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ABSTRACT

9T Many articles have demonstrated the beneficial impact of core stability training (CST) in lower-
ing the risk of injury while exercising. However, the specific reasons for this effect have not been thor-
oughly investigated. Based on studies, proprioceptive and dynamic balance improvement positively re-
duces the risk of sports injuries. So, it is important to explore further the impact of these exercises on the
specific factors contributing to reducing the risk of injury during sports activities.

Aims: This research aims to evaluate the impact of 6 weeks of CST and balance training (BT) programs on
knee proprioception and dynamic balance in healthy female amateur athletes.

Twenty female soccer players (MeanSD age: 25.85+3.18 years; Mean+SD body
mass index: 22.14+1.11 kg/m?) were divided randomly into the CST and BT groups. Knee propriocep-
tion was measured using the joint position sense test (JPST), and dynamic balance was measured using
the modified star excursion balance test (mSEB) one week before and immediately after the 6-week
intervention.

[T This study found that both training protocols significantly affected knee proprioception and dy-
namic balance (P<0.05). CST had a significant difference from BT in the result of the posteromedial di-
rection of the mSEBT and the absolute error of the JPST at 60 degrees. In contrast, BT had a significant
difference from CST in improving the anterior direction of mSEBT
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Introduction

omen are more likely to be injured in

sports than men due to their anatomical,

hormonal, biomechanical, and neuro-

muscular differences [1]. Factors that

raise the possibility of sports injuries
generally include proprioceptive disorder, scar tissue
formation, and pathological variations in joint range of
motion [2]. In these cases, proprioception is crucial be-
cause it protects against movement injuries and plays
a role in establishing joint constancy and natural coor-
dination of movements [3, 4]. Joint position sense is a
subset of proprioception, involving the awareness and
ability to reconstruct the angle of a joint after movement
[5, 6]. Proprioception plays a big part in the awareness
and unawareness of the senses, spontaneous detection
of movements, coordination and learning of movement,
posture, and balance [5]. Soccer players need a signifi-
cant dynamic balance to act rightly and reduce the risk of
injury during fast and cutting movements. The capability
to maintain body stability while standing is called static
balance, and while moving, it is called dynamic balance.
Dynamic balance involves some degree of predictable
movement near the center of gravity [7-9]. There are a
few points in this regard. Among different sports, soccer
is one of the most risky sports [10] as this sport is called
“knee injury disease” [11]. Proprioception becomes
more important in athletes, especially soccer players be-
cause the highest level of performance is expected from
them [12]. Among the joints of the human body, the knee
is one of the richest joints with proprioceptive receptors,
and has the extensor and flexor muscles, which are the
largest in the body, also have the largest number of mus-
cle spindles [13].

Physiotherapists are searching for effective ways to
return joint proprioception to a normal state to provide
optimal stability and mobility in static and dynamic
situations. Proprioception can be influenced by various
factors, including age, injuries, diseases, and physical
activity [14]. No definite therapeutic exercise method
currently improves proprioception [15, 16]. Still, several
exercises have been suggested to improve propriocep-
tion, such as balance training (BT) [14], closed chain
exercises, plyometric, and core stability training (CST)
[9, 17]. Hiibscher stated in his study that more compara-
tive studies should be conducted to determine the best
exercises to reduce the risk of injury in different sports
[18]. In the past, numerous studies have demonstrated
that CST has an impressive role in enhancing athletic
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efficiency, progressing balance, and decreasing the risk
of sports injuries [19, 20]. Despite the importance of
proprioception, very few studies have evaluated the ef-
fect of CST on proprioception, and most of the effects
of BT or a combination of exercises on improving pro-
prioception have been researched. Despite the theoreti-
cal advantages proposed for each exercise, few studies
have compared these methods. Additionally, there is not
enough information about the most effective training
method and the benefits of each training alone. There-
fore, this research was conducted to compare the impact
of CST with BT, which is more commonly used to im-
prove proprioception. Considering that no research has
been done to compare the consequence of CST and BT
on knee proprioception in female soccer players, this
study aims to determine the impact of these two exercise
methods on knee proprioception and dynamic balance
of healthy female athletes and also to compare the ef-
fects of these exercises with each other.

