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Abstract 
Background: Delayed onset muscle soreness (DOMS) is caused by unaccustomed exercise, especially eccentric exercise, and 
is highly likely to cause skeletal muscle injury. It mainly manifests as ultrastructural changes in skeletal muscle, as well as decreased 
muscle strength, muscle soreness, swelling, and elevated levels of creatine kinase (CK). Vibration training (VT) has been attracting 
increasing attention as a new type of rehabilitation therapy. It can effectively minimize the occurrence and relieve the symptoms of 
DOMS, reduce muscle stiffness and soreness, and reduce serum concentrations of CK and lactate dehydrogenase (LDH). This 
article systematically assessed the impact of VT on the mitigation of DOMS through a meta-analysis to provide updated evidence-
based information.

Methods: Electronic databases such as China Knowledge Network, VIP Electronics, PubMed, EBSCO, and Web of Science 
were searched to identify randomized controlled trials of VT on DOMS. Searches were performed from database creation to 
November 2021. The quality of the literature was assessed using the Cochrane Manual for the Systematic Review of Interventions, 
and meta-analyses were performed using RevMan 5.4 software.

Results: VT intervention in DOMS was shown to effectively reduce subjective pain, improve pain tolerance, and accelerate the 
reduction of serum CK and LDH concentrations. Subgroup analysis of different test time periods showed that subjective pain 
decreased more significantly after 48 hours than after the other 2 time periods, and pain tolerance increased more significantly 
after 72 hours than the other 2 time periods; serum CK was significantly increased after 24 and 48 hours of intervention, but 
showed no significant change compared with the control group after 72 hours. Serum LDH decreased significantly after 24 hours 
of intervention, but there was no significant difference compared with the control group after 48 hours or 72 hours.

Conclusion: VT effectively reduced the subjective pain sensation after DOMS, increased the pain threshold, reduced serum 
LDH and CK concentrations, and accelerated muscle damage repair compared with control interventions. However, the effect of 
improving the range of motion of the joints is not clear and should be studied further.

Registrationnumber: INPLASY2021120115.

Abbreviations: CI = confidence interval, CK = creatine kinase, DOMS = delayed onset muscle soreness, LDH = lactate 
dehydrogenase, MD = mean difference, PPT = pressure pain threshold, ROM = range of motion, SMD = standardized mean 
difference, VAS = visual analog scale.

Keywords: delayed muscle soreness, meta-analysis, pressure pain threshold, serum creatine kinase, subjective pain, vibration 
training

1. Introduction

Delayed onset muscle soreness (DOMS) occurs after high-in-
tensity, high-load strength training or centrifugal contraction 
exercise, and is characterized by muscle soreness and stiffness; 
it can also impair muscle function, and decrease muscle strength 
and joint mobility.[1,2] It usually peaks within 24 to 72 hours 

after activity, with symptoms gradually decreasing after 5 days 
and recovery occurring after around 1 week.[3,4] DOMS may 
result from damage to the cytoskeleton, cell membranes, and 
microscopic muscle fibers in muscles after strenuous centrifugal 
exercise, leading to the production of large quantities of inflam-
matory mediators, and increased levels of serum creatine kinase 
(CK) and myoglobin.[5,6] Previous studies showed the visual 
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analog scale (VAS) and pressure pain threshold (PPT) to be the 
most common and reliable indicators of DOMS, in addition to 
blood and mechanical indicators such as serum CK and lactate 
dehydrogenase (LDH), surface electromyography,[7] and isoki-
netic peak torque.[8]

Although recovery from DOMS can occur within 1 week, 
it greatly affects exercise participation, leading to a reduc-
tion in training effectiveness and exercise capacity; it may 
also increase the risk of injury during exercise, especially 
when returning to sport or training.[9,10] Therefore, it is of 
great importance to select effective treatment modalities to 
gain relief and recovery from athletic muscle fatigue, promote 
improvement in physical exercise function, and reduce the 
risk of injury.

There are currently many tools for sports muscle recovery, 
including stretching, tui na, acupuncture, heat, foam axis roll-
ing, intramuscular effect patches, and transcutaneous electrical 
stimulation,[11–13] but their effectiveness is inconsistent. Although 
analgesics can be used, they have short-term effects and are at 
risk of abuse.[14] Therefore, non-pharmacological adjunctive 
pain relief therapies have become increasingly popular in recent 
years.

Vibration training (VT) is gradually gaining attention as a new 
type of rehabilitation therapy.[15] VT acts on the body through 
mechanical vibrations of different amplitudes and frequencies 
generated by a platform to link the skeletal–muscular–neural 
chain.[16,17] It stimulates neuromuscular excitability, increases the 
frequency of evoked muscle action potentials, enhances neuro-
muscular control, and allows higher muscle grooming and the 
recruitment of muscle fibers, thereby reducing muscle stiffness 
and soreness, and decreasing the occurrence of delayed muscle 
soreness.[18]

To date, 3 systematic reviews[19–21] have reported the effect 
of VT on DOMS; however, these have several shortcomings, 
including an incomplete literature search and single out-
come indicators. Therefore, the present study reviewed the 
research literature on the effect of VT on DOMS remission 
through meta-analysis to provide updated evidence-based 
information.

