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ABSTRACT
Background: Limited dorsiflexion range of motion (ROM) has been linked to lower limb injuries. Improving limited 
ankle ROM may decrease injury rates. Static stretching (SS) is ubiquitously used to improve ROM but can lead to 
decreases in force and power if performed prior to the activity. Thus, alternatives to improve ROM without perform-
ance decrements are needed.

Objectives/Purpose: To compare the effects of SS and self massage (SM) with a roller massage of the calf muscles on 
ankle ROM, maximal voluntary contraction (MVC) force F100 (force produced in the first 100 ms of the MVC), electro-
myography (EMG of soleus and tibialis anterior) characteristics of the plantar flexors, and a single limb balance test.

Methods: Fourteen recreationally trained subjects were tested on two separate occasions in a randomized cross-over 
design. After a warm up, subjects were assessed for passive dorsiflexion ROM, MVC, and a single-limb balance test with 
eyes closed. The same three measurements were repeated after 10 minutes (min) of rest and prior to the interventions. 
Following the pre-test, participants randomly performed either SS or SM for 3 sets of 30 seconds (s) with 10s of rest 
between each set. At one and 10 min post-interventions the participants repeated the three measurements, for a third 
and fourth cycle of testing.

Results: Roller massage increased and SS decreased maximal force output during the post-test measurements, with a 
significant difference occurring between the two interventions at 10 min post-test (p < 0.05, ES = 1.23, 8.2% differ-
ence). Both roller massage (p < 0.05, ES = 0.26, ~4%) and SS (p < 0.05, ES = 0.27, ~5.2%) increased ROM immedi-
ately and 10 min after the interventions. No significant effects were found for balance or EMG measures.

Conclusions: Both interventions improved ankle ROM, but only the self-massage with a roller massager led to small 
improvements in MVC force relative to SS at 10 min post-intervention. These results highlight the effectiveness of a 
roller massager relative to SS. These results could affect the type of warm-up prior to activities that depend on high 
force and sufficient ankle ROM. 

Level of Evidence: 2c
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INTRODUCTION
The prevalence of lower limb injuries among athletes 
is extremely high accounting for 50% of all injuries 
among athletes from different sports.1 Limited dorsi-
flexion range of motion (ROM) has been identified as 
a risk factor for knee, ankle, shin and hamstring inju-
ries among trained athletes.2,3,5,6,7 Furthermore, limited 
dorsiflexion was found to be associated with increased 
knee valgus during squatting,8 and greater ground 
reaction forces when landing from a jump.9 These bio-
mechanical alternations strongly correlate with the 
possibility of ACL injuries.8,9,10 Accordingly, improving 
dorsiflexion ROM may reduce injury rates in the lower 
limbs among amateur and elite athletes alike. 

One of the most common methods to improve ROM 
both acutely and chronically is static stretching (SS), 
however, a major limitation of SS is that it could 
lead to decreased power and force production if per-
formed prior to an athletic activity.11 Another alter-
native, which has been growing in popularity, is self 
massage (SM) with either a foam roller or a roller 
massager.12 The individual uses the foam roller or 
roller massager to SM specific areas of the body, 
typically those prone to overuse and injuries, before 
or after a training session. Despite growing popular-
ity, few studies to date have examined the effects 
of SM on ROM and muscle performance. A recent 
study found that two sets of one minute (min) of 
SM using a foam roller on the quadriceps muscles 
improved knee joint ROM for up to 10 min without 
a concomitant deficit in muscle performance.13 In 
the only published study examining the effects of a 
roller massager, it was demonstrated that subjects’ 
hip flexion ROM improved 4.3% immediately fol-
lowing both five and 10 seconds (s) of rolling their 
hamstrings.14 The effect of the roller massager on 
muscles other than the hamstrings has not been 
studied. Furthermore, Sullivan et al14 used a special-
ized device in their research to consistently provide 
thirteen kilograms of pressure while the roller mas-
sager was being used. It is currently not known if 
self-administered rolling provides similar acute 
increases in flexibility as rolling with the constant 
pressure device. Although studies have shown that 
SS and SM are effective for increasing ROM, there 
have not been any studies performed for a direct 
comparison between SS and SM for ROM, balance, 
or muscle force production. 

