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Abstract

Purpose : Several studies have investigated the effects of dynamic stretching (DS) and self-mobilization (SM), however, studies
comparing the two interventions are rare. Therefore, the purpose of this study was to compare the effects of DS and SM on ankle
strength, dorsiflexion range of motion (DFROM), and balance to determine which is superior.

Methods : Thirty-two healthy young adults participated in this study. Participants were randomly assigned to two groups (SM
and DS). DS was performed for the purpose of stretching the medial gastrocnemius muscle. For the SM group, ankle joint SM was
performed in three ways. For all participants, the following measurements were performed as pre- and post-tests: isometric strength
of dorsiflexor and plantar flexor, weight-bearing lunge test (WBLT) to evaluate DFROM, Tetrax system to evaluate static balance,
and y balance test (YBT) to evaluate dynamic balance. Differences before and after the intervention within each group were
compared using paired t-test. Also, the variable's variation was compared between groups using an independent t-test.

Results : Significant differences were found in ankle dorsiflexor strength, WBLT, YBT, weight distribution index (WDI) (pillow
and opened eyes; PO), and stability index (ST) (normal and closed eyes; NC) before and after intervention in the SM group (p<.05).
In the DS group, significant differences were found in ankle dorsiflexor and plantar flexor strength, WBLT, YBT anterior, WDI
(normal and opened eyes; NO, PO), and ST (NO, NC, PO, pillow and closed eyes) before and after the intervention (p<.05). Ankle
plantar flexor strength and WDI (PO) were significantly different between groups.

Conclusion : Based on the results of this study, DS or SM can be considered as a possibility for selective use according to

variables for improving ankle joint function (DFROM, muscle strength, balance).
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1. Introduction

The ankle joint plays an important role in body stability,
such as controlling sway, absorbing shock during walking,
and providing momentum for movement of the lower
extremities (An et al., 2018; Karagiannakis et al., 2020). In
order for the ankle joint to function properly, it requires a
normal range of motion, proper sensation, and strength of
the surrounding muscles (An et al., 2018).

The limited range of motion of the ankle joint is an
important cause of structural defects and restriction of daily
activities (Lin et al.,, 2009). Limited dorsiflexion range of
motion (DFROM) can cause hyperextension of the knee by
changing the position of the foot during weight-bearing and
reducing the ability to correct the center of gravity (An &
Jo, 2017). The decrease in ankle flexibility and range of
motion as a result of changes in the musculoskeletal system
with aging negatively affects balance ability (An et al,
2018). Moreover, limited DFROM has been associated with
several lower extremity injuries, including ankle joint
injuries, anterior cruciate ligament ruptures, achilles tendon
injuries, and hamstring sprains, and may also negatively
affect athlete performance (Moreno-Pérez et al.,, 2020).
Additionally, previous studies involving healthy young adults
have shown that DFROM may be an important factor in
determining dorsiflexor strength (Guillén-Rogel et al., 2017).

Recent studies found that static stretching (SS) has a
negative effect on muscle performance such as on maximal
voluntary strength, muscle power, sprint time, and jump
height (Ayala et al., 2015; Behm et al., 2016; Matsuo et al.,
2019). On other hand, it has been demonstrated that
dynamic stretching (DS) can improve performance prior to
activities requiring muscle strength and power, such as
jumping heights (Opplert & Babault, 2018; Peck et al.,
2014). Thus, DS is preferred over SS when preparing for
physical activity because it is effective in increasing ROM
and increasing ankle joint flexibility without compromising
strength (Behm et al., 2016; Pamboris et al., 2019). In

particular, calf muscle stretching has been proven to
improve the ROM of the ankle in both young and elderly
(Searle et al., 2019). DS performed at a slow speed has
been shown to have a greater advantage in muscle strength
than at a fast speed, and consequently, a slow DS may be
recommended as part of a warm-up in sports activities
(Pamboris et al., 2019).