2. Materials and methods
This systematic review protocol has been registered on 
INPLASY (registration number: INPLASY2021120115), and is 
available in full at https://inplasy.com/inplasy-2021-12-0115/). 
The protocol has been checked against the Preferred Reporting 
Items for Systematic review and Meta-Analysis Protocols 
checklist.[22]

2.1. Eligibility criteria

Studies were included if they were randomized controlled tri-
als of the effect of VT on the treatment of DOMS. They were 
also required to include an experimental group treated with VT 
only (the vibration time, frequency, and duration were not lim-
ited), and a control group treated with stretching, massage, or 
no intervention. The participants were required to: be aged ≥ 18 
years, in good physical condition, and with no contraindica-
tions to exercise; have DOMS induced by exercise; and have no 
lower limb muscle pain, musculoskeletal disorders, neurological 
or cardiovascular diseases. Studies were excluded if they: were 
written in languages other than English or Chinese; involved 
experimental animals; were non-clinical trials or experiments 
of non-interventional design; and were studies for which data 
could not be extracted effectively and the original text was not 
available.

Primary evaluation indicators were VAS, PPT, and serum CK; 
secondary evaluation indicators were LDH and knee mobility 
(ROM).

2.2. Electronic data sources

The following electronic databases were searched from the 
time of their creation to November 2021: China Knowledge 
Network, Weipu Electronics, PubMed, Cochrane Library, 
EBSCO, and the Web of Science.

2.3. Search strategy

The search was performed in PubMed using the following terms: 
whole-body vibration training, vibration training, vibration, VT, 
WBVT, delayed onset muscle soreness, muscle soreness, muscle 
damage, and DOMS. The search strategy is shown in Table 1. 
Different databases have different characteristics and different 
retrieval strategies.

2.4. Literature screening and information extraction

EndNote X9 software was used to cull, merge, and screen 
the retrieved literature. This was performed by 2 research-
ers, and the following information was extracted after read-
ing the abstract and full text: first author, year of publication, 
sample size, intervention, vibration protocol, test assessment 
index, and test duration. If the literature lacked any of this 
information, it was obtained by emailing the authors; studies 
lacking information from other sources or whose authors did 
not respond were excluded.[23] If the 2 researchers disagreed or 
disputed the same piece of literature, a third researcher arbi-
trated the decision.

2.5. Assessment of risk of bias for study quality 
assessment

The risk of bias was assessed by 2 researchers for method-
ological quality following the Risk of bias assessment tool 
in the Cochrane Handbook for Systematic Evaluation of 
Interventions[24] for the screened literature in 6 areas: random 
allocation sequence, allocation scheme concealment, blinding, 
incomplete outcome data, selective reporting of results, and 
other issues. The quality assessment was performed inde-
pendently; in the case of disagreement, a third investigator’s 
opinion was consulted.

2.6. Statistical analysis

Data on the assessment indicators of the included literature 
were processed using meta-analysis software RevMan v.5.4 
provided by the Cochrane Collaboration Network. The mean 
difference (MD) or standardized mean difference (SMD) and 

Table 1 

Search strategy for the PubMed database.

Appendix I Search strategy used in Pubmed database

Number Search terms 

#1 whole-body vibration training [MeSH Major Topic]
#2 vibration training [MeSH Major Topic]
#3 vibration [MeSH Major Topic]
#4 VT[MeSH Major Topic]
#5 WBVT [MeSH Major Topic]
#6 or/#1-#5
#7 delayed onset muscle soreness
#8 muscle soreness,
#9 muscle damage,
#10 DOMS
#11 or/#7-#10
#12 #6 AND #11

https://inplasy.com/inplasy-2021-12-0115/
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95% confidence interval (CI) were used for the analysis of the 
outcomes of all included literature involving continuous vari-
ables. Heterogeneity between the outcomes of included stud-
ies was analyzed using the χ2 test (test level α = 0.1), while the 
magnitude of heterogeneity was determined quantitatively by 
junction I2. Meta-analysis was performed using a fixed effects 
model if there was no heterogeneity in the studies. If statistical 
heterogeneity between studies was identified, the sources were 
further analyzed, and meta-analysis was performed using a ran-
dom effects model after excluding the effect of significant clini-
cal heterogeneity. The level of meta-analysis was set at α = 0.05. 
Funnel plots were used for the included studies to assess the role 
of publication bias as the number of studies exceeded 10.[25]

2.7. Ethics and dissemination

This study used published data that were not linked to individ-
uals, so does not require ethical approval.

3. Results

3.1. Search results and literature screening

Database searches initially retrieved 371 articles, and a further 
3 articles were obtained from other sources. The retrieved arti-
cles were subsequently merged and 82 duplicates were excluded 
using EndNote X9. A total of 62 articles were screened by 
reading the title and abstract, and 30 by reading the full text. 
Sixteen articles were finally included in the meta-analysis based 

on inclusion criteria. The literature screening process and results 
are shown in Figure 1 and Table 2.[26–41]

3.2. Basic characteristics of the included studies

The 16 articles included 431 subjects. Most of the included 
studies (75%) were published between 2012 and 2021.

3.3. Methodological quality evaluation of the included 
literature

Risk assessment findings of the 16 randomized controlled trials 
are shown in Figure 2.

3.4. Meta-analysis

3.4.1. VAS for pain Twelve of the included studies[25–29,32–38,40,41] 
evaluated the effect of VT on subjective pain in DOMS using 
the pain VAS score in a total of 317 subjects. Statistical 
heterogeneity was detected (χ2 = 310.77, P < .01, I2 = 90%), 
so the random effects model was chosen. Meta-analysis results 
showed that SMD = –1.57, 95% CI (–2.15, –1.00), P < .01, 
indicating that VT was significantly better than the control 
intervention in relieving DOMS pain. The SMD was combined 
because of the use of different units of measurement among 
studies. Subgroup analysis of different testing times revealed 
that VT was significantly better than the control intervention 
at relieving pain at 24 hours (SMD = –1.18, 95% CI [–2.04, 

Figure 1. Literature screening process. *PubMed (194), CNKI (7), Web of science (159), EBSCO (5), and VIP (6).
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Table 2

Information extraction from articles.

