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Abstract

Research purpose. This study aimed to determine the EMG analysis of forehand topspin using different ball

materials.

Materials and methods. For the purposes of this study, seven male university-level table tennis players who were
right-hand dominant players (age 21.1 + 2.4 years, height 162.6 + 6.8 cm, mass 61.8 + 3.2 kg) with at least 6 years of
playing experience were selected. The selected participants were physically active and had no physical injuries. The
study was approved by the research committee. Pectoralis Major (PM), Deltoid Anterior (DA), Latissimus Dorsi
(LD), Biceps Brachii (BB), Extensor Carpi Radialis (ECR), Flexor Carpi Radialis (FCR) muscles were selected for the
electromyographical study. One of the EMG signals variable Root Mean Square was measured in all muscles, through
which the maximum muscle involvement was evaluated. For each assessed muscle and both ball materials, the mean
value of Root Mean Square EMG signals was computed. For descriptive statistics, minimum, maximum, mean, and
standard deviation were used, and a t-test was used as a statistical technique.

Results. The level of significance was set at 0.05. Results of the study showed no significant difference in EMG
variable Root Mean Square between celluloid and poly plastic ball material on selected muscles.

Conclusions. We conclude that the biceps brachii and extensor carpi radialis are important muscles for the forehand
topspin because they are responsible for flexion of the arm and work strongly in the action of gripping in the

performance of quick forehand spin strokes.
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Introduction

Today’s sports training program, which includes table
tennis, physical conditioning, and strength training, as well
as advanced fitness training diagnostic methods, have now
become significantly important (McCann & Bigliani, 1994).
Table tennis is a vigorous activity that needs tactical aware-
ness, as well as cognitive and motor preparation (Bankosz
& Winiarski, 2017). It is quick and requires a fast response.
Spinning the ball changes its path and minimizes the possi-
ble alternatives to a competitor, providing the player a major
benefit (Zagatto et al., 2018).
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The International Table Tennis Federation changed the
ball material from celluloid to polyplastic in 2014 (Kuneth,
2014)”Balls that do not include celluloid” were identified as
polyplastic balls (Kiineth, 2020). Celluloid balls were con-
sidered to be costly and fragile, causing a fire issue while
transporting, that’s why this new material (polyplastic) was
introduced (Huges, 2014).

The ITTF equipment committee conducted a study on
polyplastic and celluloid balls material comparison (Huges,
2014; Kuneth, 2014; Paul, 2015). The polyplastic balls were
found to have a greater vertical speed but a slower horizontal
speed than celluloid balls (Lee, 2020). The fundamental is-
sue for the modification in ball material, according to ITTF
President Adam Sharara, is to decrease the game’s speed to
make it more viewer-friendly (Kuneth, 2014). Due to the
slowing down of the match, various regulations and ball
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materials have been changed in present table tennis. A lot of
elite players focused on the offensive or attacking style of play
(Wang et al., 2018).In table tennis, the forehand topspin is
the most dominant offensive shot (Seemiller & Holowchak,
1997). To win a game, attacking players must be successful in
generating racket force on the forehand side because a faster
forehand racket movement results in a quicker post-impact
ball velocity, greater post-impact ball spin, or maybe both,
that would be the fact (Iino & Kojima, 2011).

Nowadays, sports are becoming more professional, be-
cause we use a lot of technology to uncover flaws to stay on
top in the modern world.

Electromyography (EMG) is also used for providing the
first functional classification of certain muscles based on the
table tennis technique (Petrofsky, 1979). Few studies have
been conducted on EMG techniques to evaluate the kine-
matics of table tennis strokes (Tsai et al., 2010) as well as
muscle EMG activity patterns of table tennis forehand shots
(38mm and 40mm). They compare muscle patterns while
playing with various ball sizes (Kondri¢, Miran, Furjan-
Mandic, Gordana, Medved, 2006). However, no scientific
research has been conducted on muscular involvement us-
ing differences in table tennis ball material (celluloid and
polyplastic). As a result of this knowledge gap, the authors
decided to conduct this research study.

Figure 1. Surface electromyography (Bioengineering, 2011)

When we look at the muscular involvement of the
forearm muscle with different ball materials (celluloid and
polyplastic), we can identify which muscle is more involved
during the forehand topspin and which muscle is more ad-
vantageous for performance improvement.