Materials and Methods
Trial Design

The design of this research was an interventional study.
Blinding

This research was single-blinded (participants were
blind to the type of intervention of their training group).

Sample Size

A comparison equation of averages was used to con-
duct a sample calculation to determine the sample size.
The equation originated from the mean reach distance as-
sessed in the star excursion balance test (SEBT) as part of
the data in Filipa et al.’s research [20]. The mean differ-
ence for improvement was 10%, and the standard devia-
tion was 7.5%. A significance level 0.05 was adopted, and
the correlation power was set at 80% [21]. Thus, the sam-
ple consisted of 10 women in each group (Equation 1).

L.

(z1-0/2+z1-B)2(c* + 6%,)
n=
(/W]_Mg)z
= 10 ((6.1)°+(6.5)) —10
(70.4-59.7)
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Study Participants

After permission from the Ethics Committee (IR.
TUMS.FNM.REC.1399.012), 20 female soccer athletes
completed the study. Most participants were selected
from the female athletes participating in the sports com-
plexes and volunteered to participate in this study. For
inclusion in the study, athletes had to meet the following
criteria: female gender, aged between 20 and 30 years,
and participating in an unprofessional level of soccer
[16]. The exclusion criteria were as follows: having had
lower limb or lumbar-spine problems or had an opera-
tion in the last half year; experienced neurological, ves-
tibular, or visual disorders within the previous 6 months;
were presently participating in another training pro-
gram; did not finish the interventions and evaluations;
or attended less than 80% of the exercise meetings (16
out of 18 sessions) [21].

Randomization

The subjects were split into two groups utilizing the
sealed envelope technique: 10 in the core stabilization
training group (CSTG) and 10 in the balance training
group (BTG). A summary of the research objectives was
presented to participants, and they signed the informed
consent form.

Outcome Measures

Information regarding the participant’s age, height,
weight, and leg length were gathered. Knee propriocep-
tion was measured by using the joint position sense test
(JPST) [9], and dynamic balance was measured by using
the modified star excursion balance test (nSEBT) one
week before and immediately after the 6-week interven-
tions [22].

Intervention

The subjects completed the CST or BT program three
times a week. They practiced on the days that were part
of their regular schedule. The training program lasted
around 30 minutes per session for 6 weeks, totaling 18
sessions. Considering that the participants in this study
were blind, they performed the exercises separately and
under the supervision of the physiotherapist.

The Core Stability Training Program
The participants engaged in a six-week exercise pro-

gram with the investigator, meeting thrice weekly for
up to half an hour. The CST program comprises three
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exercises designed to increase the trunk muscles’ power
and enhance neuromuscular coordination [23-26]. The
CST program protocol is based on the training program
set in Jeffreys’ research [27]. The exercise program had
three levels, each with different types of exercises. The
first level involved stationary exercises, then low mo-
tions in an unsteady setting were achieved gradually.
Participants in the second level engaged in stationary
contractions in an unsteady setting and transitioned to
active motions in a steadier environment. In the third
level, participants performed motion on uneven sur-
faces while also incorporating resistance. The type of
exercises was changed and improved every week, and
each training session was 30 minutes long. The session
began with a 10-minute warm-up, including a 5-minute
walk and static stretching for the major muscle groups.
Despite learning new activities each week, specific ex-
ercises built upon the previous weeks by incorporating
a new action or changing the surface [22]. The protocol
is described in Table 1 in the attachment and is shown
in Figure 1.

