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AQArE T2 A =|CHLiu Wenyu, 2022; Tagliafico et
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A s 459 AV E 715 4% 7R, 2Y Aee 2
S 5 Al YAste A Wets ZANsh= wWiolth(De Luca, 2002).
A 2 Alees 22 25 ©HY 24y R Foe Fosho dFE
dton, A= ot 25 FHUY AFGA &/dets vrgstt. of 5w
o] M=Z(d: Delsys Trigno Avanti AlA)S HAlsto] Z|of 2400Hze] =
oz 5 52 VISE & Ao B FEde B9 AF, ARE 9
Aol: AR A=), Fop 99 A8 F2oe 2 Y Foe) 24

o] &/dst i 4 3= B7che

g Al B o g ARE=tHVigotsky et al., 2018: Burchiel et al.,
2018; Hug et al., 2018; Cappozzo et al., 2017).

HU2od A= 7e2 = AE23 WY & &5 U A &
%9 &52 FAste d g9 AREHA. AAFeR FH] DAoAM =
e afo] Wi, Ay DAME Bt 2F9 %“094‘} gysty,
71 GAIM = §5] A9 whE UielAol ot tige] o] FE
HAX A SFo] dA3] S7FRIEHRyu et al., 1988).

E3L, Blackwell?] dA-to] @rad, A7 sisyes WIAES &

o] &3 AANE wxlé}ﬂi o+ 0.41 rad(e} 237)9] Alo] Qe

9
ZHEA= 0.22 rad(QF 13°)9] Z =S g9t o]/, ME LTA s
E A

(Blackwell & Cole, 1994).
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A 12 A4 A%

1. B2 7w
2 AToAE 4F HUA M5 5Ew 33 HYA d5 5P 24
sto] ZYPE AERI A £ Ztwo} 7@% S Eol JojEe v s}

A 51 EJr(Blackwell & Cole, 1994; lkenaga et al., 2020). 1E1LJr | o]

1 Hok2 FA499 *H%d‘i“iﬂr 01310} Hé‘_ J—V% il EﬂOlEH
walsto] o7 Azl AN A oL =Th WS
FOISUNT, HIY HARES A2 ThE 7l% 279 A
450 #E Aoz zuMoz WAT % 99t E3] Blackwelld}
Cole, Ikenaga®] AoA = A2 BE F7]
Aeia} glolg FA0A F4 9 57
Cole, 1994: lkenaga et al., 2020).

<E D> A O 7lE BE

W e 18 8 15 Z P

Lol 25(25,28) 28(24,31) -0.449  0.653

7] 180(180,183) 181(169,186)  -0.221  0.825
=257 80(78,87.5) 80(80,94) -0.696  0.487
s 9(4,11) 3(2.5) 1528 0.127
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International Tennis Number — On Court Assessment

what's your number?

Name: Date of Birth: Sex:M F

Assessor: Date: Venue:

GS Depth Volley Depth GS Accuracy

Forehand 1 Forehand 1 Forehand DL 1 1st Box Wide 1

Backhand 2 Backhand 2 Backhand DL 2 1st Box Wide 2 International Tennis Number
Forehand 3 Forehand 3 Forehand DL 3 1st Box Wide 3 This ITN Assessment was con-
Backhand 4 Backhand 4 Backhand DL 4 1st Box Middle 4 ducted in accordance with the
Forehand 5 Forehand 5 ForehandDL 5 1stBox Middle 5 guidelines set forth in the Offi-
Backhand 6 Backhand 6 BackhandDL 6 1stBox Middle 6 Elearlelgya/;sr:zstf)rnznatlﬁﬁéizc:ty
Forehand 7 Forehand 7 Forehand CC 7 2nd Box Middle 7

Backhand 8 Backhand 8 Backhand CC 8 2ndBoxMidde 8 Signed bylbehalf of the player:
Forehand 9 Sub Total Forehand CC 9 2nd Box Middle 9

Backtand 10 Consistency Backhand CC 10 2nd Box Wide 10 Signed by the Assessor:

Sub Total Volley Depth Total Forehand CC 11 2nd Box Wide 11

Consistency Backhand CC 12 2ndBoxWide 12

GS Depth Total Sub Total Sub Total

Strokes | Mobility Total
Consistency Consistency Total Score Score

Mobility Table m GS Accuracy Total Serve Total

T |40(39 383736353433 3231|3029 28 27|26 (25|24 |23 |22|21 20|19 18 17|16 15

Number of New ITN
S|1/2 3/4[5|6[7(8 9[10|11(12 12|14|15(16[18|19 21|26 (32|39 45 52|61 76| | Assessments Rating

Score (F) | 57-79 | 80-108 |109-140 | 141-171 | 172-205 | 206-230 | 231-258 259-303 | 304-344 | 345-430
Score (M) | 75-104 | 105-139 | 140-175 | 176-209 | 210-244 | 245-268 | 269-293 204-337 | 338-362 363430 | Gircle players TN level after
N ITN10 | ITN9 | ITN8 | ITN7 | ITN6 | ITN5 | ITN4 \ IIN3 | [IN2 | mN1 | completing the Assessment.
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Trigno Avanti A1Ao] Mo FH3tx| elalelm, Aol Hal7

o Azo] YEA A

N

 2HE MAY 53T 2§

ug Al wet 54slol & 282 olele] 57bAl2 Astact.
« EMG1: PT(Pronator Teres)

- EMG2: FCU(Flexor Carpi Ulnaris)

- EMG3: FCR(Flexor Carpi Radialis)

