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Impact of upper and lower extremities physical function on pitching
speed in young baseball players

Toru Morimoto', Hiroya Kinoshita® Masashi Izumi'
"Department of Orthopaedic Surgery, Kochi Medical School, Kochi University,
“Department of Rehabilitation, Niyodo Hospital
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Kinematic Characteristics of Throwing Motion in Players with Throwing
elbow Injury

Tomoyuki Matsui', Kazuya Seo® Yoshikazu Azuma', Tetsuya Miyazaki', Kanta Matsuzawa',

Toru Morihara'
"Marutamachi Rehabilitation Clinic,
Rehabilitation Unit, Kyoto Prefectural University of Medicine

(G|

ANEGEREEER T L L, B - NEEA~OZ LA AL, HKERFEEICOLDBLIENDED L. AR

7 A —LDUHFIIEETH 525, RERFEEEFORMEZ R L5520,

Sllbivbitd, FEREEERNBET L@ RT L ORREET + — 2 0FEVERE L0 THIFT 5.

GSESRE)

PEREER & B S e ER AR T 166 (BEERT) B L OMEERTF I A xR e Lz, #HE I23m i

DAy MZENHEEKEIThE, 1080OFRINRS A T TR S 1L d ZRocEifEFIT#E (VICON MX) %

I CTHeEREIE2 51 U7z, TH B - T - (RSB0 2 MM (334 %) 25 H L, dSoZzwtkg

TR R BN BT & g F BT 2 ik, MLz,

[#52]

ERTFOAEELROLMERBE LT, BEREFTE, RIKDERBLEZITBCT, MHE - B

DFH,E%%%Fﬁﬁ#mﬁfﬁot.ﬁL@ﬁ%Ti.&%%ﬂ%ﬁﬁﬁﬁﬁ,xT/7W&%%
JEH - WEEAENRMETH -7z, 7y baryy 7 MEAZRISHWEBIEHIEL T/, MERTIE, HM

nﬂ%ﬁﬁ FeBR T T~ B g 25 AE T d - 72

[£%2]

BERT-CTIE, MERAHE CREBMMESAZIKT L, ZoRENBEEREZ4EC TS EE 2. MER

TOREBFAMEA ISR A BN E LT, BEREBEMEICBI) 2 TR - AR L oEs#HiE ShTnb

PeERBE R TFICB W CH RO RETH D, ?ﬁﬁﬁ®ﬁﬁf4/b&LT%@T%M%#%%&%Kt

S176



—fi% 1 [&ERT +—L]
2838 (£) 11:10~11:50
§£2818 (WKLY 1F FILYR—Ib)

English & Japanese Oral Session 1 "Throwing form"
Feb. 3rd (Fri) 11:10~11:50
Room 2 (Yamagata Terrsa 1F Terrsa Hall)

High School and Professional Pitchers with Decreased Variation in
Joint/Segment Velocities Demonstrate Significantly Lower or Equivalent
Throwing Arm Kinetics with Preserved Ball Velocity

Carlo Coladonato’, Joseph E. Manzi® Brittany Dowling®, Matthew Nasra’, Bryan Ang®,

Suleiman Sudah®, Michelle Kew’, Allen Nicholson®, Joshua S. Dines’
'Drexel University School of Medicine, Philadelphia, PA, USA,

*Weill Cornell Medicine, New York, USA,

Sports Performance Center, Midwest Orthopaedics at Rush, Oak Brook, IL,

‘Robert Wood Johnson School of Medicine, Rutgers, NJ,

*Department of Orthopaedic Surgery, Lenox Hill New York, NY,

Department of Orthopaedic Surgery, Monmouth Medical Center, Monmouth, NJ,

"Sports Medicine Institute, Hospital for Special Surgery, New York, NY

Background: Improper sequencing order of maximum joint and segment velocities has been identified as an important
predictor for both throwing arm kinetics and ball velocity. High school and professional baseball pitchers with improper
pelvis-trunk maximum rotation velocity order were found to have increased shoulder distraction forces. Professional
pitchers with proper chronological order of the five joint/segment velcoties were noted to have significantly greater ball
velocity with no difference in throwing arm kinetics. Mixed cohort evaluations (high school, collegiate, and professionals)
noted increased elbow varus torque for pitchers with improper sequence of maximum joint/segment velocities of the
distal upper extremity. While these prior studies have noted differences in ball velocity or throwing arm kinetics for
pitchers with improper sequence of maximum joint/segment velocities at several playing levels, no study to date has
evaluated pitchers with high or low variance in maximum joint/segment velocities or the ability to obtain consistent
values across multiple pitches. This consideration of pitcher ability to achieve repeatability among several pitches gives
attention to ‘within’ rather than ‘between’ pitcher differences alone. Therefore, the purpose of this study was to investigate
maximum joint/segment velocities between pitches and the relationship to throwing arm kinetics and ball velocity in high
school (HS) and professional (PRO) pitchers.

Methods: HS (n=59) and PRO (n=338) pitchers instructed to throw 812 fastball pitches were evaluated with 3D-motion
capture (480 Hz); both cohorts evaluated separately. The standard deviation of each of the five joint/segment velocity
maxima were calculated per pitcher. Pitchers were classified as ‘Overall Low Variance’ or ‘Overall High Variance’.
Kinematic and kinetic parameters were subsequently compared among the subgroups.