The goal of this research is to see how the forearm mus-
cles Pectoralis Major, Deltoid Anterior, Latissimus Dorsi,
Biceps Brachii, Extensor Carpi Radialis, and Flexor Carpi
Radialis interact during forehand topspin skill using differ-
ent ball materials.

Material and methods

Study participants

This study included seven male national-level table ten-
nis players who were right-handed dominant (Age 21.1 +2.4
years, Height 162.6 + 6.8 cm, Bodyweight 61.8 + 3.2 kg). All
the participants had at least 6 years of playing experience at
the time of data collection. The participants were physically

active, and there were no reports of the recent upper limb,
neurological or ligament damage. All the participants were
briefed about the purpose and process of data collection and
they provided their written informed consent for participa-
tion. The study was approved by the Departmental Research
Committee of Lakshmibai National Institute of Physical
Education, Gwalior.

Test Administration

During the warm-up, participants performed ten min-
utes of dynamic stretching. Pectoralis Major (PM), Deltoid
Anterior (DA), Latissimus Dorsi (LD), Biceps Brachii (BB),
Extensor Carpi Radialis (ECR), Flexor Carpi Radialis (FCR)
were selected for assessment. The SENIAM (Surface Electro-
myography for Non-Invasive Assessment of Muscle) group’s
recommendations were followed for the procedure of elec-
trode placement on the muscles. Wireless surface electro-
myography with eight channels (Bioengineering, 2011a) was
used for the acquisition of EMG signals from the selected
upper extremity muscles.

During a 40s forehand topspin with balls composed of
two different materials, the measurements were taken (20
seconds for celluloid balls and 20 seconds for poly-plastic
balls). To ensure that all of the performers would be in the
same setting, a table tennis Robo machine was used (New-
gy's Pro Digital Robo-Pong Table Tennis Robot). Electrodes
were placed on the right side of the participants’ bodies due
to their right-handedness. The contraction intensity and du-
ration of activation were measured.

The EMG signal size method is a standardized approach
for detecting, amplifying, and registering bioelectrical ac-
tivity differences in skeletal muscle (Halaki & Gi, 2012a).
Two electrodes are placed beside the muscular fibers at the
midpoint of the studied muscle at a standardized distance of
3 cm, using a different method of detection (center to center
located). Differential detection eliminates noise (Latasa et
al., 2019). For signal recording and interpretation, the bio-
mechanical device (Bioengineering, 2011b) was used.
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Figure 2. Placement of Electrode on Specific Points
Data analysis

Analysis of the EMG signals was carried outin BTS EMG
Analyzer software (version 2.9.40.0). The RMS EMG signals
were band-pass filtered using the Butterworth smoothing
technique with a lower cut-off frequency of 20 Hz and a
higher cut-off frequency of 400 Hz (Halaki & Gi, 2012b)
and include: electrode configuration (distance between elec-
trodes as well as area and shape of the electrodes.
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Based on Root Mean Square EMG signals measured in
all muscles, the maximum muscle involvement was evalu-
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Table 2 shows the significant values of equality of vari-
ances on both ball materials root mean square data. All val-
ues were greater than the .05 level which shows the equality
of variances for both celluloid and poly-plastic balls. The
obtained results from Table 2 showed no significant differ-
ence in selected muscles Root Mean Square using celluloid
and polyplastic ball material as p-values of these is >.05.
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Figure 3. Raw EMG Signal of Muscles Contraction

Figure 3 showed the EMG signals, Root Mean Square
(RMS) of muscles while forehand topspin, figure 4 showed
the descriptive values of muscles RMS with celluloid and
polyplastic ball.

Table 1. Descriptive statistics of Celluloid and Polyplastic balls on Root Mean Square

Range (EMG Signal)
Max. Min.

