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Abstract The purpose of this study was to examine the effects of thoracic flexibility exercise on sitting
balance, static standing balance, gait parameters, and the fall risk of patients with chronic stroke. The
participants were randomized into the control (n=12) and thoracic flexibility exercise groups (n=12). Both
groups received standard rehabilitation therapy for 30 minutes per session. The subjects in the
experimental group performed additional thoracic flexibility exercises 3 times a week for 6 weeks. The
trunk impairment scale, static standing balance, gait speed, cadence, and fall risk were assessed for all
the participants before and after the intervention. The thoracic flexibility exercise group showed greater
improvement than did the control group on the trunk impairment scale (t=-3.57, p=.002), static standing
balance (t=5.37, p<{.001), gait speed (t=-3.29, p=.003), cadence (t=-2.77, p=.011), and fall risk (t=6.33,
p<.001). Furthermore, the thoracic flexibility exercise group significantly improved all the outcomes
compared to the baseline values (P<.05). This study showed that the thoracic flexibility exercise
improved the functional ability of patients with chronic stroke.
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1. Introduction

Stroke is caused by infarction or hemorrhage
in the brain, causing local brain lesions, and
requires long-term treatment [1]. Stroke patients
have chronic motor such

impairments as

impaired coordination, abnormal movement
patterns, sensory impairment, muscle weakness,
and reduced joint mobility, resulting in reduced
balance ability, abnormal gait patterns, and
increased risk of falling [2-3]. Balance, walking
ability, and fall risk are important evaluation
scales in the rehabilitation of stroke patients and
are related to the independence and social
participation of stroke patients [4]. Also, reduced
spinal stability and restricted trunk movement
due to stroke are accompanied by weakness of
the trunk muscles [5]. In addition, the restricted
trunk movements lead to thoracic stiffness,
abnormal trunk flexure, and move the center of
gravity backward, which impairs balance, gait,
and increases fall risk on standing or walking

[5-61.

exercise for stroke patients is on functional

Therefore, the focus of rehabilitation
recovery according to trunk exercise related to
posture control [7].

Various interventions, such as core
strengthening [8], stretching exercises [9], and
augmenting trunk muscle strength [5] have been
used to improve balance ability, gait function,
and functional movement in individual patients
with stroke. Sharma and Kaur [8] reported that
core strengthening with pelvic proprioceptive
neuromuscular facilitation intervention improved
trunk impairment, balance, and gait in chronic
stroke patients. Ghasemi et al. [9] showed that
functional stretching exercises resulted in
significant improvement in spasticity and gait
function. In addition, Karatas et al. [5] reported
that trunk muscle strength correlates with
balance, stability, and functional ability.

Recent research has focused on thoracic

flexibility exercise (TFE) to help restore normal
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range of motion, balance, and functional ability
in patients with chronic low back pain [10-11].
TFE that

performed to facilitate the extension of the

is a form of spinal exercise is
thoracic spine, which reduces tension in the

intervertebral disc and surrounding tissue,
increasing respiration [12-13]. The TFE improves
the restoration of normal movements of the
trunk, which improves the level of proximal
trunk control leads to improvement in distal
lower limb control, thereby improving balance
and walking ability [14-15]. TFE also reduces the
lumbar compensation movement and improves
the mechanical stability of the lumbar spine,
effecting increased thoracic flexibility [5, 11]. In
addition, increased thoracic mobility has been
shown to coordinate balance; reduce tension,
muscle spasms, and pain; and enhance the
completeness of physical activities [16-17].
Although TFE improves balance and functional
ability in individuals with low back pain, to date
it appears that its usefulness in patients with
chronic stroke has not been investigated. Thus,
the purpose of this study was to examine the
effects of a 6-week program of TFE on sitting
balance, static standing balance, gait speed,
cadence, and fall risk in patients with chronic
stroke. The research hypothesis was that the TFE
group would produce better improvements in
sitting balance, static standing balance, gait
speed, cadence, and fall risk than the control

group in patients with chronic stroke.

