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Abstract

Background/Objectives: The Y-Balance test has been used in several studies to evaluate the training effects,
performance enhancement, and postural control in athletes. In the present study, we aimed to investigate the
effects of a training program, which includes the Y-Balance test and aero-step, on balance ability and lower
limb muscle activity in young adults.

Methods/Statistical analysis: We recruited 24 healthy adults: 12 assigned to the Y-Balance training group
(YBTG) and 12 assigned to the aero-step training group (ATG). We analyzed the balancing ability and the
activation of the tibialis anterior and peroneus longus muscles before and after training within and between
each intervention group. The respective training programs were conducted for 5 weeks, 3 sessions per week,

40 minutes per session.

Findings: In YBTG, the subjects’ ability to balance was significantly increased (p<.05), and muscle activation
increased significantly in the tibialis anterior and peroneus longus muscles (p<.05). In ATG, the activation of

the peroneus longus and gastrocnemius muscles significantly increased (p<.05).
Improvements/Applications: The findings of this study suggest that Y-Balance training can be used to collect

data regarding ankle strategy in patients with ankle disorders or balance impairment.
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1. INTRODUCTION

Balance is the ability of an individual to maintain the body’s center of gravity over its base of support, while
also maintaining the proper postural alignment of the body[1]. Laughton et al. identified lower limb muscle
weakness as a main cause of balance impairment. To prevent balance impairment and impairment-related
injury, there are various balance-improving rehabilitation methods including muscle-strengthening exercises,

gait training, drug therapy, and prevention education[2].

Balance is a highly complex function in the human body involving functional elements of both the nervous
and musculoskeletal systems to maintain posture. An accurate perception of the surrounding environment and
an appropriate response strategy to perturbations are required for proper balance[3,4]. Traditional rehabilitation
methods include lower limb muscle strengthening and proprioception training using both visual feedback and

biofeedback. Exercises performed on unstable support surfaces involve identifying the center of balance and
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maintaining posture or shifting the weight on slings, Swiss balls, tilt-boards, balance balls, and balance pads[5].
In addition, aero-step exercise is a useful at-home balance exercise because it is both safe and easy to
perform[6].

Functional movement screen (FMS) and Y-Balance test (YBT) are two representative tools for assessing
balance. Both tools were developed by Gray Cook, an American physical therapist[7]. YBT is a simple test
that can evaluate an athlete’s neuromuscular control on-site, including dynamic balance. Several studies have
used it to evaluate training effects, performance enhancement, and postural control in athletes[8-10]. As YBT
can predict the risk of falls by assessing body movements, researchers have used it in fall-prevention exercise
programs to obtain basic data from participants[8,11,12]. Moreover, Lee et al. studied the relationship between
dynamic balance and lower limb muscular strength using YBT. They reported that in elderly women, dynamic

balance training increases balance ability by increasing muscular strength in the lower limbs[13].

However, the effectiveness of YBT in balance training has been inadequately studied. This study thus aimed
to investigate the effects of an integrated training program, combining aero-step exercise and YBT, on balance
and lower limb muscle activation in young adults aged 20-29.

2. MATERIALS AND METHODS
2.1. Subjects

We selected 24 students attending the N University in Cheonan-si. Subjects agreed to participate in this study
after they were explained about the study’s purpose and methods. Participating subjects were all required to
read and sign a consent form approved by the Namseoul University Ethics Committee for Human Investigations
prior to commencing the study. The inclusion criteria were as follows: (1) no musculoskeletal disease, (2) no
previous history of general surgery or neurological disorders, (3) no ongoing pain in the back or lower limbs,
and (4) no decline in condition due to overwork or disease. The exclusion criteria were as follows: (1) surgery
or treatment for fracture or other musculoskeletal diseases within the past year, (2) overtraining or special
training programs involving the lower limbs or trunk. The 24 subjects were randomly assigned to either the Y -
Balance training group (YBTG; 12 subjects) or the Aero-step training group (ATG; 12 subjects) as shown Table
1. During preliminary testing, we measured all subjects’ balance abilities using a balance assessment device,
and also measured the levels of activation in the tibialis anterior and peroneus longus muscles using surface
electromyography (SEMG). Both groups received one 40-minute training session per day, three times per week,
for five weeks. After the respective training programs, we once again measured the subjects’ balance and lower
limb muscle activation.