Author Country DOMS modeling method 
Modeling 

part 

Participants Year
Vibration 

intervention 
Control 

measures Outcomes 
Data time 
point (h) T C T C 

Shen YH
2017[23]

China Frog-leaping exercise (15 per 
group/group, 8 groups). Rest 

time 3 min

Knee 
extensor 
muscles

6 6 20.5 
(1.5)

20.5 
(1.5)

60 s, frequency 35 Hz, 
amplitude 2 mm, 

6 min in total

No inter-
vention

① 24, 48, 72

Fan XJ
2013[24]

China Muscle isokinetic eccentric resis-
tance training, 10 reps/group, 6 
groups, 3 min rest time between 

groups

Knee 
extensor 
muscles

15 15 23.52 
(2.35)

22.64 
(7.37)

Vibration in 
semi-squatting 

position for 1 min

– ①②③ 24, 48, 72

Song FM
2017[22]

China Treadmill-run downhill for 30 min 
at −10°

Knee 
extensor 
muscles

9 9 – – Frequency 30 Hz, 
amplitude 1.5 mm, 

9 min

– ①②③
④⑤

24, 48, 72

Zhong GY
2019[21]

China Full squat frog jump 15 times/
group + weight-bearing half 
squat jump 30 times/group, 

10 groups, rest 120 s between 
groups

Knee 
extensor 
muscles

19 18 19.3 
(1.0)

19.0 
(1.2)

Frequency 50 Hz, 
amplitude 3 mm, 

10 min

No inter-
vention

① 24, 48, 72

Magoffin 
R D

2020[25]

America Maximum strength eccentric 
contraction, 10 times/group, 30 

groups

Knee 
extensor 
muscles

15 15 22.7 (2.9) Frequency 40 Hz, 
amplitude 2.05 mm, 

5 min

No inter-
vention

⑤ 24, 48, 72

Dabbs N C
2015[26]

America Squat with 40% of your body 
weight, 4 groups, rest for 1 min 

between groups

Knee 
extensor 
muscles

16 14 21.0 
(1.9)

22.00 
(1.97)

Frequency 30 Hz, 
amplitude 2–4 mm

No inter-
vention

①②⑤ 24, 48, 72

Aminian-
Far A

2011[27]

Iran Maximum strength eccentric 
contraction, 10 times/group, 
6 groups, rest 3 min between 

groups

Knee 
extensor 
muscles

15 17 21.46 
(2.66)

21.88 
(1.93)

Frequency 35 Hz, 
amplitude 5 mm, 

5 min

No inter-
vention

①②⑤ 24, 48, 72

Fuller J
2015[29]

Australia Muscle isokinetic eccentric resis-
tance training 100 times

Knee 
extensor 
muscles

25 25 22.5 (3.7) Frequency 3 Hz, 20 
min

Massage 
stretch

①③ 24, 48, 72

Timon R
2016[31]

Leah 5-minute warm-up (30% 1 RM) 
and 4 sets of 5 repetitions of 

120% 1RM maximum intensity 
eccentric contraction, 4 min rest 

between sets

Quadriceps 10 10 24.2 
(0.5)

23.4 
(1.4)

Frequency 12 Hz, am-
plitude 4 mm, 1 min/

group, 3 groups, 
30 s recovery 

between groups

No inter-
vention

①③ 24, 48

Rhea M R
2009[32]

Spain Self-weight squat, lower extremity 
resistance and eccentric ex-
ercise, 10 sprint runs with an 

interval of 60 s

Lower limb 
muscles

8 8 36.6 (2.1) For 30 s, the frequen-
cy is 50 Hz; the 

amplitude is 2 mm, 
and for 60 s, the 

frequency is 35 Hz; 
the amplitude is 

2 mm

Stretch ① 24, 48, 72

Bakhtiary 
A H

2007[33]

Spain Treadmill-run downhill for 30 min at 
−10°, 4 km/h

Lower limb 
muscles

25 25 20.6 
(1.9)

20.6 
(2.1)

Frequency 50 Hz,1 
min

No inter-
vention

①②③ 24

Harold 
Akehurst

2021[34]

Iran 60% 1RM weight for knee exten-
sion exercises, 10 reps/group, 

4 groups

Quadriceps 8 8 26 27 Frequency 30 Hz, 
amplitude 4 mm, 

2 min

Stretch ① 24, 48, 72

Kim YS
2007[36]

Germany Biceps use a weight equivalent to 
70% of the maximum number of 
repetitions, slowly descend at the 
same speed and lift with assis-
tance, 10 reps/group, 7 groups, 

rest 4 min between groups

Bicipital 
muscle of 

arm

7 7 18–25 Frequency 26 Hz, 
amplitude 3 mm, 

11 min

Ultrasound ①② 24, 48, 72

Cochrane 
D J

2017[28]

South 
Korea

Muscle isokinetic eccentric resis-
tance training, 6 times/group, 
10 groups, rest 2 min between 

groups

Elbow flexion 
muscle 
group

13 13 21.7 (2.6) Frequency 120 Hz, 
15 min

No inter-
vention

①②
③⑤

24, 48, 72

Kim J Y
2017[30]

