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Correlation Between Peak Plantar Pressure and Swing Speed in Tennis Players
TAN Zhihua', LI Jie?, XIA Yongan’
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Abstract; Objective To explore the correlation between peak plantar pressure and racket speed during baseline forehand strokes in ten-
nis players, thereby providing a theoretical basis for optimizing forehand techniques and kinetic chain efficiency. Methods Twelve na-
tional-level second-tier tennis players were recruited. Racket—-mounted smart sensors were used to collect synchronous racket speed
data, while Pedar—x pressure insole systems recorded peak foot pressures during stroke execution. Ridge regression analysis was per-
formed on the collected data. Results The regression model demonstrated a positive correlation between racket speed and peak pres-
sures at the first to fifth metatarsals (M1-5,8=0.02)and the arch (MF,3=0.064), whereas a negative correlation was observed with
peak pressures at the first toe (TI,B=—0.106)and medial heel (HM, B=-0.111)(F=7.425, p<0.001). Analysis of foot load distribution
indicated that the forefoot and heel serve as primary load—bearing regions, with excessive forward or backward shifts in center of gravi-
ty potentially constraining racket speed. Conclusion During tennis forehand strokes, the forefoot, arch, and lateral heel are critical
zones for ground reaction force transfer. Increased peak pressures in these regions significantly enhance racket speed, while excessive
loading on toe—bone areas may diminish overall kinetic chain efficiency.
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LA HFTIT “Define Masks” , N A RS I 4 IR IX
PRI 2843 XSO 5 2) T CARFE Y 088 S, 8 T i
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HM 163.33 +44.25
F4 BEEMEER
i B AR Bela t p
”'%’?4?{( 109.622 9.851 - 11.128 <0.001™
T1 -0.106 0.052 -0.182 -2.056 <0.001™
T2-T5 0.032 0.056 0.055 0.559 0.578
M1-M5 0.020 0.011 0.175 1.856 <0.005"
MF 0.064 0.036 0.175 1.795 <0.001™
HL 0.022 0.020 0.108 1.090 0.280
HM -0.111 0.020 -0.480 -5.627 <0.001™
R? 0.407
PEER? 0.352
¥ F=7.425, p<0.001
KAL 0.169

- 108 -



% 44 % )

E| N

7oA " % 5 M

FESAH L RAE TE U ERIZ 2l 53T BRI ) ROERAA A K
LR, ST i AE S ) i AR S R A ORI 2
JEHR 7T B S e Nl 57 | A7 7E BBk LR A LT 52
FEFHERI /N, T WA R/ NI Xt TRIF 5 AL IR 32 A1
ARBL K FE 55 14 B SRR 03 14 i A A B2, AR
G RIS AR B, 188 RAEE R BB
SLA AT B T A, ATIAIEE XL 2 e T A AR
3 DA T Ry SRR T DX, R B RE A3 A 5N
RECIERB I Y A E R ER G, Y B REC 5 R
FEREIE, iy iy R BR AT S T7 WAL RS TR A AR —
AL BRSNS A . AR R B, TR 22 2 AT A A
BBl R P i R R AU X X SABEEAR— B R
RIAETH RIS, R Z ) BB AE R R R Z, 255
SMINES 2—5 B f/ N I M X RT3 R TR
SR R AR ), RS R ERERE  )AL AE
FiigE 2—5 AL ETEIS S B IPS S R AR, EIIEE
BB EEAT iz 8l B O e AT RS e 7 - A BT A6 B
& O, HIE A B PIE R , SR A

SRR TR, TR ) SRR R OCHR
R DT R ERIE T BRI, BRIA R hIE R 2RI
TR AR SLA AR TR g, WY B, Bl ) R
2 IS JE R SRS A S RHES T RO ——JF R
A | JRHAR 5 2 0 i 5 7 e e - R <5 8
AR , e 2R ST FE S RE s AL I HASk S T A
Wk ) R IE Tl BR 9450 R AT LA B2 3l B4 8 )
R IR IE T BRIN: , P71 B R T e S s T e 77
it Ty el BRad R b R 7R, BEI 51y
LN AL s SR I o= B (DR I E s g <2 i vp e SE 1
SR o PR, T PR ARA 64 A T A e S A b e A
N A BB FE I RCR R

RIERIE LR IE T BREEAR S — N A A BE R AR B,
I, AR X e 75 R A T BRI AT G
RABEANIGE, EET BRI 3l BN B REXT & BRI R
W R W R Bk K BREAR B A T 38 3 5 R ™ AR i
295 BB TR 50%, AL A B 58T HEERGE )
SRR s ) A 15 T BRES B 1o JEE AR F S P 4 L R T g e
(E-S Rk R B B TEAR S, AW TR ) 532 B R A AE A
KA, AEXAN KPR ERIZE 3 53 T IBLIA B R s T i
R AR SC MBI SR WRS B K D1 LU P S Bk B R B B
FAESRTER A ARSI Rl —H AR S R Iy iR 2
PRI B PR AL 22 S e 32 3 B3 S K R R AN A, 5 3k
JRAIEF- BRI S TSRS AR IAEFT S0, BT
TEWT T 3SR ZR R BR T 5 AR A 8 R KBk 14 S 60 s
WAL A1 55 S BREEAT L BE 2 8] 4 5 AE DG HE 2 HOKE R T
IR BEAT 2R DX, AT 2 BN [ AL DX ) 1 g D o
IRRAEAT IR A A, RS 1 0 2 R B R Y
RO R R W R AT RE e AR AT B B> BT EE O
R SR NPT 1) 25U AEFE S R  TE R BRiZ 3
BURRIE T pRid Fe b, LIRS A B 1A 05 458
BERIREN 4 B R TR 40.7% ., B 1 BEE XIS R R P Y
e VAR NS P44 B2 7 AR RS L 56 1—5 Bl 25 LR