Table 1: General features of the research subjects

Variables (:/Ii;g) (I\?ISG D) P
Age [yr] 21.35+2.07 20.49+2.77 486
Height [cm] 169.56+9.27 170.03x7.24 .814
Weight [kg] 72.43+20.80 68.68+12.84 201
Gender(male/famale) 6/6 7/5 -

YBTG: Y-balance training group, ATG: Aero-step training group
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2.2. Measurements

2.2.1. Balance ability test

To evaluate subjects’ balance abilities, we used a balance measurement device (BT-4 Hur Labs, Karla in
Finland)[14].

We used the “limit of stability” testing method included in a software program (Smart Suite 1.4). The subjects
took their shoes off and positioned their feet so that the heels were 2 cm apart and each foot faced outward by

15°. Both hands were placed naturally at the bottom line of the subjects’ pants[15].

After placing both feet on the balance platform while standing straight, participants were asked to sway their
bodies as much as possible in four directions: forward, backward, left, and right, holding each position for 8 s.
Balance ability was measured as the maximum range of sway in the anteroposterior and mediolateral
directions[16].

2.2.2 EMG measurements

To measure the activation level in the tibialis anterior, peroneus longus, and gastrocnemius muscles, we
connected SEMG electrodes to the subjects as described. For the tibialis anterior muscle, we placed electrodes
at the one-fourth to one-third point between the tip of the patella and lateral malleolus along the lateral side of
the tibia. For the gastrocnemius muscle, we placed electrodes at the upper one-fourth point of the line
connecting the inner knee joint and the calcaneus. For the peroneus longus muscle, we placed the electrodes 5—
7 cm from the head of the fibula along the lateral side[17,18].

We used the Ag-AgCl-type adhesive electrodes with a 2.5-cm diameter for the entire electrode area and those
with a 1.5-cm diameter for the measurement area. The inter-electrode distance for Channel 1 was set to 1
(inside)-2.5 (outside) cm. EMG signals were obtained using the electrodes and were immediately amplified
tenfold using an amplifier that reduced noise and interference. The signals were transferred along a cable to
reach the patient unit and immediately converted to digital data using a 16-bit A/D converter. Data collected
from the patient unit were transmitted to a computer through Wi-Fi and to access pointer through a LAN cable
immediately after acquisition. We then processed and displayed the raw data using MYOLAB software (BTS,
Italy) and the Free-EMG system.

To normalize our surface electrode positioning and EMG data, we measured the maximal voluntary isometric
contraction (MVIC) for each muscle. We used the conventional handgrip strength measurement method, adding
additional manual resistance as necessary[19,20]. We applied manual resistance in a graded manner until the
maximum contraction was reached, after which the contraction was held for 5 seconds. Measurements were
repeated three times for each muscle, with a 30-s resting period between measurements. The peak torque value
was then recorded21. We verified proper electrode placement by monitoring the EMG signal amplitude during
manual resistance testing. During the MVIC for each muscle, the maximum EMG signal amplitude was
considered to indicate 100% muscle activation. The level of muscle activation recorded during movement was
therefore displayed as the normalized %MVIC value, obtained by dividing the MVIC value by 100.20. The raw
EMG recordings were monitored during data acquisition, and the EMG signals were full-wave rectified and
computed to root mean square (RMS) values. For EMG recording, we used a sampling rate of 1 kHz, a low-
pass filter of 500 Hz and a high-pass filter of 20 Hz.
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2.3. Interventions

2.3.1 Y-Balance training program

We modified the well-known Y-Balance test as previously described as shown Table 2 [22].

