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Purpose

Using the swing analysis system GEARS, we analyzed the golf
swings of an expert golfer and a non-expert on the flat ground,
down toe, and up toe, focusing on the reproducibility of the
body and the club.

The purpose of this study is to clarify the characteristics of
swings on slopes due to differences in proficiency.
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Method

Subjects : Skilled group (handicap 0-9) A
Unskilled group (handicap 15-25) impact

| » Analysis phase: impact

» Analysis items: club head speed, distance between center point and
hitting point, lie angle, vertical/left/right movement distance of
center of pelvis, forward inclination angle of upper trunk, knee joint
angle

> Statistical analysis: The average value, standard deviation, and
coefficient of variation of each item in 5 trials under each condition
wefe analyzed by two-way analysis of variance for the plat and toes
dewn and the flat and toes up in the skilled group and unskilled
group.

Fultiple comparisons were performed using the Bonferroni method.
{(Less than 5% significance level)

PSS Statistics ver28 was used as statistical software.
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Method

Implementation location: Indoor golf driving range

(studio with special measuring equipment)
g Club: 7 iron (usually used by subject)

| = Incline conditions: flat ground, toe down, toe up (incline angle 6°)

| = Experimental Trial: After warming up, the subject hit five balls at a time in the
order of flat ground, toe down, and toe up in the usual swing.

(A bfeak of about 5 minutes between each slope condition)

Method

AN )

| address rid back mud down

mid foliow finish

Distance, |hitting point] attack anglc( lie anglc] face angle, loft angle, club
ft, grip speed, shaft twist, shaft tilt, etc.

lateral tult )
turn, bend, side bend, lead shoulder

Results

» 11 male golfers Average age 33.2+10.5

f skilled unskilled p-value
i L_ n 7 4
|| age (y.o) 294117  39.8%19 0.12
[ Height (cm) 1750430 1787425 0.10
Weight (kg) 73.7£10.6 79.7+4.0 0.38
Handicap 3337 189+39  <0.001
Years of golf 159290 11.0%17 0.39
experience
avexSD




Results
club head speed
T coefficient of |

Average | i i 75

| interaction : interaciion :

| Flat VS toe down Fiat VS toe up Fial VS ioe down Fiat VS toe up
{ F=008 p=07¢ F=024 p=035 F=008 p=0.79 F=474 p<005
{

{ (mile/n) Wskilled ¥ unskilled ®skilted ®unskilled %

§2.095: 0.12
50 0.10
0.08

85
0.06
0.04

002
0.00

flat toe down toe

flat up
% ---p<0.05

toe down toe up

There was no significant difference
between the skilled group and the
unskilled group under each

4 The unskilled group has a
significantly higher toe up slope
than the skilled group.

ondition.
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Results
frunk frontal bend

[ Average |

|
| interaction : interaction :
:’ Figt VS toe down Fiat VS toe up Flat VS toe down Fiat VS foe up
| F=0001 p=037 F=0.0003 p=099 F=0001 p=0gl F=223 p=0.5
| (geg)  Eskiled wunskilled mskilled  ® unskilled
! .10 *
0.08
0.06
004
0.02
0.00
flat toe dwon toe
flat toe ‘dow‘n‘ to.e up e p<0.05
ghg:’e watshno :fﬁng'cant d'ffec"—etrl:ce 4 The unskilled group has a
i k'ﬁig U dgrouphan e significantly higher toe up slope
ns d'mon groupincer eac than the skilled group.




Title: Quantifying trunk stability and establishing evaluation criteria during core training using inertial
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Introduction: Emerging evidence suggests core stability is an important factor in high performance in sports. Although many
clinical assessments of core stability exist, there is a lack of consensus on the most effective core exercises and their impact
on specific sports strength and conditioning. The objectives of this study are to 1) determine a simple method to objectively
quantify the trunk stability during core training, and 2) to evaluate the credibility of the core assessment criteria) using both

qualitative and quantitative aspects.

Methods: The first part of the study established a method for quantitatively evaluating trunk stability using several inertial
sensors (SABEL Sense), a 3D motion capture (OptiTrack), and a data analysis system (Motive). SABEL Sense is a wearable
inertial sensor consisting of a tri-axial accelerometer, gyroscope and magnetometer developed within the SABEL laboratory
at Griffith University. The motion capture (Mocap) data was recorded by 3 cameras (Flex3; OptiTrack) placed on the ground,
and 12 cameras attached to a 3m height frame. The second part of the study evaluated core assessment criteria (pelvic filt
and rotation angles, etc.) during core training. Sixteen male healthy sub-elite soccer players (middle of the season) between
20 and 39 years old participated in this study (Institutional ethics approval no is 2022/135).

The participants performed three basic core training: plank, side plank, and one-legged bridge, and trunk stability was analyzed
during these three fraining. These assessments consisted of both static and dynamic components. The static training required
the participant to hold a neutral spine position for 20-seconds. The dynamic training required extending/ abducting their leg
five times with constant-tempo (70 bpm). Different ankle weights were used during the dynamic assessment (zero, 2kg, and

4kg) in each leg while trunk stability was recorded.

Results: Strong correlation between the Mocap data and inertial sensor data demonstrated that accurate measurements
using inertial unit alone were possible. The average pelvic tilt angle calculated from the Mocap data during static plank showed
a mean value of 17.0 degrees (10.8-21.1). The relative angle change during plank with right leg extension using zero, 2kg,
and 4kg ankle weight showed a mean value of 16.5 degrees (16.3-16.8), 19.7 degrees (15.6-22.0), 17.7 degrees (17.5-17.9)

respectively. These values correlated with those obtained using inertial sensors.

Conclusion: Wearable inertial sensor is a useful tool same as the Mocap assessment and it is practical to evaluate core

stability as a field level assessment. The relative change of pelvic tilt angle was difference in moving the legs and tends to



increase pelvic angulation when increasing ankle weight.
impact/Application to the field: The method might be useful for prevention of various musculoskeletal conditions such as
low back pain and muscle strain, and for assessing the effect of rehabilitation. In addition, this method will help establish an

evaluation criterion for trunk stability.
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