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Objective: The aim of this study was to investigate the effect of balance training with plantar flexor stretching on ankle dorsi flex-
ion range of motion (ROM), balance, and gait ability in stroke patients.

Design: A randomized controlled pilot trial.

Methods: Thirty stroke patients volunteered to participate in this study. The subjects were randomly allocated to two groups: the
experimental group (n=15) received the neurodevelopment therapy plus balance training with plantar flexor stretching for 20 mi-
nutes in one session. The control group (n=15) received the same neurodevelopment therapy plus plantar flexor static stretching
for 20 minutes in one session. Both groups underwent sessions four times a week, for a total of 4 weeks. Measurements included
passive range of motion (PROM), active range of motion (AROM) of ankle dorsiflexion using a goniometer, timed up and go
(TUG), the functional reaching test (FRT), and the 10 m walk test (10 MWT).

Results: There were significant improvements in AROM and PROM of ankle dorsiflexion, TUG, and FRT scores after the inter-
vention in the experimental group (p<0.05). However, the control group showed no statistically significant differences except for
PROM of ankle dorsiflexion. The experimental group showed a significant improvement in PROM, TUG, and FRT scores com-
pared to the control group (p<0.05).

Conclusions: Balance training with plantar flexor stretching improves ankle dorsiflexion ROM and balance ability in patients
with stroke. Therefore, this therapeutic intervention will be effective for rehabilitation of stroke patients in the clinical setting.

Key Words: Muscle stretching exercises, Postural balance, Stroke

Introduction

A stroke is an illness inducing disability by blockage of
the blood flow toward the brain or bleeding in the brain tis-
sue from various causes. It is the second most common cause
of death in Korea after cancer [1,2]. More than 80% of pa-
tients surviving after a stroke show weakening of functions
and hemiparesis, and damage to their gait ability threatens
their independent life [3,4]. Gait ability is closely related to
balance, and, in particular, reduced ankle joint mobility by
ankle contracture hampers standing and balancing, a sig-

nificant factor in diminishing the effects of rehabilitation
[5]. It is reported that 84% of patients with brain damage
show contracture, and in 76% of them this is accompanied
by contracture of the ankle joints [6]. Given et al. [7] re-
ported that the muscles around the ankle joints easily devel-
op changes in their mechanical property because they have
more type I muscle fibers and connective tissue than other
muscles. Owing to the characteristics of the ankle joints,
stroke patients are known to be more likely to have increased
spasticity and shortened fascia of the gastrocnemius on the
paretic side, producing a reduced range of motion in dorsi-
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flexion in the ankle joints [8]. Such changes induce incorrect
transmission of somatesthesia from the joint or the muscle
receptors or motor response, accompanied by inappropriate
ankle strategy, causing difficulty in balance control [9,10].
All the motion in the ankles including dorsiflexion controls
the interactions between the feet and the ground, serving as
an essential factor in gait and balance. Performing func-
tional activities requires at least 10 degrees of range of mo-
tion in dorsiflexion. In this context, efforts to increase the
range of motion in the ankle are required for stroke patients
before planning a program of gait training [11,12].

Various methods of stretching the plantar flexor have
been clinically used in order to increase the range of motion
and to stimulate somatesthesia in the ankle joints; static
stretching is regarded as an intervention that can be per-
formed easily. Many patients with damage to the central
nervous system also undergo static stretching of the plantar
flexor [13]. However, the effects of stretching on stroke pa-
tients have been reported differently. Kim [14] reported that
a short-term application of passive stretching to the plantar
flexor of subjects with stroke reduced the excitability of the
a -motor neuron and increased the degree of dorsiflexion.
Lee et al. [15] identified that static stretching of the plantar
flexor of stroke patients by using the Q-board for six weeks
increased gait velocity in the 10 m walk test (10MWT) and
the timed up-and-go test. However, in Bressel and McNair
[16]’s research, consistent static stretching of the plantar
flexor of stroke patients for 30 minutes reduced the stiftness
of the ankle joints for a short period, but gait velocity was not
significantly increased in the 1I0MWT, owing to reduced
muscular strength. Yuk [13] reported that standing balance
ability temporarily declined immediately after consistent
static stretching of the plantar flexor for 15 minutes, because
of the sway of the center of gravity by dynamic and neuro-
logical changes, suggesting that patients with damage to the
central nervous system may be subject to the risk of falling
after consistent stretching because of their lessened balance
ability. The stretching of the plantar flexor may contribute to
an increase in joint mobility by changing muscle length and
improving stiffness in the tissues around the joints [10,17],
while inducing a temporary decline in balance ability due to
changes in tension and somatesthesia [16,18-20].

