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Abstract

Background: Delayed-onset muscle soreness (DOMS) significantly impairs functional capacity and exercise tolerance in

sedentary college students. Although massage interventions show promise in promoting recovery from DOMS, comparative

evidence between mechanical and vibration modalities remains limited.

Objectives: To compare the efficacy of mechanical massage (leg massager) versus vibration massage (massage gun) in

promoting acute recovery from exercise-induced DOMS in the lower-limb muscles of collegiate athletes.

Methods: This single-blind (assessor-blinded) randomised controlled trial enrolled 34 sedentary college students (n = 17 per

group), based on an a priori power analysis (G*Power 3.1.9.7; f = 0.25, α = 0.05, power = 0.80), aged 18 - 23 years with a BMI of 18 - 24

kg/m², who underwent exercise-induced gastrocnemius DOMS modelling. Participants were randomly allocated (using a

random number table stratified by baseline VAS scores by an independent researcher) to receive either mechanical massage (leg

massager, 50 - 80 mmHg, five minutes per limb) or vibration massage (massage gun, 50 Hz, five minutes per limb) at 24 hours

post-exercise. The pre-registered primary outcome was pain intensity, measured using the visual analogue scale (VAS) at 24

hours post-intervention. Secondary outcome measures included pain intensity (VAS), pressure pain threshold (PPT), muscle

strength (hand-held dynamometer, HHD), range of motion (ROM), and calf circumference, assessed at baseline, immediately

post-exercise, and at 24, 48, and 72 hours post-exercise. Data were analysed using a two-factor repeated measures ANOVA (time ×

group).

Results: Both groups showed significant time-dependent improvements across all outcomes (P < 0.05). VAS decreased from 24

to 72 hours (mechanical: 4.24 ± 2.04 to 1.49 ± 1.61; vibration: 3.98 ± 2.06 to 0.57 ± 0.68; F = 30.819, P < 0.001), with no between-

group difference (F = 0.598, P = 0.445); the group × time interaction showed a trend toward significance (F = 2.267, P = 0.086). At

the prespecified primary endpoint (VAS at T2, 24 hours post-intervention), the between-group mean difference was 0.26 points

(95% CI: −1.12 to 1.64; Cohen’s d = 0.13), indicating negligible between-group separation. The time effect was large (partial η² =

0.491). At 72 hours, the between-group difference was 0.92 points (95% CI: 0.09 to 1.75; Cohen’s d = 0.74), which did not exceed the

MCID of 1.5 - 2.0 points for acute musculoskeletal pain. PPT, muscle strength, ROM, and calf circumference demonstrated

comparable recovery patterns between groups (all P > 0.05). No adverse events occurred.

Conclusions: Both mechanical and vibration massage interventions were associated with similar patterns of acute recovery

from DOMS, with no statistically or clinically meaningful between-group differences observed in any outcome measure. Because

neither modality demonstrated superiority and the absence of a no-treatment control group precludes definitive attribution of

improvements to the interventions, these findings support the feasibility and tolerability of both devices as non-

pharmacological options for sedentary young adults, pending confirmation in adequately controlled trials.
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1. Background

Delayed-onset muscle soreness (DOMS) is a common

condition characterised by muscle discomfort, stiffness,

tenderness, and functional impairment that typically
emerges 24 to 48 hours after unaccustomed or intense

eccentric exercise, peaks between 24 and 72 hours post-

exercise, and gradually resolves within five to seven days

(1). The pathophysiology of DOMS is multifactorial,

involving mechanical microtrauma to muscle fibres,
inflammatory cascades, oxidative stress, and disrupted

calcium homeostasis (2). Eccentric contractions

generate excessive tensile forces, leading to sarcomere

disruption and myofibrillar protein degradation,

particularly in Type II muscle fibres (3). This damage

triggers secondary inflammatory responses that

sensitise nociceptors and contribute to perceived

muscle soreness (4). Beyond subjective discomfort,

DOMS impairs neuromuscular function, reducing

maximal voluntary contraction force by up to 50% and

compromising proprioceptive acuity (5). While these

consequences are well recognised in athletic contexts,

they are particularly relevant for sedentary individuals,

who lack the repeated-bout conditioning that

attenuates DOMS severity (6). For sedentary young

adults attempting to initiate or maintain an active

lifestyle, DOMS-associated discomfort and functional

limitation may discourage continued exercise

participation, with potential implications for long-term

physical activity levels and chronic disease prevention.

