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ENeCResonancedmaging of the asymptomatic shoulder of overhead
= athletes

onnor PM, et al.

Am J Sports Med, 2003

noulders of college pitchers

houlders were normal

ess or full thickness RTC

Bennett’s lesion
ained asymptomatic at 5 yr F/U



derweakness in professional baseball pitchers
Magnusson SP, et al.
Mecd Sci Sports Exerc, 1994

JM and eccentric strength in
ers and controls

nant and ominant shoulders

results show that pitchers were weaker in eccentric ER,

nd SUP on the dominant side compared with age-matched
s. The lack of dominance in pitchers and the weakness

d to controls suggests that the demands of pitching are
ient to produce eccentric strength gains and may in fact
esult in muscle weakness.”

“The dominant-sided SUP (supraspinatus) weakness observed in
pitchers in the present study may reflect chronic fatigue or
subclinical pathology.”
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Monitor and Maintain
ROM

Exercise Programs to
maintain strength

= Shoulder

= Core

= Hips

= Monitor Workload

= Pitch and Inning
Counts
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orkload

pitch and inning counts
# of games

s of Fatigue

dy language

Loss of command
Change in mechanics

N [ & [

Loss of velocity

jat are we doing now?

Fatigue Effect in Starting Pitchers 2013-2015: Matt Harvey




Unaccounted Workload Factor
geme Day Pitch Counts in High School
sasepallPitchers-—An Observational Study
Zaremski JL, et al
Ortho J Sports Med, 2018

f the p Pitches
from a mound o
ime days at 34 FL .
ols in 2017 Live
‘hes Game
luded in the
| ch count Bullpen
Not to mention throws
made at other positions
Large variability in the V];farm-Up
‘number of pitches in the (between
innings)

bullpen



sk factors for shoulder and elbow
~adolescent baseball pitchers

Olsen SJ, et al.

| Sports Med, 2006

o 4 inn, 66 pitches, 5.5 mos

B =

o0 429 pitched despite arm pain



factors for shoulder and elbow
mjuries for adolescent baseball pitchers
Olsen SJ, et al.
A | Sports Med, 2006

ches = 4x risk of

competitively > 8 months/year
= 5x likelihood of injury

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



,{.,;Jg.ggggmy _-}- ween Pitching a Complete Game and Spending Time

011 'isab[e st for Major League Baseball Pitchers
Erickson BJ, et al.

Ortho J Sports Med 2018

hing data between 2010 and 2016 to
3 who threw a CG and those who

pitchers wha
pared with 20% o

ew a CG spent time on the DL, as
trols. Pitchers who threw a CG

a CG.

gests that throwing a CG is not necessarily a risk

for for being placed on the DL; instead, being a high-

volume pitcher in general increases the risk of spending

time on the DL, as compared with being a lower-volume
pitcher.



Velocity, Mechanics

ntire kinetic

nics don’t cl
ity doesn’t decline,
er is effective,

e still get hurt?



eceleration / Follow
- Through

to not

ccentric s’-cresses up to 108%
f body weight (+/- 16%)(13)



erior Capsule

Humeral Head

Thickened
Posterior-Inferior

b capsule \ (1!

risk of injury (15)



Arm Deceleration / Follow Through
HOWIoes the body absorb/dissipate the force?

m Kinetic Chain

= Plant leg
o€ S "
= Shoulder —

o STATIC

[ ] Glenohu meral j O int ge Om etry Rhomboideus minor muscle

Rhomboideus major muscle

= Adhesion-cohesion
= Capsuloligamentous restraints
= Posterior capsule of the

shoulder § _ ‘.
o DYNAMIC % =4
* Supraspinatus, Infraspinatus, ' g B tf&ﬁ:‘é’

Teres Minor Muscles (2,3,4)
* Scapula Stabilizing Muscles



e we missing?

NiIat "’n;sgt after the ball is released?

eball players the posterior
apula stabilizers function

: blaced on the static
ts” (26,14,25) '



Netromuscular and stiffness adaptations in division |
collegiate baseball players

Thomas SJ, et al.
JIotbicctomyography and Kinesiology, 2013

1 increase in short range stiffness
nant arm compared to the non-
ominant arm, however there was a non-
ificant correlation with posterior capsule
ess. This further suggests that this

rease in stiffness may be due to an increased
otive tightness of the series of elastic

or contractile components of the posterior
rotator cuff caused by repetitive throwing”

= Capsule thickening is not an adaptive response but a

fibroblastic hypertrophy secondary to repetitive
microtraumea, ie. failure of the dynamic stabilizers.