Table 2: Y-balance training program

Session Exercise Repetition/ time
sets (minute)
Warm-up Hamstring, Calf, Ankle stretching 5
Lweek * Move in 6 directions” while standing on one leg 63 -
* 30 seconds break in each direction
23 * Added balance pad
week * Move in 6 directions while standing on one leg 6/3 25
* 30 seconds break in each direction
4- * Move in 6 directions while standing on one leg 63 -
main | week | * 30 seconds break in each direction
* Do the following performance on the aero step.
- Hold for stand on 30 seconds
all - Close your eyes and stand on 30 seconds
week | - Hold for 30 seconds on one leg standing(each legs) vl >
- Hold 30 seconds of squat posture in eyes open(each legs)
- Hold 30 seconds of squat posture in eyes close(each legs)
Cool-down Hamstring, Calf, Ankle stretching 5

"6 directions: anterior, anterolateral, anteromedial, posterior, posterolateral, posteromedial

2.3.2. Aero-step training program

For the balance training program used in this study, we used an aero-step composed of a soft rubber material

and two air spaces within the equipment (Aero-Step, TOGU, Germany) as shown Table 3 [13,23].

Table 3: Aero-step exercise program

. . time
Session Exercise sets )
(minute)
Warm-up Hamstring, Calf, Ankle stretching 5
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- Hold for stand on 30 seconds

- Close your eyes and stand on 30 seconds

* Do the following performance on the aero step.

1-5 | - Hold for 30 seconds on one leg standing(each legs)

main week | - Hold 30 seconds of squat posture in eyes open(each legs) 3 %
- Hold 30 seconds of squat posture in eyes close(each legs)
- Give and receive balls while standing 15 times
* 10 seconds break every 30 seconds
Cool-down Hamstring, Calf, Ankle stretching 5

2.4. Statistical analyses

All statistical analyses were performed with the SPSS (version 20.0). Data normality was determined using the

Shapiro-Wilk test. The general characteristics of the subjects and the homogeneity test of the pre-measured

dependent variables of each group were performed by one-way ANOVA. Paired t-test was performed to compare

intra-group dependent variables, and inter-group dependent variables were compared by independent t-test. All

variables were expressed as mean + SD. The significance level was set to a=0.05.

3. RESULTS AND DiscussioN
3.1. Balance ability (Limits of stability, LOS)

Table 4: Comparisons balance ability between before and after intervention

YBTG ATG
variables pre post ) pre post ) -
(M£SD) (M+SD) (M£SD) (M£SD)
Forward 5.64+1.41 6.80+1.22 0.03" 3.87+1.32 3.99+1.51 0.82 0.13
Reward 4.31+£1.32 5.54+.89 0.00" 5.50+1.43 6.41+1.00 0.15 0.63
Left 7.42+.97 7.72+.74 0.23 6.97+1.42 7.34+1.62 0.38 0.87
Right 7.45+.79 8.03+.64 0.02" 7.05+1.56 7.51+1.41 0.39 0.83

“p<0.05, BP: Between group p value, YBTG: Y-balance training group, ATG: Aero-step training group,

BO: both leg/open-eyes, BC: both leg/closed-eyes

We found a significant increase in subjects’ forward-backward movement range following YBT training

relative to their pre-training movement range in Table 4 (p<0.05). We found no significant post-training change

in forward-backward movement range for the ATG group or any increased left-right movement range after

training as shown Table 4. There was no significant difference in post-intervention movement range change
between YBTG and ATG groups as shown Table 4.

Balance is the ability of an individual to maintain the body at equilibrium, which is crucial for all daily
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movements. Balance ability refers to the ability to maintain one’s center of gravity (COG) over one’s base of
support (BOS) with minimal postural sway while standing, moving voluntarily, or moving in response to an
external force[24]. We analyzed the change in the limit of stability as measured by balance testing before and
after the two training regimens. We found that in the group receiving Y -Balance training, there was a significant
increase in the forward-backward and rightward directions relative to the maximum forward-backward and
left-right excursions (p<.05). There was no significant difference between pre- and post-training movement
ranges in ATG (p>.05).

