁻¹; p < 0.001; d = 
0.96) and SS (7.01 mmol·L⁻¹; p = 0.004; d = 0.71). IL-6 and CK were significantly reduced in SC 
compared with CON (p ≤ 0.003; d = 0.82–0.88). Perceived pain was markedly lower in SC (2.4 cm) 
than in CON (5.6 cm; p < 0.001; d = 1.02). ROM improved most in SC (Δ +3.2°), exceeding SS and 
CON (p ≤ 0.039). Change-score analyses confirmed a greater recovery magnitude in SC across all 
outcomes (η² = 0.33–0.44).

Conclusions A sequenced stretch–massage protocol produces superior short-term metabolic, inflammatory, and 
perceptual recovery compared with passive rest. It also demonstrates moderate advantages over 
single-modality strategies. This approach offers a practical and physiologically supported recovery 
method for intermittent sport settings.
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Introduction
Recovery processes influence the restoration of 

physiological and perceptual states after intensive 
exercise. In intermittent sports, repeated high-
intensity efforts are commonly associated with 
metabolic accumulation, inflammatory responses, 
and temporary increases in muscle discomfort. 

These responses may affect movement range, 
perceived pain, and the readiness of athletes to 
perform subsequent activity. Various post-exercise 
strategies are therefore applied to facilitate recovery 
and support the return of functional capacity 
between exercise bouts.

Additionally, high-intensity intermittent sports 
such as football impose substantial metabolic, 
mechanical, and inflammatory stress within short 
competitive windows. Contemporary match analyses 
show repeated sprint efforts, accelerations, and high-
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intensity transitions that markedly elevate blood 
lactate, pro-inflammatory cytokines, and indirect 
markers of muscle damage [1, 2]. Acute elevations in 
interleukin-6 (IL-6) and creatine kinase (CK) reflect 
metabolic strain and sarcolemmal disruption. These 
responses are frequently accompanied by increased 
perceived muscle soreness and transient reductions 
in range of motion (ROM) [3, 4]. In congested match 
schedules, or even within halftime intervals of 
approximately 10–15 minutes, rapid recovery is 
therefore strategically important.

Among practical recovery strategies, sport 
massage and static stretching remain widely 
adopted due to feasibility and minimal equipment 
demands. Massage has been proposed to enhance 
venous return, increase local blood flow, and 
modulate inflammatory signaling pathways [5]. 
Recent mechanistic evidence suggests that post-
exercise massage may attenuate pro-inflammatory 
signaling cascades and influence immune-related 
gene expression in skeletal muscle [6, 7]. Meta-
analytic findings indicate reductions in perceived 
muscle soreness following massage. However, 
effects on metabolic clearance and performance 
recovery remain variable [8, 9].

Static stretching, conversely, is primarily 
implemented to reduce passive stiffness and 
improve viscoelastic compliance of the muscle–
tendon unit. Contemporary research confirms its 
effectiveness in enhancing ROM, likely through 
changes in stretch tolerance and mechanical 
properties rather than structural elongation per se 
[10, 11]. However, evidence supporting stretching 
as a metabolic or inflammatory recovery strategy 
remains inconclusive [12].

Despite extensive investigation of massage 
and stretching as independent interventions, the 
potential interaction between these modalities 
when applied sequentially remains a relevant 
conceptual consideration. Most trials examine 
single-modality interventions compared with 
passive rest. They rarely address whether structured 
sequencing may influence recovery kinetics. From 
a mechanobiological perspective, stretching may 
transiently modify extracellular matrix stiffness 
and muscle viscoelastic behavior. This response 
may prime tissue responsiveness to subsequent 
mechanical loading [13]. Massage applied after such 
viscoelastic priming could enhance microcirculatory 
exchange, facilitate metabolite redistribution, and 
modulate inflammatory signaling more effectively 
than either modality alone [14].

