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Abstract

Background/Aim: Lack of Ankle Dorsiflexion (DF) mobility is com-
mon in both the athletic and general populations and is associated
with a variety of lower extremity pathologies. Numerous techniques
exist to improve range of motion (ROM) with often the goal of ad-
dressing soft-tissue tightness within the triceps surae. Self-myofas-
cial release using instruments such as foam rollers, massage sticks
and other hand-held rollers are common in health care and athletic
settings. The purpose of this study was to compare the effectiveness
of two self-myofascial release tools on improving ankle DF-ROM.

Methods: Thirty-eight participants (n=70 limbs) volunteered to par-
ticipate and were randomly allocated to either the control (n=24),
The Stick™ (n=23), or R8 Roller™ (n=23) group. Participants
closed-chain DF ROM (standing and kneeling) were assessed at
baseline and immediately post-treatment. Participants in the inter-
vention groups performed 5 sets of 30 seconds of self-myofascial
release while the control group participants sat quietly for 5 minutes.

Findings: Results showed both self-myofascial release tools sig-
nificantly increased DF-ROM when compared to the control group,
however, the R8 Roller™ demonstrated slightly higher gains.

Conclusion: A single-session of self-myofascial release is effective
for improving both standing and kneeling DF-ROM. Clinicians and
athletes should consider adding these instruments into their self-
care.
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Introduction

Ankle Dorsiflexion (DF) Range of Motion (ROM) plays an im-
portant role in gait mechanics. Proper heel strike cannot occur if
certain degrees of motion do not exist with dorsiflexion. Proper DF
results in correct foot strike and contributes to injury prevention. Wil-
lems et al., suggested limited DF range of motion may put the foot in
a position of greater plantarflexion, increasing the likelihood of injury
because the joint is in a loose-packed position [1]. Poor DF also re-
duces the ability to utilize and apply power from the posterior chain
muscles [2,3]. Previous research has suggested needing at least 10°
of DF during the stance phase of walking gait [4] while closer to 30°
of DF is reported while running in standard shoes [5]. An individual
who lacks these degrees of motion increase the odds of injury to their
ankles, lower legs, and knees [1,6-8]. Specifically, having less than
20-30° of closed chain ankle DF has shown to hinder normal gait and
may cause compensatory gait patterns, leading to pathologic condi-
tions [9]. Pathologies that have been associated with decreased DF
ROM include genu recurvatum, excessive subtalar joint pronation,
ankle sprains, medial tibial stress syndrome, Achilles tendinopathy,
gastrocnemius strains, and anterior cruciate ligament injuries [9].

Loss of ankle mobility can be due to soft tissue tightness, joint
tightness, and/or muscle weakness. Joint mobilizations can help in-
crease joint mobility and muscle strengthening with select exercises
targeting the muscles of the lower leg can reduce muscle weakness.
Soft tissue tightness can be reduced through forms of stretching and/
or self-myofascial release. Although there are many forms of stretch-
ing, multiple studies have shown that static stretching provides the
best acute improvements in ankle dorsiflexion [10-13]. Similar stud-
ies have looked at the comparison of static stretching to self-myofas-
cial release utilizing tools such as foam rollers, massage sticks, and
other hand-held rollers [13-16].

Self-Myofascial Release (SMR) is a technique in which pressure
is applied to the fascia by the individual using various tools such
as balls, rods, foam rollers of various densities and massagers [15].
SMR is a popular technique utilized by healthcare professionals and
active individuals due to the ease of use and effectiveness in ROM
improvements. A systematic review by Cheatham et al. looked at the
effects on the tissue with handheld massage sticks compared to high
density foam rollers pre- and post-exercise [14]. They found that both
foam rolling and roller massagers help improve joint ROM and pre
and post exercise muscle performance [14]. A 2015 literature review
found that both foam rolling and roller massage help in pre-exercise,
muscle maintenance, and aid in recovery following exercise [17]. The
study also found that roller massage is a valuable tool for individuals
because it allows them to self-treat at any time and frequency that is
convenient for them [17]. Popular roller massagers are The Stick™
and, more recently, the R8 Roller™. Most of the studies used in the
systematic review and literature review reference The Stick™. There
is limited to no research out there on the effects on ROM or perfor-
mance using the R8 Roller™. Therefore, the purpose of this study was
to compare the acute effects of The Stick™ and R8 Roller™, on DF
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ROM in physically active individuals. We hypothesized that the RS
Roller™ would show greater increases in ankle DF ROM than both
The Stick™ and the control groups.

