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BASEBALL REHAB NETWORK
Ulnar Collateral Ligament Injury Rehab Guidelines

1. Introduction

An estimated 90-97% of all players who undergo UCL reconstruction or repair are able to
return to play (11, 30, 104, 201), suggesting that recovery from UCL surgery is nearly
guaranteed. However, most definitions of "return to play” (RTP) only require a pitcher to
throw a single pitch in a game, without considering whether they can throw at or above their
pre-injury velocity or return to the same level of competition as before the injury (201).

Using RTP (as defined above) as the barometer of surgery success is highly misleading

because players who undergo UCL surgery view success as binary. They are either able to

return to (or exceed) their prior performance, or they are not. When evaluating surgical

success based on this criteria, the success rates for UCL surgery are considerably lower.

A 2021 study published in the Orthopedic Journal of Sports Medicine examined the outcomes of
MLB pitchers who underwent ulnar collateral ligament reconstruction (UCLR) from 2015-2019 and
had thrown at least 100 pitches in the year before surgery. The study found that 37% of pitchers
never returned to throw a single pitch at the MLB level, and 43% did not reach the 100-pitch
threshold in two years following surgery (162).

If this finding is not worrisome enough, the findings of a Dr. Chris Ahmad led study
presented at the September 2024 American Shoulder and Elbow Surgeons Annual
Meeting (234) should serve as an immediate call to action for every clinician and
musculoskeletal rehabilitation specialist. Dr. Ahmad’s team evaluated return to
performance using advanced analytics and pitch tracking outcomes in the seasons following
Tommy John surgery for 54 MLB pitchers who underwent either UCL reconstruction or
repair from November 2017 to November 2023. Their findings: by season 2 after surgery,
only 12% of all pitchers in the study had returned to their pre-injury level of performance
based on pitch count, fastball velocity, vertical movement, and other factors used across MLB
to determine the effectiveness of a pitcher. By season 3, the percentage of pitchers to return
to prior performance had only increased to 28%.

In simpler terms, according to the findings of Dr. Ahmad and his team, based on the
analytics employed across the MLB, over 70% of MLB pitchers who had UCL
reconstruction or repair from 2017 to 2023 failed to return to prior performance within
the 3 years following their surgery (234).

Recent surgical advancements may have improved the odds of a player being able to return to
(or exceed) their prior performance (RT/EPP) following surgery, but there have been minimal
published advancements in the postoperative rehabilitation after surgery. We believe RT/EPP
success rates from any UCL injury can be substantially improved through the adoption of the

Rehabilitation Guidelines presented in this document.



Assuming both a proper diagnosis and intervention, we contend that a pitcher’s inability to
RT/EPP following a UCL injury can often be traced back to a suboptimal rehab program,
either due to poor programming and/or poor execution.

Our Rehabilitation Guidelines assume:
1) The diagnosis was correct,
2) Any surgical or biologic intervention was appropriate for the injury and performed
capably, and
3) The player complied with all program expectations.

Why are these Rehab Guidelines needed

According to Christopher Camp, MD, Glenn Fleisig, PhD, Joshua Dines, MD, David Dines,
MD, David Altchek, MD, and Brittany Dowling, MS, “the advancement of injured or
recovering athletes through a return to throw program (abbreviated throughout the document
as RTT or RTTP) is largely based on conventional wisdom rather than evidence-based data on
workload progression (6).”

1) Tremendous variance: In a 2019 article (186), Ahmad, MD, et.al., examined 30 rehab
protocols — 22 from different orthopedic programs and 8 published in scientific
journals — and found wide variance in when players began RTT programs.
Additionally, the authors found that fewer than 20% of the 30 protocols they reviewed
incorporated any specific grip strengthening programming, an especially surprising
finding given that strengthening the FCU and FDS is well-established in the literature
as the most effective way to prevent UCL tears by enhancing the dynamic stabilization
these muscle-tendon units (MTUs) provide to the medial elbow (2, 5, 11, 18, 43, 64,
95).

2) Insufficient RTP criteria: Nearly every publicly available UCL injury rehab protocol
lacks any objective RTP criteria, and the few that do contain criteria that often result
in players being cleared to RTP despite being unprepared to do so from a
neuromuscular perspective. In a 2021 study (199), clinicians from the University of
Southern California examined the RTP criteria following UCL reconstruction or repair
across 84 rehab protocols. Their conclusion: “no study in our review gave specific
range of motion (ROM) or strength measurement guidelines for returning to play, and
none defined “normal” ROM or strength in relation to the preinjury measurements on
the operated upper extremity or contralateral upper extremity. This review highlights
the need for evidence-based and validated return to sport criteria.”

Surprisingly, 70 of the 84 rehab protocols reviewed contained no RTP criteria, and
only 1 contained RTP criteria that was in any way dependent upon muscle strength in
the shoulder and forearm, albeit with a glaring omission. This widely used protocol
has no absolute strength requirements. It only requires that a player’s shoulder and
forearm strength on the surgically repaired limb be 100-115% of the unaffected limb.
As aresult, players following this protocol, which much of the industry views as the
“gold standard,” can be cleared to RTP despite being weak, as long as they are equally
weak on both limbs. This shortcoming may partially explain why in a study reviewing



the outcomes of all MLB pitchers who had UCLR from 1999-2011, 57% returned to
the Injured List due to subsequent injuries to their throwing arm (56).

3) The need for customization: Most rehabilitation protocols use similar pre-RTT
therapeutic activities and exercises, and they tend to follow standardized RTT
timelines regardless of the athlete’s age, competition level, or the specific demands
their healing soft tissue will face upon returning to prior performance levels. Without
individualized planning or objective criteria for RTT/RTP, athletes often progress
through rehab unaware that they have not developed sufficient strength or
neuromuscular control in the forearm musculature optimally positioned to protect the
UCL. As aresult, they may experience setbacks or plateaus when increasing their
throwing intensity, frequency, or volume.

Our Rehabilitation Guidelines, a collaborative effort from experts in orthopedic surgery,
sports medicine, physical therapy, bio-mechanics, and high level performance, are designed to
address these shortcomings. When it comes to the rehabilitation of any potentially career
ending UCL injury, thankfully, we now have the technology and a sufficient body of literature
to take a more evidence-based approach. Based on the latest peer-reviewed research and the
expertise of our team in having treated hundreds of athletes with UCL injuries, our Guidelines
contain what we believe to be “best practice” for the vast majority of rehabilitation conditions
for a thrower’s UCL injury.

We understand there is nuance and art involved in the rehabilitation of any athlete; therefore,
rather than prescribing a discrete rehab program for each injury and treatment, we offer
suggested phase progressions from intervention to return to competition. While we provide
the objective criteria we believe should be met for the athlete to safely transition between each
phase, we allow for flexibility based on how an athlete progresses and what a practitioner
observes.

In our Guidelines, we also offer a comprehensive RTT program, designed to take the
rehabbing athlete from their initial throws all the way to full game readiness and beyond.

Our RTT program, both structured and adaptable, ensures a progressive and individualized
approach to recovery, while standing apart from traditional programs through:
1) A Refined Approach to Workload Management: Our program relies upon the widely

accepted Acute to Chronic Workload Ratio (ACWR) model, but redefines its application by

utilizing throwing values that more accurately reflect the number of throws required at
submaximal velocities to cause tissue adaptation to withstand the velocity, volume, and
frequency levels that initially caused the injury.

