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positive and negative post-test probability using the 
Lever sign compared to both reference standards, 
caution is warranted due to study quality. Other 
limitations of this study include: limiting the search 
strategy to only those articles written in English or 
French, lack of comparison of subject inclusion and 
exclusion across the studies and primary studies per-
formed in settings of high pre-test probability. Lastly, 
only one author extracted the data points, but both of 
the other authors verified all data points.

CONCLUSION
This meta-analysis summarizes the diagnostic accu-
racy of the Lever sign when used to diagnose ACL 
tear. Based on limited evidence of heterogeneous 
methodological quality, the Lever sign can moder-
ately change post-test probability to rule in or rule 

out an ACL tear in studies with lower risk of bias. 
These results should be interpreted cautiously due 
to the limited number of studies in this review, and 
the likelihood that small sample sizes and study qual-
ity may have affected test accuracy. The Lever sign 
is simple to use and could complement a complete 
physical examination, specifically in contexts where 
the traditional tests may be difficult to execute. The 
evidence for the Lever sign remains scarce and war-
rants additional investigation to guide clinical utility.
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 APPENDIX I. MEDLINE SEARCH STRATEGY

(“Clinical Examination” OR “Clinical Exam”[tiab] OR Physical Examination OR “Physical Exam”[tiab] OR 
“Orthopedic Examination”[tiab] OR “Orthopedic Exam”[tiab] OR “musculo-skeletal examination”[tiab] OR 
“musculo-skeletal examination”[tiab] OR “musculoskeletal exam”[tiab] OR “musculo-skeletal exam”[tiab] OR 
“Clinical evaluation”[tiab] OR “Physical evaluation”[tiab] OR “musculoskeletal evaluation”[tiab] OR “mus-
culo-skeletal evaluation”[tiab] OR “Clinical inspection”[tiab] OR “Physical inspection”[tiab] OR “musculoskel-
etal inspection”[tiab] OR “musculo-skeletal inspection”[tiab] OR “Sensitivity” [tiab] OR “Specificity” [tiab] OR 
“Accuracy” [tiab]) AND (“knee”[MeSH Terms] OR “knee joint”[MeSH Terms] OR Knee[tiab] OR knees[tiab] 
OR “tibiofemoral joint”[tiab] OR “Anterior Cruciate Ligament Injuries”[MeSH Terms] OR ((“Anterior Cruciate 
Ligament”[MeSH Terms] OR “Anterior Cruciate Ligament”[tiab] OR ACL[tiab]) AND (Injury[tiab] OR injuries[tiab] 
OR “injuries”[Subheading] OR tear[tiab] OR tears[tiab] OR “lacerations”[MeSH Terms] OR “lacerations”[tiab] OR 
“laceration”[tiab] OR “rupture”[MeSH Terms] OR “rupture”[tiab] OR “ruptures”[tiab]))) AND (randomized con-
trolled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR randomised[tiab] OR randomization[tiab] 
OR randomisation[tiab] OR placebo[tiab] OR drug therapy[sh] OR randomly[tiab] OR trial[tiab] OR groups[tiab] 
OR Clinical trial[pt] OR “clinical trial”[tiab] OR “clinical trials”[tiab] OR “evaluation studies”[Publication Type] 
OR “evaluation studies as topic”[MeSH Terms] OR “evaluation study”[tiab] OR evaluation studies[tiab] OR 
“intervention studies”[MeSH Terms] OR “intervention study”[tiab] OR “intervention studies”[tiab] OR “case-
control studies”[MeSH Terms] OR “case-control”[tiab] OR “cohort studies”[MeSH Terms] OR cohort[tiab] OR 
“longitudinal studies”[MeSH Terms] OR “longitudinal”[tiab] OR longitudinally[tiab] OR “prospective”[tiab] OR 
prospectively[tiab] OR “retrospective studies”[MeSH Terms] OR “retrospective”[tiab] OR “follow up”[tiab] OR 
“comparative study”[Publication Type] OR “comparative study”[tiab] OR “Cross sectional studies”[mesh] OR 
“cross sectional”[tiab]) NOT (Editorial[ptyp] OR Letter[ptyp] OR Case Reports[ptyp] OR Comment[ptyp]) NOT 
(animals[mh] NOT humans[mh])
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Appendix II. Excluded Studies (Abstract & full text review)

REFERENCES
1. Antinolfi  P, Crisitiani R, Manfreda F, et al. 

Relationship between Clinical, MRI, and 
Arthroscopic Findings: A Guide to Correct Diagnosis 
of Meniscal Tears. Joints. 2017;5(3):164-167.

2. Chong AC, Whitetree C, Priddy MC, Zimmerman PR, 
Haeder PR, Prohaska DJ. Evaluating Different 
Clinical Diagnosis of Anterior Cruciate Ligament 
Ruptures In Providers with Different Training 
Backgrounds. Iowa Orthop J. 2017;37:71-79.

3. Cinque ME, Geeslin AG, Chahla J, et al. The Heel 
Height Test: A Novel Tool for the Detection of 
Combined Anterior Cruciate Ligament and Fibular 
Collateral Ligament Tears. Arthroscopy. 
2017;33(12):2177-2181.

