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AAOS Disclosure Program on the AAOS website at
http://www.aaos.org/disclosure

What is the UCL?

Primary restraint to valgus force at 30°-120°

3 Bundles

Anterior Bundle
Ant/Post Bands

Posterior Bundle

Transverse Bundle

Pitching Flaws and UCL Injuries

Hypertrophy in MLB Pitchers
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— 15° Elbow Flexion
100° Elbow Flexion
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Anterior Bundle
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Scope of the Problem

+ Affects athletes of any age engaged in overhand
throwing sports.

Professional Athlete

* --1in 3 MLB Pitchers have required surgery for
elbow.

« - Over 200 - 500 Million $ in cumulative salaries
miss time on the DL each year.
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Trends in Medial Ulnar Ligament in the United States: A Retrospective

Brandon J. Erickson, Benedict U, Nwachukwu, Sam Rosas, William W. Schairer, Frank M, McCormick, Bemard R,
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g
Review of a Large Private-Payer Database From 2007 to 2011

Bach, Jr, Charles A. Bush-Joseph and Anthory A. Romeo
Am J Sparts Mad 2015 43: 1770
DOl 10.1177/0363546515580304

Pear|Diver Database Study
2007 — 2011

790 patients underwent UCLR
695 males, 95 females

Avg annual incidence:
3.96 per 100,000 for the overall population
22 per 100,000 for patients aged 15 to 19 years.

Overall average annual growth was 4.2%.

Incidence of UCLR in the 15- to 19-year-old group increased at
an average rate of 9.12% per year (P = .009)
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Trends in Medial Ulnar ( Ligament in the United States: A Retrospective
Review of a Large Private-Payer Database From 2007 to 2011
Brandon J. Erickson, Benedct U, Nwachukwu, Sam Resas, William W. Schairer, Frank M. McConmick, Bemard R
Bach, Jr, Charles A. Bush-Joseph and Anthony A. Romeo
Am J Sparts Mad 2015 43: 1770
DOl 10.1177/0363546515580304
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Trends in Medial Ulnar Ligament in the United States: A Retrospective
Review of a Ltlcge Private-Payer Database From 2007 to 2011
Brandon J. Erickson, Benedict U, Nwachukwy, Sam Rosas, William W. Schairer, Frank M. McCormick, Bemard R,
Bach, Jr, Charles A. Bush-Joseph and Anthony A. Romeo
Am J Sparts Mad 2015 43: 1770
DOI: 10.1177/0363546515580304

However, could not report on:

Graft choice

Surgical technique

Management of ulnar nerve

Concomitant Arthroscopy
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Public Data

No central location to access all data

Has to be created by an individual

Many recent studies using public data
RTS following ACLR in NHL Players (Erickson 2014)

RTS following ACLR in NFL QB (Erickson 2014)

RTS following ACLR in NBA Players (Harris 2013)
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RTS following MFx in NBA Players (Harris 2013)
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Year

Created a database of all UCLR in MLB players
from 1974 until 2013

179 MLB Pitchers underwent UCLR

83% RTS in MLB

Pitching Flaws and UCL Injuries

97.2% RTS in MLB minors

nigeolyn M, San Juan, Brian J. Cole and Anthary A,
A Sports Mod 014 42 838 argially publishad oriing Dacember 18, 2013
DOn: M363546513510880

Tommy John Surgeries in MLB Pitchers by Year

1in 3 MLB Players will undergo UCL
reconstruction at a cost of $200-$500
million in lost salary with time on DL.
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n Major League Baseball pitchers

Poseph M. Liu, MD™*, Grant H. Garcia, MD", Stan Conte, PT, DPT, ATC",
eal ElAttrache, MD°, David W. Altchek, MD”, Joshua S. Dines, MD"

235 MLB pitchers underwent UCLR
31 pitchers (13.2%) underwent revision UCLR
37% underwent revision within 3 years of index UCLR
26 revisions had more than 2 years of follow-up

17 pitchers (65.4%) returned to pitch at least 1 MLB game
11 (42.3%) returned to pitch 10 or more games

Average length of recovery: 20.76 months for players who
RTS in MLB

MLB pitchers undergoing revision surgery had a statistically
shorter career after revision surgery, pitched fewer innings,
and had fewer total pitches per season compared to controls

Pitching Flaws and UCL Injuries

UCL Epidemic

Can We Identify Players at Risk for
UCL Injury?