2) Purposeful Throwing Progressions: Rather than focusing on throwing volume without a
specific goal or direction, our RTT program prioritizes high-intensity and low-intensity

throwing days to maximize tissue adaptation while allowing for adequate recovery between

high-effort sessions.
3) A True Return to Performance, Not Just Rehab: Many throwing programs leave athletes
short of true game readiness, creating a gap between rehabilitation and competition. Our

RTT program guides athletes through live at-bats, workload volumes and intensities, and a



pitcher’s full pitch arsenal that mirror real game conditions, ensuring a seamless transition
back to competition.

4) Data-Driven Progression: The program integrates objective feedback through metrics such
as forearm MTU strength, velocity and arm speed (if users have access to an inertial
measurement unit sleeve), allowing for precise monitoring and management of each
athlete’s progression.

While comprehensive, our RTT program is designed for flexibility, allowing for customization
based on individual needs. By emphasizing progressive overload and incorporating cutting-edge
high-performance research, we aim to prepare rehabbing throwers better than ever for a successful
return to competition.

We welcome your feedback and suggestions.
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2. Overview:

At a minimum, the goal of the rehabbing pitcher is to return to prior performance (RTPP),
defined as the ability throughout the season following rehabilitation to replicate pre-injury pitch
arsenal, velocity, command, volume, and frequency.

To achieve this goal, two objectives must be met:

1)

2)

Physiologic — The structures responsible for protecting the UCL must be trained to
provide greater support than they were able to provide pre-injury, which by definition
was inadequate. Additionally, other physical components should be evaluated and
addressed if found inadequate, including overall conditioning, range of motion, global
strength and output, as well as shoulder-specific strength and rate of force development
(RFD).

Neurologic — The nervous system of the athlete must be retrained to properly activate,
coordinate, and control movement throughout the kinetic chain, with an emphasis on the
kinematic sequencing of the muscles in the throwing arm.

If neurologic adaptation outpaces physiologic adaptation during the rehabilitation process, a
concern for setback or injury rises.

Our Rehabilitation Guidelines are separated into two macro phases (Pre-Return to Throw, and
Return to Throw to Return to Play):

1)

Phase 1: Pre-Return to Throw — The focus of Phase 1 is on building tissue tolerance to
the peak stress the elbow must endure when the athlete returns to play, while addressing
other non-elbow deficiencies that may result in increased stress being placed on the
elbow. In the latter stages of Phase 1, low intensity drills/movements are recommended
to gradually reintroduce valgus loading to the elbow to prepare the player for the
neurological demands they will face when RTT begins.

Thoughts about several non-elbow related deficiencies:

a) Balance — In a 2013 study involving 60 baseball players (30 with a UCL tear vs 30
controls), those with UCL tears were found to have decreased balance in both their
drive and plant legs as compared to healthy players when performing a Y balance
test. The authors cited that impaired control at the trunk and lower extremities may
disrupt the effective transfer of energy from the lower body and trunk to the upper
extremity, and in so doing, alter the position of the shoulder and elbow throughout the
throwing motion in a way that could result in increased stress being placed across the
shoulder and elbow (39).

While the results of this study were not linked to injury causation, we believe it
prudent to correct any balance deficiencies. That said, given that the pitching motion
is dynamic throughout the entire delivery, we see little value in having a rehabbing
athlete perform traditional balance exercises that focus more on mastering the specific



b)

d)

skill of executing a balancing task than true physical improvement (e.g. one leg
balances on a half ball).

Rather, when balance deficits exist, we advocate building single-leg and core strength
through robust multi-directional training and balance perturbation exercises that may
incorporate proprioceptive, visual, and vestibular challenges to gradually expose
athletes to a wide variety of movement patterns.

Internal Rotation Strength — The rotator cuff, and specifically internal rotation (IR)
strength, has been found to play a role in controlling the stress placed across the
medial elbow as pitchers accelerate into maximal external rotation (MER) and torque
on the medial elbow peaks (89, 206). A 2022 study involving 86 high school and
collegiate athletes (43 in the UCLR group and 43 in the healthy group) found that
when the UCLR group was cleared to RTT, there was no difference in the ER
strength in the throwing shoulders of the UCLR group vs the healthy group, but the
IR strength in the throwing shoulders of the UCLR group was 8.5% less than the
healthy group. In a separate study involving high school and college pitchers, the
researchers found that IR strength did not increase after a season of throwing (and in
many instances decreased). As a result, the study’s authors recommended that
athletes rehabbing from a UCL injury engage in an IR strengthening program as
throwing alone cannot be relied upon to increase a player’s IR strength (204). We
concur and believe any IR strength deficits should be corrected before a player is
cleared to RTT/RTP to reduce the amount of torque that would otherwise be placed
on the elbow.

External Rotation Strength — While ER strength has been found to play a major role
in absorbing the deceleration forces on the shoulder, its role in offloading torque on
the shoulder or elbow at MER is negligible (206). Additionally, a 2019 study on 87
college pitchers found that stress on the medial elbow was 50% lower during
deceleration (when the muscles in the shoulder which control ER are most active)
than at MER (135). Therefore, from the standpoint of protecting the UCL, training
ER strength is not nearly as important as correcting any IR strength deficits.
Regardless, we believe Phase 1 is a perfect time to correct any ER strength deficits as
doing so can be extremely beneficial to overall shoulder health, and there is no
negative impact on elbow health in doing so.

Regardless of the measurement technology at your disposal, as a guide, we believe
that when testing in a supine position at 90 degrees of abduction and 0 degrees of
external rotation, an athlete’s ER and IR strength should be at least 20% of their
bodyweight, with no greater than a 15% ER to IR strength imbalance.

Shoulder and Hip Range of Motion — Before intervening when an athlete presents
with shoulder or hip ROM deficiencies, we believe it is essential to carefully consider

the surrounding context and proceed with caution.

For shoulders, it's crucial to distinguish between true Glenohumeral Internal Rotation



Deficit (GIRD) versus total arc of motion losses, and the contribution of humeral
retroversion should be investigated.

When it comes to hips, there are numerous anatomical variations that can
significantly impact ROM. Factors such as dysplasia and acetabular version, femoral
anteversion or retroversion, and femoroacetabular impingement can result in athletes
having hips that may seem "suboptimal" according to textbook standards, yet the
athlete is able to perform exceptionally well despite these hard anatomical
limitations. In some cases, a shoulder or hip ROM deficiency may be caused by a
soft tissue limitation which can be addressed, whereas other times it's just a normal
variation in anatomy that will not improve regardless of intervention; in fact, it may
be exacerbated.

Spine mobility — Cervical, thoracic, and lumbar spine mobility plays an important
role in creating adequate separation in the throw as reduced spine mobility requires
compensatory motions potentially resulting in increased torque being placed on the
shoulder and elbow. This likely explains why limited spine ROM has been found to
be associated with an increased risk of injury. In a 2020 study involving 49 college
pitchers across an entire season, 10 pitchers (20.4%) sustained a shoulder or elbow
injury (7 involving the elbow). Specifically, pitchers who had less than 39 degrees of
mobility on their dominant side in a Cervical Flexion-Rotation Test were found to
have a 9 times greater risk of shoulder or elbow injury (229).