New 
Zea-
land

Muscle eccentric contraction train-
ing, 15 times/group, 5 groups, 

1 min rest between groups

Elbow flexion 
muscle 
group

10 10 20 Frequency 60 Hz, 
5 min

No inter-
vention

②③④ 24, 48, 72

Cecilia 
Drennen

2014[35]

South 
Korea

Squat, 4 sets, 1 min rest between 
sets

Quadriceps 15 15 21 (1.9) 21 (1.9) No intervention No inter-
vention

② 24, 48, 72

①Pain visual analogue score (VAS), ②Pressure pain threshold (PPT), ③Sera creatine kinase (CK), ④Lactate dehydrogenase (LDH), ⑤Knee range of motion (ROM).
T = experimental group, C = control group, - = means not mentioned.
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–0.32], P < .01), 48 hours (SMD = –2.55, 95% CI [–3.93, 
–1.18], P < .01), and 72 hours (SMD = –1.40, 95% CI [–2.28, 
–0.52], P < .01) (Fig. 3).

3.4.2. PPT Six of the included studies[29,31,32,35,40,41] evaluated 
the effect of VT on the degree of pain tolerance in DOMS 
using PPT in a total of 154 subjects. Statistical heterogeneity 
was again detected (χ2 = 123.58, P < .01, I2 = 95%), so the 
random effects model was chosen. Meta-analysis showed that 
SMD = 1.23, 95% CI (0.42, 2.04), P < .01, indicating that VT 
was significantly better than the control in improving PPT after 
DOMS. As before, the SMD was combined because different 
units of measurement were used. Subgroup analysis of different 
testing times revealed that VT was significantly better than the 
control at 24 hours (SMD = 0.50, 95% CI [0.08, 0.91], P = .02), 
48 hours (SMD = 1.11, 95% CI [0.3, 1.85], P < .01), and 72 
hours (SMD = 3.57, 95% CI [1.22, 5.92], P < .01) (Fig. 4).

3.4.3. Serum CK Five of the included studies[27,34–36,38] evaluated 
changes in CK concentrations after VT intervention for DOMS 
in a total of 146 subjects. Statistical heterogeneity was detected 
(χ2 = 133.15, P < .01, I2 = 92%), so the random effects model 
was chosen. Meta-analysis showed that SMD = –1.74, 95% 
CI (–2.74, –0.73), P < .01, indicating that the reduction in CK 
after VT intervention for DOMS was significantly better than 
in the control group. SMD was combined as different units of 
measurement had been used. Subgroup analysis of different 
testing times revealed that VT was superior to controls in 
reducing CK at 24 hours (SMD = –1.74, 95% CI [–3.13, –0.34], 
P = .01) and 48 hours (SMD = –6.98, 95% CI [–12.36, –1.61], 
P = .01) post-exercise, but there was no significance at 72 hours 
(SMD = 0.02, 95% CI [–0.68, 0.72], P = .96) (Fig. 5).

3.4.4. LDH Two of the included papers[27,35] evaluated changes 
in LDL concentrations after VT intervention for DOMS in 38 
subjects. Statistical heterogeneity was confirmed (χ2 = 47.91, 
P < .01, I2 = 90%), so random effects model analysis was 
chosen. Meta-analysis showed that SMD = –3.76, 95% CI 
(–5.64, –1.88), P < .01, indicating that the reduction in LDH 

after VT intervention for DOMS was significantly better than in 
the control group. SMD was combined because different units 
of measurement were employed. Subgroup analysis of different 
testing times revealed that VT was superior to the control in 
reducing LDH 24 hours post-exercise (SMD = –2.42, 95% CI 
[–3.30, –1.54], P < .01), but there was no significant difference 
after 48 hours (SMD = –5.18, 95% CI [–14.85, 2.88], P = .19) 
or 72 hours (SMD = –5.18, 95% CI [–14.28, 3.91], P = .26) 
(Fig. 6).

3.4.5. Knee ROM Three papers[27,30,31] reported changes in 
knee mobility after VT on DOMS intervention in 78 subjects. 
Statistical heterogeneity was detected (χ2 = 25.30, P ≤ .01, 
I2 = 72%), so a random effects model was chosen for analysis. 
Meta-analysis showed that MD = 1.92, 95% CI (–1.68, 5.51), 
P = .30, indicating that VT did not outperform the control 
in improving knee mobility. Subgroup analysis of different 
testing times confirmed that VT was not significantly better 
than control interventions at improving knee mobility after 24 
hours (MD = 5.59, 95% CI [–4.17, 15.34], P = .26), 48 hours 
(MD = –1.32, 95% CI [–5.63, 2.98], P = .55), or 72 hours 
(MD = 1.98, 95% CI [–3.49, 7.46], P = .48) (Fig. 7).

3.5. Publication bias

Funnel plot analysis of the included studies using the VAS score 
for pain as an indicator showed that the plots were largely sym-
metrical, indicating there was no significant publication bias 
and that the meta-analysis results are reliable (Fig. 8).

