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* Evolution of pitching motion with age
e Hip to Shoulder separation
e Velocity

¢ Pitch Counts
e What does the data say?
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The Set Up
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e Is this the best way to monitor “workload” in adolescents?
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Correlates With History of Injury in Youth and
Adolescent Pitchers
Injured Pitchers Uninjured Pitchers

Variable Mean s Mean sD P Value]

[Fiich velocity. mpt 704 73 623 9.9 < 0017
axTmal ki ht, % of participant height 65.1 72 65.2 7.4 748
Stride length, % of participant height 78.2 6.0 77.0 73 103
Elbow flexion at FFC 878 238 89.8 208 436
Knee flexion at FFC 441 8.9 41.9 1.6 048
Shoulder abduction at FFC 814 186 85.1 16.1 604
Foot angle closed at FFC 220 17.2 23 212 746
Maximal shoulder external rotation during AC 1785 159 178.5 136 584
Maximal shoulder abduction during AC 100.1 100 98.7 11 193
Lateral trunk tilt at maximal external rotation 204 216 132 77 580
Elbow flexion at R 208 5.9 22 8.1 167
Forward trunk tilt at BR 330 71 3.0 8.2 948
Knee flexion at BR 312 142 32.0 16.4 868
Shoulder abduction at BR 655 269 64.0 265 580
Lead hip flexion a1 BR 912 1.6 89.6 13.1 392
Lateral trunk tilt at BR 62.8 313 6l.7 30,5 655
% leading with hips 93 NA 91 NA 623
% with hand en 1op of ball during stride 100 NA 97 NA 100

7 NA 83 NA
T with clased shoulders at and-sct position 81 NA 72 NA

% with closed foot position a1 BR 86 NA 89 NA 420

5 NA 7 NA [0
it 5 z 92 NA 93 NA 638

in Adolescent Male Pitchers
Sszori, 3.5 .
SRS Cha AL Bu
1 Anthony A, Romeo

« 28 elite youth/adolescent pitchers
» Avg age: 14.6

* 6.3%1.7 years pitching experience
* 46% pitched for multiple teams
* 61% participated in showcases

* 43% Prior arm pain while pitching

» 39% Had a prior diagnosed injury
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R ——
Ball and forearm

Youth (=23}  Highschool (n=33)  College (n=115)  Professional (r = 60) n
differences
ont foot contact
ride length (% height) 8 8549 8546 8645
[External rotation () + 28 64 + 25 55+29 58 + 26
Elbow fexion () +17 82417 85+ 18 87+ 15 (bl
[Knee flexion () + 12 S04+9 48+ 12 46 + 8
irm cocking phase
IMaximum pelvis velocity (*/s) 650 + 110 640 £ 90 670 + 90 620 + 80 N
[Maximum upper torso 1180 £ 110 1130 £ 110 1190 £ 100 1200 + 80 *Hade)
velocity (/s)
[Maximum elbow flexion (1) 95412 100 4+ 14 99+ 15 15
[Maximum horizontal 20+8 20+9 08 +9
adduction (°)
[Maximum external rotation (') 177 +12 174+ 9 + 10 175 +
irm aceeleration phase
[Maximum clbow extension 2230 £ 300 2180 + 340 2380 4 300 2320 + 300
velocity (/s)
[Maximum internal rotation 6900 + 1050 6820 + 1380 7430 7240 + 1090 “d)
velocity (“/s)
Ball reicase
Elbow flexion () M+ 2347 B3+6 345
Horizontal adduction (°) 1xo 1048 919 9310
Trunk tilt () P19 319 3310 1319
[Knee flesion () 36111 43113 9513 8113
Ball specd (m/s) 2 31 342 3+ 2 3742




Fpidocinio!

P Acchanics,
18-22 Total Value Ly Fitchers

kil 96 90 o4z ition
Andrew J R M Hand on top of ball, % 92 100 100 100 98
auhew o < Arm in throwing pmumn % 87 84 80 63 82
:

91 92 90 88 90 927 it
, % 21 39 60 58 43 <.001 + of competition

regardlng pitching Fr 87 94 95 8 93 266 g pitches

Ma 63 64 67 68 65 001
; height
* 295 baseball pitche syide lengih, % of height 73 77 80 80 77 <.001
« Players were gr Elbow flexion at Fi 9 8 84 93 90 .00 [pubescent], 16-17
Knee flexion at FFC 39 41 47 a4 42 <.001
[mature], and 1€gpuder abduction at FEc 83 84 86 92 85 125
Foor closed at FFC 26 23 19 20 23 0l6

Max:xl\rualn:lmu»u 179 179 178 180 179 937

« All pitchers threw fa

Max N‘H!ll“lll’ abduct 29 99 100 102 99 057
° Older pltchers plthe La 1|Ln| trunk tilt at 17 18 19 20 18 .580 houlders at heal
strike, lead with thei  max er
Elbow flexion at BR 23 23 21 21 22 705
Forward trunk tilt at BR 32 33 34 33 33 731