Methods
Design

A randomized control, cross-sectional study design was used
to examine the effects of self-myofascial release on improving DF
ROM using the R8 Roller™ compared to The Stick™. The partici-
pants were required to visit the athletic training facility for one ses-
sion. Participants were randomized into one of three groups using
block randomization in order to keep groups balanced with block
sizes of 3 (1, 2, 3, 1, 2, 3, etc.). Both limbs of the volunteers were
screened for inclusion and in instances when the participant’s dom-
inant and non-dominant limbs qualified, they were both allocated to
the same group. Limb dominance was self-reported by each partici-
pant as the preferred kicking limb.

Participants

Based on a power analysis with power=0.80 and o level =0.05, the
estimated sample size for the study was 15 participants per group. Fol-
lowing the initial screening 38 participants (17 male, 21 female, age
23.7843.5 years, height 172.9+9.26 cm, mass 74.38+16.06 kg) had at
least one ankle qualify for the study. Inclusion criteria required par-
ticipants to meet the minimum ACSM guidelines [18] for physical
activity and to have a dorsiflexion measure of less than 34° on one or
both ankles during the modified Weight Bearing Lunge Test (WBLT)
[19,20]. Participants were excluded if they had a recent lower ex-
tremity injury (within the past 6 months), previous lower extremity
surgeries, current treatment being done on the triceps surae, and prior
use of the R8 Roller™ and/or The Stick™. All participants signed
an informed consent form prior to participation, and the university’s
institutional review board approved the study. Demographic data for
the participants is presented in table 1.

Group n (limbs) Age (years) Height (cm) Weight (kg)
Mean + SD
Control 24 23.85+3.87 173.1+7.39 77 +15.34
Stick 23 23.33+3.39 170.18 +£9.87 72.97 +18.5
Roller 23 24.07 +3.82 175.44 +9.71 71.12 +14.01
All Participants 70 23.78+3.5 172.9£9.26 74.38 + 16.06
Table 1: Demographic Data by Group.

Measurements

To determine study eligibility, the investigators measured closed
chain DF ROM using a digital inclinometer (SmartTool Pro 3600;
Swiss Precision Instruments, Inc, Garden Grove, CA) with the par-
ticipant’s knee straight and knee flexed to 90° at the starting position.
Previous research has shown this to be a reliable and valid method for
assessing ankle ROM [21-24]. The rater aligned the digital inclinom-
eter along the anterior crest of the tibia so that the proximal end was
immediately distal to the tibial tuberosity and the distal end aligned
along the tibial crest (Figures 1&2). The individual in this manuscript
has given written informed consent to publish these photos. The angle
of the tibia relative to the horizontal was measured and readings were
recorded in degrees. The inter-rater reliability for the standing mea-
surement was high with an inter-class correlation coefficient (ICC) of

0.96 (95% CI = 0.93, 0.98). The ICC for the kneeling measurement
was 0.95 (95% CI=0.92,0.97).

To assess standing DF, each participant removed their shoes and
positioned themselves with both hands on the wall in front of them.
The participant placed the dominant foot on a tape line so that the
second toe and center of the heel were directly over the tape. This
was done to reduce subtalar joint pronation which has been shown
to affect ankle DF [22]. The participant then leaned forward while
maintaining full knee extension and heel contact with the ground
(Figure 1). The non-dominant limb remained in a position to main-
tain balance and not restrict dorsiflexion of the dominant limb. The
participant was instructed to lean forward until they first felt a stretch
in their calf and/or when they felt their heel begin to rise. This mea-
surement technique was used based on the resistance 1 (R1) principle
of joint mobilizations. R1 is described as the first point of resistance
felt by the examiner and occurs near the end of a joint’s ROM [20].
Next, three test trials were performed by the participant, returning to
neutral between each measurement. The mean value of the three mea-
surements was documented and used for data analysis. Measurements
were then repeated on the non-dominant limb.