4. Discussion
DOMS is caused by unaccustomed exercise, mainly after high-in-
tensity centrifugal exercise, and results in skeletal muscle injury 
and ultrastructural changes which manifest as muscle soreness, 
stiffness, swelling, decreased strength, and elevated serum CK con-
centrations.[3,19,42] Of the many published DOMS mechanisms, the 
most generally accepted favors the mechanical injury theory, the 

Figure 2. The results of the risk of bias evaluation of the included studies. Figures I and II are respectively the overall risk of bias in the included studies and the 
specific risk assessment of bias in each study. Green means low risk of bias, red means high risk of bias, and yellow means ominous risk of bias. “+” means 
low risk of bias, “-” means high risk of bias, and “?” means unknown risk of bias.
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Figure 3. Meta-analysis of the impact of subjective pain after VT intervention in DOMS. DOMS = delayed onset muscle soreness, VT = vibration training.

Figure 4. Meta-analysis of the effect of VT on the tenderness threshold after DOMS intervention. DOMS = delayed onset muscle soreness, VT = vibration training.



7

Yin et al. • Medicine (2022) 101:42 www.md-journal.com

inflammation theory, and other factors acting together to cause 
DOMS.[1,43–45] Following high-intensity centrifugal exercise, mus-
cle contractile structures within skeletal muscle are at their least 
stable, and myofilaments within muscle fibers fail to coordinate 
movement effectively. This results in excessive stress on single or 
weaker muscle fibers, overstretching to the point of tearing, and 
damage to the muscle membrane, leading to increased intracellu-
lar Ca2+ concentrations, calcium overload phenomena activating 
calpain, the destruction of protein structure, protein degradation, 
autophagy, and inflammatory responses.[46,47]

A total of 5 outcome indicators were included in the pres-
ent study; primary evaluation indicators were the VAS for pain, 

PPT, and serum CK, while secondary evaluation indicators were 
LDH concentrations and knee ROM. Three published system-
atic reviews[19–21] were analyzed, as shown in Table 3. To address 
previous shortcomings,[38,49,50] we include 16 studies written in 
Chinese or English literature for analysis. Our findings revealed 
that after performing VT intervention in DOMS, VAS and CK 
and LDH concentrations decreased significantly relative to con-
trols, and PPT increased significantly, but there was no signifi-
cant improvement in knee mobility.

The VAS is the most common index for evaluating subjective 
pain in DOMS subjects, and is often used in clinics. The PPT 
evaluates the ability to tolerate painful stimuli, with a higher 

Figure 5. Meta-analysis of the influence of CK concentration after VT interferes with DOMS. CK = creatine kinase, DOMS = delayed onset muscle soreness, 
VT = vibration training.

Figure 6. Meta-analysis of the influence of LDH concentration after VT interferes with DOMS. LDH = lactate dehydrogenase, DOMS = delayed onset muscle 
soreness, VT = vibration training.
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pain threshold representing a greater ability to tolerate pain.[7] In 
this study, our meta-analysis results showed that VT intervention 
for DOMS effectively reduced subjective pain, while subgroup 
analysis showed that subjective pain was reduced 24, 48, and 72 
hours after the intervention; the extent of subjective pain reduc-
tion was greater after 48 hours than at the other 2 time periods.

The mechanism by which VT reduces subjective pain could 
involve vibration-induced increases in local blood and lym-
phatic circulation, which improve local muscle temperature and 
skin blood flow, thus reducing the release of pain-causing sub-
stances and promoting the rapid removal of metabolites such as 
lactic acid from the blood to reduce inflammation and relieve 
pain.[37,47,48]

In the 6 papers that reported the results of PPT assessment, 
pain tolerance was shown to increase significantly after VT 
intervention for DOMS compared with the control. Subgroup 
analysis revealed that pain tolerance increased at 24, 48, and 
72 hours after the intervention, with a higher degree of increase 
after 72 hours. A proposed mechanism for increased pain toler-
ance might be that vibration stimulates skin receptors, which in 
turn activate inhibitory neurons in spinal nerves, decrease the 
speed of pain signal transmission, and reduce conduction to 
the brain. Vibration may also decrease creatine sensitivity and 
increase gamma neuron. According to the “gate control theory,” 
vibration improves sensory pathways of the nervous system, 
and “closes” the gate of pain information between the spine and 

Figure 7. Meta-analysis of the influence of VT intervention on DOMS knee range of motion. DOMS = delayed onset muscle soreness, VT = vibration training.

Figure 8. The risk of publication bias in the study of VT’s mitigation effect on DOMS. DOMS = delayed onset muscle soreness, VT = vibration training.
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the brain. This in turn reduces the input of nerve fibers that 
conduct nociception and relieve pain, increasing the amount of 
pain which reduces the input of nociceptive nerve fibers, relieves 
pain, and finally increases the pain tolerance.[19,49]

Serum CK and LDH are used as markers of muscle damage; 
they are significantly increased when skeletal muscle or cardiac 
myocytes are damaged, so are often used to evaluate muscle 
damage after centrifugal exercise.[50–52] Our results show that VT 
intervention for DOMS reduced the CK concentration signifi-
cantly faster than the control intervention, while subgroup anal-
ysis showed that levels were significantly decreased 24 and 48 
hours after the intervention; however this difference was lost by 
72 hours. Similarly, VT intervention for DOMS reduced LDH 
concentrations significantly faster than controls up to 24 hours 
after intervention.