L Injuries

C

Are Pitching Mechanics Modifiable by the
time athletes reach an elite level or have
they been self-selected?

Risk Factors

Risk factors for UCL injuries in pitchers

+ Potential Modifiable Factors
+ Shoulder Motion
* Mechanics (?)
Other Injuries
Pitch Type
Number of Pitches

* Non-Modifiable Factors
* Height
+ Weight (?)
+ Velocity
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Deficits in Glenohumeral Passive Range of Motion Increase Risk of Elbow Injury in Professional
seball Pitchers: A Prospective Study
avin E. Wik, Leonard C. Macrina, Glenn 5. Flaisig, Kyle T. Aune, Ran A, Porterfield, Paul Harker, Timothy J. Evans)

and James B, Andrews

Am JMMMS&I?E.&Q?:‘%UQ alz nﬁ&dggnlna June 18, 2014

505 examinations on 296 pitchers for 8 consecutive years
(2008-2005)

Measured pROM of throwing/non-throwing shoulder

49 elbow injuries and 8 elbow surgeries in 38 players
Missed 2551 days
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Deficits in Eiennhumar!l Passive Range of Motion Increase Risk of Elbow Injury in Professional
Baseball Pitchers: A Pros ve Stud
Jevin E. Wik, Leonard C. Macrina, Glenn 5. Fleisig, Kyle T. Aune, Ron A, Porlerfield, Paul Harker, Timothy J. Evansg

and James A. Androws
Am J Sports Med 2014 42: 2075 originally published onfine June 18, 2014
DOI: 10.1177, 14538391

Variable Overall Elbow Injury No Elbow Injuzy 'y
e, ¥ UT=4l BOz42 b
Hright, cm 1886 = 5.6 1531 = 63 A
Pass, kg 808 = 11 4 =86

Follow-up time, mo 61249 L

Cismalative elbow injury duratics, &
Pitchers w/ deficits of >5° in total rotation had a 2.6 times
greater risk for injury

Pitchers w/ deficit of >5° in flexion had a 2.8 times greater risk
for injury

No Difference with regard to GIRD

Supine shoulder pPROM was assessed in 115 pitchers
Two trials of ROM were measured preseason
Arm injuries were prospectively tracked

33 injured and 82 uninjured pitchers

Side-to-side differences of:
Horizontal adduction >15° - 4x more likely to be injured
Internal rotation >13° - 6x more likely to be injured
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Body site
Shoulder
Elbow
Diagnosis
Strain/tendinosis

Rotator cuff 2 4 2
Biceps (shoulder) 1 2 2
Biceps (elbow) 1 2 0
Flexor/pronator 5 11 2
Labral/internal 1 2 3

impingement
Ulnar collateral ligament
strain
Epiphyseal (shoulder)
Apophyseal (elbow)
Other musculoskeletal 1 2 2
injury
otal
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% Michwest

Baseball Players With an Ulnar Collateral
Ligament Tear Display Increased

i Arm Hi | Torsion
Compared With Healthy Baseball Players
Camary 4 Mayer," Wi, ATC, J Craig Gurvmen, ' PD, PT, 808, ATE, and Jobn E. Cormay,' MO
Invesigeton atorcric o8 Tases pests Ben e S Rk, Fort Wi, Famem, U

CL Injuries

Increased Volume of Throwing May be
required to achieve Dominant HRT in the

injury group.
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Pitch Type

Differences among fastball, curveball, and change-up
pitching biomechanics across various levels of baseball

Glenn §. Fleisig, Walter A Laughlin, Kyle T. Aune, E. Lybe Cain, Jeffrey R Dugas and

Jarnes B Andrews

American Sports Medicine Institute, Bmingham, AL USA

No Difference in Elbow Varus Torque between Curveball and
Fastball at any level

hing Flaws and UCL Injuries

Difference in torque noted between Fastball and Change Up
(Velocity)

Michwest
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Biomechanical Performance
of Baseball Pitchers With a History of
Ulnar Coll Li t uction
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No Difference in Kinematics between Normal
Group and Players after UCL

ROM and UCL

Current Data:

Total Arc of Motion Deficits and Flexion Deficits
Associated with Increased Risk of UCL Tear