There is very little information on the effects of SS 
or massage on balance. Behm et al15 reported a 9.2% 
impairment of balance (number of floor contacts with 
a wobble board) following three sets of 45s of SS. Con-
versely, both a single sixty min full body massage and 
six weeks of therapeutic massage improved both static 
and dynamic balance (Center of pressure measures 
using a balance platform) in older adults.16,17 There are 
no studies documenting the effects of treatment using 
a roller massager on balance. Impairments to balance 
would have important consequences for health (fall 
prevention), work safety, and athletic performance.

Because there is a need to find effective and easy-to-
use alternatives to stretching to improve ROM with-
out performance decrements, the aim of this study 
was to compare the effects of SS and SM with a roller 
massage of the calf muscles on ankle ROM, plantar 
flexors’ maximal voluntary contraction (MVC) force 
and force produced in the first 100 ms of the MVC 
(F100), soleus and tibialis anterior electromyogra-
phy (EMG) and single limb balance.

It was hypothesized that both interventions would 
improve ROM, but SS would reduce maximal force, 
F100, and soleus EMG, and decrease balance perfor-
mance. In contrast, it was hypothesized that after the 
roller massager intervention maximal force, F100, EMG, 
and balance values would not be adversely affected.

METHODS

Subjects
Based on a power analysis, fourteen subjects, twelve 
males (70.2 ± 10.4 kg, 175.1 ± 8.8 cm, 23 ± 4 years) 
and 2 females (56.7 ± 3.8 kg, 167.2 ± 2.5 cm, 22 ± 
3 years) were recruited for the study. In order to be 
included, subjects had to perform a minimum 2 days a 
week of physical activity (at least 30 minutes of fitness 
activities such as resistance training or sport activity 
above the aerobic threshold) and have no lower limb 
injuries in the previous year. All subjects provided 
written consent prior to participation provided written 
and informed consent. Memorial University of New-
foundland Human Research Ethics Authority (HREA) 
approved this study (File number 12.241).

Experimental Approach
A randomized cross over design was used to compare 
the effect of SM using a roller massager (Thera-Band, 
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Hygienic Corporation, Akron, OH) and SS of the plan-
tar flexor muscles. Measures included ankle ROM, 
plantar flexors MVC, F100, as well as EMG of the soleus 
and tibialis anterior muscles and balance (Figure 1).

Subjects visited the lab on two different occasions, 
3-6 days apart. Each session began with a warm-up 
consisting of 10 single-legged heel raises while stand-
ing on a step. The pace of the concentric and eccen-
tric contractions was controlled by a metronome set 
at 1 Hz. The subjects performed the dependent vari-
ables in the following order: ankle ROM, plantar flex-
ors MVC (measures included maximum force, F100 
and EMG), and the single-limb balance test. All tests 
were performed barefoot and with the dominant leg 
(assessed as the leg used to kick a soccer ball). Sub-
jects rested for 10 min before performing a second 
set of measurements to serve as a control trial before 
the interventions. Hence, there were 2 sets of pre-
tests. The first pre-test immediately followed the 10 
warm-up contractions, which could have altered the 
phosphorylation of myosin light chains (post-acti-
vation potentiation)18. Since myosin phosphoryla-
tion has been reported to subside 10 min following 
contractions18, the second pre-test was used as the 
control baseline when comparing between the two 
interventions. Both pre-tests were analyzed to deter-
mine if there were significant alterations due to the 
submaximal warm-up contractions. After the second 
cycle of pre-testing, participants performed 1 of the 
2 interventions in a randomized order: SS or SM with 
a roller massager. Both interventions involved three 
repetitions of 30s with 10s rest between each rep-
etition. At one and 10 minutes post-interventions, 
participants performed a third and fourth cycle of 
testing.

