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Learning Objectives

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
iIncreased in the
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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.qooqgle.com/spreadsheets/d/1gQuiXQQGOVNaiuwSN680Hq-FDVsCwvN-
3AazykOBONO/htmliview#tqid=0.
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TOTAL UCL-R BY DECADE IN
PROFESSIONAL BASEBALL
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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.
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TOTAL UCL-R AT ROOKIES AND A LEVELS OF
PROFESSIONAL BASEBALL SINCE 1974
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AVERAGE AGE OF UCL- R BY DECADE IN
PROFESSIONAL BASEBALL

26.6
% D
12.6% Decrease
23.7
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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.
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Why Do Throwing Injuries Occur?

Mechanics
. Pitch Type
Pitch Volume
Rest Periods
Physical Make-up
-ROM
6. Nutrition
7. Genetics
- Height, Weight, G-d given ability
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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

o **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.
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So Why Are There So Many UCL Injuries?

)

Prior
Injury

Kinetic

Chain
Deficits

Weighted
Ball &

Bio- )
mechanics PVeIocﬂy
Sport rograms
: 2
Special- '
ization
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Risk Factors for UCL Injury

* Pitch Velocity
 Pitch Count RADAR
* Innings Pitched (season)
« Days of Rest

 Fatigue

 Throwing Mechanics

« Showcase Participation

SMART COACH.

Chalmers PN et al, Am J Sports Med. 2016
Defroda SF et al, Orthop J Sports Med. 2016
Fleisig GS et al, Am J Sports Med. 2011
Whiteside D et al, Am J Sports Med. 2016
Kriz PK et al, Am J Sports Med. 2022
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Weighted Ball Velocity Pr grams:. An infngraphic Summary

Benefits vs Risks Data Summary

Increased Throwing Velocity 2-11 mph 1

Benefits Inconclusive

r[nﬂreased Shoulder External Rotation

:L | Chanige o
Throwing - Injury Risk |  Throwng

velocry | | Wl e Types of Injuries

———
—————— i

Sport Phryseal mpury
| Participation syl

B - it 1

Olecranon Stress Fractures

|
| Opportun ities
for Success

(UCL Injuries

Zaremski CJSM 2022
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UCL Historical Numbers

Annual Number of UCL Reconstructions in UCL Reconstruction Surgeries
Professional Baseball from 1974 to 2015
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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 ng
ommy_john_surgery -pbats_2017.pdf

http://www.asmi.org/images/UCLgraph.p
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2 UCL Surgeries for Baseball Pitchers at Youth and High School Level*

2

3 70%

= ?
8 s0% S

L

A

£ 30% o

=

T ®

2 1% 0 —
© 1996 1998 2002 2006 2014 2023
=

3

>

,- xc')-xgb\ é

\
©

USA Baseball Medical & Safety Andrews JR, Lyman S et al, Olsen S et al, Pitch Smart
Advisory Committee Survey Fleisig GS. AJSM. 2002 AJSM. 2006 Guidelines
J Orthop Sports ; "
“How many pitches should | Phys Ther. 1998 * N=4769-14 yo's + N= 95 14-20 yo pitchers * www.mib.com/pitch-smart
allow my child to throw?" - one season sustaining serious * Includes age- specific
+ N=28 orthopedic surgeon ~ * N= 1729-12y0's, * 50% of all subjects elbow/ shoulder injury recommendations for pitch
& coach responses (Ao reported elbow or + Comparison group count limits and required
20% increased injury shoulder pain N= 45 healthy rest

- Maximum
Maximum risk in a game for durin
Age ames / i Season adolescent pitchers
pitches / game every inning pitched + 35% increased risk Wiied group piched

. 0L | -
- 52 41 15 10% increased I'IfSk of of elbow pain, 52% significantly more
- injury in a game for increased risk of months/games/pitches

every 10 pitches shoulder pain by per year, warm-up
thrown 75-99 pitches per pitches/pitches/innings
game level per game
* Recommendation: * Recommendation:
consider 75 pitch 80 pitch max/game,
max/game, 600 < 8 mos competitive
pitches/season for pitchinglyr,
9-14 yo pitchers 2500 pitcheslyr max for 17-18