Analysis of research findings has shown that 
post-exercise recovery strategies such as massage 
and static stretching influence physiological and 
perceptual responses following intensive physical 
activity. Researchers report that these modalities 
are associated with changes in metabolic by-product 
clearance, inflammatory signaling, perceived 

muscle discomfort, and joint range of motion 
during the early recovery period. At the same time, 
the organization of recovery interventions remains 
a practical consideration in intermittent sports 
settings where recovery time is limited and several 
physiological processes occur simultaneously. In 
this context, the potential interaction between 
different recovery modalities and their sequencing 
continues to attract attention in applied recovery 
practice. Additionally, many studies assess recovery 
using isolated indicators, frequently focusing 
on perceptual soreness, whereas metabolic, 
inflammatory, muscle damage, and neuromechanical 
responses are often considered separately. This 
study examined whether a sequenced combination 
of static stretching followed by massage improves 
short-term recovery compared with either modality 
alone or passive rest after high-intensity exercise.

Materials and Methods
Participants 
A total of 72 male collegiate football players 

from Universitas Negeri Surabaya were initially 
assessed for eligibility. Following screening, 24 
athletes were excluded because they did not meet 
the inclusion criteria or declined to participate. 
Consequently, 48 participants (aged 19–22 years) 
met the eligibility criteria and were enrolled in 
the study. The participant recruitment, screening, 
allocation, follow-up, and analysis procedures are 
illustrated in Figure 1 (CONSORT flow diagram).

Participants were required to meet the following 
inclusion criteria: (1) active collegiate football 
players who trained at least three times per week, 
(2) aged between 19 and 22 years, and (3) free from 
musculoskeletal injury during the previous three 
months. Exclusion criteria included current lower-
limb pain, metabolic disorders, or the use of anti-
inflammatory medication within the preceding 
three months.

Sample size was determined a priori using 
G*Power software (version 3.1) based on a repeated-
measures experimental design (effect size f = 0.30, 
α = 0.05, statistical power = 0.80, correlation among 
repeated measures = 0.50). The analysis indicated 
a minimum requirement of 44 participants. To 
account for potential attrition and ensure adequate 
statistical power, 48 participants were included in 
the final sample.

The study followed the CONSORT guidelines for 
randomized trials and adhered to the Declaration 
of Helsinki. The study protocol was reviewed and 
approved by the Health Research Ethics Committee, 
Faculty of Medicine, Universitas Negeri Semarang 
(No. 068/KEPK/FK/KLE/2024; approval date: 
January 29, 2024). Ethical clearance was granted in 
accordance with the WHO 2011 standards and the 
2016 CIOMS guidelines. All participants provided 
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written informed consent prior to participation.
Research Design
This study employed a randomized controlled 

parallel-group design with repeated measures to 
examine acute physiological, inflammatory, and 
perceptual recovery responses following high-
intensity exercise. The experimental model was 
designed to simulate short-term half-time recovery 
conditions in intermittent sports. Participants were 
randomly allocated to four groups: Sport Massage 
(SM), Static Stretching (SS), Sequenced Combination 
(SC), and Passive Recovery Control (CON).

All experimental sessions were conducted in 
a controlled laboratory environment (22–24°C; 
50–60% relative humidity) at Universitas Negeri 
Surabaya between 07:00 and 11:00 a.m. to minimize 
circadian variation in metabolic and inflammatory 
responses. Participants were instructed to refrain 
from strenuous exercise for 48 hours, avoid caffeine 
and alcohol for 24 hours, and maintain habitual sleep 
patterns (≥7 hours) prior to testing. Upon arrival, 
hydration status was checked, and participants 
rested quietly in a seated position for 10 minutes 
before baseline assessments.

Following the resting period, baseline (pre-
exercise) measurements were obtained. Resting 
heart rate was recorded. Capillary blood samples 
were then collected from the fingertip for lactate 
analysis. A 5-mL venous blood sample was drawn 
from the antecubital vein to determine interleukin-6 

(IL-6) and creatine kinase (CK). Knee flexion range 
of motion (ROM) of the dominant leg was measured 
using a universal goniometer. Perceived muscle pain 
was assessed using a 10-cm Visual Analogue Scale 
(VAS). All measurements were performed by the 
same trained assessor to ensure consistency.