Independent Variables
The Roller Massager by Theraband® is a portable 
device with dense foam wrapped around a solid 

plastic cylinder (Figure 2). Its ridged design purport-
edly allows for SM.19 

Subjects were informed of the protocol and were 
instructed on how to use the roller massager prior to 
performing the warm-up on the SM day. The roller 
massage protocol took place while the participants 
were seated on a chair with their knees flexed at 90 
degrees. An aerobic step was placed underneath the 
heel of the leg being massaged in order to ensure 
slack of the calf muscles during the protocol. Subjects 
would then flex forward with their trunk to massage 
their calf muscles with the roller (Figure 3). Subjects 
were then introduced to the rate of perceived pain 
in which a score of one represented no pain at all 
and a score of 10 represented the maximum pain that 
can be tolerated as a result of rolling the calf. Conse-
quently in order to orient the subjects to the perceived 
pain ratings, they were asked to practice rolling their 

Figure 1. The experimental design of the study. Note: ↑= meas-
urement of ankle range of motion;  = measurement of plantar 
fl exors’ maximal voluntary contraction; ↓ = performance of the 
balance test. SM = Self Massage. SS = Static Stretching.

↔

Figure 2. The roller massager used in this research (Thera-
band®, The Hygenic Corporation, Akron, OH).

Figure 3. Position adopted during the self-massage treatment 
with the roller massager.
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non-tested calf muscles at a pace of one second per 
roll (travel the length of the calf in 1 second), while 
practicing the application of pressure equivalent to a 
pain level of one, 5 and 10 (asked to induce maximal 
discomfort) respectively for three rolls each. Addi-
tionally, they were instructed to roll their entire mus-
cle from origin to insertion and use different angles 
of the roller massager in order to target all areas of 
the calf. During the actual SM testing, subjects were 
instructed to apply pressure equivalent to a pain level 
of 7 out of 10. 

For the SS intervention, subjects stood with one leg on 
the edge of an aerobic step while leaning against the 
wall with their hands. Their heel was pointing towards 
the ground and their knee extended (Figure 4). The 
intervention was performed with bare feet. Similar to 
the SM protocol, subjects were asked to stretch their 
calf muscles to a pain level of 7 out of 10. 

DEPENDENT VARIABLES

Maximal Voluntary Contraction (MVC)
A modified “boot” apparatus (Technical Services, 
Memorial University of Newfoundland) that has 
been validated and shown to be reliable in a number 
of studies from this laboratory20,21,22 was used to mea-
sure isometric MVC force and F100. Subjects were 
seated with the thigh horizontal to the floor and the 
knee joint flexed at 90 degrees. Straps and braces 
prevented extraneous movement of the upper and 

lower leg, and securely restrained the foot so that 
any attempt to dorsiflex and plantar flex the ankle 
joint resulted in an isometric contraction (Figure 5). 
The device was calibrated before each session by 
hanging known weights off the foot plate.

During the first cycle of testing, participants were 
instructed how to perform a MVC and were asked to 
plantar flex their foot as fast and as forcefully as they 
could for duration of 3 s. Verbal encouragement was 
given during the MVC to motivate the subjects. Other 
than the first cycle of testing in which subjects per-
formed 2 MVCs separated by one minute, subjects 
performed only one MVC in the following trials. The 
MVC was analyzed for peak force and force gener-
ated in the initial 100 milliseconds (ms)(F100).13

Electromyography (EMG)
Bipolar surface EMG electrodes were used to measure 
muscle activation (integral of the EMG over a three 
second period of the MVC that included the peak force) 
from the soleus and tibialis anterior muscles during 
the MVC test. Two surface EMG recording electrodes 
(Meditrace Pellet Ag/AgCl discs and 10 mm in diame-
ter, Covidien, Canada) were placed 2 cm apart over the 
midpoint of the muscle bellies of the tibialis anterior 

Figure 4. Static stretching position for the plantar fl exors.
Figure 5. Boot apparatus for measuring the maximal voluntary 
contraction with the plantar fl exors.
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and soleus with a ground electrode placed on the head 
of the fibula. The gastrocnemius was not monitored, 
as it is not the primary plantar flexor when in a flexed 
knee position.23 All skin surfaces where the electrodes 
were placed were shaved, abraded, and cleansed with 
alcohol to improve electrical conductivity.