Changes in ankle degree in the sagittal plane, in particular,
affect static balance more [21]; balancing against the back-
and-forth posture sway is performed by alternative activa-
tion of the tibialis anterior and the gastrocnemius [22]. Thus,
for stroke patients to maintain balance with dorsiflexion

may be a considerable challenge, because of the compli-
cated process in which the sensory system perceives body
motions and the central nervous system integrates and modi-
fies the motions to make the musculoskeletal system react
appropriately to environmental changes [23,24]. However,
most of the previous researches on stretching of the plantar
flexor have focused on passive, static stretching, whereas
few deal with balance training with plantar flexor stretching.
Also, researches into the effects of consistent stretching
have been insufficient to date, and consequently the effects
have not been identified clearly.

Thus, this study was devised to investigate the effects of
balance training with plantar flexor stretching for four weeks
on range of motion in dorsiflexion in the ankle joints, bal-
ance, and gait ability of stroke patients. The hypothesis of
this study is as follows. The experimental group undergoing
balance training with plantar flexor stretching may show im-
provement in the range of motion in dorsiflexion in the ankle
joints, balance, and gait velocity, when compared to the con-
trol group undergoing plantar flexor static stretching.

Methods
Subjects

The stroke patients who entered a rehabilitation hospital
in Cheongju-si, 30 were selected to be the subjects of this
study, after they had received an explanation of the contents
and purpose of this experiment and given their consent to
participation. All of the protocols used in this study were ap-
proved by the Daejeon University. The subjects’ rights were
protected according to the guidelines of the Daejeon University.
The inclusion criteria were as follows: patients who were di-
agnosed with hemiplegia by stroke at least six months ago,
showed 10 or less degrees in the active range of motion
(AROM) of dorsiflexion and 20 or less degrees in the pas-
sive range of motion (PROM), G2 or under of the grades in
the modified Ashworth scale of the plantar flexor, Mini-
Mental State Examination Korean version score higher than
24 and those who could walk at least 15 m with or without
gait-assist devices. The exclusion criteria were as follows:
patients who had problems in standing and gait caused by or-
thopedic surgery or disability in the lower limbs.

Procedures

The 30 subjects were randomly and equally assigned to an
experimental group (n=15) and a control group (n=15). Both
groups underwent neurodevelopmental treatment for 30 mi-
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nutes and then plantar flexor stretching for 20 minutes; the
experimental group performed balance training with plantar
flexor stretching, while the control group performed general
plantar flexor static stretching. Both groups underwent the
procedure four times a week for four weeks.

The Q-board used in this experiment was an inclined
wooden board (40%70 cm), which was angle-adjustable. the
tilt angle of the Q-board for plantar flexor stretching was set
between 5 and 20 degrees so that subjects would not feel pain
or discomfort. When a subject expressed discomfort during
the stretching, the angle was adjusted to avoid tissue damage
[13]. The control group underwent static stretching leaning
against a wall on the Q-board in dorsiflexion. The experi-
mental group stood on the Q-board, balancing indepen-
dently without leaning against a wall (Figure 1). In order for
the subjects to maintain balance using angle strategy as much
as possible, their movements and alignment in the hip joints
and the knee joints were intentionally limited; if necessary,
the therapist issued verbal instruction. Patients who found
proper weight bearing and balancing difficult underwent the
process after they had been accustomed to the motions by
repetition with the help of a therapist. Therapists observed
the patients throughout the process to ensure their safety.

Before intervention, PROM and AROM in dorsiflexion
was measured in both groups using a goniometer [25], the
functional reach test (FRT) and the The timed up and go test
(TUG) being administered to assess their balance ability and
the I0OMWT to measure their gait ability. After the four-
week intervention, the same investigators measured the val-
ues again.

Figure 1. Balance training with Plantar flexor stretching training.

In the FRT for assessing balance ability, the subjects in the
standing position were asked to stretch an arm forward with
shoulder flexion of 90 degrees. We measured the distance
between the tip of the middle finger in the starting position
and the same tip when a subject stretched his/her arm as for-
ward as possible. The intrarater reliability was 0.92, and the
interrater reliability was 0.98 [26]. TUG is a test to quickly
assess a person’s basic mobility and balance; it measures
with a stopwatch the time that a subject takes to rise from an
armchair, walk 3 meters, turn around, and walk back to the
char to sit down. We conducted this measurement three times
to obtain mean values. The intrarater reliability was 0.99,
and the interrater reliability was 0.98 [27]. To assess gait
ability, we used the IOMWT, a tool whose reliability and val-
idity have been proven in various studies. Subjects were asked
to walk 14 meters of straight-line distance; the 2 meters add-
ed to the starting and the finishing point were set to be the
distance for acceleration and deceleration. The walking time
for the 10 meters was measured with a stopwatch [28].