Moreover, engaging in physical activity while DOMS

remains unresolved substantially increases the risk of

secondary musculoskeletal injuries (7-9), further

hindering regular participation.

Various recovery interventions have been used to

manage DOMS, including cryotherapy, contrast water

immersion, active recovery, nutritional

supplementation, and massage-based therapies (10-12).

Among these, massage therapy has gained considerable

attention because of its purported mechanisms,

including enhancing local blood flow, facilitating

metabolic waste removal, reducing muscle stiffness, and

modulating pain perception (13, 14). More recently,

mechanical massage devices—including pneumatic

compression systems and percussive vibration therapy

tools—have emerged as accessible, cost-effective, user-

administered alternatives to traditional manual

massage (15). These modalities deliver rhythmic

mechanical stimulation to superficial and deep

myofascial tissues, potentially modulating pain

pathways (16) and facilitating muscle fibre recruitment

(13). Despite their widespread adoption, the comparative

efficacy of these two device categories for DOMS

recovery remains poorly established. Two systematic

reviews addressing massage-based interventions for

DOMS — Nahon et al. and Torres et al. — identified

considerable methodological heterogeneity across
existing studies (17-19), including the absence of

standardised DOMS induction protocols, reliance on

subjective pain ratings without objective functional

outcomes, insufficient follow-up periods beyond 48

hours, and substantial variability in intervention
parameters. Critically, direct head-to-head RCT evidence

comparing pneumatic compression and percussive

vibration devices for DOMS remains extremely limited,

precluding evidence-based device selection for

clinicians and consumers alike. To our knowledge, no

published RCT has directly compared a pneumatic

compression leg massager with a percussive vibration

massage gun for DOMS recovery. The two systematic

reviews identified do not include such a head-to-head

comparison, and no meta-analysis specifically

addressing this device pairing could be identified. The

present study therefore addresses a specific and unmet

gap in the comparative evidence base.

2. Objectives

Therefore, this randomised controlled trial aims to

systematically compare the acute recovery effects of

mechanical massage (a pneumatic compression leg

massager) and vibration massage (a percussive massage

gun) following exercise-induced gastrocnemius DOMS

(a muscle frequently affected by eccentric exercise

owing to its predominant Type II fibre composition) in a

sedentary college student population. By employing

standardised DOMS induction protocols and

comprehensive, multidimensional outcome

assessments, this study seeks to generate robust

comparative efficacy data to inform evidence-based

recovery strategies. We hypothesised that vibration

massage, through high-frequency mechanoreceptor

activation consistent with gate-control pain modulation

(16), would produce significantly greater reductions in

pain intensity, as measured by the visual analogue scale

(VAS) at 24 hours post-intervention, compared with

pneumatic compression massage.

3. Methods

3.1. Study Design

This study was approved by the Ethics Committee of

Khon Kaen University, Thailand (Approval No.

HE682109). The trial registration number is

https://brieflands.com/journals/asjsm/articles/169855
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[TCTR20251218001]. The registered primary outcome of

the trial was visual analog scale (VAS) pain intensity.

This parallel-group, single-blind (assessor-blinded)

randomised controlled trial was conducted at the

Exercise Laboratory of Guangxi University of Finance

and Economics. The study employed a repeated-

measures design with five assessment time points over

72 hours following exercise-induced DOMS.

3.2. Participants

A total of 42 healthy adults were recruited from

Guangxi University of Finance and Economics (Nanning,

China) via poster advertising. After screening, eight

individuals were excluded because they did not meet

the criteria. Inclusion criteria required participants to

be free of musculoskeletal injury or lower-limb

pathology within the previous six months, not regularly

engaged in structured lower-limb resistance training,

and classified as having low physical activity levels

(Physical Activity Rating Scale [PARS-3] score ≤19,

indicating a small amount of exercise (20). Exclusion

criteria included pregnancy, cardiovascular or

neurological disorders, current use of anti-

inflammatory medication, and prior adverse reactions

to massage therapy. Thirty-four volunteers enrolled and

signed consent forms to participate in the study.