4. Kilinc BE, Kara A, Celik H, Oc Y, Camur S. 
Evaluation of the accuracy of Lachman and Anterior 
Drawer Tests with KT1000 in the follow-up of 
anterior cruciate ligament surgery. Journal of exercise 
rehabilitation. 2016;12(4):363-367.

5. Orlando Junior N, de Souza Leao MG, de Oliveira 
NH. Diagnosis of knee injuries: comparison of the 
physical examination and magnetic resonance 
imaging with the fi ndings from arthroscopy. Rev Bras 
Ortop. 2015;50(6):712-719.

6. Mouton C, Theisen D, Meyer T, et al. Combined 
anterior and rotational knee laxity measurements 
improve the diagnosis of anterior cruciate ligament 
injuries. Knee Surg Sports Traumatol Arthrosc. 
2015;23(10):2859-2867.

7. Geraets SE, Meuffels DE, van Meer BL, Breedveldt 
Boer HP, Bierma-Zeinstra SM, Reijman M. Diagnostic 
value of medical history and physical examination of 
anterior cruciate ligament injury: comparison 
between primary care physician and orthopaedic 
surgeon. Knee Surg Sports Traumatol Arthrosc. 
2015;23(4):968-974.

8. Srisuwanporn P, Wachiratarapadorn S, 
Panyasakulwong R, Thuntong B, Cheecharern S, 
Precha W. Accuracy of a New Stress Radiographic 
Device in Diagnosing Anterior Cruciate Ligament 
Tear. JMed Assoc Thai. 2016;99(4):394-399.

9. Speziali A, Placella G, Tei MM, Georgoulis A, Cerulli 
G. Diagnostic value of the clinical investigation in 
acute meniscal tears combined with anterior 
cruciate ligament injury using arthroscopic fi ndings 
as golden standard. Musculoskeletal surgery. 
2016;100(1):31-35.



The International Journal of Sports Physical Therapy | Volume 13, Number 5 | October 2018 | Page 788

Appendix III. Potential Sources of Support (if reported in study, statements are in quotations)

Appendix IV. QUADAS Values for Accepted Studies.  



ABSTRACT
Background: Although pre-performance massage is frequently used in sports settings, the evidence 
regarding its effects on muscle strength and functional performance is equivocal.

Purpose: The purpose of this systematic review was to synthesize the findings of randomized controlled 
trials (RCTs) investigating the effects of pre-performance massage on strength and functional 
performance.

Study Design: Systematic review with qualitative analysis.

Methods: Eight electronic databases were searched from inception until June 2017. Methodological quality 
of included studies were assessed using Physiotherapy Evidence Database scale. Data was synthesized 
qualitatively.

Results: Nine crossover RCTs with varied methodological qualities met inclusion criteria. Six out of nine 
studies had low quality, while two were of moderate-quality and one was high-quality. Following the 
descriptive analysis using within-group effect sizes of interventions used in included studies, no evidence 
was found to support the use of any kind of massage interventions (passive manual massage or self-mas-
sage) to enhance maximal strength, sprint or jump performances of young healthy subjects. In fact, there 
appears to be limited evidence which implies the negative effects of passive manual massage. In particular, 
longer-duration (> 9 minutes) of massage interventions tended to result in negative effects on lower-limb 
maximal strength, sprint performance and jump height.

Conclusion: In conclusion, the use of longer-duration pre-performance massage cannot be recommended 
for enhancing young athletes’ strength and performance in sprint and vertical jump. More high-quality 
RCTs are necessary to examine overall effects of pre-performance massage on athletes’ performance.

Level of Evidence: 1a

Key Words: Functional performance, muscle strength, pre-performance massage, systematic review
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INTRODUCTION
Pre-performance massage is frequently utilized 
in various sports settings, attempting to prevent 
injuries, increase range of motion, decrease stiffness 
and soreness, and enhance athletes’ maximal 
strength and functional performance during 
competitions.1 Proposed rationales for improved 
strength and functional performance generally 
involve the following; increasing blood flow to pro-
vide more efficient metabolism for muscles,2 releas-
ing trigger points, which are believed to cause muscle 
weakness3 and positive psychological effects, such 
as mood enhancement and increased perceived 
performance.4

The research evidence regarding the immediate 
effects of pre-performance massage to improve 
muscle strength and functional performance is 
equivocal. Some studies have demonstrated that 
massage might inhibit neurological excitability, 
which might theoretically decrease motor outputs.5-7 
However, some authors have speculated that the 
effects of massage on neurological excitability, and 
hence muscle strength and functional performance, 
would depend on the types of massage. Based on 
this assumption, it has been anecdotally suggested 
that superficial and stimulating massage should be 
used before competitions to enhance motor output, 
while deep and relaxing massage should be adopted 
to encourage relaxation and post-exercise recovery. 
However, there is no empirical data to support the 
claim that fast and stimulating massage techniques 
can increase spinal reflex excitability.1

To the best of the authors’ knowledge, there is no 
article which has systematically reviewed relevant 
papers to address this particular clinical question 
‘is pre-performance massage effective to improve 
athletes’ strength and functional performance?’. 
Thus, it would be valuable to undertake a systematic 
review to enable more evidence-based clinical deci-
sion making in sporting environments for clinicians, 
coaches and athletes.

