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1. Examine why injuries occur in the throwing 
athlete.
2. Present data on throwing UCL injuries and 
the rise in UCL surgeries in the past 50 years.
3. Evaluate the treatment algorithm for UCL 
treatment and next steps for prevention.
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Background
Ulnar collateral ligament-reconstructions 

(UCL-R) in baseball players were first 
performed in 1974 and have substantially 
increased in the past 20 years. 

https://kerlanjobe.org/50-years-tommy-john-surgery/



Results
• 1782 UCL surgeries have been performed in pro 

baseball players (89.6% pitchers, 3.7% catchers, 
and 6.7% infielders, outfielders, and designated 
hitters collectively) from 1974 until 10/10/2023. 

• The United States (1328), Dominican Republic 
(183), and Venezuela (99) represent player country 
of origin most commonly.

The link for the dataset (Accessed 10/10/23) is 
https://docs.google.com/spreadsheets/d/1gQujXQQGOVNaiuwSN680Hq-FDVsCwvN-
3AazykOBON0/htmlview#gid=0.  

https://docs.google.com/spreadsheets/d/1gQujXQQGOVNaiuwSN680Hq-FDVsCwvN-3AazykOBON0/htmlview#gid=0
https://docs.google.com/spreadsheets/d/1gQujXQQGOVNaiuwSN680Hq-FDVsCwvN-3AazykOBON0/htmlview#gid=0
https://docs.google.com/spreadsheets/d/1gQujXQQGOVNaiuwSN680Hq-FDVsCwvN-3AazykOBON0/htmlview#gid=0
https://docs.google.com/spreadsheets/d/1gQujXQQGOVNaiuwSN680Hq-FDVsCwvN-3AazykOBON0/htmlview#gid=0
https://docs.google.com/spreadsheets/d/1gQujXQQGOVNaiuwSN680Hq-FDVsCwvN-3AazykOBON0/htmlview#gid=0
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Results
• At the Rookie and A-Ball levels of pro baseball, the 

number of UCL surgical interventions increased from 
7 (1974-1994), to 58 (1995-2004), to 217 (2005-
2014), to 437 (2015-present), an increase of more 
than 62-fold. 

• There have been 148 revision surgeries since 1974 
including 135 (91.2%) in pitchers. Mean time between 
initial and revision surgery was 56.1± 42.8 months. 



Results
>62x Increase



Results

12.6% Decrease



Conclusions
These data confirm that the incidence of elbow 

UCL surgeries has significantly increased over 
the last several decades. 
More troubling is that the average age of 

players undergoing these surgeries continues to 
decrease. 



Why Do Throwing Injuries Occur?
1. Mechanics
2. Pitch Type
3. Pitch Volume
4. Rest Periods
5. Physical Make-up

-ROM
6. Nutrition
7. Genetics

◦ Height, Weight, G-d given ability



Most Commonly Injured Body Part Level 
in Baseball 

The shoulder (in pitchers) 
◦31% of all injuries 
#2 = the elbow (26%)
◦UCL: 1.12/10,000 A-Exposures NCAA over 5 years

◦ **But most common injury is hamstring strain!*

Collins CL, Comstock RD. Epidemiological features of high school baseball injuries in 
the United States, 2005-2007. Pediatrics 2008;121(6):1181–1187.
DeFroda, et al. AJSM May 2018. 



So Why Are There So Many UCL Injuries?
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• Pitch Velocity
• Pitch Count
• Innings Pitched (season)
• Days of Rest
• Fatigue
• Throwing Mechanics
• Showcase Participation

1. Chalmers PN et al, Am J Sports Med. 2016
2. Defroda SF et al, Orthop J Sports Med. 2016
3. Fleisig GS et al, Am J Sports Med. 2011
4. Whiteside D et al, Am J Sports Med. 2016
5. Kriz PK et al, Am J Sports Med. 2022

Risk Factors for UCL Injury



Zaremski CJSM 2022



UCL Historical Numbers

Camp CS, et al study, taken from Conte S presentation at PBATS 
conference 2017. 
http://www.conteanalytics.com/uploads/2/6/9/4/26948048/epidemiology_of_t
ommy_john_surgery_-pbats_2017.pdf

http://www.asmi.org/images/UCLgraph.p
ng



Zaremski JL, Bowers RB, Kriz PK. Pitching Restriction Policies in Adolescent and High-School Baseball Pitchers: Is It Time for an Updated Paradigm? CJSM 2023



Why do we get injured?

Windt J, Gabbett TJ. How do training and competition workloads relate to injury? The workload-injury aetiology 
model. Br J Sports Med. 2017 Mar;51(5):428-435. doi: 10.1136/bjsports-2016-096040. 



