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The purpose of this study was to investigate the immediate effects of vi-
bration foam rolling on dorsiflexion range of motion (ROM), balance,
and gait in stroke patients. Thirty stroke patients volunteered to partici-
pate and were randomly assigned to the vibrating foam roller group
(n=15) and the foam roller group (n=15). The vibrating foam roller group
performed a 30-min foam roller exercise program, with participants sub-
jected to vibration at 28 Hz. The foam roller group performed the same
exercise program as the vibrating foam roller group, but without vibra-
tion. Dorsiflexion lunge test, limits of stability, and Timed Up and Go were
used to evaluate dorsiflexion ROM, balance, and gait before and after
each intervention. The results revealed that the vibration foam roller
group showed significant differences in dorsiflexion ROM and gait after
the intervention, while the foam roller group exhibited a significant dif-

INTRODUCTION

Stroke can arise from either a blockage in the blood vessels of
the brain, causing ischemic stroke, or the bursting of brain blood
vessels, leading to hemorrhagic stroke where blood seeps into the
brain tissue (Knight-Greenfield et al., 2019). According to a study
published in 2021, stroke was identified as the second most com-
mon cause of death, and its prevalence has been observed to rise
compared to the past (GBD 2019 Stroke Collaborators, 2021).
The majority of stroke survivors encounter hemiplegia, which is
characterized by paralysis affecting one side of the body (Sathian
etal., 2011). The paralyzed side of the body exhibits muscle weak-

ference only in dorsiflexion ROM (P<0.05). In comparisons between the
vibration foam roller group and the foam roller group, significant differ-
ences were observed in dorsiflexion ROM and gait (P<0.05). However,
there were no significant differences in balance, both before and after
the intervention, as well as in the comparisons between the two groups
(P>0.05). This study confirmed that a single-session vibrating foam roll-
er exercise program improves dorsiflexion ROM and gait in stroke pa-
tients. Further studies with extended exercise program durations are
needed to address limitations and explore long-term effects.

Keywords: Stroke, Exercise, Dorsiflexion range of motion, Balance, Gait,
Vibrating foam roller

ness and limitations in range of motion (ROM) (Beebe and Lang,
2009; Bohannon, 2007). These physical impacts also affect func-
tional factors such as balance and gait (Gama et al., 2017; Hayes et
al., 2016). Furthermore, these physical and functional effects con-
tribute to psychological factors, such as depression, in stroke pa-
tients (Robinson and Jorge, 2016). Therefore, stroke patients en-
gage in various exercise rehabilitations to return to daily activities.

Vibration-based rehabilitation is one of the interventions pro-
vided to stroke patients (Liu et al., 2023). Vibration, notably through
interventions such as whole-body vibration, has been applied to
stroke patients in rehabilitation (Khalifeloo et al., 2018; Kim and
Lee, 2021). Whole-body vibration has the advantage of being able
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to perform additional exercises along with the benefits of vibration
(Han et al., 2019; Jung et al., 2020; Kim and Lee, 2021). Howev-
er, a recent development is the vibration foam roller, which com-
bines vibration with a foam roller. The vibration foam roller has
shown advantages in increasing hamstring flexibility compared to
a non-vibration foam roller (Lim and Park, 2019). Another study
found that using a vibration foam roller on the hamstrings led to
increased activation of the antagonistic muscles (Lim et al., 2019).
Additionally, the vibration foam roller has been reported to en-
hance lower limb ROM in both healthy individuals and athletes
(Park et al., 2021b).

Whole-body vibration has been reported as effective and safe for
treating spasticity in stroke patients (Zhang et al., 2023). In an-
other study, whole-body vibration rehabilitation demonstrated
positive effects on the balance and gait of stroke patients (Yin et
al., 2023). However, in clinical practice, the use of whole-body vi-
bration is limited by its impracticality for portable use and avail-
ability only in specific facilities. On the other hand, the vibration
foam roller has primarily been researched in healthy individuals
and athletes. While vibration has shown positive effects on stroke
patients, there is a lack of research on the vibration foam roller
specifically for stroke patients. Therefore, the purpose of this study
was to investigate the immediate effects of vibration foam rolling
on dorsiflexion ROM, balance, and gait in stroke patients.

MATERIALS AND METHODS

Participants

This study included 30 patients diagnosed with stroke who were
undergoing inpatient treatment at a rehabilitation hospital in
Gwangju. The inclusion criteria were individuals with a score of
24 or higher on the Korean Mini-Mental State Examination and
the ability to gait independently for a distance of more than 10 m.
Exclusion criteria included individuals with orthopedic and mus-
culoskeletal disorders, as well as those diagnosed with osteoporo-
sis. The study was conducted with the approval of the Institution-
al Review Board (IRB) of Nambu University (IRB No. 1041478-
2023-HR-005), and all participants provided voluntary informed
consent before the study commenced.