2. Methods

2.1 Subjects

A pilot test was performed on 6 volunteers to
determine the number of chronic stroke patients
required for this study. A power analysis was
performed using G-power software (G-power
software 3.1.2; Franz Faul, University of Kiel,
Kiel, Germany) to achieve a significant power of



AFsl7| &8 8]=22] #2138 A6Z, 2020

0.80, effect size of 2.06, and @ level of 0.05. The
results of the power analysis showed that this
study required 6 patients per group. A total of 37
stroke patients were assessed for eligibility. Out
of it, 13 patients were excluded for not meeting
the inclusion criteria. The present study involved
24 patients with chronic stroke from Y hospital,
Seoul, and was randomly assigned to two groups
12, TFE group= 12). The

inclusion criteria were as follows: a diagnosis of

(control group=
hemiplegia due to hemorrhagic or ischemic
stroke =6 months after onset to minimize the
effects of natural recovery; an independent gait
possible over 10 meters without assistive devices;
of 24 on the

Mini-Mental State Examination; and the ability to

a minimum score Korean
perform the exercises. The exclusion criteria
were as follows: a history of surgery in the lower
stroke, brainstem or

extremities, recurrent

cerebellar stroke, severe spasticity (modified
Ashworth scale grade=>3), or severe flaccidity in
the lower limbs and upper limbs. Before the
study, all participants were informed of the
of the
accordance with the ethical standards of the
of Helsinki. Only

voluntarily signed an informed consent form

purpose and procedure study, in

Declaration those who

Table 1. Clinical information of the patients with stroke

Control TFE
Characteristics | =" ro_ Broup group xort P
(n=12) _
(n=12)
Age (year) 59.4 + 3.1 62.1 + 7.6 -1.166 .263
Height (cm) 166.6 + 7.2 1643 + 48 934 362
Weight (kg) 663 + 83 672 + 7.7 -297 782
Gender
(male/female) 8/4 o3 193660
Hemiplegic side
(eft/right) 7/5 9/3 657 418
Type of stroke
(ischemia/hemor 6/6 4/8 719 397
rhage)
Disease duration
105 + 2.1 11.1 £ 23 -.651 522
(months)
K-MMSE 26.7 £ 2.1 272 19 -626 538

TFE, Trunk flexibility exercise. K-MMSE, Korean Mini-Mental
State Examination. Values are expressed as mean * standard
deviation or frequency.
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were enrolled as subjects. In addition, it was
announced that if the subject complained of pain
during the experiment or decided to drop off,
there would be no disadvantages and that no
information related to personal information
would be disclosed. The physical characteristics

of the patients are summarized in Table 1.

2.2 Experimental procedure

This study used a randomized controlled trial
with 2 groups. Participants were randomly assigned
to either the TFE group (n=12) or the control
group (n=12) group using the second generator (1
or 2, 1 indicating the control group and 2 indicating
the TFE group) to generate random processing
permutations from the online randomization
The
recruitment period for this study was from
November 1 to November 29, 2019, and was

program (http://www.randomization.com).

conducted on 24 chronic stroke patients who
participated in the experiment from December 2,
2019, 2020. The participant

characteristics and outcome measures, specifically

to January 31,

sitting balance, static standing balance, gait

speed, cadence, and fall risk, were assessed on

of

intervention, were measured by an examiner who

study day 1 and 1 day after 6 weeks

was blinded to the grouping. Throughout the
trial, all subjects underwent the same standard
rehabilitation therapy for 30 minutes per session:
the first 10 minutes of the active and passive
range of motion exercises were allocated to the
lower limb of the affected side, the next 10
minutes was spent on weight-bearing training
during sitting and standing, and the final 10
minutes was allotted to walking. After standard
rehabilitation therapy, 10 minutes of rest was
performed and a TFE group was performed an
additional 10 minutes of treatment for TFE. The
TFE conducted two exercise programs for stroke
patients 3 times a week for 6 weeks, 10 minutes

a day, according to the programs proposed by
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Howe and Read [18] and Park et al. [11]. The TFE
group performed 3 times a week for 6 weeks at
the same location under the guidance of the
same physical therapist to ensure consistent
performance of the protocol and the safety of all

enrolled participants (Figure 1).