For the kneeling measurement, the participant was instructed
to kneel on the opposite leg being tested with the test leg visually
placed in 90° of hip and knee flexion. The participant placed their
front foot on the tape line as stated above. The participant was then
instructed to lunge forward while keeping their heel in contact with
the ground and their foot in line with the tape. The participant was
instructed to lunge forward until they first felt a stretch in their distal
calf and/or the heel began to rise. The measurement was taken three
times as stated above.

Figure 1: Standing weight bearing DF ROM start and end positions.

Figure 2: Kneeling weight bearing DF ROM start and end positions.

Procedures

Participants met with the investigators to complete prepartic-
ipation questionnaires prior to beginning their first session. All
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procedures occurred at a single session for each participant. First,
baseline ROM were performed as previously described to determine
enrollment status. Qualifying limbs were randomly allocated to 1 of
3 groups: control, R8 Roller™, or The Stick™, using block random-
ization.

Upon reporting to the facility for their session, all participants were
instructed to ride a stationary bike (moderate resistance) for 5 minutes
in order to warm up the triceps surae. The clinician then educated
patients on how to use the R8 Roller™ on the triceps surae based on
the videos provided by the company [25]. R8 Roller™ participants
then completed 5 sets of 30 seconds of rolling with 30 seconds rest
between each set. During the first set, the participant used the roller on
the medial and lateral aspect of the upper calf. The next set was over
the medial and lateral aspect of the lower calf. The third set was over
the posterior Achilles tendon. The fourth and fifth sets were over the
posterior-medial and posterior-lateral aspects of the calf respectively.
The Stick™ participants repeated the exact same procedures as the R8
Roller™, except they used The Stick™ instead of the R8 Roller™.
Participants in the control group had their baseline measurements for
DF ROM assessed. Upon allocation to the control group, these par-
ticipants did the same stationary bike warm up for 5 minutes, sat qui-
etly for approximately 5 minutes, and completed post-measurements.
Following the assigned intervention, all participants had their ankle
mobility re-assessed in both the standing and kneeling positions.

Statistical analysis

To compare the effects of the interventions on DF ROM, change
scores were calculated by subtracting the baseline measurement from
the post-treatment measurement in the standing and kneeling condi-
tions. Two, one-way ANOVAs were used to compare change scores
across the 3 interventions for the standing and kneeling conditions.
Differences identified by the ANOVA were assessed using Tukey post
hoc tests. Effect sizes were calculated using the Cohen d and catego-
rized as trivial (<0.20), small (0.21-0.49), moderate (0.50-0.79), or
large (=20.80) [26]. The a level was set a priori at p<0.05. All statis-
tical analyses were performed using SPSS (version 22; IBM Corp,
Armonk, NY).