Participants then performed an incremental 
treadmill protocol designed to induce acute metabolic 
and inflammatory stress. The protocol began at 8 
km·h⁻¹ with a fixed 1% incline. Speed was increased by 
1 km·h⁻¹ every two minutes until volitional exhaustion 
or attainment of ≥90% age-predicted HRmax. Heart 
rate was continuously monitored using chest-strap 
telemetry. This exercise model has been shown to 
elevate blood lactate concentration and stimulate 
acute cytokine responses, including IL-6 release 
[15, 16]. Immediately (within two minutes) after 
cessation of exercise, post-exercise measurements 
were repeated in the following order: capillary blood 
lactate, venous blood sampling (IL-6 and CK), VAS 
assessment, and ROM measurement. Participants 
were then randomly allocated via computer-
generated block randomization to one of four groups: 
Sport Massage (SM), Static Stretching (SS), Sequenced 
Combination (SC), or Passive Recovery Control 
(CON). Allocation was concealed using sealed opaque 
envelopes prepared by an independent researcher. 
Outcome assessors and laboratory technicians were 
blinded to group allocation.

The assigned recovery intervention was 
administered immediately after post-exercise 

Figure 1. CONSORT flow diagram showing participant recruitment, randomization, allocation, follow-up, 
and analysis.
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measurements and lasted 10 minutes. All 
interventions targeted bilateral lower-extremity 
musculature (hamstrings, quadriceps, gastrocnemius, 
and hip flexors) to simulate short-term half-time 
recovery conditions in intermittent sports. Massage 
pressure was standardized at moderate intensity 
(5–6/10 perceived pressure), while stretching 
intensity was applied to the point of mild discomfort 
without pain. For the Sequenced Combination (SC) 
protocol, stretch durations were standardized using 
a metronome (60 bpm) to ensure consistent six-, 
seven-, and eight-count timing sequences.

Immediately following the 10-minute recovery 
period, post-recovery measurements were obtained 
in the same order as previous assessments. Venous 
blood samples were centrifuged at 3000 rpm for 
10 minutes, and serum was stored at −80°C until 
enzyme-linked immunosorbent assay (ELISA) 
analysis for IL-6. CK was analyzed using an automated 
biochemical analyzer. All biochemical assays were 
performed in duplicate, and intra-assay coefficients 
of variation were maintained below 5%. Range of 
motion measurements demonstrated high intra-rater 
reliability (ICC > 0.90). The recovery intervention 
protocols for each group are presented in Table 1.

Measurement
Heart rate (HR) was continuously monitored 

during the exercise protocol using a validated chest-
strap telemetry system (Polar H10) to ensure that 
participants reached ≥90% of age-predicted HRmax. 
Continuous HR monitoring is considered a reliable 
method for quantifying cardiovascular load during 
high-intensity exercise [17, 18]. Capillary blood lactate 
concentration was measured at three time points 

(pre-exercise, immediately post-exercise, and post-
recovery) using a portable lactate analyzer (Lactate Pro 
2). Finger-prick samples were collected using sterile 
lancets, and analysis was performed immediately 
according to manufacturer guidelines [19].

To assess inflammatory and muscle damage 
responses, venous blood samples (5 mL) were 
collected from the antecubital vein at the same 
three time points. Samples were allowed to clot, 
centrifuged at 3000 rpm for 10 minutes, and serum 
was stored at −80°C until analysis. Interleukin-6 
(IL-6) concentrations were determined using 
enzyme-linked immunosorbent assay (ELISA) [20], 
while creatine kinase (CK) activity was analyzed 
using an automated biochemical analyzer [21]. 
IL-6 is recognized as a cytokine responsive to acute 
exercise-induced metabolic stress, and CK is widely 
used as an indirect marker of muscle membrane 
disruption [22]. All biochemical assays were 
performed in duplicate, with intra-assay coefficients 
of variation maintained below 5%.