Joint mobilization is known to relieve pain and improve
ROM (Landrum et al., 2008). Previous studies have shown
that ankle self-mobilization (SM) increases the extension of
non-contractile tissue by promoting the gliding of the tibia
on a fixed talus when performing ankle dorsiflexion (Hoch
et al., 2012; Howe, 2017; Park et al., 2018). As a result, it
improves DFROM and increases joint play, enabling
adequate functional activity. It has also been shown to be
and ankle

dorsiflexor muscle strength can be temporarily increased by

effective in improving dynamic balance,
performing Maitland grade III mobilization in healthy
participants (Cruz-Diaz et al., 2020; Ersoy et al., 2019).
Although many studies have reported on the positive
effects of each of DS and SM, few studies have confirmed
which one is superior based on the comparison of the
effects of the two interventions on various variables such as
ROM, balance, and strength. Therefore, the purpose of this
study was to compare the acute effects of DS and SM on
DFROM, static and dynamic balance, and muscle strength
in healthy adults. The data collected in this study can be
useful data for professionals and patients in need of ankle

joint rehabilitation.

II. Methods

1. Participants

On the basis of a previous study investigating mobilization
techniques on dorsiflexion (Marron-Gémez et al., 2015), a

power analysis (o =.05, power (1-3 -error)=.95, r=.5, effect
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size d=1.31) was performed using statistical software
(G-Power 3.1.9.7, Diisseldorf, Germany) required sample
size of n = 14 for each group. To account for dropouts, we
Thirty-two  healthy
study.

recruited 32  participants. adults

participated in  this Participants  filled out
questionnaires aimed at identifying physical trauma or
surgical history, neuromuscular injury, and those who were
not participating in any other exercise program were selected
for this study. Participants with a history of lower extremity
injury, neurological diseases, vestibular organ damage, ankle
instability, ankle pain, or inflammatory diseases were
excluded from this study. Participants were randomly
assigned to either DS or SM groups and were single-blind.
All participants were provided with explanations of the
procedures of this study and gave written informed consent.
This study was
institutional review board (SM-202104-022-1).

approved by Sunmoon University

2. Experimental procedures

1) Outcome measurements

(1) Range of motion of ankle dorsiflexion

Weight-bearing lunge test (WBLT) was performed to
measure the change in the weight-bearing DFROM of the
ankle joint. WBLT has been reported as an appropriate
method to evaluate DFROM through previous studies
(Cruz-Diaz et al., 2020; Hall & Docherty, 2017).
Participants placed their feet parallel to the tape measure
attached to the floor and performed a forward lunge until
the front knee of the leg to be measured touched the wall
(Fig 1). The maximum distance at which the feet can be
placed away from the wall was measured while keeping the
participant's heels flat so that they do not fall off the floor
and keeping the knees touching the wall. It was measured
in millimeters (mm) between the foot closest to the wall and
the wall itself through a tape measure attached to the floor.
Participants performed 3 test trials after 3 practice trials,

and the mean value was used for analysis.

(2) Strength of the ankle dorsiflexor and plantar flexor

A hand-held dynamometer was used to measure the
muscle strength of ankle DF and PF (Fig 2). The
measurement procedure was performed based on previous
studies (Howe, 2017). For measuring dorsiflexor muscle
strength, after allowing the participant to supine position,
the researcher placed the hand-held dynamometer on the top
of the participant's metatarsophalangeal joint and secured it
tightly with both hands to prevent movement. The
participant was then asked to maintain the maximal
voluntary isometric contraction for 3 to 5 seconds in a
dorsiflexion 90-degree position. The muscle strength of the
plantar flexor was also measured in the same way that the
researcher held the hand-held dynamometer firmly on the
soles of the subject's metatarsophalangeal joint and held it
in place with both hands to prevent movement. One
practice trial was performed prior to the test attempt. Ankle

muscle strength was measured three times each at 10

seconds intervals and the mean value was used for analysis.