Mean SDA

Muscle N*

Celluloid Polyplastic Celluloid Polyplastic Celluloid Polyplastic Celluloid Polyplastic

Pectoralis Major 7 179.56 194.43 70.49 68.31 137.38 135.13 42.10 40.51
Deltoid Anterior 7 414.11 391.61 78.68 89.08 235.35 232.25 114.83 110.60
Latissimus Dorsi 7 169.04 151.49 69.51 60.08 104.34 92.49 40.54 35.14
Biceps Brachii 7 456.53 433.81 169.76 172.95 334.64 315.14 105.31 95.01
Extensor Carpi Radialis 7 469.31 339.66 173.76 176.79 297.87 271.06 95.18 56.39
Flexor Carpi Radialis 7 461.90 387.60 103.60 116.36 216.32 201.02 116.86 93.06

N* Number of Participants; Max. Maximum Range; Min. Minimum Range; SDA Standard Deviation

Table 2. Results of t-test on selected muscles Root Mean Square using Celluloid and Polyplastic Balls

Levene’s Test T-test for equality of means

Variables - e Sig. DRI
ig. t (2-Tailed) ean Difterence
RMS .
. . Equal Variances Assumed 0.881 0.14 12 0.88 3.35
Pectoralis Major
RMS Equal Vari Al d 0.945 0.51 12 0.96 3.10
Deltoid Anterior qual Variances Assume . . . .
RMS .
- . Equal Variances Assumed 0.672 0.58 12 0.57 11.85
Latissimus Dorsi
RMS .
. " Equal Variances Assumed 0.818 0.36 12 0.72 19.31
Biceps Brachii
RMS Equal Variances Assumed 0.385 0.64 12 0.53 26.81
Extensor Carpi Radialis 4 ’ ’ ’ ’
RMS Equal Variances Assumed 0.882 0.27 12 0.79 15.30
Flexor Carpi Radialis 4 ’ ’ ’ ’

RMS - Root Mean Square; t — Obtained Value of t; df - Degrees of Freedom; Sig. (2-Tailed) - Significance Level

251



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopisa Ta meToanKa $i3vYHOro BUXOBaHHA. Tom 22, N@ 2

400
350
300
250
= Mean (Celluloid)
200
u S.D. (Celluloid)
150 Mean (Polyplastic)
100 m S.D. (Polyplastic)
50
)
Pectrolis  Deltoid L Biceps Flexor
Major Anterior Dorsi Brachii Carpi Carpi
Radialis  Radialis

Figure 4. Mean and Standard Deviation (S.D.) values of Root
Mean Square on Celluloid ball and Polyplastic ball on selected
muscles

Discussion

Earlier gathered information on table tennis ball behav-
ior mostly concerned celluloid balls, which are being widely
used since their introduction around 1900 (http://www.ittf.
com/media/History/TimelineHistory.pdf). The Internation-
al Table Tennis Federation (ITTF) modified the ball mate-
rial from celluloid to “polyplastic” for most international
tournaments conducted from July 2014. “Balls that do not
include celluloid” were defined as polyplastic balls (Huges,
2014; Kuneth, 2014; Paul, 2015).

With varied ball materials (celluloid and polyplastic),
we looked at muscle activity during the forehand topspin
shot. This study compared the Root Mean Square EMG
signal value, which measures physiological activity during
contraction.

The findings of the study showed that there was no sig-
nificant difference found in selected muscles i.e. Pectoralis
Major, Deltoid Anterior, Latissimus Dorsi, Biceps Brachii,
Extensor Carpi Radialis, Flexor Carpi Radialis muscles’ Root
Mean Square value using different ball material (Celluloid
and Polyplastic ball). ITTF changed the ball material from
celluloid to polyplastic balls, (Paul, 2015) Because table ten-
nis balls are light and have a low density, any differences in
material, size, or sphericity are likely to influence the ball's
trajectory as well as the interactions between the ball, table,
racket, and players' responses (Kei et al., 2019). The minimal
changes in kinematics reaction to topspin might be explained
by the same changes in speed and spin of both types of balls
(celluloid and polyplastic) at ball-table contact (Lee, 2020).

Polyplastic balls had a higher speed increase (0.69 %)
and a lower spin decrement (0.19 %) after impact with the ta-
ble tennis surface than celluloid balls (Chen & Huang, 2020).
Differences in kinematic reactions to different ball materi-
als were identified when players rebounded backspin shots.
Players supinated their rackets 2.23 % ever more produced
3.37 % reduced ball to Polyplastic spin while returning Poly-
plastic balls than when returning celluloid balls, showing a
quick response to the lower spin rate of Polyplastic balls. The
absence of variations in kinematic reaction to topspin might
be explained by the similar changes in speed and spin of
both types of balls upon ball table impact (Iino et al., 2018;
Kondri¢ et al., 2013; David Paér, 2019).