Core — Regardless of how it is measured, it is quite common to see players rehabbing
from a UCL injury who have weak core strength. As with balance deficits, many
believe that a weak core may disrupt the effective transfer of energy from the lower
body and trunk to the upper extremity, altering the position of the shoulder and elbow
throughout the throwing motion possibly resulting in increased stress being placed
across the shoulder and elbow (39). To our knowledge, there has never been a study
that has linked weak core strength to an increased risk of elbow injury. Nevertheless,
there is no good reason to avoid improving an athlete’s overall core strength
throughout the rehabilitative process. When doing so, we believe the primary focus
should be on building bilateral rotational core strength, as well as the ability to create
and withstand high levels of force in all directions.

A word of caution — Players who experience a UCL injury often present with any
number of deficits: a combination of asymmetrical hip or shoulder ROM; a weak core;

poor lower extremity strength, balance or flexibility; scapular dyskinesia; weak rotator

cuff strength; and limited thoracic mobility or shoulder ER or IR. Of course, any such
deficiencies should be addressed. However, whether the result of a single pitch or the
cumulative microtrauma of near failure tensile stress over a season or career, a UCL tears

when the valgus forces generated by a pitch or throw exceed the tensile strength of the
UCL (8, 33). Consequently, a player’s ability to RT/EPP and maintain it following a

UCL injury will depend upon reducing the amount of torque the UCL was routinely
being subjected to prior to the injury. In most instances, that burden will fall
principally on a few key MTUs in the forearm.



2) Phase 2: Return to Throw to Return to Play — Focused on neurologic progression,
including kinetic sequencing, movement quality, and throwing mechanics, Phase 2 is
designed to help the pitcher re-establish pitch mix, command, and velocity after
developing the soft tissue capacity in the elbow during Phase 1 to tolerate the peak
stresses of game-level throwing. The physiologic emphasis in Phase 2 shifts toward
building soft tissue endurance to support increased pitch counts and enhance post-throw
recovery.

A few thoughts about mechanics

The throwing motion has been described as “a fluid, continuous movement that starts with the
lower extremities and core, which provides a base of support and helps generate kinetic energy
that translates through the throwing arm, eventually culminating with the ball release from the
hands and fingers. An efficient and effective throwing motion requires optimized anatomy,
physiology, and mechanics in all of the segments of the kinetic chain (206).” It has been
estimated that a 20% decrease in kinetic energy delivered from the hip and trunk to the arm
requires a 34% increase in the rotational velocity of the shoulder to impart the same amount of
force to the hand (207). Any increase in the rotational velocity of the shoulder will increase arm
speed, resulting in increased torque on the elbow. Ideally, pitchers should strive to create as
much kinetic energy through the hip and trunk to reduce the torque placed on the shoulder and
elbow, as any deficits or “breaks” in the kinetic chain can lead to injury or impaired throwing
performance (206).

While it is beyond the scope of our Rehabilitation Guidelines to make any specific
recommendations regarding altering a pitcher’s mechanics, we would be remiss in not raising
two points:
1) the throwing mechanics employed by a pitcher pre-injury may have played a role in
causing the injury, and
2) altering the pitcher’s mechanics could reduce future injury risk if the pitcher currently
employs throwing mechanics that place an excessive amount of torque on the medial
elbow.

Various studies have identified that the following patho-mechanics result in more torque being
placed on the elbow:

1) Decreased balance on the drive and plant legs on Y test (39)

2) Trunk rotation before front foot contact (14)

3) Shoulder abduction angles greater than 109° at front foot contact (15)

4) Elevated elbow extension angle at MER (15)

5) Excessive contralateral trunk tilt (42)

6) A more lateral / side-arm release point (225)

Given these findings, well-intentioned clinicians and coaches often seek to alter a pitcher’s
mechanics or arm slot in hopes of preventing a UCL tear. Unfortunately, chasing torque
reduction on the elbow/UCL through improved mechanics has not appeared to have any
impact on reducing the rate of UCL tears considering that:



1) The “flawed” mechanics that a pitcher employs often contribute heavily to their
success.

2) A pitcher’s mechanics can be so neurologically engrained that the pitcher is either
unwilling or unable to make the types of mechanical changes necessary to reduce
torque on their elbow.

3) Those deemed to have “good” mechanics also frequently tear their UCL (Walker
Buehler, Shohei Ohtani, Jacob deGrom, Clayton Kershaw, Yu Darvish, Hunter
Greene, Justin Verlander, Corbin Burnes, etc.)

4) What constitutes “good” mechanics is highly subjective. No study has shown a direct
relationship between injury and what many consider “poor”” mechanics such as
dropping the elbow, the inverted W, and/or opening the front side too soon (43). This
is consistent with a 2009 study involving 169 youth pitchers which found no
statistically meaningful correlation between pitchers aged 14-18 who employed
“proper” mechanics and elbow valgus torque (EVT).

5) If “good” mechanics alone were capable of preventing UCL tears, the 38% of all
active MLB pitchers with presumably some of the best pitching coaches in the world
would not have undergone UCLR (232), and half of all asymptomatic pitchers would
not have partial UCL tears that might eventually require surgery (44).

For these reasons, we caution against altering a pitcher’s throwing mechanics in hopes of
reducing the amount of torque being placed on the medial elbow without the involvement
of a skilled pitching coach.

A) Phase 1: Physiology provides the foundation for rehab success

Elbow valgus torque (EVT) is defined as a bending moment about the elbow joint that causes an
increase in compressive force on the lateral structures and an increase in tensile force on the
medial side. When throwing a baseball, considerable valgus torque is placed on the elbow (14).

Although the cause of each UCL tear is multifactorial, decades of research by baseball’s leading
experts have identified a common underlying factor in all cases. UCL tears occur when the valgus
torque applied to a pitcher’s elbow at maximum external rotation (the point of greatest EVT in the
throwing motion) exceeds the combined counteracting varus torque contributions of three key
structures: the UCL, the radio-capitellar (RC) joint, and the MTUs spanning the medial side of the
elbow (6, 89).

Understanding the magnitude of this torque and how it will be counter-balanced provides a road
map for rehabilitation and an indication of what objective criteria should be met for a player to
be cleared both to RTT and RTP.

While considerable variance exists between players depending upon throwing mechanics and
their anthropometrics, the amount of peak valgus torque in Newton meters (Nm) placed on a
pitcher’s elbow at maximum external rotation (MER) is roughly equivalent to a pitcher’s velocity
in mph (63). Pitchers who throw fastballs at roughly 90-100 mph likely place between 90-115
Nm of torque on the medial side of their elbows (89, 142, 143).



For a pitcher generating 90—-115 Nm of torque on the medial elbow to prevent a UCL tear, the
three structures that work together to absorb this load are estimated to contribute as follows:

1) UCL - The average tensile limit — and by extension, the varus torque contribution ceiling
— of the native UCL is 34 to 45 Nm (80, 95, 99, 242), and roughly 10% less in a fully
mature tendon graft / surgically reconstructed ligament (99, 200). While the native UCL
has been found to strengthen over a lifetime of throwing (86), there is no evidence to
suggest that anything can be done throughout the course of rehabilitation to materially
increase the tensile load limit of any tendon grafted for UCLR.