YBT is a tool for assessing balance. Ryu et al.[8] used YBT to assess the degree of recovery in professional
baseball players with ankle injuries[25], while Lisman et al. used YBT to assess the risk of damage in high
school athletes[26]. Other studies have used YBT to evaluate ability of the ankle and lower limbs to
balance[27,28]. As such, YBT is closely linked to balance and lower limb function. We believe that a significant
increase in balance was observed in this study because we trained subjects using a modified version of the
YBT.

3.2. Muscle activity (EMG)
Table 5: Comparisons muscle activity between before and after intervention

YBTG ATG
variables
. ost re ost
[unit: V] pre O(M+SD) P P P P o Bp
(M+SD) (M+SD) (M+SD)

TA 196.46+65.81  262.27+75.52 0.01" 159.66+80.18 214.59+75.40 0.10 0.84

PL 102.17+31.10  143.20+40.43 0.01" 72.98+40.95  103.55+43.89 0.00° 0.96

GCM 145.10+49.67 161.91+64.59 0.32 123.54+47.69 170.28+69.71 0.01" 0.14

*p<0.05, BP: Between group p value, YBTG: Y-balance training group, ATG: Aero-step training group,

TA: tibialis anterior, PL: peroneus longus, GCM: gastrocnemius

We found that the activation level of the tibialis anterior and peroneus longus muscles significantly increased
following YBT training relative to the pre-training activation as shown Table 5 (p<0.05). We also found that
the activation of peroneus longus and gastrocnemius muscles significantly increased following ATG training
relative to pre-training activation as shown Table 5 (p<.05). There was no significant difference between YBTG
and ATG in terms of the change in the tibialis anterior, peroneus longus, or gastrocnemius muscle activation

after training in Table 5.

Because a human’s center of gravity rests above and immediately anterior to the ankle joint, the muscles
surrounding the ankle (including the gastrocnemius muscle and soleus muscles) are activated during normal
balance. The tibialis anterior muscle activates when the body sways backwards, whereas the gastrocnemius
becomes active when the body shifts forward[29-31]. During balance control in healthy adults, the activation
of the lower limb muscles depends on various conditions. During dynamic movement, the activity of both the

gastrocnemius and tibialis anterior muscles is increased when various proprioceptive feedback is provided for
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balance[31,32]. In this study, activation of the tibialis anterior and peroneus longus muscles significantly
increased post-training because the YBT included dynamic movements such as bending the knees. However,
aero-step training included mostly static movements, and thus, gastrocnemius muscle activation was increased
in the ATG [33,34].

limitation of this study is that the results cannot be generalized to all age groups because the study was
conducted on students aged 20-29 at N University in Cheonan-si. Additionally, this study had a limited sample
size of 24 patients, and the training intervention was relatively short term (5 weeks). Furthermore, as the study
was conducted among healthy adults, it cannot be applied to patients with ankle or lower limb problems. We

suggest that future research should include subjects with impaired ability to balance with their ankles.

4. CONCLUSION

In this study, balance ability was significantly increased (p<.05) after YBTG, and there was a significant
increase in the activation of the tibialis anterior and peroneus longus muscles (p<.05). On the other hand, there
was a significant increase in the activation of the peroneus longus and gastrocnemius muscles after ATG
(p<.05). The results of the Y-Balance training in this study suggest that YBT can be used in future studies to

analyze the balance ability at the ankle in patients with ankle disorders or balance impairment.