14-20 vo pitchers

‘Modified graph from Figure published online by American Sports Medicine Institute. Accessed March 26, 2023. Available at:
www.asmi.org/ucl-surgeries-on-adolescent-baseball-pitchers/

Data comes from References: '5812
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
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Why do we get injured?
Exposure to
extrinsic risk factors

Age

Flexibility

Infrinsic Inciting
risk Predisposed Susceptible | event =
factors athlete athlete
Previous
injury
Somatotype
YP Risk factors for injury Mechanism of injury
(distant from outcome] (proximal to outcome)
- =

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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Why do we get injured?

Exposure to
Skeletally extrinsic risk factors

| matu;spge

Overuse], Poor
BiomecHhanics Pitching In

Intric IR&¥Rg
nirinsic Predi d Y S tible | event
sk re Elpose usc;:-lpl e -
o athlete athlete
Previous
injury
Somat
e Risk factors for injury Mechanism of injury
- (distant from outcome) ‘ (proximal to outcome) .

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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A Model for Injury Causality in
Adolescent Throwing Athletes

A Model for Injury Causality in Adolescent Throwing Athletes

Intrinsic Risk Factors For Injury Extrinsic Risk Factors For Injury
>

\ 4

Natural intrinsic risk factors Predisposed

Susceptible

*Age adolescent adolescent
-Skgletal age, anatomy throwing throwing
Height athlete athlete

-Psychological factors

Inciting event
*Throwing while already injured,
fatigued, or unprepared for
rigors of season

Developmental risk factors
+Strength and range of motion
+Pitch or throwing velocity

-Skill level Exposure to extrinsic risk factors
*Throwing or pitching Sport specialization

biomechanics +Pitch volume
«History of throwing injuries Games played (per wk, season, y, etc)
*Physical fitness and *Training d/wk

readiness to participate in *Throwing moly

throwing or pitching -Pitch type (controversial)

*Playing catcher and pitcher
-Participation in multiple teams at same time
*Environmental (temperature, precipitation, field

i} ]1 ﬂl dl conditions) [
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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!
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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
= 7 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?
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Pitching Restriction Policies in Adolescent and
High-School Baseball Pitchers: Is It Time for an

Updated Paradigm?

Jason L. Zaremski. MD.” Robert L. Bowers, DO. PhD, 11 and Peter K. Kriz, MD§

(Clin J Sport Med 2023:00:1-9)

INTRODUCTION

The development of pirch connts (PCs) was instiruted as 1
approach w combar throwing-related overuse imjuries in
Picch count were first introduced in 1996 based on

¥
Thus,
indicated that PC could be o potential guardrail
ury risk. In 2006, USA Baseball published
ons that further provided zuidance of pitchs per
based on age level.t In 2010, Tinle League Baseball
followed suit and updared PC Jeu)mmend ations even further.

inning pmhed and 10% for every 10 pirches thrown.?
this evidenc

game

Research hx». shown
reporting pain and pitchs p
months per year, games per year, innings per game, and warm.
up picches before a game. ™

AxPC hegan to develop into 1 of the primary approaches to
reduce overuse injurics, suboptimal compliance and cnforce-
ment of these guidelines became a concern for all parties
involved (cg, sports medicine team  members,
coaches, league and toumament admu
published in
with greater v \duut\

ihletes,

»
As the evalution of PG continued to. progress, further
nes were introduced. In 2014, Major League Baschall
eroduced Pich Smuart, o collabarative effort berween

ball and MLBto produce a comprehensive resource for
pitching practices.® In 2016, the National Federation of State
High School Associations followed this example wich its Picching
Policy Rule 6-2-6.9 9.7 In 2019, the Japanese National High
Schoul Baseball Federation enacted s own PO policy as
meastre to reduce overnse throwingrelated ijuries.” Un-
fortumatdly, despite tremendous outreach, publicity, evidence-

Volume 00 e Numbsr 00 = Month 2023

endorsement from pr
ave not declined, |
injuries in nonprofessional pitch:
In particular, 1 of the most well known sports medicine
s in the Unied States has documented

increasing
percentage of UCL reconsmuctions among youth and HS
pitchers despite the evolution of pich resrition_policies
{Figure) 5
injury prevention policies, 1 must entertain other potential risk
factors heyond voluminous pitching practices.