Balance Training Program

The program involved three weekly sessions and was
designed based on scientifically validated BT protocols
from previous studies [28]. The program consisted of a
5-phase BT approach, with details outlined in Figure 2
and Table 2. During each phase, exercises were carried
out for up to half a minute, and there was a half-minute
rest interval between each exercise. The exercises were
improved every week. The difficulty of the exercises
was changed by opening and closing the eyes and doing
the exercise on the floor or wobbleboard. The protocol
of these exercises in the first week was that the person
maintained her balance on one leg while using her sense
of sight and standing on the ground. Progress was made
to the point that in the sixth week, balance exercises
were performed by standing on one leg on the balance
board with eyes closed and functional movements of
the upper leg. All exercises were performed for up to
30 seconds during all phases, with 30 seconds of rest
in between, during which the legs were alternated [28].

Proprioception Test

To measure knee joint position sense, the error rate
in the JPST was evaluated using skin markers, digital
photography, and Imagel] software .[9] A previous study
showed an intraclass correlation coefficient (ICC) of
0.910 for this method of JPS assessment [29]. Nikon’s
24-megapixel digital camera model D5600 was used
to take photographs of the joint positions in this study

Mavaeian Z, et al. The Effect of Core Stabilization Training Compared to Balance Training on Proprioception and Dynamic Balance in Healthy Females . RJ. 2025; 25(4):864-889.

866




Archives of

Rehabilitation

Table 1. Core stability training program

Warm-up: 5-min walk, static stretching for major muscle groups (2 sets of 15 seconds)

Week Exercise Sets, Reps, Time

Abdominal bracing, hollowing
All the movements were maintained
Bridge in the prone position
1 for twenty seconds before going
Bridge in the supine position
back to the initial stance
Bridge on the side

Supine bent-knee raise
Quadruped alternate-arm leg raise
2 Supine bridge exercise with alternate leg extension 20 reps

Seated marching on a physioball

Crossover crunch
Dead bug 20 reps
Supine bridge on a physioball Hold 20 s
Supine bridge on physioball with shoulder flexion 20 reps
3 Prone bridge on a physioball Hold 20 s
Cobra extension on a physioball Hold 20's
Superman Hold 2 s\20 reps

Pelvic bridge alternating knee extension with a physioball
20 reps
Medicine-ball floor twist
20 reps
Pelvic bridge with shoulder flexion on physioball
4 20 reps
Curl-up on physioball

20 reps
Pelvic bridge alternating knee extension and shoulder flexion
Hold 2 s\ 20 reps
Superman on Physioball
Lunge with medicine-ball twist 20 reps
Abdominal flexion on physioball with a medicine ball 20 reps
> Abdominal rollout 20 reps
Ball bridge with alternate knee extension Hold 2 s\ 20 reps
Physioball lunge 10 reps on each leg
TheraBand-resisted march 10 reps on each side
6 An iron cross on physioball Total 20 reps alternate sides
Side bridge with shoulder abduction 15 reps on each side
Physioball alternate superman Total of 20 reps

Cool-down: 5-min walk, static stretching for major muscle groups (2 sets of 15 seconds)
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Table 2. Balance training program

Warm-up: 5-min walk, static stretching for major muscle groups (2 sets of 15 seconds)

Week Surface Eyes Exercises
Balancing on one leg
Balancing on one leg while swinging the other leg
1 Ground Open
Squat on one leg (30°- 45°)
Performing functional activities while balancing on one leg (dribbling, catching, kicking)
Balancing on one leg
2 Ground Close Swinging the raised leg
Squat on one leg (30°- 45°)
Balancing on one leg
Swinging the raised leg
3 Wobble Board Open
Squat on one leg (30°- 45°)
Balancing on one leg while rotating the board
Close Balancing on one leg
Open Swinging the raised leg
4 Wobble Board
Open Squat on one leg (30°- 45°)
Open Balancing on one leg while rotating the board
Balancing on one leg
Squat on one leg (30°- 45°)
5&6 Wobble Board Close

Balancing on one leg while rotating the board

Performing functional activities while balancing on one leg (dribbling, catching, kicking)

Cool-down: 5min walk, static stretching for major muscle groups (2 sets of 15 seconds)
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(Figure 3). Before starting the assessments, the reliability
of this digital camera was assessed by computing ICC=
0.99.