The purpose of this systematic review was to 
 synthesize the findings of randomized controlled 
trials (RCTs) investigating the effects of pre-per-
formance massage on strength and functional 
performance.

METHODS

Study protocol and registration
This systematic review was written in accordance 
with the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) statement.8 

{Liberati, 2009 #29} This review was registered in 
the international prospective register of systematic 
reviews PROSPERO network before the study was 
commenced (registration number CRD42016037609). 

Search strategy
A systematic search was undertaken by one author 
(KM) with seven electronic databases (CINAHL, 
Cochrane Library, Embase, Ichushi, MEDLINE, 
SPORTDiscus and Web of Science) to find relevant stud-
ies. A search in Google Scholar was also undertaken to 
strengthen the comprehensiveness of the search strat-
egy. Databases were searched from inception to June 
2017. After the initial search, duplicates were removed 
and titles and abstracts were screened subsequently. 
Full texts of articles which remained at this stage were 
retrieved and further assessed for eligibility. Reference 
lists of included papers were also hand-searched. 

A clinical question and search terms were developed 
based on a PICO (Participants, Intervention, Compar-
ator and Outcome measures) format for this system-
atic review (Table 1).9 This systematic review included 
all relevant English- and Japanese-language studies. 
Studies with human participants were considered. 
Intervention of interests included any types of mas-
sage (passive manual massage or active self-massage) 
performed immediately before physical exertions. 
Studies examining recovery effects of massage dur-
ing physical exertions were excluded. No limitation 
was set for comparator interventions. Included stud-
ies were required to use specific outcome measures, 
such as maximal muscle strength and/or functional 
performances related to sports, such sprinting, jump-
ing or throwing. In terms of research design, RCTs 
based on the National Health and Medical Research 
Council (NHMRC) hierarchy were considered for 
eligibility.10 Only papers published in peer-reviewed 
academic journals were included.

Assessment of methodological quality
Methodological quality of included studies were 
assessed using Physiotherapy Evidence Database 
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(PEDro) scale.11 This critical appraisal tool has been 
demonstrated to be both reliable and valid.12,13 The 
quality of each study was classified as ‘high’ (7/10 or 
more), ‘moderate’ (5 or 6/10) or ‘poor’ (4/10 or less) 
according to a total score.14

When included studies had been already critically 
appraised in the PEDro database, those scores were 
extracted. All PEDro scores in the databases are based 
on critical appraisal by trained PEDro assessors. The 
remaining papers were independently assessed by 
two reviewers (LD, KY). Discrepancies regarding 
study qualities were mediated through discussion. 
Both reviewers had completed the online PEDro 
scale training program.

Data extraction and synthesis
Data with regards to study designs, sample character-
istics (sample size, age, gender, sports experiences, 
diagnosis, pain level and functional disability), types 
of pre-performance massage, outcome measures, 
results (pre- and post-intervention data, statistical 
significance and effect size if available) and con-
clusions were collected from all included papers. 
Attempts were made to perform subgroup analysis 
on the basis of types of massage (passive massage 
versus self-massage) or outcome measures when 
two or more homogenous studies were available in 
each group.

RESULTS

Study selection
The systematic search process is shown in Figure 
1. The initial electronic database search yielded a 
total of 483 papers. After the exclusion of duplicates 
and irrelevant papers through screening, nine 
papers were chosen for full-text evaluation. After 
a full-text assessment, four papers were excluded 

due to incomplete, unclear or no randomisation 
processes.15-18 Four additional relevant articles were 
identified through references or Google Scholar.3,19-21 
As a result, nine English-language RCTs were 
included in this review.

Study characteristics
A summary of included studies is presented in Table 
2. Nine studies were included as crossover RCTs. 
Although one study used a non-random allocation 
for a control group, this study was also included by 
dismissing the control group and regarding it as a 
crossover RCT.22 Participants were predominantly 
college-age and healthy. The mean sample size 
across the included studies was 56. Sample size 
ranged from 26 to 90 and the cumulative sample size 
was 510 (188 women and 322 men), including dupli-
cate participants in different intervention groups in 
each crossover RCT.

There were 24 intervention or comparator arms in 
the included nine papers. There was a considerable 
variability in types of massage techniques examined. 
Various types of passive massage techniques, such 
as effleurage, petrissage and tapotement were 
performed by physiotherapists, massage therapists 
or masseurs in five papers.21,23-26 Self-massage 
using manual massage device was examined in 
three papers.3,19,20 In the remaining study, passive 
massage was conducted by a custom-made machine 
with a roller-massager.22 The total duration of 
massage interventions ranged from five seconds22 
to 30 minutes.26 In most studies, treatments were 
performed on lower-limb muscles, except for one 
study, where massage was also performed for neck 
and shoulder girdle.26

Comparator interventions included active static 
stretching,19 warm-up exercise,20,25 sham massage 