2) RC Joint — The magnitude of varus torque contribution from the RC joint depends on the
amount of bony compression force and the magnitude of the externally applied torque.
At 90° of elbow flexion — approximately the position of the elbow at MER — RC joint
compression with an intact UCL has been shown to equal about 33% of peak torque, or
roughly 30—-40 Nm during a 90-100 mph pitch (78). While the RC joint can withstand
greater compressive force, it can only do so if the soft tissue on the medial side of the
elbow (i.e., the UCL and/or the MTUs that dynamically stabilize the elbow) is lax or torn.

3) Medial elbow MTUs — Given the limited capacity of the UCL and RC joint to resist
valgus torque, the MTUs that dynamically stabilize the medial elbow must generate a
minimum of approximately 1/3rd the amount of elbow varus torque (roughly 26-32 Nm)
at MER to prevent UCL loading from exceeding its tensile limit during a 90-100 mph
pitch.

Most published rehabilitation protocols are in agreement on the ROM required in the elbow to
handle the demands of throwing. However, given that roughly 40-70% of all professional
pitchers fail to RT/EPP following surgery (162, 233), meeting ROM criteria alone has proved
inadequate to ensure players are able to successfully RT/EPP (162). Since the varus torque
constraints of the UCL and RC joint are relatively fixed, for a player to have an opportunity to
RT/EPP following a UCL injury/surgery, the “primary focus (throughout rehabilitation) should
be directed on strengthening the musculature surrounding the UCL (5) to repeatedly handle the
valgus torque throwing will impose on the medial elbow. Otherwise if “the muscles about the
forearm fatigue, the ligamentous and bony structures undergo a greater load, which can
ultimately cause ligamentous failure of the medial UCL (95).”

Specifically, the primary goal during Phase 1 is to increase the capacity of the medial elbow
to withstand greater valgus torque than its pre-injury limits. Because the torque on the
medial elbow will be primarily tied to throwing velocity (89, 142, 143), before being cleared to
RTT/RTP, rehab should prepare the player to meet objective strength, power, and endurance
criteria matched to a pitcher’s pre-injury throwing velocity in the MTUs that dynamically
stabilize the medial elbow.

As it relates to the reconstructed ligament, two overarching objectives should supersede all other
considerations throughout rehabilitation:
1) Protect the anchors and tissue-suture interface. Depending on the individual's healing
process and the surgical technique used, it may take several weeks to a few months for



the anchor sites and tissue-suture interface to fully heal and become secure. Until
receiving clearance from the surgeon to proceed, avoid placing any valgus load onto the
UCL.

2) Allow time for ligamentization (in the case of UCLR). Over roughly 24 months
following UCLR, and possibly even longer, the tendon graft used to replace the torn UCL
transforms into a new ligament in 3 biological phases: inflammation, proliferation, and
remodeling.

3) While a primary goal of rehabilitation is to reduce the amount of stress throwing places
on the UCL by increasing the strength/stiffness of the MTUs that dynamically stabilize
the medial elbow, the pace at which a grafted tendon transforms into a ligament is
dictated by biological timelines that cannot be significantly accelerated.

An injured UCL treated conservatively can be expected to go through similar phases in
the healing process, but at a quicker pace (128).

a) In the Inflammatory Phase (0-6 weeks), the tendon graft undergoes a period of
inflammation and necrosis of some cells, followed by an influx of cells that help
in the healing process. While cell necrosis is more likely to occur at the graft
harvesting site, it is possible that it can occur at the graft fixation site, weakening
the graft and temporarily making it more vulnerable to injury. Because
fibroblasts are disorganized, randomly arranged, and metabolically active, it is
still essential to load the soft tissue affected by the surgery to trigger cell
adaptation.

b) In the Early Remodeling / Cell Proliferation Phase (6 weeks to 3 months), the
graft is populated with new cells that release growth factors. Additionally, there
is an increase in the production of extracellular matrix components like collagen.
The tissue formed initially appears as disorganized scar tissue.

¢) Inthe Remodeling / Maturation Phase (3 — 24 months), the collagen fibers within
the graft start to align more closely with the direction of stress, resembling the
native ligament’s structure. Although significant improvement occurs by 12
months, maturation can continue up to 2 years before the graft fully adapts and
functions like the native UCL. Until fully mature, the remodeled ligament tissue
is morphologically and biomechanically inferior to normal, native ligament tissue.

As for the forearm flexors, the primary rehab goal should be to increase the capacity of the MTUs best
positioned to dynamically stabilize and protect the UCL. These structures should ultimately provide
more varus support than they did prior to the injury, as the previous levels were, by definition,
insufficient to prevent the UCL damage. Concurrently, during the mid to late stages of Phase 1, valgus
load should be gradually reintroduced to the repaired ligament. This begins with pre-throw activities
to help the soft tissue adapt to the stress it will face at the start of RTT, and culminates in the peak
demands of RTP.



The literature has identified that the FDS and Flexor Digitorum Flexor Digitorum Flexor Carpi Ulnaris
FCU are the 2 primary MTUs best Superficialis (FDS) Profundus (FDP) (ECU)
positioned to provide medial elbow valgus ») ot
support to the proximal and mid-belly of the
UCL by means of direct muscle action with
vectors optimally positioned to resist valgus
torque (103, 5, 11, 18, 43, 64, 95). Although
rarely studied, we believe the literature
supports that a third MTU, the FDP, can play
a vital role in protecting against distal tears
(2). The origin, insertion, and function of
each are identified in Figures 1 and 2.

Controls flexion of MCP Controls flexion of Controls ulnar
& PIP joints DIP joint deviation (along with
ECU)

Figure 1 (Illustration rights through Kenhub)

Muscle " Origin Insertion | Primary function | Role in protecting UCL

Flexor Digitorum 1) Medial Middle Flex metacarpal Primary UCL dynamic stabilizer by
Superficialis (FDS) epicondyle phalanges | and proximal means of direct muscle action with
2) Ulnarridge | 2-5 finger joints vectors optimally positioned to resist
valgus torque (103)
Flexor Digitorum Ulna overlaying | Distal Flex distal finger | Protect distal UCL attachment via
Profundus (FDP) distal insertion of | phalanges | joints overlay of origin (2)
UCL 2-5
Flexor Carpi 1) Medial Pisiform | Ulnar deviation Primary UCL dynamic stabilizer by
Ulnaris (FCU) epicondyle of wrist means of direct muscle action with
2) Posterior vectors optimally positioned to resist
olecranon valgus torgue (103)
Figure 2

The mechanisms by which these key MTUs work to stabilize the UCL and the implications
for the rehabilitative process are as follows:

1) Muscles and tendons act as functional stabilizers to reduce strain placed on ligaments
due to their stiffness (96).

2) In general, as muscles fatigue, they become 16-21% less stiff (148).

3) A stiffer tendon experiences less strain at a given load and resists a greater external
load prior to failure (164). It is the stiffness of a MTU that reduces strain on a
ligament, in this case the UCL.