third marker to the upper part of the external malleolus.
Then, the person was sitting on a chair and in a position
where the knee was bent at 90 degrees, and the fourth
marker was attached to the upper part of the popliteal

This study evaluated the dominant leg; the angles of 30
and 60 degrees of knee flexion were considered the tar-
get angles [30]. Reflective markers were placed before
the assessment. To attach the first marker, we connected
an imaginary line from the greater trochanter of the fe-
mur to the external joint line of the knee and placed a
skin marker on the upper third of this line. The second
marker was attached to the neck of the fibula, and the

fold in alignment with the upper edge of the patella [31].
The method of JPST in this research was passive-active
and was performed while sitting. During the test, the
subjects sat comfortably on the edge of a bed, with their
legs hanging freely without touching the ground and
their eyes closed. The camera was 80 cm away from the
participant’s knee and positioned parallel to the knee’s
axis (Figure 4).

Mavaeian Z, et al. The Effect of Core Stabilization Training Compared to Balance Training on Proprioception and Dynamic Balance in Healthy Females . RJ. 2025; 25(4):864-889.
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Figure 1. Core stability training

A) Physioball lunge, B) Cobra extension on physioball, C) Quadruped alternate Arm Leg Raise, D) supine bridge on physioball E. Prone Bridge

Archives of
Figure 2. Balance training Rehabilitation
Archives of
Archives of
Rehabilitation Figure 4. The joint position sense test Rehabilitation

Figure 3. The camera used for captuer the Joint positions
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The following process was used to conduct the test.
First, the person administering the test moved the leg
gradually (at a speed of about 10 degree/s) from the start-
ing position (90° knee flexion) to the test positions (30°
or 60° knee flexion) using a goniometer. Second, the
person administering the test took a photo of the subject
from the reference angle. Third, the subject was required
to maintain the test position for 5 seconds actively. This
process was repeated 5 times to learn the target angle.
Finally, the participant actively tried to move the foot to
the target angle. Lastly, for each target angle, the partici-
pants tried to make that angle 5 times, and the examiner
took a picture of each of these times. Then, all photos,
including those taken from the examiner’s and partici-
pants’ angles, were transferred to ImageJ software, and
the exact number of these angles was calculated. Next,
the amount of angle reconstructed by the participant was
deducted from the angle made by the examiner. The ob-
tained number was recorded as an absolute error. Then,
it was averaged from 5 repetitions and recorded as the
average absolute error in each target angle. Based on ar-
ticles, ImageJ shows high reliability (ICC=0.96) when
assessing knee flexion angles [32]. Absolute error is the
signless arithmetic difference between test and response
angles [33].

Dynamic Balance Test

The mSEBT was done to assess dynamic balance. To
perform the mSEBT, the participants were placed in the
center of the figure of Y, which was drawn on the ground
in three directions: anterior (Ant), posteromedial (PM),
and posterolateral (PL). As shown in figure 5, the test
was performed so that the participants stood on the dom-
inant leg, moved the other leg as far as they could along
the determined line, and touched the tip of the toe on the
ground. Subsequently, they were instructed to return the
extended leg to a stable stance on both legs while the
dominant leg should not be moved. This condition was
repeated four times in each direction. The order of ob-
taining the directions was such that if the person’s right
leg was dominant, the test was done clockwise, and if
the left leg was dominant, it was done counterclockwise.
The test required the participants to maintain contact be-
tween their hands and pelvic area. The maximal touched
length was identified during the trials by marking a point
on the tape line and measuring it from the center of the
grid [22]. The maximum reaching distance was normal-
ized by calculating the mean reaching distance in four
repetitions and dividing it by the leg length of the person
measured earlier. A higher normalized score indicated
better dynamic balance. Lower limb length was calcu-
lated based on the measurement between the anterior
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Figure 5. Modified star excursion balance test (nSEBT)

superior iliac spine and the medial malleolus tibia. If the
subject could not maintain her balance on the support
leg during the trial, the researcher would ignore the trial
and repeat the test [7, 15]. The mSEBT has previously
shown strong consistency within the same tester, as evi-
denced by a high ICC of 0.67 to 0.96 (Figure 6) [34].

