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Abstract

This study measures the angle of lower joints to look into the effect of movement speed on joint dynamics of the lower
extremities. This study was conducted with a sample group of 13 subjects who did not have any injury or past medical history
of their lower extremities and agreed to participate in the study. We attached 17 markers to the subjects' bodies for 3D motion
analysis and controlled the speed of movement by a metronome. All measurement data were analyzed using the Repeated

Measure ANOVA(p <.05).

A significant difference was found in the angle of the knee joint when performing the motion in the anterior direction(p <

05).

1. Introduction

This includes the ones such as jumping to a new position,
attempting to remain as stationary as possible immediately after
the jump, or attempting a purposeful segment movement (to
reach) without compromising an established BOS. This dynamic
balance evaluation of postural stability does not take an accurate
measurement of participation in exercise, but its measurement of
physical activity evaluation is more accurate rather than of static
balance one [1, 2]. Among the tests for evaluating dynamic
balance, SEBT (Star Excursion Balance Test) is a widely used
method for evaluating dynamic postural stability and YBT (Y
Balance Test) is a highly reliable evaluation method as the one
for evaluating dynamic balance by a balance measurement device
using in 3 directions of anterior, posteromedial, and posterolateral
out of 8 directions of SEBT.

2. Methods

2.1 participants

3D Motion Analyzer, Y-balance Kit, and Metronome were used

In conclusion, when performing YBT, the speed affects joint kinetics of the lower extremities.

for the experiment. These devices were used to measure the angle
of the joints when performing the dynamic balance ability of the
Subjects move the COM by
performing Y-balance training in three directions of anterior
(Ant), posteromedial (PM), and posterolateral (PL) using the
Y-Balance Kit [Figure 3]. Using the Y-Balance Kit, the reaching

subjects' lower extremities.

distance of one leg when performing dynamic balance operation
(the moving radius of COM) was recorded by each direction. The
speed of the Metronome was set to 60BPM and it counted how
many times the Metronome sounded while one leg returned after
reaching its highest point. Based on this result, the speed of the
Metronome was set to 80%, 100%, 120%, 140% [3] (48BPM,
60BPM, 72BPM, 84BPM) of it and the subjects received the
instruction to reach the same height and return within the time
when it sounded by the same number.

2.2. Measuring distance of dynamic balance L/E
(Y-balance Kit)

This study measured the angles of the lower joints (hip joint,
knee joint, and ankle joint) when performing Y-balance training
in four environments with different speeds for comparative
analysis. The subjects performed YBT at the speed that the
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individual felt most comfortable with and recorded the point they
reached. Those four speeds were 80%, 100%, 120%, and 140%,
respectively, based on the speed of YBT that the subjects felt
most comfortable with. Before the measurement, the researcher
explained the purpose and method of the experiment to the
subjects. To provide all the participants with the same
environment, the participants wore the same pants and the
markers were attached by the same researcher to reduce any error
of intervention. The subjects stood on one foot in the middle
using the Y-balance Kit and pushed the block in the anterior,
posterolateral, and posteromedial directions with the other leg to

measure the point they reached in each direction [Figure 1].

[Fig. 11 3D motion analyzer

2.3. Experiment procedures

The height and weight of all participants were measured before
the experiment. According to [Figure 4], the subjects recorded the
time taken for their YBT and the point they reached. After that,
the motion was performed according to a randomly selected speed
in each direction. To minimize the effect of the participants'
fatigue under measurement on the result and to prevent side
effects such as muscle convulsions, they took a one-minute rest
after the measurement in one direction was completed, and a

sufficient break time was given between measurements.

2.4. Data analysis

Descriptive statistics were used to analyze the mean and standard
deviation (SD) of each variable. For all statistical analysis, it used
SPSS/PC Ver.28.0.0 for Windows program (SPSS Inc., Chicaco,
IL). It used Repeated Measure ANOVA to analyze the difference
in angles of lower joints by the speed of movement. The
statistical significance level was set to a = .05.

3. Results

This study measured and compared the joint angle of the stance
leg when performing YBT at four different speeds. The joint

8 FA SERE=EA

angle by each direction is as shown in [Table 2]. As a result of
the normality test, it was found that all variables followed a
normal distribution. (p > .05) Repeated Measure ANOVA (RM
ANOVA) was performed to compare the average joint angle by
each speed. In some variables (PL-knee, PL-ankle), the analysis
was made by applying Greenhouse-Geisser ¢ as it violated
Mauchly's test of sphericity. As a result of the univariate test,
there was a significant difference in the knee joint in the anterior
direction. As a comparison result by the response of the
corresponding  variables, significant differences were found
between 48BPM and 84BPM, and between 60BPM and 84BPM,
respectively [Table 2]. (p<.05) There was no significant
difference in other variables[Fig 2].
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[Fig. 2] 3D Comparson knee angle in ante. direction of speed