4) If the FDS, FCU and/or FDP fatigue, their stiffness decreases, which in turn increases
strain on the UCL and subjects it to forces that can cause a tear (43, 103).

5) Strain on the UCL is often accompanied by an increase in gapping of the medial
elbow joint space (159), and with it, up to a 600% greater risk of UCL injury (149).
To reduce the risk of a UCL tear, the most effective intervention would enhance



stiffness and minimize fatigue in the FCU, FDS, and FDP, thereby limiting joint
gapping.

6) Strength must be trained to increase MTU stiffness / Young’s modulus (103, 148).

7) Tendons are highly responsive to changes in mechanical load and can become stiffer
and stronger with sustained increases in loading (164).

8) High-intensity resistance training protocols (=70% of a one rep maximum voluntary
contraction or MVC), regardless of contraction mode (i.e., concentric, isometric,
eccentric), produce large increases in tendon stiffness and Young’s modulus (164).

9) Gains in MTU stiffness / Young’s modulus move linearly with, but trail, strength
gains. Regardless of contraction mode, it will take 12 weeks of strength training at
>70% MVC to elicit the greatest changes in MTU stiffness (77). An 8-week training
program performed 3x per week at >70% MVC has been shown to increase
maximum voluntary contraction by 28%, with only mild increases (12%) in tendon
stiffness and Young’s modulus. However, when continued for 12 weeks, tendon
stiffness can be expected to increase by over 50% (132).

10) Unlike stiffness, training induced reductions in MTU fatigue are primarily influenced
by neurological adaptations, not strength gains (100). This allows for increases in
muscle endurance independent of increases in maximum strength to be effectively
trained in 4 weeks.

11) The MVC force produced by any finger in a multi-finger task is on average 32% less
than the MV C force produced by that same finger in a single finger task (146). Thus,
any multi-finger training will likely result in each individual finger being trained at
less than the 70% MVC threshold found to elicit the greatest changes in MTU
stiftness (77). To optimally increase MTU in each finger, each should be trained
individually at >70% of its 1 rep MVC.

12) A concomitant forearm flexor injury occurs in roughly 50% of all UCL injuries (172,
181), and 90% of all injuries to the flexor pronator mass involve the FDS. Further,
whenever the FDS is injured along with the UCL, the injury is nearly always to the
deep layer of the muscle which controls the index and little finger, as opposed to the
superficial layer, which controls the middle and ring fingers (172). Consequently, if a
concomitant flexor injury occurred, training that isolates the index and little should be
performed.

Phase 1 considerations

After a UCL injury or surgery, prolonged immobilization can have harmful effects, including synovial
adhesions, reduced collagen production, and disorganized collagen development. Therefore, while
immobilization may be crucial to protect the ligament from valgus stress during early rehabilitation, it's
equally important to minimize how long the elbow joint is restricted.

Once elbow ROM is restored, the primary goal is to rebuild and improve strength. After strength is re-
established, the focus progresses to regaining power and explosiveness, and finally, endurance.
Although rest may temporarily reduce discomfort, soft tissue heals best when exposed to appropriate
loading. Periods of reduced loading can lead to decreased tissue stiffness and strength while
promoting scar tissue formation, ultimately weakening the tissue and hindering full recovery.



To counteract this, controlled activity should be reintroduced early in the process, incorporating
properly dosed, repetitive loading to enhance tissue mass and strength, ultimately promoting a
shift toward normalized collagen levels (128, 182).

Once swelling clears and ROM is restored, the rehabbing athlete should begin general physical
preparation (GPP) weight room work before progressing into a global strength accumulation
phase aimed at achieving 90%+ of an estimated 1 RM in the athlete’s pre-injury primary/base
movements.

If you have access to the technology, we recommend the use of blood flow restriction (BFR)
training during the early stages of Phase 1 rehabilitation following UCL surgery, BFR training
has been found to offer significant advantages by enabling meaningful muscular adaptations at
very low loads (20-30% of 1RM), thus minimizing joint stress. By partially restricting venous
outflow while maintaining arterial inflow, BFR creates a hypoxic, metabolite-rich environment
that mimics the effects of high-load training. This promotes fast-twitch fiber recruitment,
stimulates anabolic pathways (like mTOR and IGF-1), and enhances muscle protein synthesis
and hormonal responses critical for recovery and hypertrophy. According to a May 2025 study
on occlusion thresholds (257), the optimal load for BFR lies below 30% of IRM—where
vascular perfusion is still partially intact—allowing BFR to significantly amplify metabolic
stress. Loads above 40% 1RM naturally occlude blood flow through muscle contraction alone,
rendering additional BFR ineffective. Therefore, BFR at 20-30% 1RM is ideal during post-
surgical recovery, offering a joint-friendly, low-load alternative that preserves and builds muscle
strength while reducing risk to healing structures.

“Long Holds” to facilitate collagen crosslinking in the MTUs that stabilize the UCL
As you look at our rehab exercise recommendations (Exhibits 1, 2, and 3), while most are
conventional, one that you may wonder about is a FlexPro Grip (FPG) exercise titled “Long
Holds.” Athletes rehabbing with FlexPro Grip have derived great benefit from this targeted
exercise and loading style, influenced heavily by tendon and ligament expert Keith Baar, PhD.
Baar’s research suggests:
1) 30 second isometric exercises that target a functional, yet injured tendon cause the muscle
to contract without changing length and the healthy part of a tendon to relax after roughly
15 seconds. This then loads the strained or scarred part of the tendon to stimulate cells to
organize collagen crosslinks along the line of force.
2) The amplitude of the load is not important for stimulating collagen production, only the
direction of force.
3) It only takes 5 to 10 minutes of activity to stimulate a tendon or ligament, after which it
becomes refractory for at least 6 hours, making exercise beyond 10 minutes of no benefit
to tendon health.

Avoiding setbacks

We find players often experience setbacks or plateaus in the rehab process when beginning a
RTT program if they have not restored pre-injury global and local strength (global: presses,
pullups, squats, rows, etc. / local: forearm, rotator cuff, peri-scapula, etc.); corrected any lower
extremity imbalance; and been sufficiently exposed to maximal effort stimuli on both ends of the
force-velocity curve (heavy/slow, light/fast). Prior to RTT, restoring maximal strength in the



upper and lower body (pressing, pulling, squatting, hinging, and rotational movements) and the
muscles in the forearm that are best positioned to protect the UCL allows the athlete to reduce
lifting intensity when the primary focus of rehab shifts to throwing. As intensity scales, a
maintenance approach to lifting/training is all that is needed prevent a decline in weightroom
progress. Adding the stress of throwing while increasing lifting intensity can cause excessive
fatigue and require early shutdowns or deload periods.

In our Rehabilitation Guidelines (Exhibits 1, 2, 3), we provide recommendations on the objective
criteria that we believe should be met before the athlete is allowed to both RTT and RTP.

Using cross-education to avoid atrophy in the early stages of rehab
Over 4 weeks of disuse or neglect, muscle mass can decrease by roughly 10%, and strength by

20% (227). Cross-education training of the contralateral limb can mitigate this loss in the injured
limb (220).