Experimental procedure

This study was conducted from June 2023 to August 2023,
spanning 3 months. Participants were randomly assigned to two
groups, and the researchers measured their general characteristics.
Before implementing the intervention, evaluative assessments of
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dorsiflexion ROM, balance, and gait were conducted by the re-
searchers. Subsequently, a single intervention session was immedi-
ately administered to both groups. Postassessments were then con-
ducted immediately after the intervention, under the same condi-
tions as the pre-assessments. The foam roller exercise program was
performed by a physical therapist holding a master’s degree with
over 10 years of clinical experience. Measurements were conduct-
ed by a physical therapist with a master’s degree and more than
3 years of clinical experience. The experimental procedure of this
study is presented in Fig. 1.

General characteristics collection

General characteristics were collected from participants’ latest
data in the electronic medical record (EMR). The EMR data col-
lection was conducted with approval obtained from the IRB, par-
ticipants, or their guardians prior to study participation. Addition-
ally, to represent the functional level of stroke participants in gen-
eral characteristics, balance and walking abilities were further eval-
uated. Balance was assessed using the Berg balance scale (BBS). A
BBS score of 49 points or below indicates a risk of falls in stroke
patients (Simpson et al., 2011). Walking ability was assessed us-
ing the functional ambulation category (FAC). The FAC is a reli-
able and valid assessment tool for stroke patients (Mehrholz et al.,
2007). A score of 4 on the FAC indicates the ability to walk inde-
pendently on flat surfaces but requiring assistance from a supervi-
sor on stairs, inclines, uneven surfaces, etc. The BBS and FAC as-
sessments were conducted by physical therapists.

Dorsiflexion ROM

This study evaluated the participants’ dorsiflexion ROM using
the dorsiflexion lunge test, a reliable method for assessing dorsi-
flexion ROM in stroke patients (Simondson et al., 2022). The par-
alyzed-side foot of the participants was positioned in front, and
they were instructed to lunge forward until their knee touched
the wall, ensuring that the heel remained in contact with the floor
at all times. The foot should move away from the wall just enough
for the knee to lightly touch it, and the heel should remain in
contact with the floor. The distance between the wall and the toes
was measured.

Balance

This study utilized the smart balance device (Neofect, Sungnam,
Korea) to assess participants’ balance by measuring the limits of
stability (LOS). For LOS measurement, participants stood on the
platform and faced the front screen. The center of pressure point
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Enrollment

30 Assessed for eligibility

0 Excluded
- 0 Not meeting inclusion criteria

- 0Declined to participate

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

displayed on the screen was moved in eight directions to measure
LOS. The center of pressure was moved in one direction for 10 sec,
and the total moved area was used in the study. Both feet were re-
quired to be on the platform, and if a participant lifted their foot
from the platform, the test was repeated from the beginning.

Gait

This study evaluated the participants’ gait using the Timed Up
and Go (TUG), a reliable method for assessing gait in stroke pa-
tients (Flansbjer et al., 2005). For the TUG test, participants start-
ed from a seated position in a chair with a backrest, walked a dis-
tance of 3 m to a turning point upon a signal, and then returned
safely to the chair, where the time taken was measured.

Vibrating foam roller group

The vibrating foam roller (Hyperice, Irvine, CA, USA) used in
this study’s exercise program has dimensions of 30 ¢m in length,
15 cm in diameter, and weighs 1.6 kg. Participants were subject-
ed to vibration at 28 Hz. The exercise program, designed based
on previous research, consisted of a total of three movements (Park
et al., 2021a). Each leg performed exercises for 4 min, followed by
a 1-min rest, resulting in a total exercise time for both legs. Each
set of exercises lasted 10 min, and the total exercise duration was

78 https://www.e-jerorg

- 0 Other reasons
—{ 30 Randomized }—
y Allocation y
15 Allocated to vibrating foam roller group 15 Allocated to foam roller group
- 15Received allocated intervention - 15 Received allocated intervention
- 0Did notreceive allocated intervention (give reasons) - 0Did not receive allocated intervention (give reasons)
y Follow-up y
0 Lost to follow-up (give reasons) 0 Lost to follow-up (give reasons)
0 Discontinued intervention (give reasons) 0 Discontinued intervention (give reasons)
Y Analysis A\
15 Analysed 15 Analysed
- 0 Excluded from analysis (give reasons) ‘ ‘ - 0 Excluded from analysis (give reasons)

Table 1. Foam roller exercise program

Movement Description

1 « Participants lie down directly facing the ceiling.
* Place the vibrating foam roller under the participants’ calves.
* While vibration is transmitted, participants, following the therapist's
instructions, repeat dorsiflexion and plantarflexion movements of
the ankles.