Therefore, despite wel intentianed overuse throwing

NONCOMPLIANCE AND GAPS IN POLICIES

As more guidelnes are implemented, s wnderstandably
Lmllenur@ and at times rem exi

decreased consi
In teurnament semngs, noncol
guidelines has been documented to
teams and almost half of all pitchers in a single state over a
summer season,'* Inadequate restwas the most common
with other noncompliance
involving pitching in consccutve games, volune of pitc hings,
and younger age of pirchers,”® It should be noted and
Lml«h wized that upward of 4 millio 105 p.m..p ate in

volve more than 90% of

violation, factors including/

;,P( ;:ulddmm ar :m HS Lul ml\u 1

my well-intended guideline or injury prevention policy,
pirching restricion )m]uies. whether at the youth, adelescent. or
HS level, are subject w interpre. isequently, gaps (or
loopholes) are ofren inadvercently cre: vhich can weaken the

s and increase injury risk, soldy based on interprecation.
ple, days of rest are frequenty aileulaed as “per
- in pitching restriction policies, including Pitch
Simart and for most NFHS-sanctioned HS baseball Teagues, 3%
However, a calendar day is nor the same as a 24-hour period.
Unless the pitching restriction policy discretely defines a calendar
day as 2 24-hour period feg, 24 hours since the pircher's last
pitch, or begi e pi .
at midnight the mwmm evening), days of rest based on
calendar (hys can be subject to loose interprefation. Further-
more, the intent af pitching restriction policies is that o pitching
is allowed to occur on a day of rest. Compounding this dilemma
that pitching restricrion policies only include in-game pitches
and ofien underestimate worlkload on g given day’s outing. Data

cportimed com 1

Zaremski, Kris, and Bowers. CJSM 2023
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Throw Harder = More Likely
to Injure UCL

TM] and Velocity

2007 2008 2009 2010 2011 2012 2013 2014

https://mikereinold.com/tag/weighted-ball-program/
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Association of Maximum Pitch
Velocity and Elbow Injury in Professional

Baseball Pitchers

Brandon D. Bushnell,”t MD, Adam W. Anz, MD, Thomas J. Noonan,® MD,

Michael R. Torry,! PhD, and Richard J. Hawkins, MD

From tHarbin Clinic Orthopaedics and Sports Medicine, Rome, Georgia, *Wake Forest
University, Department of Orthopaedic Surgery, Winston-Salem, North Carolina,
SSteadman-Hawkins Clinic Denver, Greenwood Village, Colorado, ISteadman-Hawkins
Research Foundation, Vail, Colorado, and the YSteadman-Hawkins Clinic of the Carolinas,

Greenville, South Carolina

[ Athletic Training 1

CEU

Pitch Velocity Is a Predictor of Medial
Elbow Distraction Forces in the Uninjured
High School-Aged Baseball Pitcher

Wendy J. Hurd, PhD*f Reza Jazayeri, MD,* Karen Mohr, PT#* Orr Limpisvasti, MD *

Neal S. ElAttrache, MD,* and Kenton R. Kaufman, PhDf
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More Concerns:
Too Fast Too Quickly Too Furious
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Pitch Velocity = t Elbow Pain

The Influence of Pitch Velocity on Medial
Elbow Pain and Medial Epicondyle
Abnormality Among Youth Baseball Players