ACKNOWLEDGMENT

Funding for this paper was provided by Namseoul University

REFERENCES
[1] Nichols DS, Glenn TM, Hutchinson KJ. Changes in the mean center of balance during balance testing in
young adults. Phys Ther. 1995 Aug;75(8):699-706.
[2] Laughton CA, Slavin M, Katdare K, Nolan L, Bean JF, Kerrigan DC, et al. ging, muscle activity, and
balance control: physiologic changes associated with balance impairment. Gait Posture. 2003 Oct;18(2):101-
8.
[3] aggie JA, McGregor SJ. Effects of isokinetic ankle fatigue on the maintenance of balance and postural
limits. Arch Phys Med Rehabil. 2002 Feb;83(2):224-8.
[4] Runge CF1, Shupert CL, Horak FB, Zajac FE. Ankle and hip postural strategies defined by joint torques.
Gait Posture. 1999 Oct;10(2):161-70.
[B] Howe TE, Rochester L, Neil F, Skelton DA, Ballinger C. Exercise for improving balance in older people.
Cochrane Database Syst Rev. 2011 Nov 9;(11):CD004963.
[6] Shim JM, Jung JH, Kim HH. The effects of plantar flexor static stretching and dynamic stretching using
an aero-step on foot pressure during gait in healthy adults: a preliminary study. J Phys Ther Sci. 2015
Jul;27(7):2155-7.
[7] Cook G, Burton L, Hoogenboom BJ, Voight M. Functional movement screening: the use of fundamental
movements as an assessment of function - part 1. Int J Sports Phys Ther. 2014 May;9(3):396-409.
[B] BenisR, Bonato M, La Torre A. Elite Female Basketball Players' Body-Weight Neuromuscular Training

1811



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 7,
2020 ISSN: 1475-7192

and Performance on the Y-Balance Test. J Athl Train. 2016 Sep;51(9):688-95.

[9] ButlerRJ, Bullock G, Arnold T, Plisky P, Queen R. Competition-Level Differences on the Lower Quarter
Y-Balance Test in Baseball Players. J Athl Train. 2016 Dec;51(12):997-1002.

[10] wilson CL, Dean W, James BC, Jeremy Va, Caitlin MR, Sharon LH. Lower Quarter Y-balance test
scores and lower extremity injury in NCAA division | athletes. rthop J Sports Med. 2017 Aug; 5(8):
2325967117723666.

[11] Nicole JC, Meghan W. Use of clinical movement screening tests to predict injury in sport. World J
Orthop. 2016 Apr 18; 7(4): 202-17.

[12] Lisman P, O'Connor FG, Deuster PA, Knapik JJ. Functional movement screen and aerobic fitness predict
injuries in military training. Med Sci Sports Exerc. 2013 Apr;45(4):636-43.

[13] Lee DK, Kang MH, Lee TS, Oh JS. Relationships among the Y- balance test, Berg Balance Scale, and
lower limb strength in middle-aged and older females. Braz J Phys Ther. 2015 May-Jun; 19(3): 227-34.

[14] Piirainen J, Avela J, Sippola N, Linnamo V. Age dependency of neuromuscular function and dynamic
balance control. Eur J Sport Sci. 2010: 10(1): 69-79. https://doi.org/10.1080/17461390903100254

[15] Borg FG, Laxéback G. Entropy of balance—some recent results. J Neuroeng Rehabil. 2010 Jul 30;7:38.
[16] D'Hondt E1, Deforche B, De Bourdeaudhuij I, Gentier I, Tanghe A, Shultz S, Lenoir M. Postural balance
under normal and altered sensory conditions in normal-weight and overweight children. Clin Biomech (Bristol,
Avon). 2011 Jan;26(1):84-9.

[17] cerqueira ASO, Soares RJ, Corréa RAA, Mezéncio B, Amadio AC, Serrdo JC. Muscle stretching
changes neuromuscular function involved in ankle stability. Physiother Theory Pract. 2018 Nov 26:1-7.

[18] Kelley KK, Giannico K, Lesnett G, Romano A. A comparison of EMG output of four lower extremity
muscles during selected yoga postures. J Bodyw Mov Ther. 2019 Apr;23(2):329-333.

[19] Hollman JH, Berling TA, Crum EO, Miller KM, Simmons BT, Youdas JW. Do verbal and tactile cueing
selectively alter gluteus maximus and hamstring recruitment during a supine bridging exercise in active
females? A randomized controlled trial. J Sport Rehabil. 2018 Mar 1;27(2):138-143.