Fig 2. Isometric strength measurement of ankle dorsiflexor

and plantar flexor
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(3) Static balance

Fig 3. TETRAX system

The static balance was measured using TETRAX
(Sunlight Medical Ltd, Ramat Gan, Israel)(Fig 3). The
participant was asked to position the toes and heels of both
feet on each platform (A-B-C-D) for the measurement of
the static balance and to remain in a standing position for
32 seconds. Measurements were made in four ways: normal
position with eyes open (NO), normal position with eyes
closed (NC), eyes open on pillows (PO), and eyes closed
on pillows (PC). The participants were asked to open their
eyes and focus on the points marked about a meter ahead
during the measurement. TETRAX pillow was used for
measurement on unstable support surfaces. The stability
index (ST) and weight distribution index (WDI) were used

to assess static balance. WDI is a percentage of the weight
load, and ST is a measure of the change in posture due to
the change in weight, indicating stability. The lower the
value, the higher the ability to balance.

(4) Dynamic balance

Dynamic balance was evaluated using the Y-Balance kit
(Fig 4). Measurements were made based on previous
studies (Hartley et al., 2018; Nakagawa & Petersen, 2018).
The leg length was measured before the Y-balance test to
data normalize. For the measurement of leg length, the
length from the anterior superior iliac spine to the medial
malleolus on the dominant leg of the subject was measured
in centimeters using a tape measure. Participants were
instructed to maintain barefoot in the middle of the
Y-balance board and push the board as far as possible in
the orientation of the anterior (Ant), posteromedial (PM),
and posterolateral (PL) with their hands on the iliac crest
(Fig 4). Participants were given four practice opportunities
per direction, followed by three tests for each direction. In
addition, the measured distance (cm) in each direction was
converted to a percentage of the leg length (%) and applied

in the analysis.

Fig 4., Y balance test

2) Intervention

(1) Dynamic stretching

DS was performed for the purpose of stretching the

medial gastrocnemius muscle. The participants stood with
their toes on the edge of the stairs and held the safety bar
loosely for safety. Participants performed 3 sets of repeating

the heel lowering and lifting 20 times according to the
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metronome of 50 BPM. The subjects lowered their heels
once they heard the sound and lifted them to the next

sound. The break time for each set was set to 5 seconds

(Fig 5).

Fig 5. Dynamic stretching

(2) Self-mobilization

SM was performed in the following three ways. First,
talus self-mobilization to increase DFROM was performed
by applying tibia anterior-posterior gliding on fixed feet that
actively support weight during dorsiflexion mobilization
(Landrum et al., 2008). The participant made a 90-degree
knee flexion with the foot on the step box and hung a
resistance band on his ankle. At this time, the resistance
band was tied to the lower part of the post in the back. The
subject was asked to move the COG forward and perform
dorsiflexion and return to its starting position (Fig 3).
Second, the participant made 90 degrees of knee bending
with one leg in front, and took a posture where the other
knee touched the floor. Next, the participant was asked to
put a 10 kg kettlebell on the knee of the foreleg, move the
center of gravity forward, perform foot bending, and return
to its starting position (Fig 4). Third, while the participant
stretched his legs and sat on the floor, a band tied to a
pillar was wrapped around his ankle to apply caudal
distraction force. Another band wrapped around the soles of
the feet was directly held by the subject, pulled the band
toward the cranial, and asked to return to its starting

position (Fig 5). Participants performed the above three

methods 10 times and 3 sets, respectively, and the break
time between each set was set to 1 minute (Cruz-Diaz et

al., 2020).
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Fig 6. Self—mobilization

3. Statistical Analysis

Descriptive statistics were used to calculate the mean and
standard deviations of each group. To confirm that the
collected data follows the normal distribution, we conducted
the test of normality by using the Shapiro-Wilk test. As a

result, we proved that the collected data follows a normal
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distribution which allowed us to use parametric statistics.
Paired t-test was used to compare the differences before
and after the intervention within the group, and an
independent t-test was used to compare the differences in
outcomes between each group. For statistical analysis, IBM
SPSS statistical software version 22.0 was used, and the

statistical significance level was set to o =.05.

II. Results

The general characteristics of the participants are

presented in Table 1. Table 2 shows a pre- and post-

comparison of SM and DS for the strength, WBLT, YBT,
and Tetrax. Significant differences were found in ankle
dorsiflexor strength, WBLT, YBT, WDI (PO), and ST (NC)
before and after intervention in the SM group (p<.05). In
the DS group, significant differences were found in ankle
dorsiflexor and plantar flexor strength, WBLT, YBT Ant,
WDI (NO, PO), and ST (NO, NC, PO, PC) before and
after the intervention (p<.05).