Table 1. PICO format and search key words.
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or electrophysical agents,3,21,24 motor imagery,3 and 
no intervention. 22,26 In terms of outcome measures, 
strength was evaluated as forms of isometric or 
isokinetic maximal strength, or maximal voluntary 
contraction (MVC) measured via electromyography 
in four studies.19,20,22,24 Vertical jump or drop jump 
height were examined in four studies.3,20,21,23 In the 
drop jump, athletes were instructed to step off the 
30-centimeter step and jump upwardly as high as 
possible.21 Short-distance sprint performance was 
also investigated in four articles.3,23,25,26 Additionally, 
two papers also evaluated balance and agility 
respectively.19,20

Methodological quality
The results of quality assessment are presented in 
Table 3. As three included papers had been already 
evaluated in the PEDro database, those scores were 
utilized.3,20,25 Included studies had a median score of 
4 out of 10, ranging from 3 to 7. Six out of nine studies 
were low-quality, while two studies were moderate-
quality and only one study was considered to be 
high quality. Common methodological flaws were 

no blinding for therapists or participants (100%), 
no allocation concealment (89%), and no blinding 
for assessors, failing to report if 85% participants 
completed reassessments and no intention to treat 
analysis (78%).

Data extraction and synthesis
Due to the absence of common types of massage 
interventions, comparator interventions and 
outcome measures in the included studies, it was 
not appropriate to perform a meta-analysis. A 
qualitative descriptive synthesis of the available data 
was undertaken instead. The subsequent intention 
was to compare within-group effect sizes of different 
interventions by calculating mean changes and 95% 
confidence intervals, based on means and standard 
deviations in each pre- and post-intervention arm 
(Table 4). Since pre-intervention baseline data were 
lacking in three studies, however, it was not possible 
to calculate effect sizes in those studies.3,25,26 Four 
first authors were contacted and requested to provide 
additional data to enable further analysis.19,24-26 
This request was met from two author groups.19,26 

Figure 1. PRISMA fl ow diagram.
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Table 2. Characteristics of included studies.
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Table 3. Critical appraisal of included studies using the PEDRO scale.

Table 4. A comparison of within-group effect sizes, when able to be calculated.
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Considering the apparently different effects of 
massage with different timeframes in chosen studies, 
where the nine-minute duration seemed to be a cut-
off point to determine the effects massage on motor 
outputs, massage for less than nine minutes were 
defined as short-duration massage, while massage of 
nine minutes or longer was defined as long-duration 
for the purposes of this review.

Effects of pre-performance massage on 
maximal muscle strength
Three low-quality studies examined the effects 
of self- or machine assisted massage with a roller 
massager or a foam roller.19,20,22 Two studies showed 
no significant statistical difference between these 
massage interventions and other interventions, such 
as plank exercises and no intervention to improve 
maximal strength or MVC.20,22 The findings in one 
of these studies corresponded with the additional 
analysis with effect sizes, being not clinically 
significant (see Table 4). On the other hand, 
the most recent article found that self-massage 
with a roller massager resulted in significantly 
greater improvement in maximal strength of 
ankle plantarflexors compared to active 30-second 
static stretching.19 However, it should be noted 
that static stretching seemed to decrease maximal 
strength in this study, which was in line with the 
current evidence regarding longer-duration static 
stretching.27-29 In fact, further analysis revealed 
that effect sizes of the massage intervention 
used in this paper turned out to be small and not 
clinically significant (see Table 4). One moderate-
quality study found that a total of 20-minute passive 
massage led to significantly less isokinetic strength 
in knee extension, but not in knee flexion.24

In summary, very limited evidence suggests no 
better immediate effects of massage using a roller 
massager or a foam roller on maximal strength com-
pared to plank exercises or no intervention. There 
is very limited evidence suggesting that self-mas-
sage with a roller massager might be more effective 
than static stretching to improve maximal strength 
immediately. Limited evidence was also found that 
20-minute pre-performance passive massage can 
lead to less maximal strength of knee extensors in 
the short term.

Effects of pre-performance massage on 
vertical jump
Four studies with varied methodological qualities 
investigated the effects of pre-performance massage 
on vertical jump or drop jump. One high-quality 
study found that 15-minute Swedish massage 
significantly compromised vertical jump height 
compared to no intervention.23 In further analysis, 
95% confidence intervals of both interventions 
overlapped, which meant that the difference of 
effects is not significant (Table 4). One moderate-
quality article compared two different 12-minute 
passive massage techniques (petrissage and 
tapotement) and rest (no intervention), and found 
no significant difference between three groups to 
increase vertical jump height.21 The other two low-
quality papers compared self-massage using a foam 
roller or the Stick (Intracell Technology, USA) with 
other interventions, including motor imagery, sham 
electrical stimulation or plank exercises, and found 
no statistically significant difference.3,20

In summary, there is limited evidence which suggests 
15-minute Swedish massage can cause a decrease in 
vertical jump height. Limited evidence also suggests 
that 12-minute passive massage is not more effective 
than no intervention. There was very limited evidence 
which suggests that self-massage with a foam roller or 
the Stick are no more effective than motor imagery, 
sham electrical stimulation or plank exercises.