Results

Preliminary testing was completed and revealed no difference be-
tween groups at baseline for the standing (p=0.23) or kneeling posi-
tion (p=0.40). The means and standard deviations for all variables are
reported in table 2. All limbs that were allocated to a group received
the intended intervention and were analyzed post-treatment. Signif-
icant differences among groups were found in the standing (F,,, =
7.18, p < 0.001) and the kneeling (F,,, = 9.313, p = 0.001) positions.
Post hoc analyses revealed significant differences between the RS
Roller™ and control (p=0.01, effect size=.94 95% CI: 0.34-1.54) and
between The Stick™ and control (p = 0.02, effect size=.94 95% CI:
0.34-1.54) in the standing position. In the kneeling position, the RS
Roller™ had significant differences between the control (p = 0.001,
effect size=1.19, 95% CI: 0.57-1.81) and The Stick™ had significant
differences between control (p=0.03, effect size = .93 95% CI: 0.33-
1.53). No significant differences were found between the R8 Roller™
and The Stick™ in either the standing or kneeling positions. No ad-
verse reactions or unintended effects were reported by any partici-
pants.
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p
Standing
DF ROM
Baseline Post-treat- P-val- Effect size
Group n Change (°)
©) ment (°) ue (95% CI)
29.57 £ 29.64 +
Control 24 0.07 +£3.79 n/a n/a
5.16 6.26
. 2528+ 28.51+ 322+ 0.94 (0.34-
Stick 23 0.02
6.27 6.33 2.82% 1.54)
2493 + 28.80 + 3.87+ 0.94 (0.34-
Roller 23 0.01
591 6.23 4.29* 1.54)
Kneeling
DF ROM
Baseline Post-treat- P-val- Effect size
Group n Change (°)
©) ment (°) ue (95% CI)
34.19+ 3733+ -0.42 +
Control 24 n/a n/a
4.64 5.39 3.76
. 35.84 = 38.38 = 254+ 0.93 (0.33-
Stick 23 0.03
4.36 3.81 2.42% 1.53)
34.19+ 38.54+ 435+ 1.19 (0.57-
Roller 23 0.001
4.64 3.83 4.26* 1.81)
Table 2: Means and Standard Deviation by Group.
*indicates significant difference compared to control (P<.05).

Discussion

The purpose of this study was to examine the acute differences
that may exist between two handheld SMR tools, the R8 Roller™ and
The Stick™, on closed chain DF ROM. Based on our findings, the
hypothesis was partially supported. The R8 Roller™ did not generate
a significant increase in DF ROM compared to The Stick™ but did
when compared to the control. Both devices appear to be equally ef-
fective at improving both standing and kneeling DF ROM. Applying
both the R8 Roller™ and The Stick™ to the upper calf is relatively
easy and likely comfortable for the participants. This could explain
why no differences were found between the two devices in the stand-
ing position. The R8 Roller™ had slightly greater gains in ROM than
The Stick™ in the kneeling position which could be attributed to the
amount of pressure each device applied along the Achilles tendon.
This is a sensitive area to roll over and The Stick™ requires people
to apply the pressure. This subjective pressure could be limited due
to sensitivity, whereas the R8 Roller™ has designed inserts to allow
optimal comfort while providing a consistent spring-loaded roll over
the intended area. The Stick™ is also only applying one point of con-
tact against the Achille’s whereas the R8 can wrap around either side
of the Achilles and allows two points of contact at any given time. To
our knowledge, this is the first study examining the effectiveness of
the R8 Roller on improving ROM.

Previous studies have found that roller massagers and foam roll-
ers are effective tools for SMR to improve ROM [13,14,16,17,27,28].
There are thoughts that these tools have mechanical effects on fascia
via its thixotropic properties, where the pressure on the fascia from
rolling may allow it to become soft and lengthen, gaining more ROM
[29-31]. Twomey and Taylor demonstrated that long-term mechanical
stress application was required to induce a gel-like state [32]. Previ-
ous research has calculated that mechanical stress application forces
of 24-115kg was high enough to cause such changes [33]. Using a
handheld dynamometer and estimating a calf size with a circumfer-
ence of approximately 40cm, we determined the springs alone on the
R8 Roller provided approximately 11kg of force. It is unclear how
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much force participants in our study applied when using either the
R8 Roller™ or The Stick™, however, it is possible the mechanical
stress was sufficient to create change. Ge et al. found that IASTM
not only has a mechanical effect, but also a neurological outcome as
well. It alters the neural activities of mechanoreceptors with larger
axons increasing 2-point discrimination [34]. Since IASTM has simi-
lar contact on soft tissue as roller massagers, it can be speculated that
the roller massagers effect the mechanoreceptors in a similar manner.
Schleip suggests immediate changes with the soft tissue are due to a
neurological response, causing relaxation of the smooth or striated
muscle fibers, which may also affect the metabolic ground substance
within the immediate area [35].