EMG activity was sampled at 2000 Hz (Biopac System 
Inc., DA 100: analog-digital converter MP150WSW; 
Holliston, Massachusetts), with a Blackman 61 dB 
bandpass filter between 10 and 500 Hz, amplified 
(bipolar differential amplifier, input impedance = 2 
Mf, common mode rejection ratio [110 dB min (50/60 
Hz), gain 1,000, noise [5 μV), and analog to digitally 
converted (12 bit) and were stored on a personal 
computer for further analysis. The rectified integral 
of the EMG signal was analyzed (AcqKnowledge III, 
Biopac System Inc.) over a three second period of 
the MVC that included the peak force.

Range of motion (ROM)
A weight bearing lunge test was used to assess ankle 
dorsiflexion. Subjects stood with their foot perpen-
dicular to the wall and flexed their knee until it 
touched the wall in a straight line and without the 
heel coming off the ground.24 The foot progressively 
moved towards or away from the wall according 
to the success (knee contact with wall) of the pre-
vious trial (Figure 6). If the knee touched the wall 
in a straight line and the heel did not come off the 
ground then subjects were asked to move their foot 
back by 0.5 centimeters. A ruler that was attached to 
the floor measured the distance between the knee 
and wall. Subjects were asked to stand with their big 
toe behind the centimeter lines as they moved back 
or forward. To monitor any elevation of the heel, a 
Theraband band was placed under the participant’s 
heel, which was pulled by the same experimenter 
during the test. This way if the heel raised off the 
floor the band snapped away. The in line weight 
bearing ankle ROM test has been found to have high 
inter-rater (r = 0.99) and intra-rater (r = 0.98) reli-
ability.24 Test sensitivity was 0.5 cm based on the 
visual inspection of the researcher.

Balance
The time to failure of the Stork single limb balance 
test was used to measure static balance. Subjects were 
asked to stand on their dominant foot while having 

their hands on the iliac crest and eyes closed for 30s. 
The test was terminated at 30s. The time to failure 
was recorded when the subject lifted the medial or 
lateral border of the foot, lifted hands off the iliac 
crest, lifted forefoot or heel, stepped or stumbled, 
moved the weight-bearing foot from original position, 
or opened his or her eyes.25,26 Stork test inter-rater 
reliability has previously been reported as 0.95.27

Statistical analysis 
Statistical analyses were computed using SPSS soft-
ware (SPSS 17.0 for Windows Inc., Chicago, IL). Intra-
class correlation coefficient (ICC) was computed for 
four pre-tests (two for each testing session) for the 
following variables: Force, F-100, ROM, Stork single 
limb balance test, and EMG of the soleus and tibialis 
anterior.

Within conditions. The effects of each intervention 
(SM and SS) were measured with a one-way repeated 
measures analysis of variance (ANOVA) across the 4 
time intervals (two pre-tests and two post-tests) for 
all outcome variables. If the assumption of Spheric-
ity was violated, the Greenhouse-Geisser correction 
was employed. Paired t-tests with a Holm-Bonferroni 
correction were used to identify differences between 
mean results if a significant main effect was found.