Effects of pre-performance massage on sprint
In one high-quality study, both 15-minute Swedish 
massage and static stretching led to significantly 
compromised sprint performance compared to rest 
(no intervention).23 Further analysis implied that 
15-minute Swedish massage can have more adverse 
effects on sprint performance with moderate effect 
size, compared to static stretching or rest (see Table 4). 
One low-quality article found no significantly superior 
effects of 30-minute passive massage compared to 
no intervention to increase stride length.26 In one 
low-quality study nine-minute passive massage 
significantly undermined sprint performance 
compared to active warm-up exercises.25 Another 
low-quality paper found that self-massage using the 
Stick did not have superior effects compared to motor 
imagery and electrical stimulation.3 
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In summary, limited evidence also suggests that 
12-minute passive massage is not more effective 
than no intervention to improve vertical jump. 
There is limited evidence which suggests negative 
effects of passive massage (nine to 15 minutes) on 
sprint performance. Limited evidence suggests that 
20-minute passive massage can lead to an acute 
decline in maximal strength of knee extensors. 

DISCUSSION
The aim of this systematic review was to collect, assess 
and synthesise the findings of RCTs investigating 
the immediate effects of pre-performance massage 
on maximal muscle strength and/or functional 
performance. To the best of the authors’ knowledge, 
this paper is the first systematic review addressing 
this clinical question. The systematic search found 
nine crossover RCTs examining the effects of various 
types of massage techniques with varied dosages. 
Meta-analysis was not appropriate due to the absence 
of homogeneity of the included studies. Following 
the descriptive analysis using within-group effect 
sizes of interventions used in included studies, no 
evidence was found to support the positive effects 
of any kinds of massage interventions to enhance 
maximal strength, vertical jump, sprint, agility and 
balance performance of young healthy participants. 
In fact, there appears to be limited evidence which 
indicates the negative effects of passive manual 
massage. In particular, longer-duration (> 9 minutes) 
of passive massage interventions tended to result in 
negative effects on lower-limb maximal strength, 
sprint performance and jump height.23-25

Although it is not entirely clear why massage can 
have negative effects on motor outputs, there are 
several hypotheses. Massage is thought to decrease 
stiffness and lengthen muscles.21 This means that 
massage can result in increased sarcomere short-
ening distance, which can decrease force produc-
tion due to altered force-velocity relationship.30 
Secondly, massage can temporarily increase 
mechanical threshold, decreasing afferent inputs 
from cutaneous tissues.24 This can lead to decreased 
motor unit activation. Thirdly, nociceptive input 
during massage is likely to result in reciprocal 
inhibition in antagonist muscles.31 This might explain 
a compromise in a functional performance, which 

In summary, there is limited evidence which sug-
gests negative immediate effects of passive massage 
(nine to 15 minutes) on sprint performance. Very 
limited evidence suggests that 30-minute passive 
massage or self-massage using the Stick have no 
effects on sprint performance.

Effects of pre-performance massage on 
balance and agility
Balance function was assessed by only one study 
using single-leg balance test.19 This low-quality 
article found that self-massage with a roller massager 
did not improve the results of this test compared to 
active static stretching. Another low-quality study 
evaluated participants’ agility with the 5-10-5-yard 
shuttle run and found no statistically significant 
difference between self-massage with foam roller 
and plank exercises.20

In summary, there is no evidence to suggest positive 
effects of self-massage using a roller massager or a 
foam roller to improve balance or agility.

Effects of short-duration passive 
pre-performance massage
Only one study examined the effects of short-duration 
passive massage.22 In summary, very limited evidence 
suggests that there is no better immediate effects of 
passive massage using a roller massager on maximal 
strength. 

Effects of short-duration active 
pre-performance massage
The effects of short-duration active massage were 
investigated by three studies.3,19,20 In summary, very 
limited evidence suggests that 30-minute passive 
massage or self-massage using the Stick have no effects 
on sprint performance. There is limited evidence 
that that self-massage with a roller massager might 
be more effective than static stretching to improve 
maximal strength of plantar flexors immediately. 
Very limited evidence suggests no superior effects of 
self-massage using a foam roller to improve balance 
or agility, compared to plank exercises.

Effects of long-duration passive 
pre-performance massage
In total, five studies investigated the effects of long-
duration passive pre-performance massage.21,23-26 
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publication bias.35 This review failed to perform a 
subgroup analysis according to the types of massage 
techniques. Since passive manual massage and active 
self-massage might be different in nature and have 
different effects, the absence of a subgroup analysis 
can be another weakness of this review. Due to the 
lack of meta-analysis, it might have been difficult 
to achieve sufficient statistical power to overcome 
potential false negative results in individual studies. 
Lastly, no study investigating upper-limb strength 
or functions, such as throwing in baseball or tennis 
serves, was identified. It is unclear whether the 
findings achieved in this review are applicable to 
upper-limb strength and functions or not.

Implications for Clinical Practice
Based on the findings of this review, the use of pre-
performance massage specifically to improve ath-
letes’ strength and functional performance should 
be reconsidered and challenged. The findings of this 
review indicate that longer duration (>9 minutes) 
passive manual massage techniques should not 
be used for the purposes of immediately enhanc-
ing young athletes’ lower-limb maximal strength, 
vertical jump or sprint performance. Although 
there is no evidence which clearly demonstrates 
positive effects of any types of short-duration pre-
performance massage techniques on strength and 
functional performance, these interventions might 
be justifiable to achieve other outcomes, such as 
increasing range of motion, preventing injuries and 
fatigue, and enhancing athletes’ confidence and 
motivation, based on athletes’ specific demands and 
clinicians’ sound clinical reasoning.