Knee flexion at BR 38 43 48 44 44 012

Shoulder abduction at BR 93 92 95 95 94 014 eyKimmel
]L(.nl hip flexion at BR 78 85 87 88 84 .00l lical College
Lat trunk tilt at BR 25 26 27 29 26 .53 R
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Epidocnniologic Comparnison ol Pilchiing Mochanics,
Pitch Type, and Pitch Counts Among Healthy Pitchers
at Various Levels of Youth Competition

Andrew J. BRI M.D.. Peter N. Chalmers, M.D.. Terrance Sgroi. P
Matthew Les . D.PT.L Bl yegh, M.D. Nikhil N, Ve
Biran 5 Coie. MLD. MBLAL A Amhony A Romeo,

How Do Video Kinematics Change As Pitchers Mature?

| o12 | 1315 | 1617 | pvalue |
Hand on top of Ball 92% 100% 100% <0.001
Closed shoulders at foot strike 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

omechanics
on the Upper Extremity in Youth and
[ Adolescent Baseball Pitchers

2.1 Pavis, s Mo G Limplsvast ' Mb; Derniers Elunme.® M. Karen, 4. Monn? ST

© Purpose: define relationship between common biomechanical errors in youth pitchers and
joint stress in the upper extremity using motion and video analysis

« 169 baseball pitchers aged 9-18
+ Broken down into two groups: (9-13 and 14-18)

= All pitchers threw 5 fastballs at maximum effort and were video recorded

* Humeral internal rotation torque and elbow valgus load was lower when pitchers were pitching
correctly, especially in relation to “closed shoulder” and “hand on top” of ball
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a9
on the Upper Extremity in Youth and
I Adolescent Baseball Pitchers
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Qualitative Mechanics Improve With Age

Performed 3 or more 55 (64) 67 (81)
parameters correctly

z:, Y Media Caliege
Mestoal collee

Youth Adolescent

(n, 86) (n, 83)

n (%) n (%) P
Lead with hips 83 (97) 77 (93)
57 (66) 76 (92)
Arm in throwing position 5 (6) 7(8)
Closed shoulder 20 (23) 31 37
Stride foot toward home plate 74 (86) 55 (66)

11/19/2018

9-12 13-15 16-17
Hip shoulder separation 21% 39% 60%

* Separation of the hips and
shoulders:

* Those with a history of
injury: 53%

* Those without a history of
injury: 37%

*p=0.005

ORTHOPARDIC INSTITUTS

R ROTHMAN Closed shoulder Open shoulder

p-value
<0.001

—Fatigue  —Pain % with Hip and Shoulder Separation

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

o : - -

¢} 20 40 60 80
Pitch Number

100

Arthroscopy

Erickson, B. J., Sgori, T., Chalmers, P. N., Vignona, P, Lesniak, M., Bush-Joscph, C. A., ctal. (2016). The Impact of Fatigue on Bascball Pitching Mechanics in Adolescent Male Pitchers.
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[ A SPEED DISTANCE-BASED CLASSIFICATION SYSTEM
—— FOR INJURY PREVENTION AND RESEARCH IN
> INTERNATIONAL AND DOMESTIC YOUTH BASEBALL
——"  PLAYERS
SPEED M.P.H. (STANDARD DEVIATIONS
AGE Avg. 1SD 2SD 3sD 4SD
8 a0 a3 a7 50 54
E] a3 a7 51 55 59
10 46 50 54 58 62
11 48 56 60 64
12 50 0 65 70
13 54 € 4 69 74
14 60 66 72 78 84
80
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Batter:
Eyes to brain: 0.175 s
Brain to legs: 0.025 s
Swing: 0.15 s

60 ft, 54 ft after stride
85 mph: 0.43 s
95 mph: 0.39 s

Available time:
85 mph: 0.04 s
95 mph: 0.09 s
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Weight/Height Increase with Age
Age Weight (Ib)

Feltner, M. E., & Dapena. J. (!ZE;mmmmm!y S

9-12 60
13-15 67
16-17 71

100
139

169

Kimmel

e chain. Part 1; General model. International JoumaknfsperseiSuOUREIR, 5. 403-419. N
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Pitching Mechanics on Rlsk of Elbow and
Shoulder Pain in Youth Baseball Pitchers

Stephen Lyman.” PhD, Glenn S. Flaisig.”t PhD, James

B Andrew: . and
£ BaUT Suintii A B

Purpose: evaluate association between pitch counts, pitch types, and pitching mechanics and
shoulder and elbow pain in young pitchers

« Followed 476 baseball pitchers (ages 9 to 14 years) for one season

Authors collected data from pre- and postseason questionnaires, injury and performance
interviews after each game, pitch count logs, and video analysis of pitching mechanics

« 50% experience shoulder or elbow pain during the season

Significant association between the number of pitches thrown per game and during the
season, and rate of elbow pain and shoulder pain

11/19/2018
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Pitching Mechanics on Risk of Elbow and
Shoulder Pain in Youth Baseball Pitchers

