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Today, people engage in a relatively lower level of
physical activities with more time spent on sedentary
activities due to automated their living environment.
This has led to the development of musculoskeletal
imbalance and flexibility 1). Decreased flexibility is a
major cause of the increased risk of biomechanical
injuries during physical activities, and it also causes a
decrease in joint range of motion (ROM) and a decline
in quality of life (QOL) 2). Improper movement and
habits during activities of daily living (ADL) may lead
to poor posture, and when such poor posture is being

sustained, it can cause pain, as well as physical
imbalance and functional impairment, such as
decreased flexibility and restricted movement 1). 
Flexibility refers to the ability to move a single joint

or many joints within their normal ROM, with no
restriction or pain, as well as the ability to fully
extend the muscles within the normal ROM of a sin-
gle joint 3, 4, 5). A decrease in the elastic components of
muscles and muscle fibers due to changes in living
environment, decrease in physical activity level,
immobility, and aging, may lead to problems with
extensibility of muscles 6). Improving flexibility is
essential for improving and maintaining proper posture
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ance ability. Sit- and- reach test results and hip hyperextension were meas-
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stretching exercises showed a significant difference (p<.05), whereas a signifi-
cant difference was not found in the amount of change in balance ability
(p>.05). 
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effective intervention for improving and maintaining flexibility, whereas there is
no difference between stretching and core muscle exercises with respect to
improving balance ability. 
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and preventing injuries during exercise or ADL 7).
Stretching could be considered as one of the most
widely known, effective, and economical methods of
exercise for improving flexibility 8). 

Stretching refers to extension exercises that stretch
the muscles, tendons, and/or ligaments around the
joint. It is known to be effective for increasing joint
ROM, improving postural imbalance, as well as for
balancing the pelvis by relaxing the tension in the
muscles near the pelvis and spine 9).
Balance ability refers to the process of continuing to

maintain postural stability, which is the most funda-
mental and essential condition for performing pur-
poseful activities or managing ADLs 10). Mechanical
imbalances and a decline in functional movement in
the human body can act as major causes of injury
during exercise or ADLs 11). Decreased balance ability
due to injury to the nervous and/or musculoskeletal
system can create problems during the rehabilitation
process, as well as other problems, such as delayed
development of postural control function and restric-
tions in performing ADLs 12). Therefore, among the
various bodily functions, decreased balance ability
and flexibility have been reported to be major factors
that can cause a decline in QoL due to the increased
risk of falls and gait impairment Thus, improving
balance ability can be viewed as a very important
factor for maintaining good QoL 13, 14).

Core exercises use trunk muscles located in the
center of the body and these muscles are involved in
generating strength and mobility, and they play a
role that contributes to stabilization of the body and
holds the center of gravity when bodily movement
occurs 15). It is believed to have a positive effect on
balance ability and spinal alignment through core
strengthening 16).

Core exercise programs for maintaining physical
balance include various sports activities, such as golf,
gymnastics, and fencing, 17) with various balance and
flexibility exercise programs used widely for improv-
ing proprioceptive functions and for protection
against injuries 18, 19). 

Previous studies have mostly examined the effects
of stretching exercises on flexibility 2, 20, 21) and core
muscle exercises on balance ability 22, 23, 24, 25).
Accordingly, the objective of the present study was to
divide the subjects into stretching and core muscle
exercise groups to investigate the effects of such
exercises on flexibility and balance ability. The study
aimed to conduct a comparative analysis of the two
groups to present an exercise type that is more effec-
tive in preventing injuries and improving exercise
performance in rehabilitation programs. 

The study population consisted of 40 healthy
adults(20 males and 20 females) in their 19-21 years
who were enrolled at “C” University in “J” city
(Korea). Each subject completed and signed an
informed consent. People who were taking any med-
ication or health supplements that may affect the
experimental results and those with any muscu-
loskeletal or neurological disease up to 6 months
before the study were excluded. The subjects were
instructed to refrain from participating in any stren-
uous physical activities for at least 1 week prior to the
start of the exercise intervention. The intervention
was carried out for approximately 6 weeks
(September 1 to October 13, 2018) and the general
characteristics of the subjects are as shown in Table 1.