Between conditions (SM vs. SS). In order to com-
pare the effects of the two interventions, the value 
in each time interval (pre-test one, 1 minute and 10 

Figure 6. In-line lunge testing procedure. 
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minutes post-test) was normalized based on pre-test 
two. The value of pre-test two was chosen for normal-
ization because it was preceded by 10 minutes of rest, 
whereas the value of pre-test one could have been 
affected by the primary warm-up protocol. Thereafter, 
a two-way repeated measures ANOVA (2 conditions 
× 3 time intervals) was conducted to compare the 
normalized values between the two interventions. If 
an interaction was found, paired t-tests with a Holm-
Bonferroni correction were used to compare the nor-
malized values between the 2 conditions. Significance 
was set at p<0.05. Cohen’s d effect sizes (ES) were 
calculated when significant results were found. 

RESULTS
The ICC’s for force, ROM, and Stork single limb bal-
ance test were 0.91, 0.98 and 0.68,respectively. Addi-
tionally, the ICC’s of the EMG were 0.8 and 0.87 for 
tibialis anterior and soleus respectively.

Based on the collected data (means and standard 
deviations), the statistical power with 14 subjects 
achieved a power of 0.4, 0.7, 0.84, 0.84 and 0.84 for 
F100, single limb balance, EMG, ROM, and MVC 
force respectively.

Within conditions 
SS. A significant time effect was found for ROM 
(F(1.74,22.63)= 9.86, p= 0.001). Paired t-tests revealed 
that ROM was significantly greater immediately after 
the intervention when compared with pre-test one 
(p = 0.004, ES = 0.26, 5%) and pre-test two (p = 0.001, 
ES = 0.27, 5.4%). No significant main effects were 
found for Force, F-100, EMG of soleus and tibialis 
anterior, and balance.
SM. A significant time effect was found for ROM 
(F(3,39) = 6.42, p = 0.001). Paired t-tests revealed that 
ROM was significantly greater immediately (p = 
0.004, ES = 0.24, 3.6%) and 10 minutes after (p = 
0.006, ES = 0.26, 4.4%) when compared with pre-
test one. No significant main effects were found for 
force, F-100, EMG of soleus and tibialis anterior, and 
balance.

Between conditions
A significant interaction was found between condi-
tions for force (F(2, 22) = 3.73, p = 0.040). Paired t-tests 
revealed that during the SM trial subjects produced 
significantly greater normalized force relative to 

SS at 10 min post (p = 0.005, ES =1.23, 8.2%). No 
significant differences were found between the two 
conditions for ROM, F-100, EMG and balance with 
the normalized values.

DISCUSSION
The main findings of the present study were that 
both SS and roller massage significantly improved 
ankle ROM to a similar degree at one and 10 min 
post-intervention. Secondly, the SM protocol led to a 
significant improvement in force production at the 
10 min post-test measurement, relative to the SS pro-
tocol. Finally, F-100, balance and EMG values were 
not affected by either intervention. 

The finding of improved dorsiflexion ROM as a result 
of SS (~5.2%) is similar to other studies that mea-
sured the effects of SS on dorsiflexion ROM.28,29 Ryan 

Figure 7. Range of motion (cm) in Lunge Test. SM = Self Mas-
sage. SS = Static Stretching. * = Signifi cantly greater than both 
Pre-test 1 and Pre-test 2. 

Figure 8. Relative changes in plantar fl exion force as a % of 
pre-test 2. SM = Self Massage. SS = Static Stretching. * = SM is 
signifi cantly greater than SS.
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et al28 found that two, four, and eight minutes of SS 
of the dorsiflexors improved ROM by 8%, 14% and 
13% respectively. However, ROM returned to base-
line 10 min post-stretching under all conditions.28 
In another study it was found that seven min of SS 
led to immediate improvements of 27% in dorsiflex-
ion ROM relative to a control group.29 The ROM dif-
ference between the studies may be related to the 
stretch type, duration, intensity, or measurements 
techniques. Stretching in various studies has been 
induced with an isokinetic dynamometer,28 a 51 pound 
load to dorsiflex the foot,29 and by standing on a step 
in the current study. The duration and rest intervals 
were four sets of 30s with 20s of rest between sets,28 
constant stretch lasting seven min,29 and three sets of 
30s with 10s of rest between each set in the current 
study. The ROM measurements used in these stud-
ies were an open chain test using an isokinetic dyna-
mometer,28 active ROM measurements taken with a 
goniometer,29 and a closed chain test using the in line 
lunge in the present study. Lastly, stretch intensity 
was variably defined between studies as the point of 
discomfort, but not pain,28 no definition of pain or 
tolerance,29 and a pain level of 7 out 10. Hence due 
to the variety of methodologies employed it is impos-
sible to pinpoint the exact mechanisms explaining 
the differences in study outcomes. The immediate 
results of Ryan et al28 were somewhat similar to the 
current study, perhaps because of the relative simi-
larities in the duration of the stretches. However, 
despite a decrease in ROM 10 min after the interven-
tion in the current study, the ROM values were still 
higher relative to baseline in contrast to Ryan et al.28