Stepnen Lyman.® FhD, Glonn S Fleisig. "t FhD, James B Androws O, and
" ! b [t VI
Relationship Between Game Pitch Counts and Joint Pain

Game piteh count No. of Elbow Shoulder
) appearances Qdds ratio Odds ratio
Overall
1-24 1023 Referent 0.07 Referent <0.01
1060
992
476
238
0.67 0.01
132
2.01
319 Referent. 0.60 Referent 0.94
353 0.84 0.98
319 0.83 110
164 1.30 114
70 0.87 0.76
274 Referent 0.06 Referent 0.02
1 112 1.51
3 1.38 165
75-94 163 1.59 217
100 8 2.2 215

Risk of Serious Injury for Young Baseball Pitchers: A 10-Year Prospective Study
Glenn S. Fleisig, James R. Andrews, Gary R. Cutter, Adam Weber, Jeremy Loftice, Chris McMichael, Nina Hassell and|
Stephen Lyman
Am J Sports Med 2011 39: 253 originally published online November 23, 2010

Pitchers With an Injury, % (n)

Risk Factor With Risk Factor  Without Rixk Factor  Odds Ratio (85% Confidence Interval) P
Pitched ot least 4 years in study 6 (10 of 154) 414 of 227) 1.6 (0,89 to 3.51) a7
Pitohed more than 100 innings in 1 yoar 14 (4 of 28) 4(20 of 452) 2.5 (1,16 to 10,44) ‘049
Threw curveballs bofore 13 years old 7 (7 of 103) 4(8 of 187) 1.6 (0.60 to 4.47) 41
Played eatcher at lonst 3 yours in study 11 ¢4 of 35) 4 (20 of 446) 2.7 (0.93 to §.18) o088
ABLE 4

Odds Ratios of Arm Tiredness and/or Arm Pain by Risk-Prone Pitching Activity and Type of Pitching (N = 754)°

Arm Tiredness Arm Pain Pitching-
When Pitching When Pitehing Related Injury
OR® 95% CI OR" 96% CI OR" 95% CI
Pitehing competitive bascball for =8§ months a year"
on va no 074 0.35-1.85 168 0.82-3.44 076 0.34-1.71
Pitehing in leagues without piteh counts or limits
e 0.69-1.82 0.99 071188 o016 0.53-1.09
a.38 1.87.1015 2.58 1.14.5.60 195 0.84.4.49
Pitehing multiple games a doy”
187 0.98-3.55 1.80 1.08-8.49 0.96 0.49-1.87
teams within the same season®
3.37 1.76-6.30 1.85 1.02-3.38 0.83

ﬂ:) ROTHMAN {2y Kiewnel




Correlates With History of Injury in yYouth and
Adolescent Pitchers

Peter N. Chalmers, M.D., Terrar
auhew Lesniak, D.P.T. El
Brian 1. Cole. M.D., M.

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

Variable History of injury | No history of
injury

Pitches/Game 64+21 54+22 <0.001
Pitches/Year 197841679 1408+1491 0.001

: Sgroi. PT. DP.T. M.T.C.. Andrew J. Riff, M.D..
i T. Sayegh, B.S., Nikhil N. Verma, M.D.
B.A. and Anthony A. Romeo., M.D.

10 pitches per game
500 pitches per year

11/19/2018

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 pitches = 3 days rest
76+ pitches = 4 days rest

13-14 95/day 21-35 pitches = 1 day rest

1213 85/day 36-50 pitches = 2 days rest

51-65 pitches = 3 days rest

1011 75/day 66+ pitches = 4 days rest

9-10 50/day

B NPITCH SMART

SASERALL

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

10



Professional Baseball Pitcher

[Brandon J. Erickaon. T MD. FPeter N. Ghalmers,* MD. Michael J. Axe,® MD, and
lanthony Al Romeo, =3

. r£o0 T S R WYY s

~ 2001 2000

78 s0 120 2135 36-50 nra nra wa

a.10 s 120 2135 1850 5185 66e wn
112 o 120 21-38 3650 51-85 o6 WA
1314 o5 120 21-38 a6-50 5155 66 wen
1518 o5 130 3148 660 6178 76+ wa

19-22 1m0 180 3148 6060 6180 81205 106+

* 0% of those who also played other positions required UCLR

Sidney Kimmel
Medical College
St Thomas eferson nivery

xceeding dations in
Little League Baseball Increases the Chance
of Requiring Tommy John Surgery as a
Professional Baseball Pitcher

[Erandon J. Erickacn. T MD. Feter M. Ghaimers,t MDD, Michael J. Axe,® MO, and
Arthory Al Romeos, T Mo

Pitch counts Did not Followed
follow

10%

MLB/MiLB 11%

50% 2% 0.009

Conclusions

* We're not there yet

« Pitching mechanics mature with age, 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

* Pitch counts are just one way to try to reduce injury

Sidney Kimmel
Medical College
St Thomas eferson nivery
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