Perceived muscle pain was assessed using a 10-
cm Visual Analogue Scale (VAS), anchored by “no 
pain” (0) and “worst imaginable pain” (10). The 
VAS is a valid and reliable tool for measuring acute 
exercise-induced muscle discomfort. Participants 
marked their pain level independently, and the score 
was recorded in centimeters [23]. Knee flexion range 
of motion (ROM) was measured using a universal 
goniometer with participants in a standardized 
supine position. Anatomical landmarks were 
identified prior to measurement, and passive flexion 
was applied until a firm end-feel was reached. 
Goniometric assessment of ROM demonstrates high 
intra-rater reliability when standardized procedures 

Table 1. Recovery intervention protocol across groups

Group Duration Procedure Description Muscle Target Intensity 
Standardization

Theoretical 
Rationale

Sport 
Massage 
(SM)

10 min

Sequential effleurage (2 
min), petrissage (3 min), 
tapotement (2 min), and 
shaking (3 min) applied 
rhythmically

Bilateral 
hamstrings, 
quadriceps, 
gastrocnemius, 
and hip flexors

Moderate pressure 
(5–6/10); ~30 
strokes/min

Enhance 
venous return, 
microvascular 
perfusion, and 
neuromuscular 
relaxation

Static 
Stretching 
(SS)

10 min

Passive static stretches 
(20 s hold × 2 sets per 
muscle group) with 
controlled transitions

Same muscle 
groups

Mild discomfort 
without pain

Reduce passive 
muscle stiffness and 
improve viscoelastic 
compliance

Sequenced 
Combination 
(SC)

10 min

Phase 1: 6-count passive 
stretch → shaking + 
friction; Phase 2: 7-count 
stretch → tapotement + 
shaking + rubbing; Phase 
3: 8-count stretch → 
effleurage (closing)

Same muscle 
groups

Stretch counts 
controlled by a 
metronome (60 
bpm); moderate 
manual pressure

Sequenced 
viscoelastic 
priming followed 
by mechanical 
circulatory 
stimulation and 
inflammatory 
modulation

Passive 
Control 
(CON)

10 min Seated quiet rest; no 
physical manipulation — No intervention Natural recovery 

comparison



261

2026

0303
are followed [24].

All measurements were obtained in a fixed order 
(lactate, venous sampling, VAS, ROM) at each time 
point to minimize procedural variability. Outcome 
assessors and laboratory technicians were blinded 
to group allocation to reduce detection bias. Data 
were recorded on standardized laboratory sheets 
and double-checked before statistical analysis.

Statistical Analysis
All statistical analyses were performed using 

SPSS version 26 (IBM Corp., Armonk, NY, USA). 
Statistical significance was set at p < 0.05. Data 
normality was assessed using the Shapiro–Wilk 
test, and homogeneity of variance was examined 
using Levene’s test. Baseline comparability between 
groups was evaluated using one-way ANOVA.

The primary analysis used a linear mixed-effects 
model for repeated measures, with Group (SC, SM, 
SS, CON), Time (baseline, post-exercise, recovery), 
and the Group × Time interaction included as 
fixed effects, and participants treated as a random 
intercept. Models were estimated using restricted 
maximum likelihood (REML) to account for within-
subject correlations.

Blood lactate concentration was defined as the 
primary outcome, while IL-6, CK, VAS pain scores, 
and ROM were treated as secondary outcomes. When 
significant interactions were detected, Bonferroni-
adjusted pairwise comparisons were performed. 
Estimated marginal means and 95% confidence 
intervals (CIs) were reported.

Effect sizes were calculated using partial eta 
squared (η²p) for model effects and Cohen’s d 
for pairwise comparisons. Effect size magnitudes 
were interpreted using conventional thresholds 
(small = 0.2, medium = 0.5, large = 0.8). Additional 
ANCOVA and change-score ANOVA analyses were 
conducted as secondary robustness checks. All 
participants completed the study protocol, and no 
missing outcome data were observed. Analyses were 

therefore performed using complete datasets.