Table 3 shows the difference between groups in the
amount of variation of each variable. Ankle plantar flexor

strength and WDI (PO) were significantly different between
groups.

Table 1. General characteristics of subjects (n=32)
Characteristics Self-mobilization Dynamic stretching V4
Sex (male / female) 8/8 8/ 8
Age (years) 20.25+1.77 19.94+1.39 .654
Height (cm) 168.06+9.08 168.44+8.96 .944
Weight (kg) 65.56+16.65 67.25+13.04 726
Leg length (cm) 86.25+5.12 86.31+5.51 967

M=SD; meantstandard deviation

Table 2., Comparison of ankle strength, dorsiflexion range of motion, and balance (static and dynamic) within group (n=32)

Self-mobilization (n=16)

Dynamic stretching (n=16)

Pre Post p Pre Post D
Strength DF 13.76+2.68 14.6543.14 .005 14.1242.22 16.09+2.99 .001
(Ibf) PF 14.15+4.47 14.71+4.02 .150 13.4345.05 15.96+4.75 <.001
WBLT (0) 12.0943.71 13.59+3.21 <.001 12.00+4.38 13.53+3.93 <.001
YBT Ant 70.04+7.73 75.2847.43 .002 69.98+9.64 73.69+13.09 .006
(% leg PM 107.89+10.01 113.71%10.77 <.001 111.91+9.08 114.71+11.88 .099
length) PL 105.11+13.62 111.21+13.95 <.001 105.50+9.31 108.93£13.51 067
NO 6.1743.45 6.1243.29 471 8.43+2.79 6.75+3.80 .004
WDI NC 4.99+2.96 6.27+3.02 497 7.84+2.80 6.73+3.16 081
PO 5.47+2.28 5.45+2.84 .599 5.93+3.06 7.46+3.22 029
Tetrax PC 448222 4.57+£2.48 307 5.13+2.81 6.632.92 067
(scores) NO 15.06+5.25 15.07+5.71 488 14.114.71 13.14+4.20 014
- NC 17.56+5.17 17.09+5.63 025 19.65+7.10 17.37+5.79 .004
PO 17.61+3.90 15.9125.11 447 16.57+5.42 14.16+4.38 .009
PC 25.38+7.91 25.4145.73 492 30.12+13.47 26.4249.13 032

M+SD; meantstandard deviation, DF; dorsiflexor, PF; plantar flexor, WBLT; weight bearing lunge test, YBT; y balance test, Ant;
anterior, PM; posteromedial, PL; posterolateral, WDI; weight distribution index, ST; stability index, NO; normal and opened eyes, NC;
normal and closed eyes, PO; pillow and opened eyes, PC; pillow and closed eyes
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Table 3, Comparison of variations in ankle strength, dorsiflexion range, and balance (static and dynamic)

between groups (n=32)
Self-mobilization (n=16) Dynamic stretching (n=16) P
Strength DF 89+1.21 1.97+2.12 086
(Ibf) PF 56+2.10 2.53+1.88 .009
WBLT (cm) 1.50+1.34 1.53+1.06 942
Ant 5.24+6.07 3.71+£5.22 450
YBT (% leg

PM 5.82+6.17 2.79+8.29 251

length)
PL 6.10+5.50 3.43+8.88 332
NO -.05+£2.79 -1.69+2.24 077
NC 1.29+£2.62 -1.12+2.17 269

‘WDI
PO -.024+2.34 1.52+2.50 .083
Tetrax PC .09+2.54 1.50+2.27 .108
(scores) NO 01+3.63 -9742.63 391
NC -47+3.65 -2.28+5.75 296
ST

PO -1.70+£3.20 -2.41+3.10 528
PC .03+6.31 -3.70+7.41 135

M+SD; meantstandard deviation, DF; dorsiflexor, PF; plantar flexor, WBLT; weight bearing lunge test, YBT; y balance test, Ant;
anterior, PM; posteromedial, PL; posterolateral, WDI; weight distribution index, ST; stability index, NO; normal and opened eyes, NC;
normal and closed eyes, PO; pillow and opened eyes, PC; pillow and closed eyes

IV. Discussion

This study was conducted to compare the acute effects of
SM and DS on ankle muscle strength, DFROM, and
dynamic and static balance in healthy young adults.