3.3. DOMS Induction Protocol

DOMS was induced using standardised eccentric calf

raises. After warm-up and 1RM determination,

participants performed 7 sets of 15 repetitions at 60%

1RM per leg, with controlled 4-s eccentric lowering to 15°

dorsiflexion, a 1-s hold, and a 1-s concentric return, with

90-s rest between sets.

3.4. Randomisation and Blinding

Following DOMS induction, participants were

randomly allocated to either the mechanical massage

group (MMG, N = 17) or the vibration massage group

(VMG, N = 17) using a random number table, stratified by

baseline VAS pain scores (<5 vs. ≥5) to ensure balanced

pain levels between groups. An independent researcher

not involved in outcome assessment generated the

allocation sequence. Allocation concealment was

achieved through centralised third-party allocation. The

independent researcher exclusively held the allocation

sequence and disclosed individual assignments only at

the moment of intervention delivery, after DOMS

induction was completed. The recruiting investigator

remained unaware of assignments throughout

enrolment, and the treating therapist was informed

only immediately prior to each session. Baseline

equivalence between groups was confirmed using

independent t-tests for all continuous variables (all P >

0.05). Due to the nature of the interventions,

participants and treatment administrators could not be
blinded. However, outcome assessors were fully blinded

to intervention delivery. All outcome measures were

collected by trained evaluators who remained blinded

to group allocation throughout data collection and

analysis. Participants were instructed not to discuss
their intervention with assessors to maintain blinding

integrity. Given that the primary outcome (VAS) is

subjective in nature, potential susceptibility to

expectancy and placebo effects was acknowledged. To

mitigate this risk, objective outcome measures—
including PPT, HHD, ROM, and calf circumference—were

incorporated alongside VAS. The convergent patterns
across subjective and objective outcomes support the

internal validity of the findings.

3.5. Intervention Protocols

Mechanical Massage: Participants sat with their

calves positioned in a pneumatic leg massager (50 - 80

mmHg, second intensity level), which delivered

sequential compression for 5 minutes per limb at 24h

post-exercise.

Vibration Massage: Participants lay prone with

relaxed calves. A percussion gun (50 Hz, 3000 rpm) with

a circular flat head (3.8 cm) was applied at 45° with

consistent pressure (2 - 3 kg/cm²), progressing from

proximal to distal. Each limb received 2.5 minutes of

medial and 2.5 minutes of lateral gastrocnemius
treatment (5 minutes total per limb) at 24h post-

exercise.

3.6. Outcome Measures

All outcome measures were assessed at baseline (T0,

pre-exercise), immediately post-exercise (T1), and at 24

hours (T2, post-intervention), 48 hours (T3), and 72 hours
(T4) post-exercise. The intervention was administered at

24 hours post-exercise, with T2 measurements

conducted immediately following the intervention,

consistent with established DOMS time courses (21).

Trained evaluators conducted assessments blinded to
group allocation. To minimise fatigue effects and

maintain measurement reliability, assessments

followed a standardised sequence: 1. calf circumference,

2. pain intensity (VAS during half-squat), 3. pressure pain

threshold (PPT), 4. range of motion (ROM), and 5. muscle
strength (hand-held dynamometer, HHD). This order

progressed from the least to the most physically

demanding measurements. Participants were

https://brieflands.com/journals/asjsm/articles/169855
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instructed not to disclose their intervention assignment

to evaluators, and assessments were conducted in a

separate room to maintain blinding. Standardised

protocols were followed to minimise inter-rater

variability.

Subjective muscle soreness was quantified using a

100-mm visual analogue scale (VAS), anchored at 0 mm

(no pain) and 100 mm (worst pain imaginable). A review

indicates that the VAS has ρ values ranging from 0.60 to

0.77 in reliability studies and from 0.76 to 0.84 in

validity studies (22), demonstrating adequate

measurement reliability and validity. VAS was assessed

during a standardised half-squat position (thigh parallel

to the ground) to capture movement-evoked pain

representative of DOMS symptoms during daily

activities.

Maximal isometric plantarflexion strength was

assessed using a hand-held dynamometer with

established reliability (ICC = 0.91 - 0.98) (23). Participants

assumed a prone position with the knee fully extended

and the ankle in neutral dorsiflexion. The dynamometer

was positioned perpendicular to the plantar surface of

the foot at the level of the metatarsal heads. Three

maximal isometric contractions (5s each, 60s rest) were

performed. The highest force output (recorded in

Newtons) across the three trials was used for analysis.