Research has indicated the minimal detectable change (MDC) for
closed-chain DF ROM ranges from 1.5-6.4° [23,36,37] and one study
reported a specific MDC value of 3.8° [23]. Based on our data and
using the formula for calculating MDC, (MDC = standard error of
measurement x 1.96 x ¥2) our MDC values ranged from 1.32-1.41°.
Conservatively, using the previously reported value of 3.8°, the RS
Roller™ achieved this change in both the standing and kneeling po-
sitions, however, The Stick™ did not. Further inspection of our data
using the MDC of 3.8°, 11 (48%) ankles in the R8 Roller™ group ex-
ceeded the MDC, while 12 (52%) and 3 (12.5%) achieved this in The
Stick™ and control groups respectively, for the standing position.
Similar findings were also found in kneeling with 11 (48%) ankles in
the R8 Roller™ group exceeding the MDC, whereas 9 (39%) and 3
(12.5%) achieved this in The Stick™ and control groups respectively.

We chose to have the cut off for ROM at 34°based off previous
research which found having less than 30° [1] or 34° [38] is predic-
tive of injury. The higher end of the range was our cutoff to avoid
negatively affecting the number of potential participants that would
qualify while still trying to prevent a ceiling effect. Previous research
on DF ROM has stated a limitation with their study was using healthy
participants that did not possess a DF ROM deficit, potentially limit-
ing the amount of change [39].

Myofascial Release (MFR) has been used to treat soft tissue adhe-
sions, alleviate pain, and reduce tissue tenderness, edema, and inflam-
mation while improving muscle recovery [17,40]. Myofascial release
demonstrated positive outcomes for increasing ROM and treating
pain in a recent systematic review [41]. SMR is a technique similar to
MFR where individuals use their own body weight on a foam roller
or their upper body strength on a roller massager to exert pressures
on the soft tissue. SMR eliminates the need for a clinician to provide
MEFR [17,42]. Smith et al., found that foam rolling and static stretch-
ing, combined, were more effective than static stretching alone and
that foam rolling is more effective than static stretching on improving
DF ROM [13].Similar research also found that foam rolling and static
stretching combined had a 9.1% increase in DF ROM [16]. In a study
done by de Souza et al., it was found that the use of a roller massag-
ers on the calf provided an approximate 11% increase in DF ROM
[28]. A similar study found that the use of a roller massager increased
ankle ROM by about 4% compared to static stretching [43]. Our re-
sults found that the R8 Roller™ provided 15.5% change in standing
and 12.7% in kneeling DF ROM. The Stick™ showed 12.7% and 7%
changes while the control group showed 0.2% and 0.1% changes in
standing and kneeling respectively. In busy health care settings, SMR
has proven to be effective and time saving for clinicians, but it relies
on the patient to perform the techniques correctly. Based on of our
results, the R8 Roller™ and The Stick™ have the potential to provide
similar ROM gains as hands-on, clinician intensive treatments.

Limitations

As with any research investigation, this study had limitations.
First, the participants were instructed to stop at the first point of tis-
sue stretch and/or when they felt like their heel was going to lift off
the ground during the ROM measurements. This point of limitation
is subjective and can be interpreted differently amongst participants.
However, the same instructions were repeated to the participant
during each measurement session for consistency. Second, the pres-
sure each participant applied while using The Stick™ could not be
determined. Each participant was shown how to use The Stick™ and
instructed to apply the maximum amount of pressure without eliciting
pain. Since pain is subjective, the amount of pressure is subjective and
may not match the pressure applied by the R8 Roller™. This could
explain the slight differences found between the two. Finally, since
the post-treatment measurements were taken right after each treat-
ment, it is uncertain how long the increase in DF ROM may last. Our
results are limited to acute responses in soft tissue from the treatment
of both the R8 Roller™ and The Stick™.

Conclusion

The R8 Roller™ and The Stick™ both demonstrated immedi-
ate and significant increases in ankle DF ROM after one treatment
in a population with deficits in DF. Based off the findings from this
study, considerations should be made to utilize the R8 Roller™ or The
Stick™ when aiming to improve DF ROM. Further research needs
to be done to determine the long-term effects when comparing the
R8 Roller™ to The Stick™ and/or the effects of multiple treatments
while using the R8 Roller™ or The Stick™.
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