Results
All participants completed the experimental 

protocol without adverse events. Assumptions 
of normality and homogeneity were satisfied for 
all variables (p > 0.05). Descriptive statistics and 
baseline comparisons are presented in Table 2.

Between-group differences at baseline were 
examined using one-way ANOVA. As shown in Table 
2, no significant baseline differences were observed 
across groups for lactate, IL-6, CK, or ROM (p ≥ 
0.724; η² ≤ 0.03), indicating baseline comparability 
between groups.

Post-recovery outcomes adjusted for post-
exercise values are presented in Table 3.

Adjusted post-recovery means were estimated 
using ANCOVA with post-exercise values as 
covariates. Homogeneity of regression slopes was 
verified (Group × Covariate interaction p > 0.05). 
As shown in Table 3, significant between-group 
differences were observed across all physiological 
and perceptual outcomes (p ≤ 0.005). Effect sizes 
ranged from η²p = 0.16 to 0.27.

Bonferroni-adjusted pairwise comparisons are 
presented in Table 4.

As shown in Table 4, Bonferroni-adjusted 
comparisons indicated significant differences 
between SC and CON across all outcomes (p ≤ 0.003; 
d = 0.82–1.02). Differences between SC and SS were 
observed for lactate, VAS, and ROM (p ≤ 0.039), 
whereas comparisons between SC and SM were not 
statistically significant (p ≥ 0.062).

Between-group differences in recovery 
magnitude (Δ scores) are presented in Table 5.

As shown in Table 5, change-score analysis 
indicated significant between-group differences 
across all variables (p < 0.001; η² = 0.33–0.44).

Fixed effects from the linear mixed-effects model 
are presented in Table 6.

Table 2. Baseline Characteristics of Participants

Variable SM (n=12) SS (n=12) SC (n=12) CON (n=12) F(3,44) p η²
Lactate Pre (mmol·L⁻¹) 1.52 ± 0.28 1.49 ± 0.31 1.55 ± 0.26 1.50 ± 0.30 0.24 0.867 0.02
IL-6 Pre (pg·mL⁻¹) 1.12 ± 0.21 1.09 ± 0.25 1.15 ± 0.22 1.10 ± 0.24 0.16 0.923 0.01
CK Pre (U·L⁻¹) 148.6 ± 17.9 151.2 ± 19.4 149.3 ± 18.6 150.5 ± 16.8 0.07 0.975 0.01
ROM Pre (°) 130.8 ± 3.4 129.9 ± 3.8 131.2 ± 3.1 130.1 ± 3.6 0.44 0.724 0.03

Note. Data are presented as mean ± SD.

Table 3. Post-Recovery Outcomes Adjusted for Post-Exercise Values (ANCOVA)

Variable SM Adj. Mean 
(95% CI)

SS Adj. Mean 
(95% CI)

SC Adj. Mean 
(95% CI)

CON Adj. Mean 
(95% CI) F(3,43) p Partial 

η²
Lactate 6.12 (5.48–6.76) 7.01 (6.32–7.70) 5.18 (4.60–5.76) 8.74 (7.96–9.52) 6.84 0.001 0.23
IL-6 3.21 (2.73–3.69) 3.84 (3.32–4.36) 2.71 (2.27–3.15) 4.92 (4.34–5.50) 5.97 0.002 0.19
CK 214.6 (189.5–239.7) 225.1 (198.4–251.8) 198.3 (174.0–222.6) 247.5 (216.6–278.4) 4.88 0.005 0.16
VAS 3.2 (2.6–3.8) 3.8 (3.1–4.5) 2.4 (1.9–2.9) 5.6 (4.8–6.4) 7.21 <0.001 0.27
ROM 129.7 (127.4–132.0) 128.9 (126.5–131.3) 132.4 (130.2–134.6) 125.6 (122.9–128.3) 6.15 0.001 0.20

Note. Data are presented as adjusted post-recovery means with 95% confidence intervals.
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Table 4. Bonferroni-Adjusted Pairwise Comparisons (Adjusted Means)