4. Discussion and Conclusion

The Y-Balance Test is a measurement tool of body balance
derived from SEBT and it consists of anterior, posterolateral, and
posteromedial. It is more time-efficient than SEBT and as an
index to measure dynamic balance and predict injuries, it is
widely used and its reliability has been recognized [4, 6, 7].
According to Nelson et al. (2021), who studied the kinematic
predictors of YBT, the maximum factor of YBT for reaching the
anterior direction is flexion of the knee joint and the opposite
rotation of the trunk works in addition [8]. Robinson and Gribble
also reported that flexion of the hip joint was significantly
correlated with the distance reached in all three directions, while
flexion of the knee joint was significantly correlated with the
distance reached in ANT direction [9]. Also in a study by Kang
et al.,, the extension of the trunk played a major role in the
movement of anterior direction [10]. The balance compensation
strategy of the trunk and the hip joint is used to maintain the
COM above the BOS and not lose the balance while the leg
reaches [4]. As the speed of movement of COM increases, it
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becomes difficult to maintain posture control and the risk of falls
increases. [5]. Although no significant difference was found in the
study, the angle of the hip joint and ankle joint also decreases as
the speed increases in the movement in the anterior direction. A
wider range movement of the trunk or ankle of reaching leg may
have been used instead of minimizing the movement of the stance
leg joint to achieve the same distance reached while moving the
COM rapidly. For movement in the PM and PL directions,
abduction of the hip joint and transverse plane rotation of the
trunk are mainly used [8]. Hip abductor and extensor strength
should be related to the posterior distance, because the
performance in the PM and PL direction requires lateral
stabilization of the pelvis [11 12]. Anterior reaching involves
movement in the sagittal plane, whereas PM and PL reaching
involve the frontal plane because the foot stretches medial and
lateral. However, in this study, only the movement of the sagittal
plane was considered, while the movement of the frontal plane or
the transverse plane was excluded. Also, because only the
movement of the lower joints was observed, the movement data
of the trunk was not collected.

There was no significant difference when movements were
performed in the posterolateral and posteromedial
directions. This result suggests that changes in the speed
when performing YBT affect the kinematics. This study
supports the studies showing that the angle of the joints
changes when controlling the speed of dynamic movement,
and based on this, it is expected to be able to evaluate such
defects in the control ability of nerve roots through

dynamic movements performed at various speeds.

References

[1] Coughlan, G. F., Fullam, K., Delahunt, E., Gissane, C., &
Caulfield, B. M. (2012). A comparison between performance
on selected directions of the star excursion balance test and
the Y balance test. Journal of athletic training, 47(4),
366-371. doi: 10.4085/1062-6050-47.4.03

[2] Bertrand-Charette, M., Dambreville, C., Bouyer, L. J., & Roy,
J. S. (2020). Systematic review of motor control and
somatosensation assessment tests for the ankle. BMJ Open
Sport & Exercise Medicine, 6(1), €000685. doi:
10.1136/bmjsem-2019-000685.

[3] Roerdink, M., Geerse, D. J., & Peper, C. L. E. (2021). ‘Haste

makes waste’: The tradeoff between walking speed and
target-stepping accuracy. Gait & Posture, 85, 110-116. doi:
10.1016/j.gaitpost.2021.01.004.

[4] Bulow, A., Bellemare, A., Anderson, J. E., Leiter, J. R.,
MacDonald, P. B., & Peeler, J. D. (2021). Lower Extremity
Kinematics of the Y-Balance Test in Healthy and ACL
Injured Adolescent Females. International Journal of Sports
Physical Therapy, 16(2), 381. doi: 10.26603/001¢.21529

[5] Bhatt, T., Wening, J. D., & Pai, Y. C. (2005) Influence of
gait speed on stability: recovery from anterior slips and
compensatory stepping. Gait posture. 21(2), 146-156. doi:
10.1016/j.gaitpost.2004.01.008.

[6] Salas-Gomez, D., Fernandez-Gorgojo, M., Sanchez-Juan, P.,
Bercero, E. L., Perez-Nufiez, M. 1., & Barbado, D. (2020).
Quantifying balance deficit in people with ankle fracture six
months after surgical intervention through the Y-Balance
test. Gait & Posture. doi:10.1016/j.gaitpost.2020.10.037

[7] Gribble, P. A., Hertel, J., & Plisky, P. (2012). Using the Star
Excursion Balance Test to assess dynamic postural-control
deficits and outcomes in lower extremity injury: a literature
and systematic review. Journal of athletic training, 47(3),
339-357. doi:10.4085/1062-6050-47.3.08

[8] Nelson, S., Wilson, C. S., & Becker, J. (2021). Kinematic and
Kinetic Predictors of Y-Balance Test Performance.
International journal of sports physical therapy, 16(2), 371.
doi: 10.26603/001¢.21492

[9] Robinson, R., & Gribble, P. (2008). Kinematic predictors of
performance on the Star Excursion Balance Test. Journal of
sport rehabilitation, 17(4). doi:10.1123/jsr.17.4.347

[10] Kang, M. H., Kim, G. M., Kwon, O. Y., Weon, J. H., Oh,
J. S, & An, D. H. (2015). Relationship between the
kinematics of the trunk and lower extremity and performance
on the Y-balance test. PM&R, 7(11), 1152-1158. doi:
10.1016/j.pmrj.2015.05.004

[11] Lee, D. K., Kim, G. M., Ha, S. M., & Oh, J. S. (2014).
Correlation of the Y-balance test with lower-limb strength of
adult women. Journal of physical therapy science, 26(5),
641-643. doi:10.158%/jpts.26.641

[12] Hubbard, T. J., Kramer, L. C., Denegar, C. R., & Hertel, J.
(2007). Correlations among multiple measures of functional
and mechanical instability in subjects with chronic ankle

instability. Journal of athletic training, 42(3), 361.

— 937 —