- EMG4: ECRB(Extensor Carpi Radialis Brevis)

- EMG5: SP(Supinator)

EMG1: PT (Pronator Teres)

EMG4: ECRB (Extensor Carpi Radialis Brevis) EMG2: FCU (Flexor Carpi Ulnaris)

EMG5: SP (Supinator)
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EMG3: FCR (Flexor Carpi Radialis)
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A 1A g 28 Ao 24
1. &2 A2t
0.8
0.6
Al 0.1
D
0.2
0-0 1 T 3
£3 12
<dg 8 A AP B2
<E 2> A AR SAA A% Aat
He 4e 1F 9 1% Z P
0.77 0.70
AIZE -0.635 0.513
(0.62,0.82) (0.66,0.71)
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4 < 2E23 A ARRZ 0.62,
T 189 AER3 BA AR

= 0.66, 0.70, 0.71x%
W2 -0.635, PYf2 0.51302 UERGTE o

£ 2% M42E0] of BAL AW O Ueht: Az
o] SAMdol UL HolFELL.

23 43 18 33 1%
=5/A1- 45.96+4.39 63.77+6.24

QE/AE HA} 44.87+6.50 23.72+8.67

3] d /93] 56.25+6.22 55.67+11.60

(1) 38 W Ato] £

<E 4>°F <® 5> A

T W Aol AT 474 2

e A3 18 H P
=5/A1 44.51(42.48, 50.90) 2.000 0.368

LT /A= HR} 47.33(37.50, 49.77) 2.000 0.368

U]/ 58.90(49.15, 60.71) 2.000 0.368
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Hp 39 18 H P
ZZ/AA 66.10(56.62, 68.10) 2.000 0.368
QT/AT Wi} 26.87(13.90, 30.40) 2.000 0.368
B ESVES 59.70(42.58, 64.70) 2.000 0.368
22/ Az Wi W2 /2) 5 2

<3 9 4F 1F 4 A
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Abstract

Analysis of Wrist Angle Changes
During Forehand Stroke in Tennis

Players of Different Skill Levels

Wang Zicen
Department of Physical Education
The Graduate School

Seoul National University

This study aims to explore the differences in wrist angle changes,
forearm muscle activation, and contribution during the forehand stroke
process between tennis players of different skill levels, and to analyze the
differences in forearm muscle activation at the moment of wrist angle
change. The study combines motion capture systems and surface
electromyography (sEMG) technology, focusing on the three main
movement directions of the wrist: flexion/extension, radial/ulnar deviation,
and pronation/supination. The target muscles include the Pronator Teres
(PT), Flexor Carpi Ulnaris (FCU), Flexor Carpi Radialis (FCR), Extensor
Carpi Radialis Brevis (ECRB), and Supinator (SP). By quantifying the

activation and contribution of these muscles, the study evaluates the
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differences between tennis players of different skill levels. Furthermore, by
combining wrist angle change moments with muscle activation, the study
aims to reveal subtle differences in muscle activation patterns between
high-level and intermediate-level players, providing new perspectives for
understanding the relationship between skill level and athletic performance.

For this study, 3 high-level players and 3 intermediate-level players
were selected as experimental subjects according to the International
Tennis Number (ITN) classification. The forehand stroke test required
each participant to complete 5 successful strokes, and motion data were
collected synchronously using the Optitrack motion capture system and
Delsys surface electromyography (sEMG) system. Forearm movement
models were constructed using Visual3D software to analyze wrist joint
angles. This experiment was approved by the Institutional Review Board
of Seoul National University (IRB No. 2409/004-003).

Data processing was carried out using the Windows SPSS 27.0
statistical program, with a statistical significance level set at P < 0.05.

The results of this study are as follows:

First, the high-level group had a significantly smaller range of motion
(ROM) in the flexion/extension direction compared to the
intermediate-level group, while the intermediate-level group had a
significantly smaller range of motion in the radial/ulnar deviation direction
compared to the high-level group. Overall, both groups showed similar
wrist movement patterns with comparable ranges, but the
intermediate-level group exhibited larger ranges of motion and wider angle
variations in the extension and external rotation directions, showing
greater variability.

Second, in terms of activation: The high-level group showed faster

muscle activation, especially with more precise activation of EMG2:FCU
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and EMG4:ECRB in the 30%-60% range. In contrast, the intermediate-
level group showed slightly delayed activation, with a significant increase
in the activation of EMG5:SP in the 40%-100% range, and their activation
pattern was more uniform. Regarding overall contribution: The high-level
group relied more on EMG2:FCU, while the intermediate-level group relied
more on EMG5:SP. For momentary contribution: During the forward
swing phase, the high-level group mainly relied on EMG4:ECRB and
EMG5:SP, while the intermediate-level group relied more on EMGI1:PT.
Significant differences were observed in the muscle contribution patterns
between the two groups.

Third, when the wrist angle transitions from extension to flexion, the
activation of EMG3:FCR in the intermediate-level group was higher than
that in the high-level group. On the other hand, the activation of
EMG5:SP in the intermediate-level group was lower than in the high-level
group. Additionally, the activation of EMG3:FCR in the intermediate-level
group was significantly higher than that of the high-level group.

This study, by understanding the differences in wrist angle changes and
muscle activation between the high-level and intermediate-level groups,
can help coaches optimize training more effectively, improve athletes'
motor control and muscle coordination abilities, and enhance their

performance in hitting strokes.

Keywords: Tennis forehand stroke, wrist angle, forearm
muscles, activation, contribution.

Student Number: 2022-24722
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