37 patients assessed for eligibility ‘

Exclusion (n=13)
Not meeting the inclusion

24 patients were randomly
divided into two groups

Pre-test
Trunk impairment scale, static standing balance,
gait parametors (gait speed and cadence) and fall risk
control group (n=12) TFE group (n=12)

Control group
- standard
rehabilitation therapy

TFE group
- standard
rehabilitation therapy
- TFE
3 times / week,

6 weeks
Post-test

Trunk impairment scale, static standing balance,
gait parameters (gait speed and cadence) and fall risk
Statistical analysis

Fig. 1. Design and flow of participants through the
trial. Abbreviations: TFE, thoracic flexibility
exercise

2.3 TFE training

The participants individually performed the
TFE (seated thoracic extension with foam roller
and kneeling thoracic extension) training (Figure
2). The TFE performed two exercise programs for
stroke patients 3 times a week for 6 weeks, 10
minutes a day. The steps for the seated thoracic
extension with foam roller include the following
[11]: the exercise was started by sitting in a
high-back chair with a foam roller across the
thoracic spine; the chin was pulled in, the spine
straightened, and then the participant crossed
their arms on their chest to maintain alignment;
they then breathed in and extended back behind
the chair. This was performed for 10 seconds
while maintaining a neutral posture. Finally, they
returned to the start position, rested for 20
seconds, and repeated the procedure 10 times.

The steps for the kneeling thoracic extension
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were as follows [18]: the participant kneeled in
front of the bench, faced the box, and placed the
their elbows on the bench shoulder-width apart,
with hands interdigitated; the participant then
pushed their hips back on their heels and
simultaneously pressed their chest towards the
ground to make a thoracic extension. The aim
was to stretch their ribs towards the ground as
far as possible. They maintained this position for
10 seconds, returned to the starting position and
rested for 20 seconds before repeating the

procedure 10 times.

Fig. 2. Application of TFE (A: seated thoracic extension
with foam roller, B: kneeling thoracic
extension exercise)

2.4 Outcome measurements

The sitting balance test was performed pre-
and post-treatment using the trunk impairment
scale (TIS), of

categories: static and dynamic sitting balance

which consists three main
and trunk coordination in a sitting position. The
TIS score ranges from O to a maximum of 23
points, with a higher score indicating better
trunk performance. For each test, a 2, 3, or 4
point ordinal scale was used. The reliability of
the TIS was found to be 0.99 [19].

The static standing balance and fall risk tests
were performed pre- and post-treatment using a
Biodex Balance System SD (Biodex, Shirley, NY),
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which is an apparatus that provides real-time
visual biofeedback for balance testing and
training. For static measures, the stability index
is measured as the angular excursion of the
center of gravity of the patient. A high score
indicates significant movement and thereby, poor
balance. The test was performed for 30 seconds,
repeated three times, and the average value of
three trials of the static balance test was
computed. The reliability of the Biodex Balance
System SD was previously found to be 0.89 [20].

Gait speed and cadence were measured using
the GAITRite system (CIR Systems, Easton, PA,
USA). The GAITRite includes a 366 cm long, 61
cm wide electronic gait mat in which 13,824
sensors are vertically arranged at intervals of 1.27
cm to collect foot placement data. For this study,
the patients were instructed to stand in front of
the gait board at a distance of 1 m, and then
walk at a comfortable speed until they reached
the end of the board. Measurement of gait
parameters was repeated three times, and the
mean value of three trials was computed. The
reliability of the GAITRite system was previously
found to be 0.82 and 0.92 [21].

2.4 Statistical analysis

The PASW Statistics 18 software suite (SPSS,
Chicago, IL, USA) was used for all statistical
analyses. Normality was examined using the
one-sample Kolmogorov-Smirnov test. Baseline

demographic variables were compared between

Table 2. Changes in the intervention in each group

the groups using an independent t-test for
continuous data and the chi-square test of
independence for categorical data. After the
6-week intervention, independent t-tests were
used to compare differences between group
means, and paired t-tests were used to compare
within-group means. Statistical significance was

set at p values of @=.05.