The descriptive statistics of the study showed, maximum
RMS (Root Mean Square)for Extensor Carpi Radialis muscle

(469.31) and minimum for Lattisimus Dorsi muscle (169.04)
during forehand topspin using a celluloid ball. For the poly-
plastic ball, the Biceps Brachii muscles showed maximum
RMS (Root Mean Square) (433.81) and Latissimus Dorsi
showed minimum (60.08). The maximum RMS (Root Mean
Square)deviation is found in Flexor Carpi Radialis (celluloid
ball) and Deltoid Anterior (polyplastic) muscles.

The analysis of results supports the variations in maxi-
mum and minimum voluntary muscular contraction; for
slower balls with backspin, as in the case of a service, polyplas-
tic balls are predicted to endure more deceleration upon im-
pact with the table than celluloid balls. Polyplastic balls, on the
other hand, are predicted to experience higher acceleration
upon impact with the table tennis surface than celluloid balls
for quicker balls with more topspin (lino & Kojima, 2016).

When plastic balls strike the table, they are expected
to accelerate more than celluloid balls since they are faster
and have more topspin. Because the initial conditions have a
large effect on the ball's behavior, testing under various ini-
tial factors is necessary to know the properties of each type
of ball (Ozaki, 2017).

As the findings of this study showed no significant dif-
ference in RMS (Root Mean Square) EMG signals using
forehand topspin against backspin balls. Many more studies
should be done to understand the effects of ball spin more
comprehensively. One limitation of this study is that the
participants of this study may not be enough to find possible
significant effects of forehand topspin using different ball
materials. The participants were recruited from national-
level table tennis players.

Different types of styles of play of forehand topspin from
the players may be the reason for insignificant results. To
establish more definitive results on the examination of EMG
during table tennis forehand topspin using different ball ma-
terials, more research with a greater number of participants
recruited from bigger populations would be required.

Conclusion

The observed results and graphical displays from the
research showed that there is no significant difference in
activity of the analyzed muscles while using different ball
materials for forehand topspin. We conclude that the biceps
brachii and extensor carpi radialis is an important muscle
for the forehand topspin because it is responsible for flexion
of the arm and works strongly in the action of gripping in
the performance of quick forehand spin strokes (Buckley &
Kerwin, 1988). From this point of view, greater interest is to
be paid to the improvement of this muscle in the physical
training of the table tennis players. Qualified table tennis
players should therefore increase the muscles training that is
wanted for their particular style of play after they have set up
a large basis of physical fitness.
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ENEKTPOMIOTIPA®IYHUIA AHANI3 YOAPY BIAKPUTOIO PAKETKOIO
B HACTIJIbHOMY TEHICI 3 BUKOPUCTAHHAM PI3HUX MATEPIAJIIB M'AYA

Any6xa MaxemBapi'*®<P, Taarpi [Tangein'**P, Manim Illykna®A*<P,

Bimkait Cinrx PaBar***“P, Tanympi SIgap'45<P

'Hanionanbunit incTuTyT isndnoro BuxosanHs imeHi Jlakmmi bai

*[lep>kaBHUI IOPUAMYHUI KosemX MopeHa
*Jlep>xaBHUI HayKOBUII Komemx JleBac

ABTOpCHKNMI BKIAJ;: A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D - migroroska pykormcy; E — 36ip kowtis

Pedepar. Crartst: 6 c., 2 Tab1., 4 puc., 25 [Kepert.

Merta mocnimkenHs. [{ocnipkeHHsA Majio HA MeTi BCTa-
HOBJIEHHA NoKasHuKiB EMI-ananisy ymapy BifKpuTOIO paker-
KOIO 3 BepXHIM 00epTaHHAM 3 BUKOPYMCTAHHAM Pi3HMX Mare-
pianiB M’stya.