Statistical Analysis

Levene’s test indicated that the equality of variances
assumption was upheld for all variables (P<0.05). The
distribution of scores was found to be normal accord-
ing to the Shapiro-Wilk test (P<0.05). The assessment
of improvement within the group was done using a
paired t test for the JPST (30 and 60 degrees) and the
mSEBT (Ant, PM, and PL directions). The improve-
ment between different groups was evaluated using an
independent t test. A P value of <0.05 was considered
significant. All analyses were conducted utilizing SPSS
software, version 22.

Results
General Characteristics

Twenty participants (nCSTG=10, nBTG=10) com-
pleted the study. Table 3 shows the average and standard
deviation (SD) for the participants’ demographic details,
such as age, height, weight, body mass index (BMI), and
leg length. Comparing the demographic data between
the two experimental groups revealed no significant dif-
ference (P>0.05).

Mavaeian Z, et al. The Effect of Core Stabilization Training Compared to Balance Training on Proprioception and Dynamic Balance in Healthy Females . RJ. 2025; 25(4):864-889.
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Table 3. Background variables of the participants (n=10)

Archives of

Rehabilitation

MeantSD
Characteristics CSTG BTG t P
Age (y) 25.4+3.23 26.33.23 0.622 0.542
Weight (kg) 61+3.02 6414.98 1.626 0.121
Height (cm) 167.7+3.56 168.1543.16 0.299 0.769
BMI (kg/m?) 21.7+0.76 22.59+1.26 1.90 0.072
Leg length (cm) 86.7+2.61 86.95+2.38 0.223 0.826

Abbreviations: CSTG: Core stabilization training group; BT: Balance training group; BMI: Body mass index.

" P<0.05.

Within-Group Analysis

Analysis within the groups for JPST revealed that both
training groups (CSTG and BTG) experienced a signifi-
cant decrease in the absolute angular error at 30° and 60°
(P<0.05). The results for proprioception absolute error
in the initial and final tests for the groups can be found
in Table 4.

Within-group analysis for mSEBT showed that both
training groups (CSTG and BTG) experienced a signifi-
cant increase in the distance of reaching in three (Ant,
PM, and PL) directions (P<0.05). The average mSEBT
scores during the pretest and posttest for the groups can
be found in Table 5.

Between-Group Analysis

The analysis comparing the two groups in JPST in-
dicated no statistically significant variance at the mean
of absolute angular error reduction for position 30°

Table 4. Absolute angular error pre-test and post-test (n=10)
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(P>0.05). However, the mean of absolute error reduc-
tion for position 60° showed a significant statistical dif-
ference (P<0.05) that the mean of changes in the CSTG
was significantly higher than BTG. The means of pro-
prioception absolute error changes between the two
groups are presented in Table 6.

Between-group analysis for mSEBT exhibited no sig-
nificant variance between the different values in the PL
direction (P>0.05), and the mean changes in the CSTG
were higher than BTG. However, significant differences
were found in the Ant and PM directions (P<0.05). The
average modifications in the Ant direction were higher
in the CSTG than in BTG, and the mean changes in the
PM direction were higher in the BTG than in CSTG.
The means of mSEBT score changes between the two
groups are presented in Table 7.

Mean+SD
Groups Angel’ P Effect Size
Pre-test Post-test

30° 3.88+1.61 2.05+1.16 0.001 13
CSTG

60° 4.10+1.31 1.93+0.75 0.0001 2.0

30° 3.73+£1.12 2.15+1.28 0.001 131
BTG

60° 3.25+0.75 2.28+1.21 0.01 0.96

Abbreviations: CSTG: Core stabilization training group; BTG: Balance training group.