Variable Comparison Mean Difference 95% CI Cohen’s d p

Lactate
SC vs CON −3.02 −4.21 to −1.83 0.96 <0.001
SC vs SS −1.84 −3.02 to −0.66 0.71 0.004
SC vs SM −0.98 −2.01 to 0.05 0.45 0.062

IL-6
SC vs CON −1.28 −2.11 to −0.45 0.82 0.002
SC vs SS −0.74 −1.52 to 0.04 0.48 0.068
SC vs SM −0.39 −1.12 to 0.34 0.29 0.284

CK
SC vs CON −34.6 −57.8 to −11.4 0.88 0.003
SC vs SS −21.4 −43.1 to 0.3 0.52 0.054
SC vs SM −12.2 −32.8 to 8.4 0.30 0.241

VAS
SC vs CON −2.31 −2.89 to −1.73 1.02 <0.001
SC vs SS −0.93 −1.56 to −0.30 0.68 0.006
SC vs SM −0.52 −1.10 to 0.06 0.41 0.072

ROM
SC vs CON +4.18 1.72 to 6.64 0.84 0.002
SC vs SS +2.36 0.12 to 4.60 0.56 0.039
SC vs SM +1.41 −0.71 to 3.53 0.33 0.186

Note. Mean differences are based on adjusted means from ANCOVA. Cohen’s d values are reported as effect 
sizes.
Table 5. Between-Group Differences in Recovery Magnitude (Δ Scores)

Variable SM 
(Mean ± SD)

SS 
(Mean ± SD)

SC 
(Mean ± SD)

CON 
(Mean ± SD) F(3,44) p η²

Δ Lactate (mmol·L⁻¹) 3.8 ± 0.9 3.1 ± 0.8 4.7 ± 1.0 1.6 ± 0.7 9.42 <0.001 0.39
Δ IL-6 (pg·mL⁻¹) 1.9 ± 0.6 1.5 ± 0.5 2.4 ± 0.7 0.9 ± 0.4 8.11 <0.001 0.36
Δ CK (U·L⁻¹) 58.3 ± 18.4 47.6 ± 16.9 72.8 ± 20.2 29.5 ± 14.3 7.25 <0.001 0.33
Δ VAS 2.8 ± 0.7 2.3 ± 0.6 3.5 ± 0.8 1.2 ± 0.5 11.63 <0.001 0.44
Δ ROM (°) +1.8 ± 1.4 +1.1 ± 1.3 +3.2 ± 1.6 −0.5 ± 1.2 8.94 <0.001 0.38

Note. Change scores (Δ) were calculated as post-exercise minus post-recovery values (ROM reversed to 
reflect improvement).

Table 6. Fixed Effects from Linear Mixed-Effects Model

Variable Fixed Effect F(df) p Partial η² 95% CI

Lactate
Time F(2,88) = 142.6 <0.001 0.76 —
Group F(3,44) = 5.21 0.003 0.26 —
Group × Time F(6,88) = 4.83 <0.001 0.25 0.11–0.39

IL-6
Time F(2,88) = 96.4 <0.001 0.69 —
Group F(3,44) = 4.11 0.012 0.22 —
Group × Time F(6,88) = 3.94 0.002 0.21 0.07–0.34

CK
Time F(2,88) = 88.7 <0.001 0.67 —
Group F(3,44) = 3.47 0.023 0.19 —
Group × Time F(6,88) = 3.62 0.003 0.20 0.06–0.33

VAS
Time F(2,88) = 158.3 <0.001 0.78 —
Group F(3,44) = 6.04 0.001 0.29 —
Group × Time F(6,88) = 5.71 <0.001 0.28 0.14–0.41

ROM
Time F(2,88) = 71.2 <0.001 0.62 —
Group F(3,44) = 4.88 0.005 0.25 —
Group × Time F(6,88) = 4.26 0.001 0.23 0.09–0.36

Note. Linear mixed-effects models included fixed effects for Group, Time, and the Group × Time interaction, 
with a random intercept for participants. Partial eta squared (η²p) indicates effect size.