In the present study, Sitting Trunk Flexion Meter
(Expert, Seoul, Korea, SAT-116) was used to measure
flexibility. The measurement system comprised an
equipment 30 cm in height, on top of which, a meas-
urement plate of 45 cm in length was attached. The
measurement has 10-35cm of the range and 1 mm of
the unit. The study also used the Pedalo stabilizer
(Pedalo, Germany, 635 085-01) to measure balance
ability. The measurement plate was suspended in air,
10 cm from the ground, with only 44-cm springs
connecting the upper part of the four corners to the
measurement plate below. The plate had an area of
58 × 58 cm and maximum load capacity of 150 kg. 
In the sit and reach test, the subject assumed a long

sitting position with their feet spread apart to the
width of the pelvis and the ankles fixed at 90°. When
the subject bent the waist as much as possible to the
point of not being able to push the measurement
plate any further and held that position for at least

METHODS

Subjects

Materials and outcome measure

Age (yr)

Height (cm)

Weight (kg)

Gender (Males/Females)

BMI (kg/㎡)

20.15±0.67

164.60±7.84

65.60±14.90

10/10

23.87±3.63

Variable

20.30±0.92

165.40±6.02

65.45±10.21

10/10

23.91±3.59

Core muscle 
exercise 

groupM±SD

Stretching 
exercise group

M±SD

Table 1. General characteristics of the subjects

BMI : body mass index
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five seconds, the distance from the toe to finger was
measured 26). For hip hyperextension measurement,
when the subject stayed immobile in the prone posi-
tion without lifting the pelvis and flexed the knee, hip
hyperextension ROM was measured using a
goniometer 27). For the Romberg test, the subject
stood barefoot on an even ground without any slope
and performed this while standing on one leg, both
left and right legs, with the eyes closed and the time
of holding that position was measured. For the
Pedalo stabilizer test, the subject stood barefoot on
the Pedalo, performed standing on one leg, both left
and right legs, with the eyes open and the time of
holding that position was measured 28). To increase
the reliability of all measurements, the indoor tem-
perature was maintained at 20-24°C and all meas-
urements were taken at the same location by the
same researcher. To reduce measurement errors, an
assistant helped the subjects maintain a proper pos-
ture for each test and the a mean value was calculat-
ed after three consecutive measurements were taken
under the supervision of another researcher. To
reduce measurement errors, an assistant helped the
subjects maintain a proper posture for each test and
three consecutive measurements were taken under
the supervision of another researcher. The repeated
measurement values were used to derive the mean
value. 

After explaining the objective of the experiment to
the subjects who consented to participate in the
study, a pretest was performed two days prior to the

start of exercise intervention after enough practice.
The subjects were divided into stretching and core
muscle exercise groups to identify the change of flex-
ibility and balance ability. Sit and reach test results
and hip hyperextension were measured for changes in
flexibility, and the Romberg test and Pedalo stabilizer
were used for changes in balance ability. The inter-
vention for both the stretching and core muscle exer-
cise groups consisted of a total of 18 sessions of
training (three times per week for 6 weeks). A
posttest was performed 2 days after the completion of
the intervention. Both stretching and core muscle
exercise groups performed four different motions.
Each motion consisted of a 10-second hold and 5
seconds of rest, with one set consisting of five repeti-
tions. After completing one set, the subjects were
allowed to rest for 3 minutes; repeating this process
to complete a total three of sets. The total exercise
duration was approximately 1 hour, including warm
up and cool down exercises. 

SPSS 18.0 was used for statistical analysis, and
according to the fact that some values did not show
normal distribution in the Kolmogorov-Smirnov test,
the analysis was performed by a non-parametric
method (p<.05). Comparison of homogeneity between
the two groups was performed using the Mann-
Whitney test. For pretest/posttest comparison based
on exercise type, the Wilcoxon sign rank test was
used. For comparison of amount of pretest/posttest
change based on exercise type, the Mann-Whitney
test was used (p<.05).

Experimental Procedures

Data analysis

5 min

10 hold
+

5 sec

5 min

Warm-up stretching

① Hamstring stretching

② Ustrasana

③ Toe touch (Rt, Lt, Both)

④ Quadriceps stretching

① Bridge

② Abdominal hollowing

③ Plank

④ Superman back exercise

Cool-down stretching

Standing

Kneeling

Long sitting

Prone

Supine

Prone

Type

Stretching

exercise

Core muscle 

exercise

5

TimeType Position Exercise Hold+Rest

1 set

Set

3 set
+

3 min

Set+Rest

Table 2. stretching exercise and core muscle exercise program
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The Mann-Whitney test was performed to check for
pretest homogeneity between the stretching and core

muscle exercise groups and the results were statisti-
cally homogeneous (p>.05; Table 3).

In the pretest/posttest comparison of flexibility and
balance ability based on application of stretching and
core muscle exercise interventions, the stretching
exercise group showed a statistically significant
increase in both flexibility and balance ability at 6
weeks after the application of stretching exercise
intervention (p<.05). 

Core muscle exercise group also showed a statisti-
cally significant increase in sit and reach test results,
hip hyperextension, Romberg test results, and Pedalo
stabilizer results (p<.05), but no significant difference
in Romberg test Rt (p>.05) at 6 weeks after the
application of core muscle exercise intervention
(Table 4).