" P<0.05.
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participants

I
[ 1
BTG CSTG
Obtaining an

Obtaining an informed
consent form from the
participants

informed consent
form from the
participants

Completing the Completing the
demographic profile demographic profile
form and determining form and determining
height and weight height and weight
4 N\ [ A
JPST and mSEBT JPST and mSEBT
\ J \ J
Completing 18 Completing 18
sessions of BT sessions of CST
| |
( N [ )
JPST and mSEBT JPST and mSEBT
\ J \ )
| |

Comparison

of two groups

Final data
analysis

Figure 6. Research methodology flowchart
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Table 5. mSEBT normalized scores pre-test and post-test (n=10)

MeantSD
Groups Directions” P Effect Size
Pre-test Post-test

Ant 87.55+5.97 91.165.47 0.0001 0.631

CSTG PL 92.87+6.76 102.2045.49 0.0001 151
PM 101.5845.34 110.2845.04 0.0001 1.67

Ant 88.20+3.48 93.32+3.58 0.0001 1.45

BTG PL 94.52+5.07 103.36%3.65 0.0001 2.03
PM 102.41+3.29 108.60+2.69 0.0001 2.06

Archives of
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Abbreviations: CSTG, core stabilization training group; BTG, balance training group; mSEBT, modified star excursion balance test;
Ant, anterior, PL, posterolateral; PM, posteromedial.

*P<0.05

Table 6. Absolute angular error changes between two groups (n=10)

MeantSD
Angel t P
CSTG BTG
30° 1.82+1.17 1.60+0.99 -0.439 0.666
60° 2.17+1.18 0.97+0.94 -2.505 0.022*
Archives of . .
Abbreviations: CSTG, core stabilization training group; BTG, balance training group. Rehabilitation

* P<0.05

Table 7. mSEBT normalized scores changes between two groups (n=10)

MeanSD
Directions t P
CSTG BTG
Ant 3.60+1.37 5.12+1.25 2.574 0.019"
PL 9.32+1.83 8.84+2.24 -0.521 0.609
PM 8.70+1.40 6.19+1.45 -4.420 0.0001"

Archives of

Rehabilitation
Abbreviations: CSTG: Core stabilization training group; BTG: Balance training group; mSEBT: Modified star excursion balance
test; Ant: Anterior; PL: Posterolateral; PM: Posteromedial.

* P<0.05

Mavaeian Z, et al. The Effect of Core Stabilization Training Compared to Balance Training on Proprioception and Dynamic Balance in Healthy Females . RJ. 2025; 25(4):864-889.




Archives of

Rehabilitation

Discussion
The Effect of CST and BT on Outcome Measures

This study examined the effect of a 6-week CST and
BT program on dynamic balance and knee propriocep-
tion in female soccer players. The BT and CST groups
showed significant enhancements in knee propriocep-
tion and dynamic balance. Many articles have already
been conducted on CST’s effect on dynamic balance
[35, 36]. Most of these articles have reported the posi-
tive effects of this exercise. For example, in his research,
Gribble showed that a 6-week training program focused
on core stabilization can improve maximal reach dis-
tances in healthy individuals when performing the
SEBT [37]. On the other hand, this study contradicts
Sato and Mokha’s findings on CST in runners: SEBT
did not significantly improve after 6 weeks, but 5000
m times improved compared to the control group [38].
However, the number of articles investigating CST’s
effect on knee proprioception is limited. The results of
this research support the discoveries of Mutlu et al., who
concluded that sedentary individuals who engaged in
10 weeks of instability resistance training using body
weight displayed improved knee proprioception [17].

Comparing the Effect of CST and BT on Outcome
Measures

According to our study, CSTG showed greater im-
provement than BTG regarding the PM reach distance
of mSEBT and JPST at 60 degrees. On the other hand,
BTG showed more improvement than CSTG in the Ant
reach distance of mSEBT. However, when we analyzed
both groups, no substantial difference was observed
with the mean reduction of the absolute error at 30 de-
grees and the mean improvement of reach distance of
mSEBT in the PL direction. In summary, the CSTG
showed more improvement in proprioception than the
BTG, while BT had a greater effect on the Ant direction
in the mSEBT. On the other hand, CST had a greater ef-
fect on the posterior directions of mSEBT.