Data analysis

IBM SPSS ver. 19.0 for Windows (IBM Co., Armonk, NY,
USA) was used for statistical processing. The Shapiro-Wilk
test was used for the test of normality and result values
showed normality. The chi-square test and independent t-test
were conducted to test the homogeneity of the two groups.
Before the balance training with plantar flexor stretching for
the experimental group and the plantar flexor static stretch-
ing for the control group, a paired t-test was conducted to
compare the difference within a group and an independent
t-test to compare between the groups. The statistical sig-
nificance was set at @ =0.05.

Results

General characteristics of the subjects

Table 1 shows subjects general characteristics. No stat-
istically significant difference was found between the two
groups.

Changes in the range of motion in dorsiflexion of the two
groups before and after training

In both groups, PROM of dorsiflexion showed a sig-
nificant increase in after the training (p<0.05). the rate of
change between the groups showed a significant difference
(»<0.05).

AROM of dorsiflexion in the experimental group showed
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Table 1. General characteristics of the subjects (N=30)
Characteristic Experimental group (n=15) Control group (n=15) x*h p
Age (y) 58.90 (13.37) 60.18 (13.01) —0.223 0.826
Gender 1.292 0.450
Male 11 (73.3) 8(53.3)
Female 4(26.7) 7 (46.7)
Height (cm) 166.20 (9.73) 162.36 (6.74) 1.059 0.303
Weight (kg) 64.20 (9.73) 59.52 (8.04) 0.922 0.368
Onset (mo) 24.10 (11.71) 22.55(12.82) 0.289 0.776
Type of lesion 0.536 0.464
Hemorrhage 8(53.3) 6 (40.0)
Infartion 7 (46.7) 9 (60.0)
Paretic side 0.682 0.682
Right 3(20.0) 5(33.3)
Left 12 (80.0) 10 (66.7)
Values are presented as number (%) or mean (SD).
Table 2. Comparison of ankle joint range of motion within group and between group (N=30)
Variable Experimental group (n=15)  Control group (n=15) t p
PROM
Pre-test 13.07 (2.49) 12.73 (2.05) 0.400 0.692
Post-test 15.73 (2.02) 14.00 (1.46) 2.694 0.012*
t —6.162 —5.104
p 0.000* 0.000*
Ratio of change (%) 22.84 (18.07) 11.13 (9.62) 2.215 0.038*
AROM
Pre-test 5.80 (3.14) 5.20 (3.67) 0.481 0.634
Post-test 6.67 (3.66) 5.53 (3.80) 0.833 0.412
t —3.166 —2.092
p 0.007* 0.055
Ratio of change (%) 13.22 (17.06) 5.86 (10.46) 1.426 0.167
Values are presented as mean (SD).
PROM: passive range of motion, AROM: active range of motion.
#5<0.05.
Table 3. Comparison of balance ability within group and between group (N=30)
Variable Experimental group (n=15)  Control group (n=15) t p
TUG (s)
Pre-test 24.99 (8.76) 24.21 (10.53) 0.221 0.827
Post-test 22.62 (8.69) 24.35 (11.46) —0.466 0.645
t 2.622 —0.122
p 0.020%* 0.905
Ratio of change (%) —9.56 (11.55) 2.21(16.85) —2.233 0.035%*
FRT (cm)
Pre-test 16.90 (4.84) 15.88 (8.04) 0.420 0.678
Post-test 22.61 (5.61) 16.23 (8.31) 2.461 0.020%*
t —8.657 —0.324
p 0.000* 0.751
Ratio of change (%) 35.46 (17.19) 12.24 (37.53) 2.178 0.038*

Values are presented as mean (SD).
TUG: timed up and go test, FRT: functional reach test.
*p<0.05.
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Table 4. Comparison of the gait ability within groups and between groups (N=30)
1OMWT (s) Experimental group (n=15) Control group (n=15) t P
Pre-test 20.56 (10.46) 22.74 (10.13) —0.578 0.568
Post-test 19.51(10.30) 21.86 (8.55) —0.679 0.502
t 2.097 1.050
p 0.055 0.312
Ratio of change (%) —4.63 (12.30) —0.76 (16.78) —0.722 0.476

Values are presented as mean (SD).
10MWT: 10 m walk test.

an increase from 5.80+3.14 degrees in pre-training to 6.67+
3.66 degrees in post-training (p<0.05). There was no sig-
nificant difference in the rate of change between the two
groups (Table 2).

Changes in balance ability of the two groups before and
after training

With regard to comparison of balance ability within a
group, the time taken in the TUG significantly declined in
post-training in the experimental group (p<0.05).

In the FRT, the distance in the experimental group sig-
nificantly increased (p<0.05). The rate of change in the FRT,
TUG between the groups showed a statistically significant
difference (p<0.05) (Table 3).

Gait ability in the two groups before and after training

In the I0OMWT, the time in the experimental group de-
clined, without a statistically significant difference (Table 4).