Horizontal Adduction Deficits (Posterior Capsular
Tightness) Associated with increased risk of injury (UCL
tear)

Decreased Torsion in the ND arm may predispose risk for
UCL Tear: Volume of Throwing

ching Flaws and UCL Injuries
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Pitching Motion and

Influence of Fatigue

e nmpact)

Brandon J. B
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Coharniicy

ors, M.D.,
seph, M.D.,

30 45 60
Pitch Number
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Does Workload Influence Injury Risk in
Starting Pitchers

Publically available database
— All MLB starting pitchers with 25 starts in seasons 2010-2015
— Excluded players:
« Previous surgery
« Injury in a current year due to trauma or medical reason
« If began season on DL due to injury from previous year
— 2010-2015 data collected on...
« Annual pitching stats (# starts, innings, pitches, pitches/gm)
« Annual DL information
— Multiple logistic regression
« Are pitching stats a risk factor for injury?

Upper extremity responsible for most DL occurrences and
DL days

Table 1. A year-by.year breakdown of injuries

Trjury Wear 3011
Number (Days)
Average

Injury Year: 2012
Numiber (Days)

Tnjury Year- 3014
Number (Days) Wi 191617) 3w
Aversge T 6174 % a10 9l

pa b T
in Adolescent Male Pitchers

Brandon J. Erickson, M.D, Pete almers, M.I.,

Patrick Vigne Matthew
N

Pitching Flaws and UCL Injuries

ak, . €l seph, M.D.,
and Anthony A. Romeo,

The majority of velocity is generated from the
pitcher’s core and legs

As the core and legs fatigue, the pitcher opens up
more during their delivery

The pitcher then places more stress across the
shoulder and elbow, specifically the UCL, to generate
force for the pitch

Hence, trunk weakness may be a factor in UCL tears,
and strengthening the core may prevent UCL

12/20/2017
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161 MLB starting pitchers included...

» No significant association between preceding
years of cumulative stats with pitcher
placement on DL for any musculoskeletal
reason evaluating:

— Starts
— Pitch count
— Innings

— Pitches per start

— Only exception: total innings pitched from 2010-2011 being significantly
associated with DL placement in 2012 (No DL, 310.5+97.5 innings; DL,
344.7 £85.9 innings)
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Non-Modifiable Factors

Physics Problem:

UCL is operating at or near its failure
load.

Kinetics of Baseball Pitching with
Implications About Injury Mechanisms

Glenn S. Fleisig,' PhD, James R. Andrews, MD, Charles J. Dillman, PhD, and
Rafael F. Escamilla, MS, CSCS

From the American Sports Medicine Instifute, Birmingham, Alabama
more, the number ot U ears has gone up.

Is Tommy John Surgery Performed More Frequently in Major League Baseball Pitchers From Warm
Weather Areas?

eal eas’
Brandon J. Erickson, Joshua O, Harris, Matthew Tetreault, Charles Bush-Joseph, Mark Cohen and Anthony A Romed
thopaadic Journal of Spovts Medicing 2014 2:
DO 10.1177/2325667 114553516

247 MLB Pitchers Underwent UCLR as of June
1,2014

State/country where MLB pitcher played
Baseball was used to determine warm vs. cold

Cold states were outside the 33" parallel;
warm states were within it
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Wars Weather Areas

139 MLB Pitchers
from warm weather

] areas
mlhay B o ‘ 2 — 108 MLB Pitchers

from cold weather
areas

A sig higher
proportion of MLB
pitchers undergoing
UCLR are from
warm weather areas
p<.0001

Cold Weather Areas

Pitching Flaws and UCL Injuries
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astball Pitch Velocity Helps Predict Ulnar Collateral Ligament Reconstruction in Major Leaguel
Baseball Pitchers
Peter N. Chalmers, Brandon J. Erickson, Brian Ball, Anthony A. Romeo and Nikhil N. Verma
Am J Sports Med published online March 16, 2016

10

% Pitchers with subsequent UCLR

Pitching Flaws and UCL Injuries

80 a2 84 86 88 90 92

Mean Velocity (MPH)