Consistent verbal encouragement was provided to

ensure maximal effort.

Mechanical pain sensitivity was quantified using a

hand-held pressure algometer with a 1-cm² probe tip,

demonstrating excellent reliability (ICC = 0.91) (24). The

pressure pain threshold (PPT) was defined as the

minimum pressure intensity required to elicit a pain

sensation. The algometer was applied perpendicular to

the skin at the midpoint of the gastrocnemius muscle

belly, with pressure increasing at a constant rate of 1

kg/cm²/second. Participants indicated when pressure

first became painful, and the value (kg/cm²) was

recorded. Three measurements were taken at each time

point with 30-second intervals, and the mean value was

calculated.

Active ankle plantarflexion ROM was measured using

a standard plastic goniometer following established

reliability protocols (ICC = 0.89 - 0.94) (25, 26).

Participants lay prone with the knee extended and the

foot hanging freely over the edge of the examination

table. The goniometer axis was aligned with the lateral

malleolus, the stationary arm parallel to the fibular

shaft, and the moving arm parallel to the fifth

metatarsal. Participants actively plantarflexed the ankle

to the maximal comfortable range without

compensatory movements, and the angle was recorded

in degrees. Three measurements were taken and

averaged (27).

Muscle swelling was assessed by measuring calf

circumference at the point of maximal girth using a

flexible anthropometric tape measure. Participants

stood with equal weight distribution, and the

measurement was taken with the tape positioned

perpendicular to the long axis of the lower leg. Three

measurements were recorded and averaged, with the

measurement site marked to ensure consistency across

time points. This method of assessing calf

circumference has been shown to have high reliability

[SEM = 0.5 - 0.6 cm; intraclass correlation coefficient

(ICC) = 0.97] (28) and to correlate with muscle volume

(R2 = 0.42) (29).

3.7. Statistical Analysis

Sample size was calculated a priori using G*Power

3.1.9.7 (Franz Faul, University of Kiel, Germany) for

ANOVA: Repeated measures, within-between interaction.

Based on previous studies, a medium effect size of f =

0.25 was assumed, with α = 0.05, power (1−β) = 0.80, two

groups, five measurement time points, a correlation

among repeated measures of 0.50, and a nonsphericity

correction of ε = 0.71, yielding a minimum total sample

size of 26 participants (actual power = 0.808).

Accounting for a 20% anticipated dropout rate, the

required final sample was 34 participants (17 per group).

All statistical analyses were performed using SPSS

version 29.0 (SPSS Inc., Chicago, IL, USA). Baseline

characteristics were compared between groups using

independent t-tests for continuous variables. A two-

factor repeated-measures ANOVA (time × group) was

conducted to examine the effects of time, group, and

their interaction on each outcome measure. The

significance level was set at α = 0.05 for all analyses.

Partial eta-squared (η²) values were calculated as

measures of effect size. Post-hoc pairwise comparisons

were performed when significant main effects or

interactions were detected. Bonferroni correction was

applied to all post-hoc pairwise comparisons to control

the familywise Type I error rate across multiple time-

point comparisons. Prior to analysis, normality was

assessed using the Shapiro-Wilk test, and homogeneity

of variance was confirmed (P > 0.05). Sphericity was

assessed using Mauchly’s test; when the assumption of

sphericity was violated, Greenhouse-Geisser corrections

were applied to degrees of freedom and associated p-

values. Data are presented as mean ± standard deviation

(SD).

4. Results

https://brieflands.com/journals/asjsm/articles/169855
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4.1. Participant Characteristics and Study Completion

A total of 34 participants were enrolled and

randomly allocated to two groups. All participants

completed the study protocol, with no dropouts or

protocol violations. The mechanical massage group

(MMG) comprised seven males and 10 females (mean

age 19.76 ± 1.09 years, BMI 21.22 ± 1.79 kg/m²), whereas the

vibration massage group (VMG) comprised five males

and 12 females (mean age 20.12 ± 1.58 years, BMI 20.83 ±

1.84 kg/m²). Independent t-tests showed no statistically

significant between-group differences in baseline

characteristics (all P > 0.05), confirming successful

randomisation. No adverse events were reported during

the study period.

