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Fig. 1 (a) Six strain gauges were affixed on the
nails of 2™ (II) and 3" (III) fingers. (b)
Three strain gauges on each nail were
expressed by north (N), west (W) and east
(E) for distinguishing the location on each
nail.
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Fig. 2 Description of the angles measured
by the sensor ball.
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Fig. 3 Waveforms measured with six strain gauges when participant A threw the

sensor ball ten times.
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Fig. 4 Waveforms measured with six strain gauges when participant B threw the
sensor ball ten times.
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Fig. 5 Waveforms measured with six strain gauges when participant C threw the

sensor ball ten times. Data IIE is missing due to measurement error.
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Fig. 6 Relationship between ball speed and
number of rotations for three participants
expressed as linear fittings and correlation
coefficients. The relationship is significant
for participant A.
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Table 1 Mean values of pitching parameters measured by the sensor ball (MA-Q), and of nail strain at
the time of release measured by the strain gauge, when participants A, B, and C pitched. Dashes
indicate missing values.

BF»ro Eho

2E—F [z MR BRI (LR 1IN ow IIE TN 1w IE
Ol A LR A LR g L
[kn/h]  [rpm] [em] [em] [me] [pe] [ne] [ne] [ne] [ne]
[deg] [deg]
A 101.1 1611.7 41.8 6.9 —9.4 —2.7 | —2690.6 —2232.0 —942.3 —180.0 —467.9 —452.8
B 134.0 1929.5 18.8 0.4 —2.6 45.6 | —4246.1 —943.4 —3618.6 —4012.5 —4850.8 —1788.7
C 120.4 1610.4 15.9 12.8 —33.0 43.7 | —1228.1 —3515.0 — —756.4 —3956.8 —1875.9

Table 2 Correlations between the maximum strain measured by strain gauges affixed to the nails
of the second and third fingers and the pitching parameters. Shading indicates significant
correlation (p <0.05).

— — -
s o AE-r BN R M ii; " Jfffﬁ;g

1IN —0.683 —0.813 —0.168 —0.178 0.174 —0.219
mw —0.828 —0.843 —0.293 0.280 —0.284 0.098
IIE —0.467 —0.586 —0.036 —0.190 0.203 —0.477

A IIIN —0.672 —0.876 —0.368 0.059 —0.097 —0.081
Iw —0.218 —0.429 —0.265 —0.242 0.238 —0.079
IIIE —0.271 —0.612 —0.589 0.137 —0.144 —0.416
1IN —0.373 —0.907 0.415 —0.136 0.205 —0.588
w —0.041 —0.609 —0.092 0.219 —0.212 —0.073
IIE 0.026 —0.790 0.107 —0.249 0.252 —0.354

B IIIN —0.739 —0.724 0.401 —0.502 0.537 —0.510
W 0.391 0.398 —0.635 0.567 —0.641 0.666
[IIE —0.244 0.101 —0.338 0.276 —0.293 0.382
1IN —0.667 0.308 0.327 0.277 0.230 —0.368
ow —0.019 —0.206 —0.283 —0.360 0.029 0.340
IE — — — — —

¢ IIIN —0.643 0.310 —0.352 0.659 —0.488 0.338
W —0.762 0.420 —0.221 0.466 —0.349 0.252
IIIE —0.432 —0.472 0.502 0.257 —0.070 0.062
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Table 3 Results of multiple regression analysis with speed (left) and number of rotations (right) as

objective variables and six strains as explanatory variable and the influence of the partial regression
coefficient. Shading indicates that the effect of the regression coefficient is significant (p <0.05).

F—L2E—-F LR
fiE R S tfiEf pfiE fiE IR il plE

i)y 66.7150 32.3813 2.0602 0.1084 Yk 325.1564 306.9792 1.0592 0.3492

1IN 0.0220 0.0369 0.5951 0.5837 IIN 0.8351 0.3502 2.3843 0.0756

ow  —0.0157 0.0144 —1.0853 0.3388 W —0.4074 0.1369 —2.9756 0.0409

A 1IE —0.0352 0.0739 —0.4763 0.6586 A 1E —1.7199 0.7012 —2.4528 0.0702
IIIN  —0.2119 0.1523 —1.3916 0.2364 IIIN —2.6785 1.4441 —1.8548 0.1372

mw  —0.0257 0.0542 —0.4746 0.6597 W —0.8699 0.5139 —1.6925 0.1658

IIE 0.0548 0.0464 1.1800 0.3026 IIIE  —0.2529 0.4397 —0.5750 0.5960

UIF 113.1065  16.4442 6.8781 0.0062
IIN —9.15E-05 0.0010  —0.0868 0.9363
MW —4.32E-04 0.0108  —0.0401 0.9705
g IE 0.0034 0.0018 1.8900 0.1551
N  —0.0056 0.0019  —2.9447 0.0602
W —0.0037 0.0025  —1.4891 0.2332
IME  4.76E-03 3.37E-03 1.4100 0.2528

Uk 100.4939 6.6901 15.0211  6.40E-04
IIN —4.89E-03 0.0038 —1.2710 0.2933
W —1.29E-03 1.27E-03 —1.0180 0.3836

¢ IE
NN 00059  0.0081 0.7367  0.5146
MW —0.0033 00022 —15323  0.2229

ME —2.55E-04 1.96E-04 —1.3000 0.2850

YR —205.7913 520.9962  —0.3950 0.7192

IN  —0.0667 0.0334 —1.9962 0.1398
ow  —0.4250 0.3412 —1.2468 0.3009
B IIE  —0.1122 0.0577 —1.9451 0.1469
NN  —0.1369 0.0612 —2.2377 0.1111
mw  —0.1020 0.0798 —1.2770 0.2914

IIE —5.71E-05 0.1067 —5.35E-04 0.9996

Ul 1856.6623  323.8180 5.7336 0.0105

IN 00127 01862 0.0683  0.9497

oW 00132  0.0614 02146  0.8438
¢ IE

MN —04986 03918  —12725  0.2928

MW 01445  0.1072 13480 0.2704

IME —9.21E-03 9.51E-03  —0.9690 0.4040

Table 4 Coefficient of Determination of multiple
regression equations with speed
and number of rotations as objective
variables and significance (p <0.05) of
the equations.
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ZE—F 0.8156 0.1574

A EIE 5 0.9596 0.0093
ZE—F 0.8487 0.2133

B [EIE 5 0.9730 0.0187
ZE—F 0.9003 0.0974
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(Research Notes)

Strain of nails at ball-release and ball spin during baseball pitch

Kenji Saitou', Masakazu Watanabe”

Abstract

Using a sensor ball capable of measuring pitching speed, number of rotations, amount of vertical
and horizontal change, and tilt of the axis of rotation, and strain gauges affixed to the nails of the
index and middle fingers, we investigated the relationship between those pitching parameters and
the way the ball was grasped and released immediately before ball release. Based on the nail strain,
we found a type of release with the index finger, a type that used both fingers equally, and a type that
used both fingers equally but both on the same side. There were also individual differences in the
correlations between pitch parameters and nail strains, with types found correlating to both speed
and number of rotations, generally to number of rotations, or generally to speed. There were also
types of correlations between the strain of nail and longitudinal change, and the angle of the axis of

rotation.

Keywords: baseball pitch, ball-release, strain of nail, strain gauge, pitching parameter
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