IShould We Limit Innings Pitched After Ulnar Collateral Ligament Reconstruction in Major League|
Baseball Pitchers?
[Brandon J. Erickson, Gregory L. Cvetanovich, Bemard R, Bach, Jr, Charles A. Bush-Joseph, Nikhil N. Verma and
Anthony A. Romed
Am J Sports Med published onfine July 11, 2016

* 154 pitchers were included
* MLB pitchers who pitched 1 full season after UCLR

» 135 pitchers did not require revision UCLR

* 19 underwent revision UCLR

d UCL Injuries

Innings Pitehed and Number of Pitches Thrown for MLE Piichers
Who [ and Did Not Require a Revision UCLR®

Pitchers Wheo Did Not Require a Revision UCLR  Pitchers Who Underwest a Revisien UCLR P Vialud

First seasom wfter UCLR
Innings pitched 90,15 = 586 T = 46T 16
Pitches thrown 14462 = 941 L2 = I Tar
Career after UCLR
Innings pisched 1993 = 448 74 = 30 545
Pitches thrown I i . 3 ATHO
Q
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IShould We Limit Innings Pitched After Ulnar Collateral Ligament Reconstruction in Major League|

Pitching Flaws and UCL Injuries

Pitching Flaws and UCL Injuries

Baseball Pitchers?

Brandon J. Erickson, Gragory L. Cvetanovich, Bamard R, Bach, Jr, Charles A. Bush-Joseph, Nikhil N. Verma and
Anthony A. Romeo

y A,

Am J Sports Med published onine July 11, 2016
Pitchers Who Pitched More/Less Than 180 Innings
in Their First Season After UCLR Compared With
Pitchers Who Did/Did Not Require Revision UCLR"

Pitched =180 Innings in First Full Season
Revision UCLR Yes No

Yes ] 19

No 16 118
Pitchers Who Pitched More/Less Than 150 Innings
in Their First Season After UCLR Compared With
Pitchers Who Did/Did Not Require Revision UCLR"

Pitched =150 Innings in First Full Season
Revision UCLR Yes No

Yes 0 19
17 118

As r increases valgus load (torque)
Increases.

As F (velocity) increases, valgus
load (torque) increases.
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redictors of Ulnar Collateral Ligament Reconstruction in Major League Baseball Pitche
David Whiteside, Douglas N. Mariini, Adam 3. Lepley, Ronald F. Zemicke and Grant C. Goulet
Am J Sports Med 2016 44: 2202 originally published online May 6, 2016

Pitching Flaws and UCL Injuries

Tried to identify performance factors that were risk
factors for undergoing a UCLR

Their model explained 19.9% of the variance in UCL
reconstruction surgery, and correctly classified 66.8% of
cases

Predictors of UCLR based on this model:

(1) fewer days between consecutive games

(2) A smaller repertoire of pitches

(3) a less pronounced horizontal release location
(4) a smaller stature

(5) greater mean pitch speed

(6) greater mean pitch counts per game

14



Summary

Little Data to suggest that modifiable factors
are associated with UCL tear

(Shoulder ROM)

Further work needed to determine if injury
prevention programs may help

No usable guidelines regarding innings limits

Physics will likely give us the answer:
Size, Velocity, Volume

Pitching Flaws and UCL Injuries

A Review Papet
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Predictors of Ulnar Collateral Ligament Reconstruction in Major League Baseball Pitche
David Whiteside, Douglas N. Martni, Adam S. Leple',u, Ronald F. Zemicke and Grant C. Goulet
JS MedZﬂ1ﬁ44 2202 originally published onling May 6, 2016

Factors associated with a smaller likelihood of UCLR:

1. Increase in mean days between consecutive
games

2. Number of unique pitch types thrown

An increase in mean pitch speed or mean pitches per
game was associated with significantly higher odds of
UCL reconstruction surgery

Pitching Flaws and UCL Injuries
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Revision UCLR
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I'rends in Revision Elbow Ulnar Collateral
Ligament Reconstruction in Professional
Baseball Pitchers

Analyzed professional Pitchers who had revisio
1974-2014

271 underwent primary UCLR

40 (15%) had at least one revision UCLR

3 had a second revision UCLR
Avg time from primary UCLR to revision: 5.2 +/- 3.2 years
Avg career length:

After primary UCLR: 4.9 +/- 4.3 years

After revision UCLR: 2.5 +/- 2.4 years

No risk factors for revision UCLR were identified

Thank You
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