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Is injury common with pitching?
Community youth/adolescent study:
420 Subjects
30% Shoulder/elbow pain
31% History of injury
Elite youth/adolescent pitcher study:
28 subjects
6.3+1.7 years pitching experience
43% Prior arm pain while pitching
39% had a prior diagnosed injury

Chalmers, P. N., Sgroi, T, Riff, A. J., Lesniak, M., Sayegh, E. T., Verma, N. N., et a. (2015). Correlates With History of Injury in Youth and
Adolescent Pitchers. Arthroscoj

oscopy
Erickson, B. J,, Sgori, T., Chalmers, P. N., Vignona, P, Lesniak, M., Bush-Joseph, C. A., et a. (2016). The Impact of Fatigue on Baseball Pitching
Mechanics in Adolescent Male Pitchers. Arthroscoj
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Youth {n = 23} High schood {n = 13,
Front foot contact
Siride length (% beight) 85x8 B3 +9
External rotation {7) 67428 64 £ 25
Elbow Bexion () M7 82417
ASMI Knee flexion () 8z 059
Arm cocking phase
resu Its . Maximum pelvis velocity (*s) 650 4 110 640 £ 90
. Maximum upper tarso 1180 4 110 1130 & 110
welogity (*/5)
no Change Muximum efbow flexion (7} 95412 100 £ 14
Maximum horirontal nek 049
H adduetion ()
In Maximuam extemnal rotation 1) 1mi12 17449
H H Arm acceleration phase
kl n e m atl CS Maximam elhow extension 2230 £ 300 2180 + 340
. welogity (*/s)
Wlth a e Maximuam intemmal rotation 6900 + 1050 6820 + 1380
g velogity (7/s)
Ball refease
Elbow Bexion (7} M7 347
Horizontal adduction () "o 108
Trunk 1ilt () 9 9
Knee flexion (7) Wil 43413
Ball speed (m/s) Wil B2
Fleisig, G. S., Barrentine, S. W, Zheng, N., Escamilla, R. F., & Andrews, J. R. (1999). Kinematic and kinetic comparison of baseball pitching
among various levels of development. Journal of Biomechanics, 32(12). 1371-1375.

How do video kinematics change as
pitchers mature?

Hand on top of Ball 92% 100% 100% <0.001
(OISR R DI E SR I Cl 62% 79% 83%  0.012
Hip shoulder separation 21% 39% 60% <0.001
Max knee height (% of height) 63% 64% 67% 0.001
Stride length (% of height) 73% 77% 80% <0.001
Elbow flexion at FFC (°) 96 89 84  0.009
Knee flexion at FFC (°) 39 41 47 <0.001
Lead hip flexion at BR (°) 83 89 94 <0.001
Lat trunk tilt at BR (°) 50 60 69  0.002

Stride mechanics/thoracic rotational timing
improve, ball release unchanged




Qualitative mechanics improve with age

Youth Adolescent

(n, 86) (n, 83)

n (%) n (%) P
Lead with hips 83 (97) 77 (93) 155
Hand on top 57 (66) 76 (92) .001
Arm in throwing position 5 (6) 7(8) 561
Closed shoulder 20 (23) 31(37) .065
Stride foot toward home plate 74 (86) 55 (66) 004
Performed 3 or more 55 (64) 67 (81) 017

parameters correctly

Davis, J. T., Limpisvasti, O., Fluhme, D., Mohr, K. J., Yocum, L. A., Elattrache, N. S., & Jobe, F. W. (2009). The effect of pitching biomechanics
on the upper extremity in vouth and adolescent baseball pitchers, The American Journal of Sports Medicine 37(8), 1484149
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Fleisig, G., Chu, Y., Weber, A., & Andrews, J. R. (2009). Variability in baseball pitching biomechanics among various levels of competition.
Sports Biomechanics, 8(1), 10-21.

9-12 | 13-15 | 16-17 | p-value
21% 39% 60% <0.001

Hip shoulder separation
* Separation of the
hips and
shoulders:
*Those with a
history of
injury: 53%
*Those without a
history of
injury: 37%
*p=0.005

Closed shoulder Dpea shoulder

Chalmers, P. ., Sgroi, T, Riff, A. J., Lesniak, M., Sayegh, E. T., Verma, N. N., et al. (2015). Correlates With History of Injury in Youth and

Adolescent Pitchers. Arthroscopy
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Erickson, B. J., Sgori, T., Chalmers, P. N., Vignona, P, Lesniak, M., Bush-Joseph, C. A., et al. (2016). The Impact of Fatigue on Baseball Pitching

Mechanics in Adolescent Male Pitchers. Arthroscopy.

Good Separation (+2.6 Bad Separation

Saroi. T, Cralmers, . |f:‘ A.J., Lesniak, M., sayeg, Wimmer, M.A (2015). Predicors of throwing velocity in youth and
Age (vears) Speed (mph) SD

8 40.3 3.51

9 42.8 3.76

10 46.1 3.82

11 48.2 4.19

12 50.4 4.76

13 54.3 4.85

14 60.4 5.7T1

SPEED M.P.H. (STANDARD DEVIATIONS

AGE |"Avg. | 1SD | 25D | 3sD | 4sD
8 40 43 47 50 54
9 L a7 51 55 59
10 4 50 54 58 62
11 45 52 56 60 64
12 50 55 60 65 70
13 54 59 B4 69 74
14 60 66 72 78

AXe, M. 1., Snyder-Mackler, L., Konin, J. G., & Strube, M. J. (1996). Development of a distance-based inerval throwing program for Little
League-aged athletes. American Journal of Sports Medicine, 24(5), 594-602.