3. Results

As a result of verifying the homogeneity of
age, height, weight, gender, hemiplegic side, type
of stroke, disease duration, and K-MMSE of the
patients with stroke, there was no significant
difference between the TFE and the control
group. The outcome measurements are shown in
Table 2. No significant differences were observed
between the groups in any of the measured
baseline values. After the 6-week intervention,
the mean TIS was significantly increased in the
TFE group compared to the control group
(p=.002). Static standing balance scores were
the
compared to the control group (=-3.57, p=.002).
Static

significantly decreased in TFE group

standing balance was significantly
decreased in the TFE group relative to the
control group (=537, p{00I). Similarly, gait
speed was significantly increased in the TFE
group relative to the control group (=-3.29,

p=.003). Cadence was significantly increased in

Control group (n=12) Trunk flexibility exercise group (n=12)
Parameters
Pre test Post test Pre test Post test t
TIS (score) 12.67 + 1.44 13.25 + 161 12.25 + 0.97 1533 + 1.23*7 -3.57
Static standing balance 1.08 + 0.19 101 + 0.15 103 + 021 069 + 0.14*" 537
(score)
Gait speed (cm/sec) 4031 + 4.64 41.06 + 4.79 39.64 + 5.49 4782 + 5241 -3.29
Cadence (step/min) 62.25 + 10.35 63.65 + 10.67 63.21 + 9.84 7468 + 8.72%" -2.77
Fall risk (point) 3.88 + 0.19 3.78 + 0.21 3.93 + 0.19 3.1 £ 031*" 6.33

TIS, trunk impairment scale; Values are expressed as mean * standard deviation. */X0.05 indicate a significant difference between
pre- and post-interventions within the group: '/X0.05 indicate a significant difference between the change scores between the
groups; ¢ indicate a significant difference between the groups post test.
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the TFE group relative to the control group
(=-2.77, p=.011). Fall risk significantly decreased
in the TFE group compared to the control group
(=6.33, p<.001). Moreover, only the TFE group
significantly improved in all outcomes compared
to baseline (p<.001).

4. Discussion

In the present study, we investigated the
effects of the TFE on the TIS, static standing
balance, gait speed, cadence, and fall risk in
chronic stroke patients. The results indicated
that the TFE group demonstrated significant
improvements in all measured parameters in
comparison to the baseline following completion
of the intervention. In addition, the TFE group
demonstrated significant improvements in TIS,
static stand balance, gait speed, cadence, and fall
risk in comparison with the control group, after
the 6-week intervention. To the best of our
this

demonstrate TFE intervention benefits in chronic

knowledge, is the first investigation to
stroke patients.

After 6 weeks of the trial protocol, the TIS
score significantly increased in the TFE group by
81.2% compared with the control group. Also, the
static standing balance score significantly decreased in
the TFE group by 75.8% compared with the control
group. Notably, our results mirror those of
previous studies [22-23]. Cho et al. [22] applied
mid-thoracic spine mobilization to patients with
chronic stroke, inspiratory function, and the

of

significant improvements in balance, compared

global rating change which produced
with the control group. Jung et al. [23] reported
significant improvements in patients with stroke
for muscle activation, postural control, and gait
speed following trunk exercises on the balance
pad application, and their balance results were
similar to those in the present study. In stroke

patients, the trunk is flexed and the center of
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gravity of the body moves backward, resulting in
a decrease in balance ability [5-6]. In our study,
the 6-week repeated seated thoracic extension
with foam roller exercise may provide thoracic
flexibility, lumbar stability, and lumbar
anterior-posterior tilting movement using foam
rollers in a sitting position during intervention,
which would have an effect on the improve in
the balance ability. In addition, the kneeling
thoracic extension exercise may improve
shoulder, neck, and lumbar movements through
exercise, which inhibits excessive compensatory
action of the lumbar spine. Therefore, the TFE
may have facilitated thoracic mobility and
improved the thoracic curve by reducing tension
in the intervertebral disc and surrounding tissues
[11,

improved trunk control and reduced body sway

12]. As a result, the patient may have

within the base plane, thus improving balancing

ability compared to standard rehabilitation
therapy. For this reason, the TFE also seemed to
improve sitting and standing compared to the
control group. Therefore, our results indicated
that TFE effectively improved balance ability in
patients with chronic stroke.