FEERAMINEAL B T g WA EDX R BE 257 A AR AR I, i)
e LSRR B VR IE RN RWITE R IE T Bk 72
Hh, BREEL LA S R B M R H B 2 4 B A DU AR
2 M SR IR, SO AR A S A
P Z R R IRE, MAIELE IE Fdiskid B b SR O
HRH P I, — D AFARERIE Ty BREORIZ 3l B
RAFRELOH STRE, M GRS R 2 5
ATERRCRANBIAE, PRI, 58 1 Bk DX 2 BN 7R 32 B i et
R ABLEHBIR B VRS- T R L, 8 2 B £ XU

TR IE Tl Bt i o A 5 R R A MO DX ) %2
T3, SRR 5 BRI R, AT A RO ARSI | [RIR , s
TR B A4 G A i, Py DA Tl A A R B B 57 B iy
AR AR ARG o 7 M i B S5z sl . il g
W B FAB EE R e B . R AR AT ) B R (S RE R A
BRAY T BRI B4 5 40% , E R ETESE Tl BRGEE b VR A
BB A SRS IR 7 5 B B Z B 5 2R, R
Ty IR T BRI RG BE B A AR R R, BB, ) HE
1 SERE 1)) 3 ARV A% 368 B BRAA , 308 Ao RS o e
i A TR )RR RSl A IR S VR R A O T BGELE , X 2T
AR R LA B4 6, OB ISOER 19 3h J15E

JRSERT SRS XI5 Gyl BREOR BE T 2 00, SR EHAR
[ RS ) g o e BRI BE AR R, I3 R Sl Bkt 58
R IHERA , TEIR T BRI ZRrb | IO 05 B R B3 B
BN RGUIGR, PEte LI T I 5 5 IR g ) 3l s A i
RIE T BRIy BE BN AR . FESEBRIIGRrp, AT sl
B EERESVEREHIZGER  ASEALEL O RS AU i R i, ettty
BRECENZRrp | B2 RAENR A BRI, 38 5 R 1 (4 Sl VR g
B P E Tl ek, (RS A S A R A ek
SRR IE , TR i BRI . AR, A s sh T ff sl A o
SR R SRR s Ty A e St — I [ e (i
SEARARELT R, RN AZ 3 XA 2350 . 7E128 301 5 R TSORATS
Bfyrb, NN AR AT BRI 5 B R, AR 1 A2
JRRAZA (e B D T P el S5 ) o BR T TR AR
x> o, FRIER el A SRR AT 14 e LA AL T SR sk AR AT
R RIS 3 o7 T R i PR AT RS BORA R SR 5

4 it

R ERiz B FURAIE Fdiskid fe b, RIS S5 IO 3
B DI, g R BN A B TR S A
JERLRIE Tl BRI AL T Ty VB S AR AP AEAR G, i
RS AL RSN T VA 7, T U PR A L, B A
O S B S TR W 2 BHAS A, ROZ AR5 S
FEERAMIR IE T A Bk Sh I BER IR R, AR T 2 B M S AR
T3 RIS RE . AR T LAZE 5 R JIUE R S8 sl
ARG RGO RAIE T BREE B TR T

S Lk

[1] REID M,MORGAN S, WHITESIDE D. Matchplay Characteristics of
Grand Slam Tennis ; Implications for Training and Conditioning[J].

Journal of Sports Sciences,2016,34(19):1791-1798.

+ 109 -



% 44 % )

2

E| N

7 oA ® % 5 M

[2] PEDRO B,JOAO F,LARA J P R, et al. Evaluation of Upper Limb
Joint Contribution to Racket Head Speed in Elite Tennis Players Us-
ing IMU Sensors ; Comparison between the Cross—Court and Inside—
out Attacking Forehand Drive[ ] ]. Sensors,2022,22(3):1283.

[3] CHEN W,JIA Y. Kinetic Chain Analysis of Tennis Stroke Motion
Utilizing Wearable Sensors[J]. IEEE Transactions on Instrumentation
and Measurement,2025,74:9514208.

[4] CAPRIOLI L,ROMAGNOLI C,CAMPOLI F,et al. Reliability of an

Inertial Measurement System Applied to the Technical Assessment of

Forehand and Serve in Amateur Tennis Players[J]. Bioengineering,
2025,12(1):30.