4.2. Visual Analogue Scale (VAS) Pain Intensity

The results of the two-way repeated measures ANOVA

for VAS pain intensity are summarised in Table 1. A

significant main effect of time was observed (F = 30.819,

P < 0.001, partial η² = 0.491), whereas the main effect of

group was not statistically significant (F = 0.598, P =

0.445, partial η² = 0.019). The time × group interaction

effect was also not significant (F = 2.267, P = 0.086,

partial η² = 0.066).

Although the between-group difference at T4 reached

a medium effect size (d = 0.74), the absolute mean

difference (0.92 points) remained below the commonly

accepted MCID threshold of 1.5 - 2.0 points for acute

musculoskeletal pain, suggesting that the observed

separation is unlikely to represent clinically meaningful

superiority of either intervention.

4.3. Pressure Pain Threshold (PPT)

As shown in Table 2, PPT demonstrated a significant

main effect of time (F = 18.919, P < 0.001, partial η² =

0.372), with no significant main effect of group (F =

0.012, P = 0.919, partial η² = 0.000) or time × group

interaction (F = 0.463, P = 0.763, partial η² = 0.014)

(Figure 1).

At the post-intervention time point (T2), the between-

group mean difference in PPT was −0.01 kg/cm² (95% CI:

−0.52 to 0.50; Cohen’s d = −0.01), confirming negligible

between-group separation at the primary assessment
point.

4.4. Range of Motion (ROM)

Active ankle plantarflexion ROM showed a significant

main effect of time (F = 2.806, P = 0.028, partial η² =

0.081), with no significant main effect of group (F =

0.002, P = 0.961, partial η² = 0.000) or time × group

interaction (F = 0.787, P = 0.536, partial η² = 0.024) (Table

3).

At T2, the between-group mean difference in ROM

was 1.96° (95% CI: −2.90 to 6.82; Cohen’s d = 0.27),

indicating a small, non-significant between-group

effect.

4.5. Muscle Strength (Hand-Held Dynamometer)

Hand-held dynamometry revealed a significant main

effect of time (F = 10.667, P < 0.001, partial η² = 0.250),

with no significant main effect of group (F = 0.002, P =
0.962, partial η² = 0.000) or time × group interaction (F

= 0.488, P = 0.745, partial η² = 0.015) (Table 4).

Strength had not returned to the ≥95% baseline

threshold commonly considered indicative of full

functional recovery, suggesting that the 72-hour

observation window may be insufficient to capture

complete strength restoration following DOMS. At T2,

the between-group mean difference in plantarflexion

strength was 2.36 N (95% CI: −16.42 to 21.14; Cohen’s d =

0.08), confirming a negligible between-group effect at

the post-intervention assessment.

4.6. Calf Circumference

Calf circumference exhibited a significant main

effect of time (F = 3.996, P = 0.004, partial η² = 0.111), with

no significant main effect of group (F = 0.522, P = 0.475,

partial η² = 0.016) or time × group interaction (F = 1.444,

P = 0.223, partial η² = 0.043) (Table 5).

At T2, the between-group mean difference in calf

circumference was 1.04 cm (95% CI: −1.10 to 3.18; Cohen’s

d = 0.33), which remains within the published

measurement error range for this technique (SEM = 0.5 -

0.6 cm) and is therefore unlikely to represent a clinically

meaningful difference.

5. Discussion

We documented immediate post-exercise changes

across all outcomes, an aspect that has received

relatively little attention in previous DOMS research (21,

30). Participants reported mild to moderate pain

immediately after exercise, consistent with acute

muscle damage, before the delayed pain peak typically

observed at 24 hours (11, 21). Concurrent immediate

reductions in muscle strength, pain pressure threshold,

and ankle ROM confirmed acute muscle dysfunction

induced by the eccentric protocol.

The group × time interaction for VAS approached, but
did not reach, statistical significance (F = 2.267, P =

0.086), indicating a possible trend toward greater pain

https://brieflands.com/journals/asjsm/articles/169855
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Table 1. Visual Analog Scale Pain Intensity at Different Time Points a, b

Time Vibration Massage Group (VMG) Mechanical Massage Group (MMG)

T0 0.06 ± 0.22 0.25 ± 0.68

T1 2.17 ± 1.92 c 1.19 ± 1.10 c

T2 3.98 ± 2.06 c 4.24 ± 2.04 c

T3 1.22 ± 0.63 c 1.78 ± 1.0 c

T4 0.57 ± 0.68 c 1.49 ± 1.61 c

a Values are expressed as mean ± SD (N = 34, scores 0 - 10).

b Group × time interaction: P = 0.086.

c P < 0.001 compared to baseline (T0) within the same group.