In validating the efficacy of cross-education, two studies using isometric training reported
contralateral extremity strength gains of 16% and 17%, respectively. The prior included 16
subjects who trained forearm extension for 3 weeks and another with the latter monitored 26
subjects who trained forearm flexion for 8 weeks (153). A third study involving 13 subjects who
trained elbow flexion for 4 weeks resulted in a 28% average increase in the trained limb and a
19% increase in the untrained limb (158).

These studies mirror the results of a 4 week internal study performed in 2021 with FlexPro Grip
involving 30 MiLB pitchers who experienced an average 23% increase in their one rep max
(1RM) finger flexion strength in their trained limb and a 17% increase in the untrained limb.

Based on these findings, we strongly recommend that injured players begin strength training with
the FlexPro Grip device on their uninjured arm as soon as possible, even before surgery, if
feasible. This training should continue until they are able to safely load their repaired tissue at
50% of the 1RM strength needed to protect the UCL when throwing at their pre-injury maximum
velocity.

B. Phase 2: Neurology is king

The RTT process following UCLR or repair surgery represents one of the most critical and delicate
phases in a pitcher’s rehabilitation journey. Beyond the fundamental goal of restoring throwing
capacity, the RTT program must ensure safe, progressive exposure of healing tissue to throwing-
specific stresses while re-establishing neuromuscular efficiency. Two primary objectives guide this
phase:
1) Retraining and refining throwing mechanics across the pitch arsenal to optimize movement
patterns and muscle recruitment, and
2) Progressively loading the UCL and surrounding MTUs to restore tissue capacity sufficient for
the demands of competition.



To achieve the second objective, the RTT program must carefully regulate throwing intensity, volume,
and frequency. These 3 variables must be managed within a “Goldilocks zone” to incite positive
adaptations without precipitating re-injury.

In the absence of definitive empirical evidence favoring one regulatory method over another, clinicians
must draw on physiological principles, applied research, and clinical experience. Among the four
possibilities — distance, rate of perceived exertion (RPE), velocity, and arm speed — we believe a clear
hierarchy of effectiveness emerges when scrutinized through the lens of progressive loading and injury
prevention models. Below, we review these four approaches used to regulate throwing volume and
intensity in RTT programs, highlighting both their strengths and limitations.

RPE-Based Regulation

An RPE-based program offers practical advantages, as it requires no specialized technology and can be
conducted indoors within limited space — athletes can throw into a wall or net if necessary. However,
research has demonstrated that most athletes struggle to accurately align their perceived exertion with
actual changes in velocity and arm speed. This disconnect makes RPE-based programs unreliable in
ensuring the UCL and its supporting musculature is exposed to progressive, yet controlled loading.
For instance, a pivotal study involving 60 high school and collegiate athletes found that when
instructed to throw at 75% and 50% of their RPE, participants still generated EVT values respectively
averaging 93% and 87% of the EVT observed at 100% RPE (223). This discrepancy between
perceived effort and actual joint loading increases the risk of applying excessive stress to healing soft
tissue during rehabilitation. In short, RPE-based programs are unreliable and pose an elevated re-
injury risk.

Distance-Based Regulation

For athletes with access to a field and no limiting seasonal or climatic restrictions — but lacking
technology such as a radar gun or an IMU sleeve — a distance-based RTT program may offer slight
advantages over RPE-based approaches. However, this benefit is limited, as throws made from the
same distance can result in significant variation in EVT depending on the throw’s velocity and arm
speed. Conversely, similar EVT levels can be produced across a wide range of distances (106).
Notably, a 2019 study by Ben Hansen et.al. analyzed 627,925 anonymized long toss throws using the
MotusTHROW IMU sleeve (now known as the Driveline PULSE) and concluded that "long toss at
moderately long distances can be both therapeutic by producing lower elbow torques, or can increase
injury risk by producing higher elbow torques (249).” These findings underscore the variability and
potential inherent risk in distance-based programs when not paired with more precise monitoring tools.

Velocity-Based Regulation

With the use of a radar gun, velocity-based RTT programs provide a more reliable framework for
scaling elbow torque when compared to RPE or distance-based protocols. Numerous studies have
demonstrated a strong correlation between throwing velocity and EVT (89, 142, 143), supporting the
use of velocity as a more accurate proxy for managing stress on the UCL and surrounding musculature
if more sophisticated monitoring tools are unavailable. However, keep in mind that outlier cases do
exist in which the relationship between velocity and torque weakens, introducing potential variability
in specific individuals (209).



Arm Speed-Based Regulation

Using arm speed measured by an IMU sleeve as a foundation for an RTT program is based on the
premise that arm speed correlates with elbow stress (253). IMU sleeves like the MotusTHROW /
Driveline PULSE use proprietary algorithms that combine arm speed with other motion data (such as
linear acceleration, shoulder rotation, and elbow angle) to approximate EVT. Since EVT cannot be
directly measured outside a lab, arm speed becomes a practical proxy. However, even though higher
arm speed is generally associated with higher EVT torque, the relationship is not linear or perfectly
predictive, and the relationship between arm speed and elbow torque varies by individual (254).
While IMU accuracy falls short compared to gold-standard motion capture equipment at measuring
EVT, studies have shown moderate to strong correlations between arm speed and EVT when measured
using IMUs, making them one of the best tools available outside a lab setting, especially when
combined with objective velocity data. Of note, many experienced rehab professionals using IMU
devices have noted that the correlation between velocity and arm speed significantly weakens above
700-800 rpm.

Which approach is best?

Given the strengths and limitations of each method, we believe the most effective RTT programs
combine IMU sleeve data with radar gun-measured velocity, overseen by a skilled professional who
can use this information to regularly adjust throwing volume and intensity to progressively overload
tissue and prevent sudden workload spikes.

For players without access to an IMU sleeve and expert guidance, velocity tracking remains the next-
best control mechanism, incorporating:

1) A radar gun — a Pocket Radar works — to regulate throwing intensity, and

2) Daily workload monitoring of session intensity and volume.

However, regardless of the methodology employed to regulate the RTT program, throwing adaptations
alone are insufficient to maintain MTU strength gained throughout Phase 1. It is imperative that
training on FlexPro Grip continues. Throughout Phase 2, we strongly advise close monitoring of
strength benchmarks matched to peak throwing velocity to ensure rehabbing players maintain adequate
strength to prevent the UCL and key flexor MTUs from being exposed to excessive torque.

Using an ACWR Model to Guide RTT After UCL Surgery

A key component of any effective RTT program following UCL surgery is workload management —
the progressive reintroduction of stress to the throwing arm, in this case the elbow, without exceeding
the athlete’s tissue capacity for recovery and adaptation. Regardless of the metrics employed

(distance, RPE, volume, torque, etc.), every RTT program fundamentally aims to scale intensity,
volume, and frequency in a safe, deliberate manner. Over the past five years, Gabbett’s Acute-Chronic
Workload Ratio (ACWR) has emerged as a valuable tool for guiding this process, especially in the
context of monitoring elbow stress in pitchers or throwers of any kind.