This study supports Aggarwal et al.’s findings that both
CST and BT programs improved balance performance,
but the CSTG had greater improvement than the BTG
[39]. Unfortunately, the number of articles that have
compared the effect of CST with BT on knee proprio-
ception is scarce. This is one of the reasons for the nov-
elty of the subject of this article, and it is suggested that
more research be done in the field of finding the best
type of exercise therapy in the field of multiple factors to
minimize the likelihood of harm in sports players.

Winter 2025. Vol 25. Num 4

Possible Mechanisms of the Effect of CST and BT on
Outcome Measures

Several variables could enhance JPST in CSTG and
BTG. Despite the constant number of peripheral recep-
tors, training might alter proprioception through central
mechanisms [40]. Using physioball and wobble boards
can create an unstable environment that can activate
proprioceptors to help maintain balance and detect body
position [41, 42]. Instability can lead to changes in bal-
ance, which, in turn, can lead to alterations in the length
of the muscle-tendon unit, as well as in tension and neu-
romuscular activity. These changes can then affect one’s
ability to perceive and react to alterations in balance [43-
45]. Performing closed kinetic chain exercises, such as
standing and kneeling on physioballs, involves move-
ments that use multiple joints and planes. These move-
ments help engage proprioceptors, which play a role in
determining joint direction and position [46]. CST and
BT can enhance the responsiveness of the feedback
pathway, reduce the time taken to initiate movements,
and enhance the accuracy of the sense of position [47].
Practicing on surfaces that are not stable could lead to
an increase in co-contractile activity. This increase can
help enhance motor control and balance [48]. Greater
antagonist activity can be induced by resisting plantar
flexion and leg extension in unstable conditions com-
pared to stable conditions [49].

These mechanisms mentioned in both types of CST
and BT can improve knee proprioception, but the rea-
son why CST had a better effect on improving knee
proprioception may be due to the presence of an addi-
tional mechanism, ie, the lumbosacral junction connects
the spine to the lower extremities during sports. A stable
core is essential for transferring force from the upper
body to the lower body [50]. Core muscle stability may
optimize lower extremity function and improve balance
[51]. Strengthening core muscles improves body posi-
tion and movement, leading to better proprioception.
Core stability exercises can enhance joint propriocep-
tion in the lower limbs [52].

Also, CST can potentially improve spinal segment
management and deep stabilizing muscles’ simultane-
ous contraction, ultimately leading to improved center
of gravity management and optimal lumbopelvic con-
trol. Additionally, training the trunk muscles can im-
prove lower extremity function and balance control by
increasing neural recruitment patterns and activating
the nervous system, promoting the concurrency of mo-
tor units, and reducing neural inhibitory reflexes during
SEBT. The reason SEBT reach distance improves may
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be due to the activation of deep local muscles happening
earlier than the activation of global abdominal muscles
during lower extremity movement. Activating the spi-
nal stabilizers early on establishes a firm foundation
for lower body movement, enhancing the spine’s stiff-
ness. It is possible that the training of deep stabilizers in
CSTG contributed to creating such a stable base [53].

Study Limitations

The study is restricted by the minimal involvement
of female athletes due to the spread of the coronavirus.
Another constraint of this research is the age range of
the participants examined (20-30 years); it is unclear
whether all results occur younger or older than the study
period. Another limitation of this research is assessing
the dominant foot; it is better to perform the tests on the
right and left foot and compare them. Also, it is better
to use an isokinetic device to measure proprioception,
which controls the speed and the sense of force and
movement. This research did not involve extended fol-
low-up and only focused on women, without comparing
results with men. More research should be conducted
on different groups of people in the future. Finally, it is
better to conduct future studies with a follow-up period.

Conclusion

After evaluating the findings of this research, we can
make the following inference: both CST and BT can ef-
fectively improve knee proprioception and dynamic bal-
ance in female amateur soccer players.
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