Because the release of serum CK and LDH appears to be caused 
by cell membrane leakage after muscle fiber injury,[1] and centrif-
ugal exercise has the tendency to break muscle fibers and prevent 
the effective recruitment of motor units, it is possible that vibra-
tion induces the activation of potential motor units. This would 
enable sufficient motor unit recruitment,[53] limiting muscle fiber 
breakage and accelerating recovery to a healthy state, thus repair-
ing the ultrastructure of muscle fibers and reducing CK and LDH 
concentrations.[54] High-frequency vibration has previously been 
shown to accelerate local muscle tissue blood circulation,[55,56] 
increase CK levels and nutrient delivery, eliminate metabolic 
waste, and accelerate the repair and remodeling of damaged mus-
cles.[27] However, the effect of VT on the improvement of knee 
mobility was not significant in the present study, which was con-
firmed by subgroup analysis of different time periods.

Our meta-analysis has several limitations. First, only 16 stud-
ies were included, so the sample size was relatively small which 
could have introduced bias. Second, the level of heterogene-
ity between some of the studies was high, and this may have 
impacted on the reliability of our analysis. Finally, the included 
studies reported different modeling sites, methods of DOMS, 
and frequencies, amplitudes, and times of vibration stimula-
tion. This could have reduced the argumentation strength and 
affected the study conclusion. Additionally, outcome evaluation 
indexes in different studies used various units of measurement, 
which may have interfered with the reliability of the outcome. 
Moreover, testing of the outcome indexes adopted 24, 48, and 72 
hours timepoints, which cannot be comprehensively compared.

5. Conclusions
Our meta-analysis showed that VT effectively reduced subjective 
pain after delayed muscle soreness, improved the pain threshold, 

reduced serum LDH and CK concentrations, and accelerated 
muscle injury repair compared with control interventions. 
However, because of reported variations in vibration frequency, 
amplitude, and time settings for VT, and the high level of statis-
tical heterogeneity among studies which resulted in a low level 
of evidence, our findings should be further corroborated. Future 
studies should increase the sample size, include more diverse 
test evaluation indexes, appropriately increase the test dura-
tion, conduct objective assessments to further corroborate the 
authenticity of the efficacy, and provide more evidence-based 
information for the clinical application of vibration training.

Acknowledgments
We thank Sarah Williams, PhD, from Liwen Bianji (Edanz) 
(www.liwenbianji.cn/) for editing the English text of a draft of 
this manuscript.

Author contributions
Conceptualization: Yinkun Yin.
Data curation: Jialin Wang, Hejia Cai.
Formal analysis: Yinkun Yin.
Methodology: Junzhi Sun.
Project administration: Yinkun Yin, Jialin Wang.
Resources: Kangqi Duan.
Software: Yinkun Yin, Hejia Cai.
Supervision: Junzhi Sun, Jialin Wang.
Visualization: Jialin Wang.
Writing – original draft: Yinkun Yin, Jialin Wang.
Writing – review & editing: Junzhi Sun.

References
 [1] Wang J, Zhou Y, Sun JZ, et al. Questions and reflections: ten ques-

tions in the study of exercise physiology. J Chengdu Sport Univ. 
2021;47:118–24.

 [2] Agten CA, Buck FM, Dyer L, et al. Delayed-onset muscle soreness: tem-
poral assessment with quantitative MRI and Shear-Wave ultrasound 
elastography. AJR Am J Roentgenol. 2017;208:402–12.

 [3] Cheung K, Hume P, Maxwell L. Delayed onset muscle sore-
ness: treatment strategies and performance factors. Sports Med. 
2003;33:145–64.

 [4] Lv XH, Gao Y, Liu Q, et al. Sports muscle injury: research progress 
in mechanism, MRI quantitative evaluation and treatment. Chinese J 
Tissue Eng Res. 2021;25:2280–6.

 [5] Geng ZZ, Pei ZW, Yan GL, et al. Meta-analysis of the effect of intra-
muscular patch on delayed-onset muscle soreness. Chinese J Tissue Eng 
Res. 2020;24:5733–40.

Table 3

Analysis of 3 published systematic reviews.

Author/
publication 
year 

Type and quantity of 
included documents Outcomes Conclusion Limitation 

Niu XR
2020[49]

9 randomized controlled trials VAS, PPT, CK, 
ROM, PT

Vibration can relieve the subjective pain after DOMS, 
increase the pain threshold, promote muscle recov-

ery, and improve muscle micro-damage

(1) The included literature is only for 
modeling of lower limb muscles

(2) Meta analysis results are highly 
heterogeneous

(3) Unpublished bias analysis
Lu X
2019[50]

10 randomized controlled 
trials

VAS, CK Vibration intervention can relieve DOMS and reduce 
serum CK concentration

(1) There are fewer outcome indicators
(2) Unpublished bias analysis

Veqar Z
2014[38]

3 randomized controlled trials, 
1 case report, 1 random-

ized crossover experiment, 
3 experimental studies

VAS, PPT Vibration therapy can increase proprioceptive neuro-
muscular function, increase muscle strength and 

potential hormonal response, thereby reducing pain, 
improving mood, and improving lymphatic circulation

(1) The number of randomized controls 
is small

(2) Meta analysis has not been performed
(3) All documents are in English

CK = creatine kinase, LDH = lactate dehydrogenase, PPT = pressure pain threshold, ROM = range of motion, VAS = visual analogue score.

www.liwenbianji.cn/


10

Yin et al. • Medicine (2022) 101:42 Medicine

 [6] Jiang XY, Zhu HF, Lin HQ, et al. Intervention of cold therapy for 
self-limited recovery of delayed muscle soreness. Chinese J Tissue Eng 
Res. 2021;25:3609–13.

 [7] Tan Y, Liu Y, Ye R, et al. Change of bio-electric interferential currents 
of acute fatigue and recovery in male sprinters. Sports Med Health Sci. 
2020;2:25–32.