In the analysis of amount of change in flexibility
and balance ability after stretching and core muscle
exercise interventions, the Mann-Whitney test
results indicated that the stretching exercise group
showed a significantly higher amount of change in sit
and reach test and hip hyperextension measurements
as compared to the core exercise group (p<.05).
Meanwhile, there were no significant differences
between the two groups with respect to amount of
change in Romberg test and Pedalo stabilizer meas-
urements (p>.05; Table 5). 

Stretching exercise group

Core exercise group

Z

P

18.90±3.83

20.85±3.84

-1.294

.196

3.69±1.67

6.21±4.81

-1.382

.167

5.79±3.32

7.04±4.01

-.731

.465

Flexibility(M±SD) Balance ability(M±SD)

Hip 
hyperextension 

12.82±7.35

10.55±8.20

-.788

.431

Sit and 
reach test

Romberg test

Rt Lt

2.49±0.74

2.78±0.75

-1.056

.291

2.38±1.20

2.39±0.99

-.596

.551

Rt Lt

Pedalo stabilizer

Table 3. Homogeneity tests between the two groups

Stretching 
exercise 
group

Core 
exercise 
group

pre

post

Z

P

pre

post

Z

P

18.90±3.83

28.20±5.44

-3.940

.000

20.85±3.84

24.50±2.76

-3.168

.002

3.69±1.67

7.69±4.13

-3.289

.001

6.21±4.81

9.76±10.08

-1.234

.217

5.79±3.32

15.99±9.95

-3.738

.000

7.04±4.01

12.89±8.94

-3.326

.001

Flexibility(M±SD) Balance ability(M±SD)

Hip 
hyperextension 

12.82±7.35

20.72±5.24

-3.926

.000

10.55±8.20

15.85±6.60

-3.894

.000

Sit and 
reach test

Romberg test

Rt Lt

2.49±0.74

24.68±34.42

-3.923

.000

2.78±0.75

16.80±13.66

-3.923

.000

2.38±1.20

17.17±20.11

-3.737

.000

2.39±0.99

8.94±8.93

-3.922

.000

Rt Lt

Pedalo stabilizer

Table 4. Effect of flexibility and balance ability according to exercise type

RESULTS
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Muscle tension and weakening may cause muscle
injury and exercise therapy is essential for preventing
such injuries. Therefore, the present study was con-
ducted to identify the effects of stretching and core
muscle exercises on flexibility and balance ability of
university students. 

In the previous studies, the results of the sit and
reach test performed to test flexibility showed a sig-
nificant increase in the stretching exercise group.
Such findings were supported by the results reported
in previous studies by Kim 2), who performed sit and
reach test after six weeks of stretching exercises on
39 college students, and Kim 29), who performed sit
and reach test on 16 college students who performed
stretching exercises every day for 2 weeks. These
results suggest that the stretching exercise method of
this study is applied mainly to the hamstring and Q-
muscle, and it is improved the flexibility by applying
the stretching exercise to the problems of limited
muscle movement, muscle weakness, and postureal
maintenance. Meanwhile, the core muscle exercise
group in the present study also showed statistically
significant sit and reach test results. This finding was
supported by the results from a previous study by Lee
30), which showed a statistically significant difference
in sit and reach test results after applying core mus-
cle exercises on female college students. Although a
direct comparison may be difficult due to different
study populations, a study by Jeng 24) also reported
similar sit and reach test results after 12 weeks of
core muscle exercises on 21 male amateur golfers
aged 65 years or older. However, a study by Kim 31)

reported no statistically significant improvement in sit
and reach test results after 12 weeks of core muscle
exercise on nine female pro golfers, which contra-
dicted the findings in the present study. Such differ-
ences may attribute to the fact that the exercise pro-

gram used in the study by Kim 31), consisted mostly of
motions that required the upper torso to be flexed
backwards or rotated to the side, and as a result, a
significant improvement was found in the backward
flex, but little improvement in the forward flex.
Therefore, when applying core muscle exercise,
focusing on exercise that considers posture, move-
ment, and muscle strengthening can be an effective
method. 
In the flexibility test performed in the present study,

hip hyperextension ROM results showed statistically
significant differences in both stretching and core
muscle exercise groups. 
For the balance ability test, the Romberg test results

showed a statistically significant increase in both left
and right sides in the stretching exercise group. This
finding was similar to the results reported from a
study by Ahn 32), which applied eight weeks of
stretching exercises on 35 male tennis players, aged
10-19 years. Moreover, although a direct comparison
may be difficult due to different study populations, a
study by Nam 33) also reported a statistically signifi-
cant increase after 16 weeks of stretching exercises
on 30 elderly females, aged 65 years or older. This is
becausesince the stretching exercise is a positive fac-
tor in the balance ability through stimulation of neu-
romuscular activity 34).