AVITI Deceleration / Follow Through
Dynamic Contributors

| uscles
1 Stabilizing Mus
rapezius
rapezius
nterior
| oideus minor
= Rhomboideus major
Perhaps teres major, latissimus dorsi, long head of the
triceps, long and short head of the biceps

= Bvery muscle that crosses the glenohumeral joint might help
absorb the distraction force



AYIM Decelerating Muscles

eason external rotation and supraspinatus
ness is associated with in-season throwing
ed injuries requiring surgery (17)

s with ulnar collateral ligament tears

demonstrate decreased rotator cuff strength
compared to healthy controls (8)




all pitching performance
Mullaney MJ, et al.
Am J Sports Med, 2005

ant arm was weaker at baseline with
external rotation and empty can

= Significant changes from baseline did not occur
after pitching with empty can and external rotators



e Arm Decelerators

>d over the course of the
in high volume pitchers



e Arm Decelerators

functional fatiguing protocol and
the shoulder from an internal

| rotation resistance fatigues



e Arm Decelerators

scular activation
- the infraspinatus






characteristics of internal and external rotator
muscles in professional baseball pitchers

Wilk KE, et al.
Am J Sports Med, 1993

s are weaker in the dominant arm of pitchers
ager in the dominant arm of non-pitchers

tors are twice as strong as

imperative to quantify and qualify muscular
mance for the dynamic stabilizers of the

Ider in the throwing athlete. One means of doing
by isokinetic testing of the shoulder.”

‘= Avoided eccentric testing “because of the significant
amount of posteccentric-induced muscle soreness
previously reported (delayed onset muscle soreness).”



otlder strength measurements in professional
baseball pitchers

Byram IR, et al.

Am J Sports Med, 2010

otation weakness and lower ext/int
atios in dominant arms is known, but a
is unknown

orized that better balance of the
wer the risk of injury
) ccelerators and decelerators

1sculature &
thors don’t break it dowr
ld dynomometers
R and ER, seated ER and SS

nately, traumatic vs subacute injuries weren’t stratified

[sometric testing is more reliable than eccentric (21 and 22)
o Safer too!! (16)



gasuring Pitching Fatigue
hesis

Muscle fatigue of a
itcher’s arm
decelerators can be
dentified using a
custom-made
device







JOW to use the Device
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~does it measure?

etric force generated in the

is force represents the
ior rotator cuff and the scapula
ing muscles (all of the decelerators)




Validation Testing

is was performed
heights relative to the

ee, waist and chest

ist height the muscle activation most
ly mimicked that reported in the
ration phase of throwing.

Supraspinatus Infraspinatus Teres Minor

Device

During Pitch
(DiGiovine ‘92)

Values are presented as % of MVIC



JTesting 2016

High Schools

d Error of the Measure [SEM] = 2.3 Ibs.
Detectable Change [MDC:s:| = 6.4 1bs.

But...



1ability Testing

the device on 3 or more separate

Icipate as a pitcher becomes more
miliar with the device these numbers will
Improve even more



vieasuring Pitching Fatigue
Methods

1e and Post Game
casuremen

ded Subjective Evaluations by
ers, Coaches and Athletic Trainers

ed T-Tests
w Reliability Analysis




Results

Post-Game Values

alues

= 2 Pitchers showed pre-game declines in strength > 10%
= ] reported “dead arm”

= Data appears reliable
= 1 =.6-96 pre-game and .81 post-game



Player Duration Baseline Decline Change

(mins) D) (Ibs) (%)
#1128 3742 931 25 2017
#2032 3812 1332 135* rery
=
#3 21 2984 431 14 rainin g
#4 20 2690 722 27 Stu d Y
#5 33 34.37 8.65 25
#6 34 3710 097 3 .
w7 36 2708  1.16 e flvelne
#9 27 4542 1028 23 - Some players were
#10 19 3712 1142 3g* resistant to fatigue of the
11 o= T TE decele.zratmé; musc%es and
experienced no pain.
#1220 2997 999 33 P . pattt
» Perhaps differences in
#13 19 2843 -112 -4

pitching mechanics?
* stopped because of dead arm/some pain

in biceps/proximal forearm



Div | Collegiate Pitchers

1e pitcher’s strength decreased by 15% early in the
son and his performance struggled from then on

> pitcher had a gradual decline of 10% over the course
e season

pitcher’s strength dropped >20% over the first 2
weeks of the season. He went on the DL a couple of
weeks later and did not return.

= A pitcher coming off a shoulder injury saw a >20%
decline from Feb-April. He then gradually rebounded
towards baseline in May.




201/ Pi . essional Pitchers

ere tested



Professional Pitchers

The Host Hotel of the Blue Rocks!
Call 302-428-1000 for

_Banquets. Meetings or-Overniohts

cason end it

1/3

t 5%
(3 data points)

= Ave increase of 4 Ibs or
about 13% (p-value .214)




201 7 Professional Pitchers

n physicals (by a

“blinded” examiner)




strength over the course of the
ificant

ries in professional pitchers.

increase in strength from 1.5 1bs below baseline
Ibs above baseline over the last 2/3 of the season
tatistically significant.

bs increase

s Evidence of the dedicated exercise program and the

careful monitoring of workload in this group of
pitchers resulting in No Injuries.






> season with pai

5 experienced the same pain as with throwing
n they used the device

posterior shoulder (RTC)
oximal biceps tendon, long head
a 2 distal biceps musculotendinous junction

5 No one else has had any complaints of
discomfort using the device



hat’'s Next

were used on a daily basis
can we track muscle recovery

lder issue, what amount of strength
ase is associated with return to play?

inue to monitor pitchers to show
ness as measured with this device
correlates with injuries.

Allow individual pitchers to monitor the effects
of their workload on their arm decelerating
muscles” strength.




fic - most reliable

ans of measuring all of
ecelerating muscles in
ctional position

iner dependent



Pitching Fatigue
nclusions
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