Why do we get injured?

Windt J, Gabbett TJ. How do training and competition workloads relate to injury? The workload-injury aetiology 
model. Br J Sports Med. 2017 Mar;51(5):428-435. doi: 10.1136/bjsports-2016-096040. 
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Pain

Overuse, Poor 
Biomechanics

Skeletally 
Immature



A Model for Injury Causality in 
Adolescent Throwing Athletes

Zaremski, Zeppieri, & B. Tripp, JAT 2019



Pitching with Arm Fatigue
Average > 80 pitches = 4x risk of surgery
Pitch competitively > 8 months/year = 5x likelihood of injury

Pitching regularly with fatigued arm = 36x as 
likely to have an injury and potentially need 
surgery!

Olsen SJ, et al. AJSM. 2006



Zaremski, Kris, and Bowers. CJSM. 2023

UCL Injuries & Baseball Developmental Model: 
Time For New Paradigm? 

o Pitching Restriction Policies (pitch counts, days of rest) 
▪ non-compliance, gaps in policies
▪ inconsistencies across state & tournament/showcase guidelines
▪ ? decrease pitch count max 2° to increase in mean velocity 

among HS pitchers? 
o Workload

▪ combination of volume, intent/effort
▪ warm-up, bullpen, in-game pitches
▪ on-ramping, in-season, deload, recovery (workload management)

o Velocity and Weighted Ball Programs
▪ risk/reward
▪ standardization of programs? Avoid under 15-16 yo?

o Off-season training programs
▪ throw year-round or eliminate all throwing for 2-3 continuous 

months?
▪ Strength and conditioning, mobility, functional movement

o UCL-R/repair
▪ disturbing trends or inevitable right of passage?
▪ how will emerging techniques (repair, hybrid) impact prevention 

efforts, career longevity for both non-elite and elite players?



Throw Harder = More Likely 
to Injure UCL

https://mikereinold.com/tag/weighted-ball-program/



More Concerns: 
Too Fast Too Quickly Too Furious



Pitch Velocity =       Elbow Pain

• 256 elementary school players (mean age 11.6 yrs; range 9-
12 yrs)

• A 10-km/h (6.2mph)      in pitch velocity =      risk of medial 
epicondyle abnormality and medial elbow pain by 3x



What Does the Data Show?
Average Fastball at MLB Level

https://baseballsavant.mlb.com/leaderboard/pitch-arsenals?year=2023&min=250&type=avg_speed&hand=R

*Pandemic shortened season

Pitchers >95.0 mph ave 4 
seam FB min 100 pitches

Pitchers >98.0 mph ave 4 
seam FB min 100 pitches

2024 197/519 = 38.0% 20/519 = 3.9%
2023 185/515 = 35.9% 31/515 = 6.0%
2022 183/519 = 35.3% 23/519 = 4.4%
2021 147/526 = 27.9% 11/526 = 2.1%
2020* 109/418 = 26.1% 6/418 = 1.4%
2019 139/515 = 27.0% 9/515 = 1.7%
2018 125/503 = 24.9% 5/503 = 1.0%
2017 126/499 = 25.3% 11/499 = 2.2%

10% Increase and 2-3 Fold 
increase!

https://baseballsavant.mlb.com/leaderboard/pitch-arsenals?year=2023&min=250&type=avg_speed&hand=R
https://baseballsavant.mlb.com/leaderboard/pitch-arsenals?year=2023&min=250&type=avg_speed&hand=R
https://baseballsavant.mlb.com/leaderboard/pitch-arsenals?year=2023&min=250&type=avg_speed&hand=R


Higher 
Velocity

Increased 
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Higher 
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Zaremski et al, AJSM 2024



Zaremski, Vincent, K, Vincent H. Elbow UCL: Injury, Treatment Options, and Recovery in 
Overhead Throwing Athletes. CSMR 18(9):p 338-345, 2019. 

My Treatment Algorithm



1 Slide on Orthobiologics
Does PRP Improve UCL 

Injuries?
Well...not exactly

Bowers RL, Fryar CM, Cipriano K, Zaremski JL. Orthobiologic Treatment of 
Throwing Related Injuries in Sport: A Focused Review of the Published 
Literature. Curr Sports Med Rep. 2023 Jun 1;22(6):199-203. 



Clinical Relevance and Take Home Tools
In light of these data, the baseball medicine community 

needs to better understand the following:

1) The primary risk factors for UCL injuries 

2) Development of improved injury prevention 
strategies. 

3) Upgraded training methods to minimize risk of 
UCL injuries



Thank you!

zaremjl@ufl.edu

@DrZSportsDoc

Any questions?

mailto:zaremjl@ufl.edu
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