Results: No differences in anthropometrics (p>0.239), kinematics (p=>0.051), or throwing arm kinetics (p>0.094) were
noted between the HS Overall Low Variance group and Overall Hi Variance group (Table 1). For the PRO cohorts, no
differences in anthropometrics (p> 0.033) or ball velocity (p> 0580) was noted (Table 2). The Overall Low Variance
subgroup had significantly lower shoulder distractive force (111.8 =14.1 vs. 119.6 = 155%BW respectively, p=0.008) and
elbow anterior force (40.6+5.0 vs. 436+6.2%BW respectively, p=0.008) compared to the Overall Hi Variance subgroup.
The PRO Overall Low Variance subgroup had significantly lower shoulder distractive force (111.8 + 141 vs. 1196 =
155%BW respectively, p=0.008) and elbow anterior force (40.6=5.0 vs. 436*6.2%BW respectively, p=0.008) compared to
the PRO Overall Hi Variance subgroup.

Conclusion: HS and PRO pitchers with low variance for joint/segment velocities tend to achieve significantly lower
maximum joint/segment velocities in the subgroup of interest, while preserving ball velocity. PRO pitchers with overall
low variance among multiple maximum joint/segment velocities demonstrated decreased shoulder distractive and elbow
anterior force. Pitchers with repeatability in maximum joint/segment velocities may be viewed as kinetically conservative
throwers. These pitchers with similarly maintained mechanics between pitches may have an increasingly regimented
form that preserves kinetic forces about the throwing arm, placing them at a theoretically decreased risk of injury.
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A Comprehensive Analysis of Summative Maximum Joint/Segmental
Velocity Relationships with Throwing Arm Kinetics and Ball Velocity in
High School Pitchers

Carlo Coladonato’, Joseph E. Manzi® Brittany Dowling®, Matthew Nasra®, Jay Moran”,

Bryan Ang® Suleiman Sudah’, Allen Nicholson’, James B. Carr®, Joshua S. Dines’
'Drexel University School of Medicine, Philadelphia, PA, USA,

*Weill Cornell Medicine, New York, USA,

Sports Performance Center, Midwest Orthopaedics at Rush, Oak Brook, IL,

"Robert Wood Johnson School of Medicine, Rutgers, NJ,

Yale University School of Medicine, Stanford, CO,

Department of Orthopaedic Surgery, Lenox Hill New York, N,

"Department of Orthopaedic Surgery, Monmouth Medical Center, Monmouth, NJ,

8Sports Medicine Institute Hospital for Special Surgery Florida, West Palm Beach, FL,

Sports Medicine Institute, Hospital for Special Surgery, New York, NY

Background: Individual maximum segmental/joint velocities (ie. pelvis rotation, trunk rotation, shoulder
internal rotation, etc.) have shown positive associations with throwing arm kinetics and ball velocity in
baseball pitchers. While these studies have noted faster ball velocity and/or throwing arm Kkinetics for
pitchers with individual increases in maximum joint/segmental velocities, no study to date has evaluated
pitchers with high or low maxima among multiple joint/segmental velocities. This consideration of the
entirety of the kinetic chain, summating several joint and segmental velocities, may better elucidate how
the combination of these factors may influence ball velocity and throwing arm kinetics, as a surrogate
of injury risk. Therefore, the purpose of this study was to observe how summative maximum joint/
segmental velocities may impact ball velocity and throwing arm kinetics in high school pitchers.

Methods: High school (n=59) pitchers threw 8-12 fastball pitches while evaluated with 3D-motion capture
(480 Hz) . The maxima of each of the five joint/segmental velocities were calculated per pitcher. Pitchers
were classified as ‘Overall Fast Joint/Seg Velocity’ or ‘Overall Slow Joint/Seg Velocity'. Kinematic and
kinetic parameters were subsequently compared among the groups with post-hoc regressions and multi-
variable regression models created to predict throwing arm kinetics and ball velocity, respectively.
Results: Pitchers with Overall Fast Joint/Seg Velocity were older (16.9+14 vs. 154 =09yrs. respectively,
p=0.007), achieved faster ball velocity (32.7 = 3.1 vs. 28.7 = 2.3m/s respectively, p=0.002), and had
significantly higher shoulder internal rotation torque (47 = 06 vs. 3.7 = 08%BWxBody Height [BH]
respectively, p=0.003), elbow varus torque (61.8 = 164 vs. 41.6 = 11.4%BWxBH respectively, p=0.001),
and elbow flexion torque (3504 vs. 25+05%BWxBH respectively, p<0.001) compared to the Overall
Slow Joint/Seg Velocity group (Table 1). For every 1 standard deviation increase in maximum pelvis
rotational angular velocity (86.7° /s), normalized elbow distractive force increased by 4.7%Body Weight
(BW) (B: 0.054, £:0.290 p: 0.013). A multi-regression model for ball velocity based on maximum joint/
segmental velocities predicted 20.3% of variance.

Conclusion: High school pitchers with increasing summative maximum joint/segmental velocities (ie.
lead knee extension, pelvis rotational angular velocity) demonstrated faster ball velocity at the cost of
increased throwing shoulder and elbow kinetics. Pitchers and coaching staff should consider this trade-
off between faster ball velocity and increased throwing arm kinetics with increasing, summative joint/
segmental velocities. In particular, increased elbow varus torque, an established risk factor for elbow
injury.
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