Meanwhile, the core muscle exercise group showed
a significant increase in the left side, but no signifi-
cant difference in the right side. It is believed that the
reason for this was due to six weeks of exercise not
being enough to show a significant difference in peo-
ple with a life habit of predominantly using their
right leg. In previous studies, significant differences
were found after nine and 12 weeks of intervention 35,

36); whereas, a study by Choi 37) that used 4 weeks of
intervention did not show a statistically significant
difference. Therefore, setting the proper duration of
exercise intervention for specific subject populations

Stretching exercise group

Core exercise group

Z

P

9.30±3.34

3.65±3.31

-4.563

.000

3.99±4.45

3.55±7.94

-1.029

.303

10.20±9.89

5.84±7.89

-1.544

.123

Flexibility(M±SD) Balance ability(M±SD)

Hip 
hyperextension 

7.90±3.78

5.30±4.26

-2.174

.030

Sit and 
reach test

Romberg test

Rt Lt

22.19±34.12

14.01±13.43

-1.299

.194

14.78±19.84

6.55±8.61

-1.124

.261

Rt Lt

Pedalo stabilizer

Table 5. An analysis of variance in flexibility and balance ability by exercise type

DISCUSSION
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should be an important consideration for improving
balance ability by applying core muscle exercise.

In the balance ability test, the Pedalo stabilizer test
results showed statistically significant differences in
both left and right sides in the stretching exercise
group. Direct comparison could not be made due to
lack of precedent studies that tested balance ability
after applying stretching exercises, but other studies
have reported that flexibility and muscle strength
improved after stretching 38, 39). A study by Kim 23)

reported that flexibility and muscle strength increased
after applying stretching exercises, which in turn
helped improve balance ability. Such results indicated
that stretching exercises were effective for improving
balance ability by improving flexibility and lower
extremity muscle strength, which would be similar to
the findings in the present study. 
The Pedalo stabilizer test results also showed statis-

tically significant differences in both left and right
sides of the core muscle exercise group, which was
consistent with the findings in a study by Hwang 28),
which applied six weeks of a core program to 20 sub-
jects, aged 20-29 years. In the present study, balance
ability was measured by time. However, because bal-
ance could be measured by different methods, direct
comparison may be difficult. Nevertheless, there are
precedent studies that use the commonality of testing
balance ability on a non-fixed plate. In a study by
Hwang 40), applying four weeks of a core program on
16 females aged 20-29 years showed a significant
difference in the X axis, but no significant difference
in the Y axis in the left Romberg test, and a signifi-
cant difference in both the X and Y axes in the right
Romberg test. In addition, a study by Cho 41) reported
that applying six weeks of a core program on 17 sub-
jects aged 40-49 years who were diagnosed with
chronic back pain showed significant differences in
both the X and Y axes in both right and left Romberg
test. Accordingly, it is believed that such findings
proved that core exercises can contribute to improv-
ing balance ability during functional movement and
while maintaining postural alignment 42).

Despite the differences depending exercise type and
duration of intervention between the present and
previous studies, the results indicated that applying
stretching and core muscle exercises can help
improve flexibility and balance ability. Such results
demonstrated that the findings in the present study
were consistent with results reported in previous
studies and proved that six weeks of stretching and
core muscle exercises has effects on improving flexi-
bility and balance ability. In the comparative analysis
on the amount of change in flexibility and balance

ability after applying stretching and core muscle
exercise, the results showed that stretching exercises
were more effective in improving flexibility, while
there were no differences between stretching and core
muscle exercises for improving balance ability. 

Problems caused by muscle damage and muscle
weakness result in various problems such as
decreased ability to perform daily life and falls.
Accordingly, the purpose of this study was to investi-
gate the effect of therapeutic exercises based on
approach methods, and it is important to provide a
basis for selecting therapeutic exercise. The study
was also significant that the findings from the exper-
iment using stretching and core muscle exercises can
be used as reference data for exercise programs
designed to improve flexibility and balance ability.
However, despite the fact that the present study
applied stretching and core muscle exercises through
therapeutic exercise interventions, there were limita-
tions in that the their everyday life of the subject
throughout the study period could not be controlled
completely; It is difficult to generalize the findings
since the study population included only college stu-
dents from one specific region. 

In the comparative analysis of the amount of
changes in the matter of flexibility after applying
stretching and core muscle exercises, stretching
exercises were found to be the more effective inter-
vention to improve flexibility, whereas there were no
differences between stretching and core muscle exer-
cises for improving balance ability. Based on the
study findings, it is believed that setting the duration
of intervention is important when applying exercise
programs to improve balance ability. Therefore, it is
also believed that future follow-up studies are needed
to explain the effects of exercise programs based on
different duration of intervention. 

CONCLUSION
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