 [8] Chang WD, Chang NJ, Lin HY, Wu J-H. Effects of acupuncture on 
delayed-onset muscle soreness: a systematic review and meta-analysis. 
Evid Based Complement Alternat Med. 2020;2020:5864057.

 [9] Liao YP, Yu WL. The effect of foam roller exercise on muscle function 
during the recovery from exercise-induced muscle fatigue. Chinese J 
Sports Med. 2017;36:718–21 + 711.

 [10] Zhou ZM, Qi FS. The mechanism and recovery of sports fatigue. J 
Chizhou Univ. 2021;35:97–100.

 [11] Hill K, Cecins NM, Eastwood PR, Jenkins SC. Inspiratory muscle train-
ing for patients with chronic obstructive pulmonary disease: a practi-
cal guide for clinicians. Arch Phys Med Rehabil. 2010;91:1466–70.

 [12] Sayers SP, Knight CA, Clarkson PM, Van Wegen EH, Kamen G. Effect 
of ketoprofen on muscle function and sEMG activity after eccentric 
exercise. Med Sci Sports Exerc. 2001;33:702–10.

 [13] Hu JC, Ma LH, Shi QZ, et al. The therapeutic effects of different mas-
sage techniques on delayed muscle pain. Chinese J Rehabilitation Med. 
2010;25:265–7.

 [14] Meamarbashi A. Herbs and natural supplements in the prevention 
and treatment of delayed-onset muscle soreness. Avicenna J Phytomed. 
2017;7:16–26.

 [15] Geng ZZ, Wang M, Chen J, et al. Research progress in the treatment 
of chronic ankle instability by whole body vibration training. Chinese J 
Rehab Theory Pract. 2019;25:903–7.

 [16] Cardinale M, Bosco C. The use of vibration as an exercise intervention. 
Exerc Sport Sci Rev. 2003;31:3–7.

 [17] Jaime SJ, Maharaj A, Alvarez-Alvarado S, Figueroa A. Impact of low-in-
tensity resistance and whole-body vibration training on aortic hemody-
namics and vascular function in postmenopausal women. Hypertens 
Res. 2019;42:1979–88.

 [18] Wheeler AA, Jacobson BH. Effect of whole-body vibration on delayed 
onset muscular soreness, flexibility, and power. J Strength Cond Res. 
2013;27:2527–32.

 [19] Veqar Z, Imtiyaz S. Vibration therapy in management of delayed onset 
muscle soreness (DOMS). J Clin Diagn Res. 2014;8:Le01–04.

 [20] Niu XR, Li YJ, Fan MH. Meta analysis of the effect of whole body vibration 
training on delayed-onset muscle soreness. China Rehab. 2021;36:38–44.

 [21] Lu X, Wang Y, Lu J, et al. Does vibration benefit delayed-onset muscle sore-
ness?: a meta-analysis and systematic review. J Int Med Res. 2019;47:3–18.

 [22] Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) 2015 state-
ment. Syst Rev. 2015;4:1.

 [23] Zhao Y, Li P, Lu J, et al. Meta-analysis of the effect of blood flow restric-
tion training on the rehabilitation of musculoskeletal pain. Sports Sci J. 
2020;41:65–74.

 [24] Gu HQ, Wang Y, Li W. Application of Cochrane bias risk assessment 
tool in meta-analysis of randomized controlled studies. Chinese J Evid 
Based Med. 2014;188:147–8.

 [25] Han X, Yuan XG. Meta-analysis of extracorporeal shock wave 
therapy for rotator cuff tendinopathy. Chinese J Evid Based Med. 
2021;21:1126–32.

 [26] Zhong GY. Treatment of exercise-induced delayed knee muscle sore-
ness with vibration stimulation plus intramuscular patch. Chinese J 
Tissue Eng Res. 2019;23:4305–9.

 [27] Song FM, Liu BX. Effect of whole body vibration intervention and 
static stretching on delayed onset muscle soreness after eccentric exer-
cise. J Shandong Sport Univ. 2017;33:74–9.

 [28] Shen YH. Comparison of the effects of vibration training and static 
traction on the relief of delayed onset muscle soreness. J Military Phys 
Educ Sports. 2017;36:48–51.

 [29] Fan XJ. The effect of whole body vibration training on delayed-on-
set muscle soreness induced by eccentric exercise. J Tianjin Institute of 
Sport. 2013;28:456–60.

 [30] Magoffin RD, Parcell AC, Hyldahl RD, Fellingham GW, Hopkins JT, 
Feland JB. Whole-body vibration as a warm-up before exercise-in-
duced muscle damage on symptoms of delayed-onset muscle soreness 
in trained subjects. J Strength Cond Res. 2020;34:1123–32.

 [31] Dabbs NC, Black CD, Garner J. Whole-body vibration while squat-
ting and delayed-onset muscle soreness in women. J Athl Train. 
2015;50:1233–9.

 [32] Aminian-Far A, Hadian MR, Olyaei G, Talebian S, Bakhtiary AH. 
Whole-body vibration and the prevention and treatment of delayed-on-
set muscle soreness. J Athl Train. 2011;46:43–9.

 [33] Cochrane DJ. Effectiveness of using wearable vibration therapy to alle-
viate muscle soreness. Eur J Appl Physiol. 2017;117:501–9.

 [34] Fuller JT, Thomson RL, Howe PR, et al. Vibration therapy is no more 
effective than the standard practice of massage and stretching for pro-
moting recovery from muscle damage after eccentric exercise. Clin J 
Sport Med. 2015;25:332–7.