[5] LICEN T,KALC M,VOGRIN M, et al. Injury Prevention in Tennis
Players, Linking the Kinetic Chain Approach with Myofascial Lines:
a Narrative Review with Practical Implications[J]. Strength & Condi-
tioning Journal ,2022,44(4):104-114.

[6] BULDT A K,ALLAN J J,LANDORF K B, et al. The Relationship
between Foot Posture and Plantar Pressure during Walking in
Adults: a Systematic Review[J]. Gait & Posture,2018,62.56-67.

[7] SIM T,KWON H,OH S E, et al. Predicting Complete Ground Reac-
tion Forces and Moments during Gait with Insole Plantar Pressure
Information Using a Wavelet Neural Network [J ]. Journal of Biome-
chanical Engineering,2015,137(9):091001.

[8] DU M,LV B,FAN B, et al. Ankle Moment Estimation Based on a
Novel Distributed Plantar Pressure Sensing System[J]. IEEE Journal
of Biomedical and Health Informatics,2024,28(11) :6548-6556.

[9] LIUM,KANG N,WANG D, et al. Analysis of Lower Extremity Mo-
tor Capacity and Foot Plantar Pressure in Overweight and Obese
Elderly Women[ J]. International Journal of Environmental Research
and Public Health,2023,20(4):3112.

[10] NIU W X,YAO J,CHU Z W et al. Effects of Ankle Eversion, Limb
Laterality ,and Ankle Stabilizers on Transient Postural Stability
during Unipedal Standing[ J]. Journal of Medical and Biological En-
gineering,2015,35(1) :69-75.

[11] 2, TR, RAL, F AT EDEN A FARIAKRS ALY
[J1.EJR A% H 3 ,2021,36(4) :491-501.

R O N O N O N O O N N N N O N A N N O N N A VAUV AV AUV UV

(L3F237)

[30] EA&, k4L, 00, F KRAKE R FMLL L BN K os
R[] A5 8% AR5 ,2024,10(6) : 561-567.

[31] ZF4e, R0, 22 K AR T R FALAZ LAE BRSO
HA G AR5 -227 ARIF IR FEUCAHI[T].F B %A R ,2024,34
(10):183-189.

[32] &5#m, Bids, Sk KB EHAART TR 69 Jm 20 K
P B 3 Rk [ ] e PRk A SRR 4R, 2016,35(5) - 115-118.

- 110 -

[12] #REFE FEP KT, F.3—35 F k5% i RTAR LK
JEA AR AE S TAL[T]. P B TARAF R ,2021,25(15) ;2315
2320.

[13] L#TH, & KB FHBABITARRENFIESH[]].ER
& M % ,2020,35(1):108-113.

[14] FEL, 8 RIKE A VR R AR A st 37 A& 64 5 A B
7 [J].445,2023,60(8):91-98.

[15] &5, 4 248, Z R F XN FAREEHLFARLKE S
SAHAEB R AR FBRLEF 4 %,2016,31(9):
984-988.

[16] Fh&U, 5K DI LhAR T 09 £ F 5 B 3RIE 3h i RJRJE /) HFAE 69 %
w0 [J]ARARR T F B4R, 2014,40(3) :80-84.

[17] s&ms, & Vez, 5. MIRE3) R+ T2 5 F AP ARAIR[]].
wEH 54 2012,33(5):90-92.

(18] &4, 4y 4L & M3k EF 30 B ShH AR 547 AT E RS
FAEA R [J]. B EARH F IR F4R,2013,30(2) : 222-227+236.

[19] DOSSENA F,ROSSI C,LA TORRE A,et al. The Role of Lower
Limbs during Tennis Serve[J]. The Journal of Sports Medicine and
Physical Fitness,2018,58(3):210-215.

[20] #Kifpak, B+, R P, F AR RS LT HHREs R &
PRk A AR A9 AR K AT L[ 1) R AR F X 3R ,2018,33
(2):156-163.

[21] LAMBRICH J,MUEHLBAUER T. Physical Fitness and Stroke Per-
formance in Healthy Tennis Players with Different Competition Lev-
els:a Systematic Review and Meta—Analysis[J]. PLoS One,2022,17
(6):e0269516.

[22] BALL K,BEST R. Centre of Pressure Patterns in the Golf Swing: In-
dividual-Based Analysis[J]. Sports Biomechanics,2012,11(2):175-
189.

[23] PATAKY T C. Correlation between Maximum In—Shoe Plantar Pres-
sures and Clubhead Speed in Amateur Golfers[J]. Journal of Sports
Sciences,2015,33(2):192-197.

[24] BT N80 A 2] 51 4R . SERGE S DI AT A0 2 5 K &[],
RE HAE,2023,44(3) : 1-10.

[33] Ak, F LA REARKRE R FLRGIE B RS HAKZ
[J).R#EARF Fr254R,2022,37(5):585-591.

[34] #T4R % T3 K AR FTRFRLE RO BRI, 2K
B IS P AAR S Rk [T ] PR F R R, 2023,42(6)
1-7.

[35] 2ok, A5 MFMALI S R F LIRS B AR UL i
L5 [J].43u 4R A A, 2025,44(3) : 26-30+73.