Gabbett’s model proposes a training-stress balance based on two competing factors: chronic
workload, a marker of “fitness,” and acute workload, a marker of “fatigue.” In most ACWR
models, chronic workload is measured over the most recent 28 days of an activity, while acute
workload is typically measured over the most recent 7 or 9 days (216). The difference between
the positive function of fitness and the negative function of fatigue provides either a positive



training-stress balance (i.e., chronic workload is above the acute workload) or a negative
training-stress balance (i.e., acute workload is above the chronic workload) (219). Numerous
studies, including Gabbett’s foundational work in rugby and cricket, have demonstrated a “U-
shaped” relationship between workload and injury risk, with ACWR values between 0.7-1.3
associated with the lowest injury rates (217).

This insight directly translates to RTT protocols: athletes exposed to sudden spikes in acute workload
before building sufficient chronic workload (which Gabbett considered a proxy for tissue capacity /
resilience) face dramatically increased injury risk. In applying the principles of Gabbett’s ACWR
model to baseball, the underlying premise is that chronic workload is a measure of general throwing
fitness, and acute workload is a measure of throwing fatigue. If players increase throwing volume or
intensity too quickly within the “acute” period (Driveline PULSE uses a 9 day acute period, whereas
most other programs use 7 days), they risk exceeding an ACWR of 1.3, potentially inducing fatigue.
As fatigue increases, the varus torque contribution of the muscle-tendon units capable of protecting the
UCL could drop, thereby increasing the probability of injury to the UCL. One study involving baseball
players found that players with an ACWR >1.27 were 14.9 times more likely to experience an injury
(211).

In baseball, the ACWR has been adapted using IMU-based tools like Driveline PULSE, which estimate
EVT adjusted for player size to quantify throwing workload. This allows athletes and practitioners
alike to monitor daily throwing stress, manage volume and vary throwing intensity, closely mirroring
strategies grounded in established strength and conditioning principles that support tissue adaptation
and recovery.

In Gabbett’s research involving elite rugby players, workload was defined as the absolute total distance
covered as measured by GPS during all field training sessions and matches (216). To determine
throwing workload for baseball, ACWR models using IMU devices assign a value to each throw based
on the estimated amount of EVT normalized by the athlete’s height and weight. The value of each
throw is then summed to arrive at a total workload measurement for a day.

While the ACWR framework is sound in principle, a significant limitation lies in the lack of scientific
consensus on how many submaximal-effort throws at various intensities equate to the stress of a single
max-effort throw.

Driveline’s PULSE system, widely regarded as the gold standard among baseball IMU sensors, assign
workload values to each throw based on a NASA-derived exponential bone-loading model. For
example, PULSE assigns a workload of 0.2114 to a throw generating 50 Nm of EVT, and 0.5177 to a
throw generating 100 Nm of EVT.

Given the well-established correlation between throwing velocity and EVT — with multiple studies
showing that a 90 mph throw typically produces 90-100 Nm of torque (89, 142, 143, 247, 248) — this
model implies that roughly 2.45 throws at 50 Nm (about 50 mph) equal one throw at 100 Nm (about
100 mph) in workload.

However, when we queried 50 pitchers, none felt that 3 throws at 50% of max velocity would come
close to being as stressful as a single full-intensity throw. As such, we believe PULSE overvalues low-



effort throws, particularly those below 70% of max velocity where arm speed is used as a proxy for
stress. This, in turn, inflates the perceived workload of submaximal throws, leading to distorted acute
workload scores and ACWR calculations.

An additional shortcoming is PULSE does not normalize throw values relative to an individual
pitcher’s maximum velocity, which can mask meaningful risk differences. For example, a 75 mph
throw is far more stressful for a pitcher whose maximum velocity is 78 mph, than for one who can
reach 100 mph. Yet, if both pitchers generate the same arm speed, and share similar height and
weight, PULSE may assign them nearly identical workload values for that 75 mph throw.

This is a major flaw, as most UCL injuries occur at or near an athlete’s maximum effort, not during
submaximal exertion. As a result, assigning inflated workload values to low-effort throws can distort
risk assessment by either unnecessarily limiting a pitcher’s progression or creating a false sense of
safety.

We highlight these shortcomings not to diminish the usefulness of IMU sleeves like PULSE in RTT
programs, but to emphasize the need for expert interpretation. When using IMU sleeves to guide a
throwing program, it’s essential to work with someone who understands the limitations of the data,
particularly the uncertainty around how many submaximal throws truly match the stress of one
maximal effort throw.

In short, while ACWR is valid in theory, its use with the PULSE system (or any other IMU
sensor/sleeve) requires cautious interpretation and clinical oversight to avoid misinformed training
decisions.

Limitations of an ACWR model to shape a RTT program

Taking all of this into consideration, even if EVT could be precisely measured to guide throwing
volume and intensity, and a RTT program kept the athlete within Gabbett’s “safe” 0.7-1.3 ACWR,
UCL protection still would not be guaranteed. Soft tissue capacity is not just a function of throwing
exposure, but also by strength. An athlete might progress through a throwing program while staying
inside the “safe” ACWR range, yet still rupture the UCL if the MTUs meant to support it haven’t
developed enough strength to offset the torque experienced during high-velocity throwing.

Despite the known limitations of Gabbett’s ACWR model and PULSE’s ability to measure EVT, we
believe Gabbett’s ACWR model remains an essential framework for structuring workload progression
during RTT for one simple reason. When paired with objective strength diagnostics (e.g., FlexPro
Grip targets for UCL-protective MTUSs) and individualized progression thresholds, ACWR enables a
data-informed, adaptive approach to throwing load management far superior to any alternative.

The ACWR model can serve as a useful framework for managing stress and pacing recovery during a
RTT program, but it shouldn’t be treated as a rigid rule. Like any model, it’s only as effective as the
context in which it’s applied. Interpreting ACWR values in isolation overlooks critical factors such as
the athlete’s current strength, neuromuscular readiness, and the relative intensity of each throw based
on their individual peak velocity. A well-designed RTT plan uses ACWR to inform decisions, not
dictate them.



Blending ACWR Throwing Progression with MTU Training

Minimizing the risk of re-injury or setbacks during a player’s return to competition requires a
combination of structured throwing days — each with clearly defined intensity levels regulated within a
safe ACWR range — and focused training of the MTUs that support the throwing arm. Muscular
strength and endurance provide the foundation, while the throwing program builds the specific tissue
tolerance needed for competition.

In our experience, players who meet or exceed FlexPro Grip strength, power, and endurance
benchmarks associated with their peak throwing velocity are able to maintain a higher ACWR
throughout their RTT without issue, enabling them to advance more quickly through rehab. In
contrast, those who fall short of these strength benchmarks are more prone to setbacks, performance
plateaus, or reinjury and require a slower RTT on-ramp.

Given these findings, we recommend closely monitoring the rehabbing player’s ACWR
throughout the RTT process and making adjustments based on strength levels in the MTUs
optimally positioned to protect the UCL. (See Exhibits 1, 2, and 3 for FlexPro Grip’s
recommended Strength, Power, and Endurance training schedule and requirements matched to a
player’s peak throwing velocity to be cleared to RTT/RTP when rehabbing from a UCLR, UCL
repair, or rest/PRP from a UCL injury.)