Implications for future research
A great variability in the dosage of massage tech-
niques has been identified. Future research needs 
to investigate potentially time-dependent effects of 
massage. This systematic review has highlighted 
prevalent risk of bias in the current research evi-
dence. Since there is a serious lack of good-quality 
research, all findings in this review were inconclu-
sive. Thus, it is recommended that future research 
should address the following methodological issues. 
Firstly, future research need to collect baseline 
data to allow more statistically accurate analysis. 
Secondly, blinding for assessors should be ensured 

requires coordinated activations of all muscles. In 
addition to these peripheral mechanisms, a recent 
evidence suggests the involvement of central 
modulation. Massage might inhibit corticospinal 
excitability, leading to less motor outputs.32 Lastly, 
massage-induced increased parasympathetic ner-
vous system activity might explain negative effects 
of massage as noted in the included studies.33

Source of bias and limitations of 
included studies
Six out of nine RCTs had low methodological quality, 
which compromised the strength of the overall 
evidence presented in this review. None of the 
included RCTs blinded therapists or participants. 
However, blinding might be inherently difficult 
and impractical due to the nature of massage 
interventions. Most included papers (78%) failed to 
blind assessors, which might have caused observer 
bias.34 Four studies did not collect baseline data for 
primary outcome measures, which made it impossible 
to calculate within-group effect sizes.3,20,25,26 Failure 
to ensure the baseline comparability may also have 
resulted in less statistical precision in their findings. 
One low-quality study failed to report the sampling 
method for a control group, which was another 
source of bias.22

Limitations of this review
Several limitations should be recognized in this 
review. The main limitation in this review lies in 
the fact that the primary outcome measures were 
restricted to immediate improvements in strength 
and functional performance. In fact, all studies 
focused on maximal strength, sprint or jump 
performances, but not other functional outcome 
measures, such as endurance. In reality, however, 
pre-performance massage might be performed 
for various reasons, such as preventing injuries 
and fatigue during sports performance, decreasing 
subjective stiffness and soreness and enhancing 
athletes’ mood and confidence. Therefore, the 
overall effects of pre-performance massage for each 
individual athlete should be considered during the 
clinical decision-making process. This review was 
potentially biased due to its search strategy, where 
only studies published in peer-reviewed journals 
were included. This strategy can be subject to 
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of the methodological quality of clinical trials: a 
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133.

14. Harvey L, Herbert R, Crosbie J. Does stretching 
induce lasting increases in joint ROM? A systematic 
review. Physiother Res Int. 2002;7(1):1-13.

15. MacDonald GZ, Penney MD, Mullaley ME, et al. An 
acute bout of self-myofascial release increases range 
of motion without a subsequent decrease in muscle 
activation or force. J Strength Cond Res. 
2013;27(3):812-821.

16. Goodwin JE, Glaister M, Howatson G, Lockey RA, 
McInnes G. Effect of preperformance lower-limb 
massage on thirty-meter sprint running. J Strength 
Cond Res. 2007;21(4):1028-1031.

17. Wiktorsson-Moller M, Öberg B, Ekstrand J, Gillquist 
J. Effects of warming up, massage, and stretching on 
range of motion and muscle strength in the lower 
extremity. Am J Sports Med. 1983;11(4):249-252.

18. Peacock CA, Krein DD, Silver TA, Sanders GJ, von 
Carlowitz K-PA. An acute bout of self-myofascial 

to avoid observer bias in outcome measurements. 
Thirdly, future studies should conceal allocation in 
order to avoid sampling bias. Furthermore, future 
studies should describe data using exact values for 
mean, standard deviation, effect size and 95% confi-
dence interval. To use critical appraisal tools, such as 
PEDro scale in designing research will lead to higher 
internal validity and a consistency across future 
RCTs, which may allow data pooling in future sys-
tematic reviews. Lastly, future primary or second-
ary studies are required to examine various outcome 
measures, including injury prevention, improve-
ment in range of motion and endurance, and psy-
chological benefits to complement the findings of 
this review and accurately assess the overall effects 
of pre-performance massage for athletes.

CONCLUSIONS
This study systematically reviewed RCTs investigat-
ing the immediate effects of pre-performance mas-
sage on strength and functional performance. Based 
on the narrative synthesis of the findings from nine 
crossover RCTs, there is limited evidence to suggest 
no positive immediate effects of any types of pre-
performance massage on maximal muscle strength, 
sprint, jump, balance and agility performance among 
asymptomatic young subjects. Limited evidence 
also indicates the negative effects of longer-duration 
passive manual massage on lower-limb maximal 
strength, vertical jump and sprint performance. 
Future research with less methodological flaws are 
required to strengthen the evidence identified in 
this review.
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ABSTRACT
Background:  A reliable measure of dynamic postural control is needed for inclusion in the sports-related concussion 
assessment battery. Currently, there is not a clinical gold standard. The Limits of Stability (LOS) test has potential to 
be a useful tool to collect objective data on important dynamic postural stability variables. Psychometric properties of 
the LOS test with healthy young adults are yet to be established. 