Improved ROM as a result of the roller massager in the 
current study (~4%) is also consistent with the litera-
ture.13,14 MacDonald et al13 found that two sets of SM 
of the quadriceps using a foam roller led to increased 
knee flexion ROM by 10% and 8% following two and 
10 minutes. Sullivan et al14 found a 4.6% increase 
in hamstring ROM following two sets of SM with a 
roller massager. The differences in the reported ROM 
changes may be muscle or joint dependent or related 
to the length of the SM bouts, which varied between 
20s,14 two minutes13 and one minute, as compared 
to 30 s in the current study. Two other possible rea-
sons for the differences may be related to the inten-
sity and the muscle being massaged. Sullivan et al14 
used a constant load device in which 13 kilograms of 
force was applied with each stroke on the hamstring 
muscle. In contrast, in the current study a constant 
RPE was used which did not objectively control for 
the applied loaded with each stroke. In the MacDon-
ald et al13 study, subjects were asked to apply as much 
of their bodyweight on the foam roller but RPE and 
applied tension were not controlled. Lastly, all three 
studies used different muscle groups: the quadriceps, 
hamstring and calf muscles, which may respond dif-
ferently to SM interventions. 

The significantly improved ROM, despite being sim-
ilar in both conditions (SS and roller massager), may 
originate from different mechanisms or a combina-
tion of causes. One possibility explaining the results, 
especially the ROM measurements taking place one 
minute after the SS intervention, are changes in the 
viscoelastic properties of muscle-tendon unit.30,31,32,33 

Table 1. Mean (SD) for Various Measurement of Self-Massage (SM) and Static Stretch-
ing (SS) During Different Time Intervals 
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When a muscle is stretched, a shift occurs in its 
force-length relationship.30,31 That is, the passive 
force at the specific length gradually declines which 
reduces the stiffness of the muscle-tendon unit.30,31 
Studies have reported that SS of the plantar flex-
ors lasting between one and 20 min significantly 
reduces musculotendinous stiffness.30,31,33,33 How-
ever, other authors who have measured the length 
of time it takes musculotendinous stiffness to return 
to baseline values report fast recovery times ranging 
between 30s to one hour.31,32,33,34,35,36 A second expla-
nation for the improved ROM is an increased stretch 
tolerance.37 Since the actual biomechanical changes 
are of short duration, some researchers suggest that 
the main reason for improved ROM has to do with 
the participants’ acquired ability to tolerate greater 
levels of stretching37. This is supported by the results 
of several studies that demonstrate improved ROM 
in subjects, without a concomitant change in the 
force-length relationship.38,39,40 It is likely that the 
improved ROM under the SS and roller massager 
conditions is a result of a combination of changes 
in the musculotendinous properties and tolerance 
to the stretch. Currently more research is needed to 
pinpoint which of the mechanisms influence ROM 
and how they interact with each other. 