Table 2. Pressure Pain Threshold at Different Time Points a

Time Vibration Massage Group (VMG) Mechanical Massage Group (MMG)

T0 3.59 ± 0.79 3.46 ± 0.97

T1 2.60 ± 0.92 b 2.60 ± 0.75 b

T2 2.51 ± 0.78 b 2.50 ± 0.73 b

T3 2.56 ± 0.74 b 2.64 ± 0.85 b

T4 2.76 ± 0.75 b 2.69 ± 0.87 b

a Values are are expressed as mean ± SD (N = 34, kg/cm²).

b P < 0.001 compared to baseline (T0) within the same group.

reduction with vibration massage that requires

confirmation in larger trials.

Similar patterns were observed for muscle strength,

pain pressure threshold, ankle ROM, and calf

circumference. All variables showed significant recovery

over time, with no statistically significant group

differences (all P > 0.05), indicating that both

mechanical and vibration massage produced

comparable trajectories of functional and symptomatic

improvement over the 72-hour follow-up. No adverse

events were reported, supporting the short-term safety

and tolerability of both devices in sedentary young

adults.

These findings are generally consistent with previous

literature (17, 18, 31) indicating that massage can

attenuate DOMS symptoms and facilitate the recovery of

muscle function, although the magnitude and duration

of effects vary across studies and modalities (17-19). Our

results extend existing evidence by directly comparing a

mechanical leg massager with a hand-held vibration

massage gun under controlled conditions. Notably, the

between-group difference at T4 (0.92 points) did not

exceed the commonly accepted MCID of 1.5 - 2.0 points

for acute musculoskeletal pain on a 0 - 10 VAS, indicating

that the absence of between-group superiority is not

only statistically but also clinically meaningful.

The near-significant group × time interaction for VAS

suggests a possible advantage of vibration massage for

pain reduction, with a larger absolute decrease in VAS

scores from 24 to 72 hours in the vibration group.

However, given the P-value of 0.086 and modest sample

size, this pattern should be interpreted cautiously and

viewed as hypothesis-generating rather than conclusive.

Future studies with larger samples and greater

statistical power are needed to clarify whether vibration

massage confers clinically meaningful incremental

benefits over mechanical massage for DOMS-related

pain.

It should be noted that the following mechanistic

explanations are speculative, as this trial was not

designed to directly assess physiological mechanisms.

Several mechanisms may underlie the observed

improvements in both groups. First, both modalities are

thought to activate cutaneous and muscle

mechanoreceptors, modulating afferent nociceptive

signalling consistent with gate-control theory (16, 32).

This mechanism may account for the immediate post-

intervention reductions in VAS observed in both groups.

Second, mechanical pressure applied to soft tissues may

https://brieflands.com/journals/asjsm/articles/169855
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Figure 1. Recovery trajectories across all outcome measures following mechanical and vibration massage interventions for exercise-induced DOMS. Panels show (A) Visual
Analogue Scale (VAS) pain intensity, (B) Pressure Pain Threshold (PPT), (C) Ankle Plantarflexion Range of Motion (ROM), (D) Maximal Isometric Plantarflexion Strength, and (E)
Calf Circumference. Data are presented as mean ± SEM (n = 17 per group). The dashed vertical line indicates the timing of the intervention (24h post-exercise). Abbreviations:
VMG, vibration massage group; MMG, mechanical massage group.

Table 3. Range of Motion at Different Time Points a

Time Vibration Massage Group (VMG) Mechanical Massage Group (MMG)

T0 23.44 ± 7.15 22.15 ± 6.76

T1 21.02 ± 7.20 b 19.36 ± 6.29 b

T2 21.63 ± 6.54 23.59 ± 7.86

T3 23.57 ± 8.68 23.07 ± 6.27

T4 23.55 ± 7.59 24.58 ± 7.14

a Values are expressed as mean ± SD (N=34, degrees).

b P < 0.001 compared to baseline (T0) within the same group.