Daisuke Kurokawa,*'* MD, PhD, Takayuki Muraki,*$ PT, PhD, Hiroaki Ishikawa,*$ PT, PhD,
Kiyotsugu Shinagawa, *! MD, Hideaki Nagamoto,*Y MD, PhD, Hiroyuki Takahashi,** MD, PhD,
Nobuyuki Yamamoto,! MD, PhD, Minoru Tanaka, ™™ MD, and Eiji Itoi,! MD, PhD

Investigation performed at Tohoku University, Sendai, Japan

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

A 10-km/h (6.2mph) @ in pitch velocity =t risk of medial
epicondyle abnormality and medial elbow pain by 3x
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What Does the Data Show?
Average Fastball at MLB Level

Pitchers >95.0 mph ave 4 Pitchers >98.0 mph ave 4
seam FB min 100 pitches seam FB min 100 pitches

10% Increase and 2-3 Fold

Increase!

*Pandemic shortened season

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

Higher
Intensity

Increased
Age

Zaremski et al, AJSM 2024
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My Treatment Algorithm

| Clinical Suspicion of UCL Injury I

MRI-Arthrogram and/or Ultrasound

[

?

, High Grade
Sprain and /or Partial Tear
Low Grade (PT)*
Partial Tear (PT) —
Begin non-operative Begin non-operative Is patient in last year
management: non- management: non- of throwing career?
throwing PT, progress to throwing PT, progress to J, i
throwing program throwing program -
Consider orthobiologics Consider orthobiologics YES l NO
W k4
Try non- Refer to
: operative orthopedic
‘ Asymptomatic? [ Asymptomatic? treatment surgery
YES NO YES NO
Refer to Refer to Refer to
Reulgn o orthopedic Retlljarn o orthopedic orthopedic
P y surgery P Yy surgery surgery

*distal injuries are less likely to respond to non-operative treatment

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

Does PRP Improve UCL
Injuries?
Well...not exactl
BEFORE PRP

I'm too weak

/{

,AFTER PRP

Unlimited Power!
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TRAMNING, PREVENTION, AND REHABILITATION

Orthobiologic Treatment of Throwing Related
Injuries in Sport: A Focused Review of the

Published Literature

Robert L. Bowers, DO, PhD, CAQSM, FAAPMR; " Caroline M. Fryar, MD:®
Kevin Cipriane, MD;"* and Jason L. Zaremski, MD. CAQSM., FAAPMRA. FACSM, FAMSSM®

Ahatract

Becouss of the growth and developmaont of orthobiologics, in particular
platelet-rich plasma, as a potential treatment modality in sports related
injures, itis imperative that providers are aware of the up-to-date published
data on the usage of this treatment. While some data are promising,
prospective studies aie needed to determine the effectivenass of platelet-
rich plosmo treatment for throwing reloted injurics. There ore limitations
with all of the published dats that Include thair retrospactive namure, hetern-
goncity betwoen study dezigna, and plate'et rich plazma charaeteristica i
neported . While platelat-rich plasma may be used as a likely safe adjuvant
1o consarvative and surgical treatmments, prospective randomized controlled
studies using appropriately reported platelat-nch plasma concentrations and
charactanstics will help phiysicians make more definitive recommendations
in regard to platelet-nch plasma treatment. Based on the curmently available
publiched data, this raatment may be trislad in the right setting and based
on saverty and location of injury.

nesis and management ane paramonnt
to minEnze Gme cway from spors, as
well a¢ minimize recurrence of injury
Common munss m throwing athletes
at all levels of sport include rotatoe cufl
rendinopathy, long head of the biceps
tendinopathy, gkmosd labral mpunes,
owverise elbow and shanlder injuries,
postcromedial clbow impmgement, as
well s rhie el howr melial nlnar collarersl
Ligament iIMUCL) tears (5-7).
Increasing popularity of baseball and
softhall combined wath the volome and
rate of shoulder and elbow reloted mpu
ries has led ro newer modalines of rear-
ment bang proposcd lor thoie types of
imjuries, Cwrhobiologies (OR) are o
of these potennal treatment modalines.

However, there has not been a review of the literature focassd
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.
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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
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zaremjl@ufl.edu
@DrZSportsDoc
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