In the DS group, similar to the previous study, there was
a significant improvement in both muscle strength of the
dorsiflexor and plantar flexor (Pamboris et al., 2019). This
is consistent with the results of previous studies and is
thought to be due to several existing mechanisms that
improve performance due to increased muscle and core
temperature, increased neuromuscular activity, and improved
stimulation of the nervous system after dynamic stretching
(Azeem & Sharma, 2014; Chatzopoulos et al., 2014). In

addition, according to previous studies, dynamic stretching

increases ROM and reduces stiffness in a continuous
manner (Opplert & Babault, 2018).

In this study, there was also a significant improvement in
DFROM immediately after dynamic stretching. This was
consistent with the results of previous studies that dynamic
stretching was effective in improving ROM (Behm et al.,
2016; Chatzopoulos et al., 2014; Pamboris et al., 2019;
Searle et al., 2019). Moreover, it has been previously
reported that dynamic stretching increases muscle and core
temperature, stimulates the nervous system, and increases
neuromuscular activity, which has been proposed as a
mechanism for improving balance ability (Chatzopoulos et
al., 2014). For this reason, it is believed that DS showed a
significant improvement in static balance unlike SM in the
experimental results.

Additionally, correcting posture sway and placing the
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COG in the base of support requires proper ankle muscle
strength (Kim & Kim, 2018; Winter et al., 1990). In this
study, the muscle strength of the ankle showed a greater
improvement in DS overall than in SM, so it is believed
that this may have an effect. On the other hand, dynamic
stretching did not show a significant effect on dynamic
balance. Previous studies have shown that fatigue in plantar
flexors reduces the score of the star excursion balance test,
and that fatigue in calf muscles in healthy students causes
balance disorder. It is known that fatigue of the plantar
flexor has a greater effect on dynamic balance than other
muscles (Ghotbi et al., 2021). The DS method of calf
muscles conducted in this study uses calf muscles to move
the body up and down, and since dynamic balance was
measured immediately after muscle use, it is believed that
the repetitive stretching caused muscle fatigue.

In SM, there was a significant improvement in the
muscle strength of the dorsiflexor. On the other hand, there
was no significant difference in muscle strength of plantar
flexor. This is consistent with the results of previous studies
showing  temporary = muscle strength  improvement
immediately after mobilization (Ersoy et al., 2019). This is
believed to be because posterior gliding among the methods
of SM conducted based on previous studies increased
dorsiflexion, but anterior gliding to increase plantar flexion
was not included. In addition, according to previous studies,
an increase in DFROM was observed immediately after
mobilization (Gilbreath et al., 2014). As such, this study
also showed a significant improvement in DFROM
immediately after SM. The results of this study were
consistent with the results of previous studies that
mobilization is effective in increasing ROM (Hoch et al.,
2012; Howe, 2017; Park et al., 2018).

This study has several limitations. First, the number of
sample groups was small with 32 participants, and caution
is needed in generalizing it to all age groups by conducting
it for healthy men and women in their 20s. Second, due to
the different types of exercise between the two groups, the

intensity and time required for exercise between the groups

could not be completely matched. Third, this study
compares only the acute effects of DS and SM, and it is
difficult to find out the long-term effects. Therefore, future

studies need to revise and supplement these limitations.

V. Conclusion

This study was conducted to investigate the acute effects
of DS and SM on the DFROM, muscle strength, static
balance, and dynamic balance of the ankle joint. As a result
of the study, it was found that both DS and SM were
effective in improving DFROM. DS was found to be
effective in improving DF and PF muscle strength, and SM
including posterior gliding was found to be effective in
improving DF muscle strength. In addition, it was
confirmed that DS was effective in static balance, and SM
was effective in dynamic balance. Based on the results of
this study, DS or SM can be considered as a possibility for
selective use according to variables for improving ankle

joint function (DFROM, muscle strength, balance).
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