facilitate local circulation and clearance of pro-

inflammatory metabolites such as prostaglandins (13,

14), thereby attenuating peripheral sensitisation

associated with DOMS. Third, vibration-specific effects

(32-34), including activation of muscle spindles and

Golgi tendon organs at 50 Hz, may additionally promote

https://brieflands.com/journals/asjsm/articles/169855
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Table 4. Muscle Strength at Different Time Points a

Time Vibration Massage Group (VMG) Mechanical Massage Group (MMG)

T0 121.83 ± 35.43 117.00 ± 31.75

T1 92.56 ± 44.06 b 91.13 ± 26.62 b

T2 95.25 ± 31.22 b 97.61 ± 24.21 b

T3 103.39 ± 30.98 b 101.72 ± 22.41 b

T4 103.61 ± 27.46 b 107.06 ± 16.68 b

a Values are expressed as mean ± SD (N = 34, Newtons).

b P < 0.001 compared to baseline (T0) within the same group.

Table 5. Calf Circumference at Different Time Points a

Time Vibration Massage Group (VMG) Mechanical Massage Group (MMG)

T0 35.16 ± 3.28 36.00 ± 3.15

T1 35.47 ± 3.07 36.09 ± 3.28

T2 35.08 ± 2.98 36.12 ± 3.37

T3 35.53 ± 3.11 b 36.15 ± 3.01 b

T4 35.48 ± 3.15 c 36.29 ± 3.19 c

a Values are expressed as mean ± SD (N = 34, cm).

b P < 0.05.

c P < 0.001 compared to baseline (T0) within the same group.

neuromuscular relaxation and alter viscoelastic muscle

properties, potentially contributing to the trend toward

greater pain reduction observed in the VMG (P = 0.086).

However, this interpretation should be considered

exploratory and requires confirmation in adequately

powered trials.

This study has several limitations. Most importantly,

the absence of a no-intervention or sham control group

prevents definitive attribution of improvements to the

massage interventions rather than natural recovery (12,

19). Previous studies (11, 17, 21, 30) have reported natural

DOMS recovery rates of approximately 60 - 70% over 72

hours, similar to the reductions observed in both

groups in the present study. Therefore, while our

findings indicate that both massage modalities were

well tolerated and coincided with improvements in

symptoms and function, they do not establish that

either modality accelerates recovery beyond the natural

course. The inclusion of control or sham conditions in

future trials is essential to isolate intervention-specific

effects.

The sample consisted of sedentary college students

aged 18 - 23 years, which limits generalisability to

athletes, older adults, or individuals with underlying
musculoskeletal or metabolic conditions. We evaluated

the effects of a single massage session administered at

24 hours post-exercise; thus, our results may not apply

to different dosing regimens, earlier or repeated

applications, or other muscle groups. In addition, we

focused on subjective pain, muscle strength, ROM, and

calf circumference; we did not include biochemical

markers of muscle damage or inflammation (3, 14),

which could provide insight into potential mechanistic

differences between modalities.

Despite these limitations, our findings have practical

implications. For sedentary or novice exercisers

experiencing gastrocnemius DOMS, both mechanical

and vibration massage appear to be feasible and well-

tolerated strategies that coincide with reductions in

pain and improvements in muscle function over 72

hours. Given the absence of clear superiority of one

modality over the other in our data, clinicians and

practitioners may reasonably base their choice on

device availability, cost, usability, and patient

preference. However, given the lack of a no-intervention

control and the exploratory nature of this trial, these

findings should not be interpreted as definitive

evidence of therapeutic efficacy.

Future research should include adequately powered
randomised controlled trials incorporating no-

https://brieflands.com/journals/asjsm/articles/169855
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treatment and/or sham controls (11, 19), diverse

populations (including recreational and competitive

athletes), and varying massage doses and timings.

Integrating objective biomarkers (14) and longer-term

follow-up would help clarify mechanisms and

determine whether repeated exposure to specific

massage modalities modifies DOMS susceptibility or

longer-term training adaptations.

5.1. Conclusions

Both mechanical massage (leg massager) and

vibration massage (massage gun) produced comparable

effects on recovery from exercise-induced

gastrocnemius DOMS in sedentary college students.

Significant time-dependent improvements were

observed across all outcome measures over 72 hours,

with no statistically significant between-group

differences. Both modalities were safe and well

tolerated, supporting their feasibility and tolerability as

non-pharmacological options in this population,

although efficacy beyond natural recovery cannot be

established from the present design.
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