The effects of the interventions on force are partly in 
accordance with the stated hypothesis. Subjects were 
able to produce significantly greater forces after the 
SM trial in comparison to the SS trial (8.2%). Figure 
8 illustrates that SS tended to decrease MVC values 
whereas SM tended to increased MVC values at 10 
minutes. Other authors who examined the effects of 
SS on plantar flexor MVCs did not find significant 
negative effects on MVC values when using moder-
ate duration of SS ranging between two and three 
minutes.41,42 A dose-response relationship may exist 
in which longer durations of SS will lead to signifi-
cant decreases in force production.11 For example, 
Fowles et al43 reported a meaningful reduction in 
MVC (28%) after performing 30 min of SS.

Possible mechanisms regarding the SS-induced MVC 
decrements relative to SM may relate to changes 
in the length–tension relationship in the muscle, 
which could negatively influence the crossbridge 
overlap.44,45 Additional stretching-induced decreases 
in force may be due to a nervous system inhibitory 

mechanism. This explanation is based on studies 
that found a concomitant decreases in muscle force 
production and a reduction in EMG values and reflex 
responses of that muscle.46,47,48 However, no reduc-
tions in EMG values were found in the present study 
and it is therefore more likely that the effects on 
force were related to changes in the length–tension 
relationship in the muscle.

SM with the roller massager led to increases in MVC 
force relative to SS, which reached significance at 10 
minutes post treatment. This finding is somewhat 
similar to the two SM studies in which no impair-
ment or augmentation in muscle performance was 
noted after the application of stretch using a roller 
massager.13,14 Possible explanations to the slight but 
non-significant improvement in force production 
may relate to increases in muscle temperature,49,50,51 
a “release” of myofascial restrictions (also known as 
trigger points) in the calf muscles,52 and/or phos-
phorylation of the myosin regulatory light chains.53 
The significant differences in force between SS and 
SM at 10 min post-intervention are likely due to a 
combination of some or all of the abovementioned 
factors.

Balance was unaffected by both of the interventions. 
The lack of effect on balance as a result of SS is in 
agreement with Costa et al54 but not with Behm et 
al.15 Behm et al15 found that three sets of SS lasting 
45s of three different muscle groups (quadriceps, 
hamstrings and calf muscles) decreased the balance 
scores by 9.2%. Costa et al54 used the same SS proto-
col as Behm et al,15 but compared two durations of 
stretch being held: 15 and 45s. It was found that 15s 
of SS led to improved balance scores, while 45s did 
not affect the results. The conflicting outcomes may 
be explained by the different testing devices and the 
gender of the subjects. The testing devices used in 
the studies were a computerized wobble board,15 a 
Biodex Balance system54 and a Stork balance test in 
the present study (non-computerized). The gender 
of the subjects also differed between studies. Costa 
et al54 only had female subjects in contrast to Behm 
et al15 who exclusively used males. Similarly, the 
subjects in the present were mostly male (12 out of 
14). To the best of the authors’ knowledge the pres-
ent study is the first to explore the effects of roller 
massager on balance, and more studies are needed 
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to verify the effects of SM with a roller massager and 
SS on balance. 

A limitation of this study is the small sample size, 
increasing the risk of Type II statistical errors. A 
strength of the current study, however, is the utiliza-
tion of a cross-over design in which each participant 
acted as his own control in a randomized manner. 
This design markedly increases the statistical power 
study with a small sample size. 

CONCLUSIONS
The results of the present study demonstrated that 
both SS and SM with the roller massager signifi-
cantly improved ROM in the ankle joint up to 10 min 
after the interventions by approximately 4%. In con-
trast, SM with the roller massager led to significantly 
greater force production relative to SS (8.2%). SS led 
to a small and statistically insignificant decrease in 
MVC (~4%), while SM with the roller massager led 
to small increase in MVC 10 min after the interven-
tion of approximately 4%. Both SS and roller mas-
sage did not affect balance scores. Accordingly, both 
roller massage and SS led to similar improvements 
in ROM, however with the SM-induced increase in 
subsequent force relative to SS, the use of a roller 
massage prior to an activity that relies on maximum 
strength and power may be advantageous.
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