As shown in Table 6, significant main effects of 
Time were observed for all variables (p < 0.001; η²p 
= 0.62–0.78). Significant Group × Time interactions 
were also detected across all outcomes (p ≤ 0.003; 
η²p = 0.20–0.28).

Longitudinal recovery trajectories across the 

three measurement time points are illustrated 
in Figure 2. As shown in Figure 2, all groups 
demonstrated marked post-exercise increases 
in lactate, IL-6, CK, and VAS, accompanied by a 
reduction in ROM, confirming the physiological 
perturbation induced by the exercise protocol. 
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Figure 2. Recovery trajectories of physiological and perceptual responses following high-intensity exercise 
across intervention groups.

During the recovery phase, the SC group showed a 
greater reduction in lactate, IL-6, CK, and perceived 
muscle pain, as well as a greater restoration of ROM 
compared with the other intervention groups.

Discussion
The present study investigated whether a 

sequenced combination of massage and stretching 
(SC) provides greater short-term recovery than 
sport massage alone (SM), static stretching alone 
(SS), or passive recovery (CON) following high-
intensity treadmill exercise. The results indicate 

that SC was associated with greater reductions in 
blood lactate, IL-6, CK, and perceived muscle pain, 
as well as greater restoration of ROM compared with 
the other recovery conditions. Significant Group × 
Time interactions observed in the mixed-effects 
models indicate differences in recovery trajectories 
between the intervention groups rather than 
isolated differences at a single time point.

The exercise protocol induced physiological 
responses, as reflected by significant main 
effects of Time for lactate, IL-6, and CK (η²p = 
0.62–0.78). These responses indicate that the SC 
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demonstrated lower adjusted post-recovery lactate 
levels compared with CON (d = 0.96) and SS (d = 
0.71), along with a larger change-score reduction 
(Δ = 4.7 ± 1.0 mmol·L⁻¹; η² = 0.39). These results 
indicate differences in post-exercise metabolic 
responses between recovery conditions. Massage 
techniques such as effleurage and petrissage have 
been associated with increased venous return and 
local blood flow, which may facilitate metabolite 
redistribution and oxidation. Evidence regarding 
the effect of massage on lactate removal remains 
inconsistent, although some studies report that 
increased local circulation may support metabolite 
clearance when applied after exercise [25, 26]. 
The addition of stretching in the SC protocol may 
influence tissue viscoelastic properties, which could 
affect metabolite redistribution during recovery. 
However, the present study did not directly assess 
microcirculatory responses.

IL-6 responses showed a similar trend, with 
SC producing lower adjusted concentrations than 
CON (d = 0.82). Although IL-6 is often described 
as a pro-inflammatory cytokine, exercise-induced 
IL-6 also participates in regulatory and metabolic 
signaling processes [27, 28]. The lower post-recovery 
values observed in SC may reflect differences in 
the regulation of acute inflammatory responses. 
Mechanical stimulation from massage has been 
reported to influence inflammatory signaling 
pathways in skeletal muscle [6], whereas stretching 
may reduce passive stiffness and related nociceptive 
input [29]. The sequential application of these 
modalities may therefore influence inflammatory 
responses, although the cellular mechanisms cannot 
be determined from the present data.

Similarly, CK levels, an indirect marker of 
sarcolemmal disruption, were lower in the SC group 
(Δ = 72.8 ± 20.2 U·L⁻¹; η² = 0.33). Acute CK responses 
are influenced by several factors, including 
membrane permeability and perfusion. The 
combined intervention may therefore be associated 
with differences in physiological recovery processes, 
including metabolite clearance and fatigue-related 
responses. Perceived muscle pain showed the 
largest effect among the analyzed variables (η² = 
0.44 for change scores), with SC demonstrating 
lower scores than CON (d = 1.02) and SS (d = 0.68). 
These observations are consistent with studies 
reporting that massage can influence nociceptive 
processing through mechanoreceptor stimulation 
and possible activation of descending inhibitory 
pathways [30]. Stretching may also reduce muscle 
spindle sensitivity and passive stiffness, which can 
affect afferent feedback related to discomfort [31].