Axe, M. J., Strube, M., Osinski, D., & Andrews, J. R. (2014). A SPEED DISTANCE-BASED CLASSIFICATION SYSTEM FOR INJURY
PREVENTION AND RESEARCH IN INTERNATIONAL AND DOMESTIC YOUTH Journal of Sports
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Weight/Height Increase with Age
9-12 60 100
13-15 67 139
16-17 71 169

Feltner, M. E., & Dapena, J. (1989). Three-dimensional interactions in a two-segment kinetic chain. Part 1; General model. International Journal

of Sports Biomechanics, 5, 403-419.

% Pitchers with subsequent UCLR
=N

70 75 80 85 90 95 100 105 110
Weight (kg)




- Elow Seansidee
Rppmmam Okda ratics Fraen Odda ratia Foal
Meferent oot Referent <01
103 L1G
121 L
136 152
144 L
Reforent o087 Referent 001
120 0.07
140 L1t
091 132
133 201
Referunt 080 Refirent 094
084 0.88
083 L1
130 L4
[ 096
Heferent oo Referest 002
L2 151
138 165
150 17
a2 216
o, af such e Stoulder
Epac— Odda ratia P value Chddla ratia P value
1-200 2126 Reforent <001 Reforent =0.00
201400 667 L6 LG5
4018600 460 281 34
B01-500 1. ) 200
8OO+ a2 281 a9

Lyman, S., Fleisig, G. S., Andrews, J. R., & Osinski, E. D. (2002). Effect of pitch type, pitch count, and pitching mechanics on risk of elbow and
shoulder uth baseball pitchers. American Journal of Sports Medicine, 30(4), 463-468.
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Counts: Further evidence

Ttisk Fctor Without Risk Factor  Oxlds Ratie (9% Confidence Intervall P
[ itehed at least & yoars is study 600 of 154) 4014 of 227) L6 (0,69 10 3561 an
|Pitched more than 100 innings in 1 year 1414 of 29) 4020 of 48 A5 (116 to 10.44) 48
[Threw curveballs before 13 years old 707 of 1030 4i8of I L6 0060 to 4.47) Al
[ Played catcher at Irast 3 years in study 1114 of 35) 4020 of 446} 271059 10 10 068
TABLE 4
Odds Ratios of Arm Tiredness and/ar Arm Pain by Risk-Prone Pitching Activity nnd Type of Pitehing (N = THP
e Tirednoss e Pain Piteking-
When Pitching When Pitching Belsted [njury
ok 8% ¢l o W% Cl oR* 06% O
Pisching competisive baseball for 8 maosths & year
Yes v 0 074 03%158 Les s o [ETRE ]
Pisching in lesgees withest pitch counta or limita
a w3 0 083 0ss1a2 088 OTLLI am 053108
Pitching back to-hack days”
438 1sTI0IS B 196 (Y]
Pitching multiple gumes o day’
Yoa v o 16T 088386 158 L 049157

Pitching for multiple teams within the same season’
a7 1.76-6.30 188 1ozaas 0% 043160
Yang, J., Mann, B. J., Guettler, J. H., Dugas, J. R., Irrgang, J. J., Fleisig, G. S., & Albright, J. P. (2014). Risk-Prone Pitching Activities and Injuries
in Youth Baseball: Findings From a National Sample. The American Journal of Sports Medicine, 42(6), 1456-1463.

Fleisig, G. 5., Andrews, J. R., Cutter, G. R., Weber, A., Loftice, J., McMichael, C.,et al. (2011). Risk of serious injury for young baseball pitchers:
1 7.

G. G. A
2 10-year prospective study. The American Journal of Sports Medicine, 39(2), 25325

How much of a difference in pitch
counts leads to injury?

Variable History of |No history

injury of injury
Pitches/Gam 64121 54+22 <0.001
e

Pitches/Year 1978+1679 1408+1491 0.001
10 pitches per game
500 pitches per year

Chalmers, P. N., Sgroi, T, Riff, A. J., Lesniak, M., Sayegh, E. T., Verma, N. N., et al. (2015). Correlates With History of Injury in Youth and
Adolescent Pitchers. Arthroscopy
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Pitch counts

Age Pitch Counts Rest
17-18 105/day 31-45 pitches = 1 day rest
46-60 pitches = 2 days rest
15-16 | 95/day 61-75 p_itches = 3 days rest
76+ pitches = 4 days rest
13-14 |95/day 21-35 pitches = 1 day rest
12-13  |85/day 36-50 p!tches = 2 days rest
51-65 pitches = 3 days rest
10-11  |75/day 66+ pitches = 4 days rest
9-10 50/day

B \PITCH SMART UsA

Community cohort

% of players violating ON AVERAGE

Age Per Day
9-10 0%
10-11 0%
12-13 3%
13-15 0.5%
16-17 5%

Elites: 10% over weekly counts

Followe
d

\Im=VlvIN=111%  10%

0.779

50% 2% 0.009

10



Conclusions

 There's much left to be done
« Pitching mechanics do mature with age, particularly
from 9-13 years old and this maturation is associated
with increased velocity
« Hip and shoulder separation is one example
* Among youth/adolescent pitchers velocity, height, and
weight may be injury predictors
« Watch the pitcher who grows before his UCL

* Emphasize pitch counts as a way to reduce injury
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