We found that

significantly improved in the TFE group by 81.2%

gait speed and cadence
and 75.8% compared with the control group,
these of
previous studies [14-15]. Rai et al. [14] reported

respectively; results mirror those
significant improvements in TIS, Berg balance
scale, gait speed, and cadence following trunk
rehabilitation exercise (upper and lower parts of
the trunk in the supine and sitting positions) for
patients with chronic stroke. Karthikbabu et al.
[15] applied selective trunk muscle exercise to
patients with chronic stroke, which produced
significant improvements in TIS, Berg balance
scale, gait speed, cadence, and stride length
compared with pre-intervention. Their gait speed
and cadence results were similar to those in the
present study. The TFE reduces tension in the

surrounding tissues of the spine and intervertebral
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discs, resulting in increased mechanical stability
of the pelvis and lumbar spine with extension of
the spinal extensor muscles [25- 206]. Restoration
of trunk movement is an important goal in
maintaining balance and walking in stroke
patients [27]. In the present study, compared with
standard rehabilitation therapy, repeated the
seated thoracic extension with foam roller and kneeling
thoracic extension exercise may enhance
symmetrical pelvic movements and re-education
the movement pattern of spinal muscles, thus
better weight shifting towards affected distal
lower extremity. In addition, increased stability
of the pelvis and lumbar spine may have
enhanced the ability of patients to shift weight
towards the affected leg thereby improving
control of the leg allowing optimum force during
walking [14, 28]. This may have provided a
greater stabilizing force for the lumbar area in
the TFE group patients compared with the control
group. Also, flexion and extension movements of
the thoracic region may improve the level of
proximal trunk control, leading to improvement
in distal lower limb control [14], which helps in
attaining better gait speed and cadence. These
factors likely contribute to the greater increases
in gait speed and cadence in the TFE group
relative to that in the control group.

After the completion of the study interventions,
fall risk significantly decreased in the TFE group
(87.9%) compared with the control group. These
results are consistent with those of previous
[29-30] Mackintosh et al. [30] examined
the predictors related to falls after stroke and

that

studies

found reduced balance ability, slower
walking speed, and lack of activity may increase
cases of falls, therefore enhanced balance and
walking ability help to prevent falls. Jijimol et al.
[29] compared the correlation between trunk
impairment and balance in patients with chronic
stroke and found that a highly significant
correlation exists between the TIS and Tinetti

balance scale (tho = 0.911). These results indicate
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that trunk impairment is associated with poor
balance and fall risk. Furthermore, their fall risk
results were similar to those in the present study.
Postural control problems in stroke patients
include loss of activation of the trunk muscles
during voluntary movements, increased sway
during static standing, reduced weight bearing on
the paretic limb, and increased fall risk [31]. The
findings of the present study indicate that the
use of the TFE in addition to standard stroke
rehabilitation therapy was beneficial in improving
sitting balance, static standing balance, and gait
parameters of chronic post-stroke hemiplegic
patients. The improvements in trunk control may
be because the TFE mainly consisted of trunk
extension exercises that increase the flexibility
of trunk muscles. In addition, as motor control
progresses, the enhanced trunk control leads to
improvement in the distal lower limb movement,
which helps the patient attain better balance and
gait [14-15]. We suggest that the TFE may
improve balance along with gait parameters,
which may contribute to a decrease in the fall
risk by improving trunk control and body sway
when standing up. Thus, interventions to improve
trunk flexibility and movement may reduce fall
risk. For this reason, the TFE also seems to
decrease fall risk compared to the control group.

This study has several limitations. First, this
did not
assessment; therefore, the carryover effect of the

study include long-term follow-up
TFE was not studied. Future studies are required
to elucidate the long-term effects. Second, this
study could not be compared with other exercise
interventions. Follow-up studies are needed to
compare stabilization exercises, stretching, and
functional training to identify the objective
effects of the TFE. Finally, the findings may not
be generalized to all stroke patients, as our study
was performed with chronic stroke patients
having minor or moderate physical impairment.
Further research is required to study these

specific issues in the future.
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5. Conclusion

This study examined the effects of the TFE
with respect to sitting balance, static standing
balance, gait speed, cadence, and fall risk in
Our
indicate that the TFE significantly improves TIS,

patients with chronic stroke. findings
static standing balance, gait speed, cadence, and
fall risk compared to the control group. In
the TFE

improved all outcomes compared to the baseline.

addition, interventions significantly
Taken together, these findings will be the basis
for new therapeutic interventions to improve

function for people with chronic stroke.
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