Discussion

The purpose of this study was to identify the effects of
plantar flexor stretching applied to patients with hemiplegia
caused by stroke to improve their range of motion in the an-
kle joints, balance, and gait ability. The results of this study
showed that the experimental group undergoing balance
training with plantar flexor stretching increased their PROM
in dorsiflexion and experienced a significant improvement
in balance ability when compared to the control group un-
dergoing plantar flexor static stretching.

Body movements enabling functional activities depend
not only on active neuromuscular control but also on the mo-
bility of appropriate soft tissue. The proper range of motion
in dorsiflexion in the ankle joints, in particular, is essential
for performing functional activities such as walking, run-
ning, climbing, and going down stairs normally [29]. After a

stroke, the range of motion in the ankle joints is restricted by
a decrease in the size of muscular fibers, a decline in the
number of recruitment motor units, a failure to produce
proper muscular strength owing to abnormal muscle tone,
and weakness or contracture of the dorsi flexor [8], a re-
striction that poses the risk of declining balance ability [30].

Lee et al. [31] reported that sensitivity to the phasic reflex
declined when patients with hemiparesis underwent plantar
flexor stretching for 30 minutes. Although short-term stret-
ching is insufficient to develop structural changes in mus-
cles, the mechanoreceptor around the ankles and the Golgi
tendon organ mainly in muscles decrease the excitability of
the gastrocnemius and the @ -motor neuron to increase mus-
cular flexibility. After 48 hours of the stretching, however,
the excitability of the @ -motor neuron reverts to its extent
before the stretching, and consequently the flexibility of the
ankle joints declines [14,32]. There have been various stud-
ies identifying improvement in the range of motion in the an-
kle joints due to short-term plantar flexor stretching, but few
researchers have focused on changes in the joints brought
about by long-term stretching. In this study, both the ex-
perimental group and the control group showed a significant
increase in AROM of their ankle joints after plantar flexor
stretching was applied for four weeks. However, the rate of
change between the groups showed a significant difference,
perhaps because the experimental group, unlike the control
group, was not restricted in the range of movement of their
body, including the ankles. The results may be due to the fact
that, in the experimental group, the angle by which the an-
kles were stretched may have been larger, as the body moved
back and forth more. It is well known that, even while a per-
son is standing quietly, the muscles contract against small
sways in order to maintain balance [33]. It is suggested that
the AROM of the experimental group also improved be-
cause, when they underwent balance training in dorsiflexion,
they could perceive the sense of stretching while their body
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was swayed back and forth and then repeatedly experienced
alternative induction of appropriate muscle contraction to
maintain their balance.

Lee et al. [15] reported that the time taken in the IOMWT
and the TUG was significantly decreased in stroke patients
when they underwent plantar flexor stretching for six weeks,
perhaps because of an increase in the range of motion in the
ankle joints and a decrease in spasticity. In this study, how-
ever, the control group undergoing static stretching did not
show a significant difference between pre- and post-training
in the results of the TUG, the FRT, or the I0MWT. This in-
dicates that it was insufficient for them to experience an im-
provement in functional ability because of improved PROM,
since they were not experiencing an improved AROM,
which is related to muscular strength. Song ef al. [21] identi-
fied the effects of ankle posture of healthy adults on static
balance, reporting that changes in the sagittal plane rather
than in the frontal plane of the ankle had greater effects.
Such results may indicate that it can be a considerable chal-
lenge for stroke patients to maintain balance in dorsiflexion.
Posture control to maintain balance is performed by a com-
plicated interaction between the sensory and the muscu-
loskeletal system and is integrated and modified within the
central nervous system by reacting to environmental changes
[23,34]. In this context, the experimental group undergoing
balance training with plantar flexor stretching might have
experienced an improvement in proprioception and balance
ability by transmission of somatesthesia from the joint or
muscle receptors in the environment in which their bodies
swayed and repeated movements were applied by an appro-
priate ankle strategy in order to maintain balance. However,
there was no significant difference in the time taken in the
10MWT before and after the training, despite improvement
in balance ability, perhaps because even the increased angle
of the AROM did not reach the functional angle (10 degrees)
that is needed for walking. Also, other functions related to
walking other than joint angle may contribute to the insigni-
ficance.

The results of this study may not be capable of general-
ization to all stroke patients with hemiparesis, because the
subjects were chosen from among those who were treated in
a rehabilitation hospital and those who met the conditions
for inclusion. Also, we did not assess other factors that may
affect improvement in balance and gait ability, including
muscular strength and proprioception sense. The results of
this study may suggest that stroke patients can improve their
range of motion in dorsiflexion in the ankle joints and bal-

ance ability more effectively by undertaking balance train-
ing with plantar flexor stretching (although this is a consid-
erable challenge for them), rather than static, passive plantar
flexor stretching.
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