Hypothesis/Purpose:  The purpose of this study was to examine the intra-session and test-retest reliability for the 
LOS on the NeuroCom® VSR Sport when performed by young adults. 

Study Design:  Reliability study

Methods:  Twenty-seven healthy university students completed four trials of the LOS in each of two testing sessions 
one week apart. Relative reliability was measured within each session with an intraclass correlation coefficient 
(ICC[3,k]) for Session 1 and Session 2, respectively, on each of the five dependent variables (movement velocity 
[MVL], directional control [DCL], maximum excursion [MXE], endpoint excursion [EPE], and reaction time [RT]) pro-
vided by the Neurocom. Test-retest reliability was assessed using a repeated-measures analysis of variance along with 
an ICC (3,k) for relative reliability. An ICC value of 0.90 or higher was defined as having a high reliability, moderate 
reliability for ICC values between 0.80-0.89, and below 0.80 as questionable.

Results:  The reliability within each session for LOS composite scores for MVL, DCL, and MXE was moderate to high 
(ICC[3,k]=0.89-0.95). These same three variables also had high levels of test-retest reliability (ICC[3,k]=0.95-0.96). 
EPE and RT had moderate reliability over time (ICC[3,k]=0.88) but differences for within session reliability. 

Conclusions:  LOS provides a reliable measure of dynamic postural control for young adults. Two trials are recom-
mended at baseline with the first being an adaptation trial to ensure accuracy of findings. Care needs to be taken 
when interpreting EPE and DCL scores on post-injury tests due to a learning effect for those variables. 

Level of Evidence:  2c

Key Words:  Balance, clinical test, dynamic postural control, reaction time 
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INTRODUCTION
Postural control is used as part of an assessment bat-
tery for diagnosing sports-related concussions (SRC) 
and making return-to-play decisions for college ath-
letes.1,2 The most commonly used tools assess pos-
tural steadiness, such as the ability to stand as still 
as possible under different conditions.2,3 Tests such 
as the Balance Error Scoring System (BESS) are clini-
cally accessible, easy, and inexpensive to perform.4,5 
However, reliability scores of the BESS have been 
found to be less than optimal and this test used in 
isolation may be insufficient for testing the postural 
control skills needed by athletes.6–10 Athletic partici-
pation requires complex dynamic postural control 
and rapid response to changing field conditions put-
ting demands on visual and perceptual motor abili-
ties.11 Tests of postural steadiness are found to return 
to baseline performance levels within three to seven 
days following SRCs;3,12 whereas deficits have been 
found in measures of dynamic postural control for a 
longer period of time, even after clearance for return 
to sport participation.9,13 It appears that tests of pos-
tural steadiness are not sensitive enough to identify 
subtle deficits8,14,15 and to follow changes throughout 
the concussion recovery time period.14,15 Further, 
performance on static and dynamic measures have 
been found to vary independently of each other sug-
gesting that performance on these balance tests are 
not related.15,16 In summary, normal performance on 
a test of postural steadiness may not indicate that a 
person is prepared to accurately respond to dynamic 
demands on the playing field. 

Currently, no gold standard exists for assessment of 
dynamic postural control for the young adult popu-
lation, especially during on-field examination where 
sophisticated equipment may be unavailable or 
cumbersome. Gait studies have provided evidence of 
impaired dynamic postural control processes follow-
ing SRCs, but the specialized equipment required for 
those studies limits clinical applicability.9,14,17 A need 
exists for a clinically accessible test of postural con-
trol that produces consistent, objective information 
about dynamic postural control variables that can 
also identify prolonged impairments. The Limits of 
Stability Test (LOS) performed on the NeuroCom® 
VSR Sport allows quantifiable variables of dynamic 
stability to be obtained in a clinically accessible 

manner due to its portability. Test-retest reliability 
and the practice effect need to be established as 
first steps in determining the usefulness of the LOS 
as part of a SRC management program for college 
athletes. Limits of stability testing has been studied 
using a variety of testing techniques resulting in dif-
fering reliability scores in healthy adolescents and 
young adults.15,18–20 To be clinically useful, an assess-
ment must be able to establish a baseline within a 
few trials due to time constraints when performing 
pre-season testing with college athletes. Test-retest 
reliability of all five of the LOS variables was found 
to be moderate to high when performed on the Neu-
roCom® VSR Sport by healthy adolescents.15 How-
ever, this testing protocol had subjects perform only 
two trials so it is unknown if a true baseline was 
reached.15 

Establishment of a true baseline (prior to injury) 
is important for tests included in a pre-season and 
post-injury SRC management program to determine 
if change in performance can be attributed to injury 
rather than to test inconsistency. Further, test psy-
chometrics need to be established for the population 
of intended use. Therefore, the purpose of this study 
was to examine the intra-session and test-retest reli-
ability for the LOS on the NeuroCom® VSR Sport 
when performed by young adults. 