 [35] Kim JY, Kang DH, Lee JH, O S-M, Jeon J-K. The effects of pre-exercise 
vibration stimulation on the exercise-induced muscle damage. J Phys 
Ther Sci. 2017;29:119–22.

 [36] Timon R, Tejero J, Brazo-Sayavera J, Crespo C, Olcina G. 
Effects of whole-body vibration after eccentric exercise on 
muscle soreness and muscle strength recovery. J Phys Ther Sci. 
2016;28:1781–5.

 [37] Rhea MR, Bunker D, Marín PJ, Lunt K. Effect of iTonic whole-body 
vibration on delayed-onset muscle soreness among untrained individu-
als. J Strength Cond Res. 2009;23:1677–82.

 [38] Bakhtiary AH, Safavi-Farokhi Z, Aminian-Far A. Influence of vibration 
on delayed onset of muscle soreness following eccentric exercise. Br J 
Sports Med. 2007;41:145–8.

 [39] Akehurst H, Grice JE, Angioi M, Morrissey D, Migliorini F, Maffulli N. 
Whole-body vibration decreases delayed onset muscle soreness follow-
ing eccentric exercise in elite hockey players: a randomised controlled 
trial. J Orthop Surg Res. 2021;16:589.

 [40] Drennen D. Influence of Whole-Body Vibration on Delayed Onset 
Muscle Soreness. The University of Mississippi; 2014.

 [41] Kim YS, Park HS, Song EM, et al. Effects of whole-body vibration 
on DOMS and comparable study with ultrasound therapy. 2011. 
https://healthdocbox.com/Exercise/77506887-Effects-of-whole-body-
vibration-on-doms-and-comparable-study-with-ultrasound-therapy.
html.

 [42] Ye X, Benton RJ, Miller WM, Jeon S, Song JS. Downhill running 
impairs peripheral but not central neuromuscular indices in elbow 
flexor muscles. Sports Med Health Sci. 2021;3:101–9.

 [43] Hough T. Ergographic studies in muscular fatigue and soreness. J 
Boston Soc Med Sci. 1900;5:81–92.

 [44] Hotfiel T, Freiwald J, Hoppe MW, et al. Advances in delayed-on-
set muscle soreness (DOMS): part I: pathogenesis and diagnostics. 
Sportverletzung Sportschaden. 2018;32:243–50.

 [45] Zhang BT, Whitehead NP, Gervasio OL, et al. Pathways of Ca²+ entry 
and cytoskeletal damage following eccentric contractions in mouse skel-
etal muscle. J Appl Physiol (Bethesda, Md: 1985). 2012;112:2077–86.

 [46] Douglas J, Pearson S, Ross A, McGuigan M. Eccentric exercise: physio-
logical characteristics and acute responses. Sports Medicine (Auckland, 
NZ). 2017;47:663–75.

 [47] Sands WA, McNeal JR, Stone MH, Russell EM, Jemni M. Flexibility 
enhancement with vibration: acute and long-term. Med Sci Sports 
Exerc. 2006;38:720–5.

 [48] Cochrane DJ, Stannard SR, Sargeant AJ, Rittweger J. The rate of muscle 
temperature increase during acute whole-body vibration exercise. Eur J 
Appl Physiol. 2008;103:441–8.

 [49] Melzack R, Wall PD. Pain mechanisms: a new theory. Science (New 
York, NY). 1965;150:971–9.

 [50] Bailey DM, Erith SJ, Griffin PJ, et al. Influence of cold-water immersion 
on indices of muscle damage following prolonged intermittent shuttle 
running. J Sports Sci. 2007;25:1163–70.

 [51] Tozzi U, Santagata M, Sellitto A, Tartaro GP. Influence of kinesio-
logic tape on post-operative swelling after orthognathic surgery. J 
Maxillofacial Oral Surg. 2016;15:52–8.

 [52] Jeon S, Ye X, Miller WM, Song JS. Effect of repeated eccentric exercise 
on muscle damage markers and motor unit control strategies in arm 
and hand muscle. Sports Med Health Sci. 2022;4:44–53.

 [53] Burke D, Hagbarth KE, Löfstedt L, Wallin BG. The responses of human 
muscle spindle endings to vibration during isometric contraction. J 
Physiol. 1976;261:695–711.

 [54] Shinohara M, Moritz CT, Pascoe MA, et al. Prolonged muscle vibration 
increases stretch reflex amplitude, motor unit discharge rate, and force 
fluctuations in a hand muscle. J Appl Physiol. 2005;99:1835–42.

 [55] Piotrowska A, Pilch W, Tota L, et al. Local vibration reduces muscle 
damage after prolonged exercise in men. J Clin Med. 2021;10:5461.

 [56] Liu KC, Wang JS, Hsu CY, Liu C-H, Chen CP, Huang S-C. Low-
frequency vibration facilitates post-exercise cardiovascular autonomic 
recovery. J Sports Sci Med. 2021;20:431–7.

https://healthdocbox.com/Exercise/77506887-Effects-of-whole-body-vibration-on-doms-and-comparable-study-with-ultrasound-therapy.html
https://healthdocbox.com/Exercise/77506887-Effects-of-whole-body-vibration-on-doms-and-comparable-study-with-ultrasound-therapy.html
https://healthdocbox.com/Exercise/77506887-Effects-of-whole-body-vibration-on-doms-and-comparable-study-with-ultrasound-therapy.html

