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The Set Up

• Evolution of pitching motion with age
• Hip to Shoulder separation
• Velocity

• Pitch Counts
• What does the data say?
• Is this the best way to monitor “workload” in adolescents?
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• Community youth/adolescent study

• 420 subjects
• Avg age: 15 (range: 9-22 years)

• 30% had shoulder and elbow pain

• 31% had a history of injury

• Correlates of injury status:
• Player height (P = .009)
• Pitching for >1 team (P =.019)
• Pitch velocity (P = .006)

2015

• 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 

2015
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Ball and forearm

1999

• Compared youth, HS, College, and Professional pitchers

• Measured and compared the following among all levels of competition:
• 16 kinematic (11 position, 5 velocity); 8 kinetic; 6 temporal parameters

• Results
• 1of 11 kinematic position parameters showed significant differences among the four levels
• All velocity parameters showed significant differences
• All kinetic parameters increased significantly with competition level
• 0 temporal parameters showed significant differences

• Conclusions:
• Pitching mechanics did not change significantly with level of play
• Velocity changed as level of play increase
• Teach children proper mechanics that can be used throughout their career
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201
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• Purpose: determine differences among healthy pitchers at various levels of competition 
regarding pitching history, pitching mechanics, and prevalence of breaking pitches

• 295 baseball pitchers aged 9-22 (no Hx of injury)
• Players were grouped by maturity level (9-12 [prepubescent], 13-15 [pubescent], 16-17 

[mature], and 18-22 years [adult]

• All pitchers threw fastballs at maximum effort and were video recorded

• Older pitchers pithed with their hand on top of the ball, maintain closed shoulders at heal 
strike, lead with their hips, and achieve hip and shoulder separation

How Do Video Kinematics Change As Pitchers Mature?
9-12 13-15 16-17 p-value

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

201
6

2009

• 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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Qualitative Mechanics Improve With Age

2018

• Separation of the hips and 
shoulders:

• Those with a history of 
injury: 53% 

• Those without a history of 
injury: 37%

• p=0.005

9-12 13-15 16-17 p-value
Hip shoulder separation 21% 39% 60% <0.001

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

Batter:
Eyes to brain: 0.175 s
Brain to legs: 0.025 s
Swing: 0.15 s

Available time:
85 mph: 0.04 s
95 mph: 0.09 s



11/19/2018

8

Weight/Height Increase with Age
Age Height (in) Weight (lb)
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.

Pitch Counts
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2002

• 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

2002

2011
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Variable History of injury No history of 
injury

P

Pitches/Game 64±21 54±22 <0.001
Pitches/Year 1978±1679 1408±1491 0.001

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

10 pitches per game
500 pitches per year

Pitch counts
Age Pitch Counts Rest
17-18 105/day 31-45 pitches = 1 day rest

46-60 pitches = 2 days rest
61-75 pitches = 3 days rest
76+    pitches = 4 days rest

15-16 95/day

13-14 95/day 21-35 pitches = 1 day rest
36-50 pitches = 2 days rest
51-65 pitches = 3 days rest
66+    pitches = 4 days rest

12-13 85/day
10-11 75/day
9-10 50/day

Elites: 10% over weekly counts

% of players violating ON AVERAGE
Age Per Day
9-10 0%
10-11 0%
12-13 3%
13-15 0.5%
16-17 5%

Community cohort
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• 638 youths pitched in the LLWS between 2001-2009 

• 62 (10%) progressed to professional play 

• 56 minor league players: 25 (45%) pitched

• 6 MLB players, 3 (50%) pitched

• Among former LLWS pitchers who subsequently played professionally
• 23.1% of those who played as a pitcher required UCLR
• 0% of those who also played other positions required UCLR

2017

Pitch counts Did not 
follow

Followed P

MLB/MiLB 11% 10% 0.779

UCLR 50% 2% 0.009

2017

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
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Thank You
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