METHODS

Participants
Twenty-eight healthy university students (7 men, 21 
female; age: 24.4+1.6 years; height: 170.2+9.7 cm) 
volunteered to participate and completed informed 
consent approved by the college Institutional Review 
Board. Participants were recruited by an oral intro-
duction and informed consent documents were left 
for interested individuals to complete. Participants 
had to be between 18 and 30 years old, not currently 
engaged in college sponsored athletics and verbally 
attest to having no injury, illness or condition that 
impaired balance or ability to see the computer 
screen. All participants completed the first testing 
session, but one was unable to schedule follow-up 
testing within the seven to ten day time period; 
therefore 27 participants completed the study. Sam-
ple size was estimated at 24 participants with a type 
I error of a 2-sided test set at 0.05, 80% statistical 
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power, and an effect size of 0.25 for the test-retest 
analysis. 

Measures

The LOS test required participants to stand in a 
designated foot position, about hip width apart, on 
a fixed force plate. The computer screen, placed at 
eye level in front of the participant, depicted a cen-
ter box with eight target boxes equally spaced in an 
elliptical arrangement around the center at the indi-
vidual’s computer-generated limit of stability based 
on height. Participants were instructed to shift their 
weight so that the projection of their COP on the 
computer screen, indicated by an icon, was in the 
center box. All trials started with holding steady in 
the center (Figure 1). Participants were instructed, 
“When you see the circle jump to the target and 
hear the tone, shift your weight to move the icon 
as fast and accurately as you can to the target and 
hold steady until you hear a second tone.” Partici-
pants were free to use whatever movement strategy 
they chose as long as they did not lift or move their 
feet. All trials began with shifting to the target in the 
12:00 (forward) position and moved sequentially in 
a clockwise direction. 

Performance on five programmed variables set by 
the NeuroCom® VSR Sport was recorded for each 
trial in each of the eight directions: reaction time 
(RT), movement velocity (MVL), directional control 
(DCL), maximum excursion (MXE) and endpoint 
excursion (EPE) (Table 1). Reaction time is used as 
a measure of cognitive efficiency.21,22 For the LOS, 
the reaction time is recorded as the time from the 

cue to the time the COP sway exceeds the random 
range indicating volitional movement has begun.23 
Movement velocity is the average speed of the cen-
ter of gravity (COG) shift toward the target mea-
sured in degrees per second. Directional control is 
the amount of movement in the intended direction 
minus the amount of off-axis movement given as a 
percentage. Endpoint excursion is the distance trav-
eled by the COG on the primary attempt to reach 
the target expressed as a percentage of the LOS. End-
point excursion is considered to be a measure of an 
individual’s confidence in approaching their LOS.23 
Maximum excursion is the furthest distance traveled 

Table 1.  Definitions of measurements from the NeuroCom® VSR Sport. 

Figure 1.  Limits of Stability Test. The test begins in the cen-
ter square. The first target is in the forward position and the 
test proceeds in a clockwise direction.
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by the COG in a given trial. Composite scores were 
generated for each of the five variables by averag-
ing the performance across all eight targets within 
a trial. Composite scores were found to demonstrate 
better reliability than individual target scores when 
the LOS was performed by high school students15and 
aligns most closely with the current sample, accord-
ing to the available literature. 

Procedures
Participants attended two data collection sessions 
7.8+0.8 days apart. On both occasions they performed 
the LOS four times in a row with a two-minute break 
between trials to prevent fatigue. Although the num-
ber of trials may lead to overestimation of reliabil-
ity,15 four trials were necessary in each session to 
examine practice effects.24 Demographic information 
was collected before the first trial on testing day one. 
Testing was performed on the NeuroCom® VSR Sport 

(Natus Medical Incorporated, Pleasanton, CA; Figure 
2) with bare feet, and all data were sampled at rate of 
100Hz. Participants were given a one-minute warm-
up to practice shifting their COP in order to move 
the cursor icon to the target positions depicted on 
the computer screen. The force plate was calibrated 
to manufacturer specifications before each testing 
session. Both testing sessions took place in the same 
quiet room and participants were questioned to 
assure no illness or injury occurred between testing 
sessions that could impact performance. 

Statistical analysis
Descriptive statistics were used to find means and 
standard deviations. Normality of data was assessed 
using the Kolmogorov-Smirnov test and the assump-
tion was met (p > 0.05) for all dependent variables 
(reaction time, movement velocity, endpoint excur-
sion, directional control, and maximum excursion). 
The possible presence of systematic error, such as 
a learning effect, was evaluated using a one-way 
repeated measure analysis of variance (RM ANOVA) 
for each of the five different dependent variables 
with trial as the independent variable (trials 1-4). If 
the assumption of sphericity was violated, a Green-
house-Geisser adjustment was implemented. To 
measure relative reliability within each session, an 
intraclass correlation coefficient (ICC), specifically 
an ICC [3,k] model was used.25 The intra-session reli-
ability was calculated separately for Session 1 and 
Session 2. 

To compare differences between sessions, the four 
trials within each session were averaged together. 
Then the test-retest reliability was determined using 
a RM ANOVA for each of the five dependent vari-
ables stated above. A 2-way fixed effects model was 
used to determine the relative reliability (ICC [3,k]). 
An ICC value of 0.90 or higher was defined as hav-
ing a high reliability, moderate reliability for ICC 
values between 0.80-0.89, and below 0.80 as ques-
tionable.26 Ninety-five percent confidence intervals 

Figure 2.  NeuroCom® VSR Sport.
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