[20] Ekstrom RA, Donatelli RA, Carp KC.. Electromyographic analysis of core trunk, hip, and thigh muscles
during 9 rehabilitation exercises. J Orthop Sports Phys Ther. 2007 Dec;37(12):754-62.

[21] Bisson EJ, Remaud A, Boyas S, Lajoie Y, Bilodeau M. Effects of fatiguing isometric and isokinetic ankle
exercises on postural control while standing on firm and compliant surfaces. J Neuroeng Rehabil. 2012 Jun
14;9:39

[22] Yam TTT, Or PPL, Ma AWW, Fong SSM, Wong MS. Effect of Kinesio taping on Y-balance test
performance and the associated leg muscle activation patterns in children with developmental coordination
disorder: A randomized controlled trial. Gait Posture. 2019 Feb;68:388-396.

[23] Lees, Park J, Lee D. Effects of an Exercise Program Using Aero-step Equipment on the Balance Ability
of Normal Adults. J Phys Ther Sci. 2013 Aug;25(8):937-40.

[24] Nichols DS, Miller L, Colby LA, Pease WS. Sitting balance: its relation to function in individuals with
hemiparesis. Arch Phys Med Rehabil. 1996 Sep;77(9):865-9.

[25] Ryu CH, Park J, Kang M, Oh JH, Kim YK, Kim Y], et al. Differences in lower quarter Y-balance test

1812



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 7,
2020 ISSN: 1475-7192

with player position and ankle injuries in professional baseball players. J Orthop Surg (Hong Kong). 2019 Jan-
Apr;27(1):2309499019832421.

[26] cChimera NJ, Larson M. Predicting Lower Quarter Y-Balance Test Performance From Foot
Characteristics. J Sport Rehabil. 2020 Feb 5:1-6.

[27] Kang MH, Lee DK, Park KH, Oh JS. Association of ankle kinematics and performance on the y-balance
test with inclinometer measurements on the weight-bearing-lunge test. J Sport Rehabil. 2015 Feb;24(1):62-7.
[28] Brumitt J, Nelson K, Duey D, Jeppson M4, Hammer L. Preseason Y Balance Test Scores are not
Associated with Noncontact Time-Loss Lower Quadrant Injury in Male Collegiate Basketball Players. Sports
(Basel). 2018 Dec 24;7(1). pii: E4.

[29] Shumway-Cook A, Horak FB. Assessing the influence of sensory interaction of balance. Suggestion
from the field. Phys Ther. 1986 Oct;66(10):1548-50.

[30] Lucas-Cuevas AG, Baltich J, Enders H, Nigg S, Nigg B. Ankle muscle strength influence on muscle
activation during dynamic and static ankle training modalities. J Sports Sci. 2016;34(9):803-10. doi:
10.1080/02640414.2015.1072640.

[31] Btaszczyszyn M, Konieczny M, Pakosz P. Analysis of Ankle SEMG on Both Stable and Unstable
Surfaces for Elderly and Young Women-A Pilot Study. Int J Environ Res Public Health. 2019 May 1;16(9).
pii: E1544.

[32] Miller HN, Rice PE, Felpel ZJ, Stirling AM, Bengtson EN3, Needle AR4. Influence of Mirror Feedback
and Ankle Joint Laxity on Dynamic Balance in Trained Ballet Dancers. J Dance Med Sci. 2018 Dec
1;22(4):184-191.

[33] Nelson-Wong E, Appell R, McKay M, Nawaz H, Roth J, Sigler R, Third J, Walker M. Increased fall risk
is associated with elevated co-contraction about the ankle during static balance challenges in older adults. Eur
J Appl Physiol. 2012 Apr;112(4):1379-89.

[34] Kwon YU. Static Postural Stability in Chronic Ankle Instability, an Ankle Sprain and Healthy Ankles.
Int J Sports Med. 2018 Jul;39(8):625-629.

1813