2 * Participants sit at a table and place the vibrating foam roller under
the soles of their feet.

* While vibration is transmitted, participants, allowing their soles to
move back and forth on the vibrating foam roller, repeat flexion and
extension movements of the knees.

3 * Participants stand in a lunge position, moving one foot forward and
backward.

* Place the vibrating foam roller under the sole of the front foot.

* While vibration is transmitted, participants perform weight shifting
on the front foot.

30 min. The exercise program is detailed in Table 1.

Foam roller group

This study’s foam roller group performed the same exercise pro-
gram as the vibrating foam roller group. However, throughout the
exercise program, the vibrating foam roller employed by the foam
roller group had its vibration feature deactivated.

https://doi.org/10.12965/er.2448034.017
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Data analysis

This study included 30 participants (15 per group) based on cal-
culations considering an effect size of 1.42 from previous research,
a power of 0.8, and a dropout rate of 10% (Park et al., 2021a). Data
were collected from Outcome Measurements, assessed 3 times and
averaged for analysis. Statistical analysis was petformed using IBM
SPSS Statistics ver. 21.0 (IBM Co., Armonk, N, USA). Nonpara-
metric tests were adopted due to the data not satisfying the nor-
mality assumption. Homogeneity tests between groups were con-
ducted for the general characteristics of the research participants.
To examine intergroup differences, Mann-Whitney U-tests were
applied to analyze prepost difference values. For intragroup differ-
ences, Wilcoxon signed-rank tests were used for prepost compari-
sons. The statistical significance level was set at 0.05.

Table 2. General characteristics of the participants

VFRG(n=15)  FRG(n=15)  P-value
Age (yr) 55.13+231  5567+406 0520
Sex, male:female 8:7 96 0.715
Affected side, leftright 87 78 0.269
Type of stroke, infarction:hemorrhage 10:5 78 0.713
Height (cm) 163.73+2.16  166.33+2.73  0.506
Weight (kg) 64.75+208 7083+366  0.370
Onset (mo) 1053+1.83 773+151 0.390
MMSE (score) 27.20+084 2770067  0.766
BBS (score) 50.07+1.11 5140100  0.381
FAC (score) 420+0.18 440+019 0376

Values are presented as mean + standard deviation or number.
VFRG, vibrating foam roller group; FRG, foam roller group; MMSE, Mini-Mental
State Examination; BBS, Berg balance scale; FAC, functional ambulation category.

Table 3. Comparison of primary and secondary outcomes within and between groups

RESULTS

Characteristics of participants

The study included a total of 30 subjects (Table 2). The vibrat-
ing foam roller group and the foam roller group were randomly
divided into 15 subjects, and there were no significant differences
in the general characteristics of the subjects (P > 0.05).

Dorsiflexion ROM

The within-group change in dorsiflexion ROM after the inter-
vention was significant for both the vibrating foam roller group
and the foam roller group (P <0.05). Furthermore, there was a
significant difference in dorsiflexion ROM between the vibrating
foam roller group and the foam roller group (P <0.05) (Table 3).

Balance

The within-group change in balance after the intervention was
not significant for both the vibrating foam roller group and the
foam roller group (P > 0.05). Furthermore, there was no significant
difference in balance between the vibrating foam roller group and
the foam roller group (P >0.05) (Table 3).

Gait

The within-group change in gait after the intervention was sig-
nificant for the vibrating foam roller group (P <0.05), whereas it
was not significant for the foam roller group (P >0.05). Further-
more, a significant difference in gait was observed between the vi-
brating foam roller group and the foam roller group (P <0.05)
(Table 3).

Variable Pre Post Z(Pvalue) Difference U (Pvalue)
Primary outcome
DFLT (cm) 54.00 (0.015%)
VFRG (n=15) 3.90+1.21 8.40+0.99 -3.415(0.001%) 450+0.64
FRG (n=15) 2.33+0.75 430+1.16 -2.564(0.001%) 1.97+0.58
Secondary outcome
LOS (cm?) 103.00(0.694)
VFRG (n=15) 138.49+18.02 157.92+19.79 -1.306(0.191) 19.43+12.89
FRG (n=15) 124.14+17.52 136.93+18.58 -1.449(0.147) 12.79+855
TUG (sec) 39.00(0.002%)
VFRG (n=15) 17.26+1.86 15.40+1.82 -3.237(0.001%) -1.86+0.29
FRG (n=15) 15.74+3.29 15.67+3.22 -0.534(0.594) -0.07+050

Values are presented as mean + standard deviation unless otherwise indicated.