Marepianu Ta MmeTogu. 7151 CK/TaaHHA LIHOTO HOCTIKeH-
Hs1 6ynu BifibpaHi ciM rpaBLiB y HACTIIBHWII TeHIC piBHA VHi-
BEPCUTETCHKOI CIIOPTUBHOI KOMaH/M YOJIOBiYOi CTaTi, AKi BO-
JIOT{/IM ITPaBOIO PYKOIO Kpallle, HDK TiBoo, (Bik 21,1 + 2,4 poky,
3pict 162,6 £ 6,8 cM, Bara 61,8 + 3,2 Kr) Ta M/ IpUHAIMHI 6
PoKiB focBiny rpu. Bigibpani yuacHukm 6yau ¢isMuHO aKTUB-
HMMI Ta He Majit Gi3ndHuX TpaBM. JJocmimkeHHs 6y/o 3aTBep-
IPKeHe KOMITeTOM i3 HayKOBMX JOC/TiIpKeHb. [l eekTpomio-
rpadivHOro FOCTiIKeHH s Oyt BubpaHi Taki M'sI311: Be/IMKMI
rpynuuit M’s3 (Pectoralis Major, PM), mepepnHiit y4oK fjenn-
tonoxibroro m’s3a (Deltoid Anterior, DA), Harumpumit M’s13
crimuu (Latissimus Dorsi, LD), goronosnit M’s13 mteda (Biceps
Brachii, BB), mpomeHeBmit M’s13-po3ruHay 3am sictka (Extensor
Carpi Radialis, ECR), npomeHeBmil M 513-3TMHa4 3aIl ICTKA
(Flexor Carpi Radialis, FCR). CepennbokBafpaTudHe 3Ha-
4yeHHA 3MiHHOI ogHoro 3 EMI-curuanis BumipioBanm Ha Bcix
M’sA3aX, 3aBJSAKU YOMY OLIHIOBAIM MAaKCHMAJIbHY 3ajiiHICTh
M’s13iB. JI/Is1 KOXKHOTO OLI{HIOBAHOTO M’s13a Ta 000X MaTepiasis

M’s19a 00UMC/IIOBAIY CepefjHE 3HAYEHHs CepeiHbOKBa/IpaTHy-
Hux 3HayeHb EMI-curnanis. [l onmcoBOi CTaTUCTUKN BU-
KOPMCTOBYBa/IM MiHiMaJIbHi, MaKCMMaJbHi, CepeJjHi 3HAYCHHSA
Ta BEIMYMHY CTaHJAPTHOIO BiXM/IE€HHA, a AK CTaTUCTUYHMIL
METOJ; BUKOPUCTOBYBa/u t-kpurepiit CTbrofieHTa.

PesynpraTtu. PiBeHb 3Ha4yLIOCTi OYB 3aaHNIT 3HAYCHHAM
0.05. PesynbraTyt mociifiyKeHHs IOKa3aayu BifICyTHICTb CyTTe-
BOI BiIMiHHOCTi B CepeJHbOKBAJPaTUYHOMY 3HaYEeHHi 3MiHHOI
EMI Ha BubpaHux M’s13aX MK TaKMMU MaTepiaiaMit M 4a, K
LIe/Ty 1017 i TIoliMepHa ITacTMaca.

BucnoBku. My miiinim BUCHOBKY IIPO Te, IO ABOTOJIO-
BMII MsI3 II/Ie4a Ta IPOMEHEBMIT M 5A3-PO3IMHAY 3aIl ICTKA €
BOK/IMBUMM M sI3aMU [UIsI BUKOHAHHA YAapy BiIKpUTOIO pa-
KeTKOIO 3 BEPXHIM 00epTaHHAM, TOMY 1[0 BOHM BifjIIOBialoTh
3a 3TMHAHHA PYKM Ta iHTEHCHMBHO IIPAIIOIOTh y IPOLECi Jil 3
MIIHOTO YTPUMMYBAHHA IIiJj YaC BUKOHAHHA IUBUIKUX ylapiB
BiIKPUTOIO PaKeTKOIO 3 00epTaHHAM.

KirouoBi cmoBa: enexrpomiorpadisi, HacTinbHUIT TeHic,
yZap BiIKPUTOIO PAaKETKOIO 3 BEPXHIM 00epTaHHAM, CEPETHbO-
KBaJIpaTyyHe 3HAYEHHsI, LeTy/IOIAHI M sT4i, M’s14i 3 IToTiMepHOi
II/TaCTMACH.
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