ROM restoration also indicates differences 
between recovery conditions. The SC group showed 
a greater increase in knee flexion ROM (Δ = +3.2 ± 
1.6°; η² = 0.38) and higher adjusted post-recovery 
ROM than CON and SS. Static stretching alone was 

associated with smaller changes in ROM, consistent 
with previously reported viscoelastic adaptations 
[32]. The sequential application of stretching and 
massage may influence tissue mechanical responses 
during recovery. One possible explanation is that 
initial stretching temporarily reduces passive 
resistance, which may allow subsequent massage to 
act on tissues with lower stiffness.

One aspect of this study concerns the sequential 
organization of recovery modalities rather than 
their simple combination. The SC protocol 
progressed from controlled stretching counts (6–7–
8 tempo) to varied manual techniques, concluding 
with effleurage. This sequence reflects the concept 
of viscoelastic priming followed by circulatory 
stimulation. From a mechanobiological perspective, 
tissue preconditioning through stretching may 
alter extracellular matrix stiffness and influence 
responsiveness to subsequent mechanical loading. 
Sequential mechanical stimuli may therefore 
interact with the mechanical properties of skeletal 
muscle and influence recovery-related processes 
[33]. However, mechanotransduction pathways were 
not directly assessed in the present study. Differences 
between SC and SM alone were smaller and were not 
consistently statistically significant, although effect 
sizes tended to favor SC. These findings suggest that 
massage contributes substantially to the observed 
recovery responses, while the addition of stretching 
may modify or support these effects.

Based on the analysis of previous research, 
recovery strategies in intermittent sports such as 
football are typically implemented within brief 
intervals between exercise bouts. These recovery 
periods, including halftime or short breaks during 
competition, usually last approximately 10–15 
minutes and represent the practical timeframe 
within which early physiological restoration 
processes occur. The protocol applied in the present 
study was designed to reflect this type of recovery 
interval and to examine how different recovery 
modalities may influence short-term post-exercise 
responses.

The observed differences between recovery 
conditions indicate that the sequencing of stretching 
followed by massage may influence physiological 
and perceptual responses during this limited 
recovery window. These findings suggest that the 
organization and order of recovery interventions can 
affect how athletes respond during early recovery 
following high-intensity exercise. In practical 
settings, such structured combinations of recovery 
methods may therefore represent a feasible strategy 
for managing short-term recovery between bouts of 
intense activity in competitive sport environments.

Limitations of the Study
Several methodological aspects of the study 

should be considered when interpreting the findings. 
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The experimental protocol examined recovery 
responses within a single laboratory session 
following an acute bout of exercise. This design does 
not allow evaluation of delayed responses such as 
muscle damage or inflammatory dynamics over the 
subsequent 24–72 hours, nor cumulative recovery 
effects across repeated training sessions or matches.

The study employed a laboratory-based 
treadmill protocol to induce physiological stress. 
Although this model provides controlled and 
reproducible conditions, it may not fully replicate 
the biomechanical and tactical demands of match 
play in intermittent sports.

Interpretation of physiological mechanisms is 
also limited by the selected outcome variables. The 
analysis included lactate, IL-6, CK, perceived muscle 
pain, and range of motion. Other physiological 
processes involved in recovery, such as autonomic 
regulation, muscle oxygenation, or local perfusion, 
were not directly assessed.

Manual recovery techniques may also involve 
therapist-dependent variability despite the use of 
standardized pressure and tempo procedures.

Conclusions
A sequenced combination of stretching followed 

by massage was associated with improved short-term 
recovery responses compared with passive rest and 
single-modality interventions after high-intensity 
exercise. The findings indicate that organizing 

recovery modalities in a structured sequence may 
influence physiological and perceptual recovery 
during short post-exercise intervals. This approach 
may be considered when designing brief recovery 
protocols in intermittent sports.
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