DFLT, dorsiflexion lunge test; VFRG, vibrating foam roller group; FRG, foam raller group; LOS, limits of stability; TUG, Timed Up and Go.

*P<0.05.
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DISCUSSION

This study investigates the effects of applying a vibrating foam
roller to stroke patients, examining its impact on dorsiflexion
ROM, balance, and gait depending on the presence of vibration.
The results reveal that the vibration foam roller group showed
significant differences in dorsiflexion ROM and gait after the in-
tervention, while the foam roller group exhibited a significant
difference only in dorsiflexion ROM. In comparisons between the
vibration foam roller group and the foam roller group, significant
differences were observed in dorsiflexion ROM and gait. Howev-
er, there were no significant differences in balance, both before
and after the intervention, as well as in the comparisons between
the two groups.

In this study, both groups performed the same foam rolling and
exercise program. Vibration was only added to the vibrating foam
roller group. The use of a foam roller has demonstrated results con-
sistent with previous studies, indicating a reduction in muscle
stiffness and an increase in ankle flexibility, contributing to im-
proved ROM (de Benito et al., 2019). This implies that the effec-
tive relaxation of muscles and fascia through foam roller applica-
tion has positively influenced dorsiflexion ROM, resulting in sig-
nificant differences within the groups (Dgbski et al., 2019). While
earlier studies reported no significant difference in ROM between
foam rollers and vibrating foam rollers (Garcia-Gutiérrez et al.,
2018), our study revealed a significant difference between the vi-
bration foam roller group and the foam roller group. Other previ-
ous research comparing vibrating foam rollers and regular foam
rollers in stroke patients showed significant differences between
the experimental and control groups, aligning with our findings
(Park et al., 2021a). These effects are attributed to the enhance-
ment of ROM through increased blood circulation induced by vi-
bration stimulation (Veqar and Imtiyaz, 2014). In previous stud-
ies, vibration has been shown to influence physiological processes
in both the circulatory and nervous systems (Games and Sefton,
2013). Analysis of blood samples following exercise combined
with vibration revealed physiological effects (Lin et al., 2015; Ku-
lich et al., 2022). Therefore, due to the additional benefits of vi-
bration, it is believed that the group using the vibrating foam
roller demonstrated more significant changes compared to the
group without vibration.

Due to the increased flexibility of the ankle, dorsiflexion during
the sit-to-stand phase, where the trunk bends forward, was likely
facilitated (Sadeh et al., 2023). Subsequently, this heightened flex-
ibility may have served as a foundation for progression during the
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push-off phase of walking and aided in changing direction at the
3-m point, potentially resulting in a significant improvement in
the TUG test (Agathos et al., 2023; Cho and Park, 2020). Addi-
tionally, considering the impact of vibration stimulation on corti-
cal activation in the cerebral cortex of stroke patients, it is specu-
lated that no significant results were observed in the control group.
Previous studies have demonstrated cortical activation in the vi-
bration stimulation group, whereas no changes were observed in
the control group (Lee et al., 2020).

Balancing abilities play a crucial role in postural control and
stabilization, serving as an indicator of an individual’s capacity to
perform activities independently and predicting favorable outcomes
(Makizako et al., 2015). Previous studies have explored exercises
targeting the trunk to enhance postural control in stroke patients
(Salgueiro et al., 2022). However, it is speculated that the exercise
program in this study, conducted as a single session, might have
lacked the duration and intensity necessary for a significant im-
provement in balance abilities. In this study, we used the area of
the LOS as a measure of balance. When assessing stroke patients,
the notable tendency is for the LOS area not to be centrally locat-
ed but often skewed towards the nonparalyzed side. While the
LOS area is significant, future research should also consider quali-
tative assessments to ensure that the LOS area can be centered in
subsequent evaluations.

This study has several limitations. First, the duration of the ex-
erciser program was relatively brief, consisting of a single session.
Nevertheless, our findings can lay the groundwork for future in-
vestigations exploring long-term changes. Second, the relatively
modest sample size might limit the ability to assess the impacts
of the vibrating foam roller in relation to the severity of stroke le-
sions or motor impairments. Future studies may need to consider
variations by including a more diverse range of patients with vary-
ing degtees of stroke lesions or motor impairments.

In conclusion, this study confirmed that a single-session vibrat-
ing foam roller exercise program improves dorsiflexion ROM and
gait in stroke patients. Further studies with extended exercise pro-
gram durations are needed to address limitations and explore long-
term effects.
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