MTU Training Considerations in the RTT Program

Muscles, tendons, and ligaments adapt according to the principle of specificity — they respond to the
type, intensity, and volume of stress placed on them. To prepare the arm for the demands of high-
velocity throwing during return-to-throw (RTT) programs, we believe decades of strength and
conditioning research support alternating between high and low/moderate intensity throwing days.

In 2024, a study (238) examined how the elasticity of two muscle-tendon units (MTUSs) — the flexor
digitorum superficialis (FDS) and flexor digitorum profundus (FDP) — responds to the stress of
throwing. These MTUs are key to dynamically stabilizing the elbow against the valgus forces
generated during high-effort throws. Researchers measured their elasticity before, immediately after (O
hours), and 24 hours after a session of 100 max-effort pitches.

Results showed that FDP elasticity increased by 77% immediately after throwing but returned close to
baseline (9% above) within 24 hours, suggesting near-full recovery. In contrast, FDS elasticity rose by
86% immediately post-throwing and remained elevated at 72% above baseline 24 hours later —
indicating it had not fully recovered and remained in a fatigued or overstretched state, lacking the
optimal stiffness needed to safely absorb valgus stress.

This may help explain why forearm flexor injuries occur in approximately 50% of UCL tears (172,
181) and why 90% of flexor-pronator mass injuries involve the FDS.

At a minimum, these findings support the conclusion that RTT programs should not include
consecutive high-intensity throwing days. As an added precaution, we also recommend avoiding
moderate-intensity throwing the day after a high-intensity session. This conservative approach is
reflected in the RTT schedules shown in Exhibit 5.



The goal of high days is to combine meaningful intensity and volume to progressively stress the MTUs
and the UCL. This promotes the tissue adaptation needed to withstand the torque and neuromuscular
demands of returning to, or surpassing, pre-injury throwing velocity.

In contrast, light days are designed to support recovery through increased blood flow, reduced muscle
soreness, and improved flexibility and range of motion without triggering additional tissue stress or
adaptation. Moderate days are designed to add throwing volume to the overall RTT program.

Submaximal throwing promotes muscle endurance by encouraging capillary growth and improving
oxygen delivery, especially in the shoulder and forearm. However, this primarily activates type |
(slow-twitch) and type Ila (fast oxidative) muscle fibers, which are more fatigue-resistant but do not
contribute meaningfully to maximum force output. In contrast, high-velocity throwing recruits type
I1x (fast glycolytic) fibers essential for explosive movement and high-level performance.

Longstanding S&C literature has shown that loading MTUs at intensities below 70% of a 1RM
produce little to no strength or tissue adaptation. In the context of throwing, there is currently no
evidence demonstrating that forearm MTUs or the UCL adapt meaningfully to submaximal throwing.
Therefore, we find no scientific basis to support that throwing below 70% of a player’s max velocity
contributes to preparedness for high-intensity competition. As such, to optimize the RTT program we
believe:
1) Light days should not exceed 65% of a player’s pre-injury max velocity,
2) Moderate days should be programmed no more than once a week and not exceed 75% of a
player’s pre-injury max velocity, and
3) High days should include as many throws as possible — within the program’s structure — above
70%, with an ideal target of greater than 85% of max velocity.

Utilizing such a model enables tissue to recover and adapt between sessions, while ensuring the
neuromuscular and connective tissue systems are sufficiently challenged to handle the rigors of
competition-level throwing.

Additional Thoughts About Programming Throwing Intensity in a RTT Program

In the RTT schedules we offer in Exhibit 5 and displayed in the chart below, we assign a considerably
lower value to throws made at sub max velocities in comparison to the PULSE throw valuation scale.
We believe our Baseball Rehab Network (BRN) valuation scale more closely represents the number of
throws required at sub max velocities to equal the stress of a max effort throw. Our rationale:

1) EVT has been found to increase disproportionately with throwing intensity (243).

2) A 2023 meta-analysis of 77 studies on submaximal lifting found that individuals had to perform
significantly more repetitions at various percentages of their IRM to match the effect of a
single I1RM lift than the PULSE model estimates for submaximal throws matching the effect of
max-effort throws. Although lifting isn't directly comparable to throwing, we believe the
repetition volumes reported in this S&C research offer a more reliable foundation than relying
solely on a single NASA bone density study.

3) We surveyed 50 pitchers and all felt the values we with the Baseball Rehab Network employ
more closely matched their perceptions as to the amount of throws they would need to make at
50% and 75% of their max velo to equal the stress of 1 throw made at their max velo.



The chart below reveals the relative value assigned across 10 throwing zones in both the PULSE model
and in our BRN model.

Throwing Zones Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9 Z10
Percent of max velo 50% | 56% | 61% | 67% | 72% | 78% | 83% | 89% | 94% | 100%
PULSE value per throw 0.06 | 0.07 | 0.09 | 012 | 0.5 | 0.19 | 0.22 | 0.26 | 0.31 | 0.35
# required to = 1 max velo throw | 5.8 5.0 3.9 2.9 2.3 1.8 1.6 1.3 1.1 1.0

Should deload weeks be programmed into a Return-to-Throw Program?

Deloading is defined as “a period of reduced training stress designed to mitigate physiological and
psychological fatigue, promote recovery, and enhance preparedness for subsequent training (212).”
This concept originates from traditional strength and conditioning paradigms and is commonly applied
in resistance training, endurance, and RTT programs.

In strength and hypertrophy programs, periodized training cycles are often separated by pre-planned
deload weeks every 4-8 weeks to encourage recovery and adaptation. However, there is limited
evidence to suggest that pre-planned, periodized training is superior to non-periodized training (212).

Furthermore, to date, all peer-reviewed research involving periodized training and deloading has
focused on strength, hypertrophy, and endurance, not on return-to-throw protocols.

While many RTT programs incorporate scheduled deload weeks, there is no published research
demonstrating that pre-programmed deload weeks improve outcomes in RTT programs or should be
considered best practice.

In fact, recent research challenges the assumed value of “deloads” in general. A 2024 study involving
39 participants examined strength outcomes over a 9-week resistance training program. One group
trained continuously, while the other took a 1-week deload break midway through. The continuous
training group achieved greater gains in both isometric and dynamic strength, leading the authors to
speculate that mid-program deloading may hinder muscular endurance adaptations due to its negative
impact on strength development (214).

In RTT programs, the practice of scheduling deloads may be an estimation of when an athlete might
encounter systemic fatigue or tissue overload. But no two athletes are the same, and every rehab is
different, making it more likely that scheduling deload periods in a RTT program are a concession to
historical limitations in measuring fatigue, particularly in the muscle-tendon units (MTUSs) responsible
for protecting the UCL. In short, deloads have been used not because of individualized data, but
because there was no better way to monitor readiness or tissue stress.

FlexPro Grip changes this calculus. Rather than relying on generalized deload schedules, FlexPro Grip
allows RTT programs to quantify fatigue in the forearm MTUs that support the UCL. This enables a
progressive, individualized, and clinically controlled overload program that minimizes overtraining,
manages fatigue, and reduces injury risk without any guesswork.



To be clear, we are not suggesting that deload periods have no place in an RTT program, but they
should never be pre-programmed and should only be used when an athlete experiences:

1. Abnormal or increasing soreness/fatigue, either locally (shoulder/elbow) or systemically (via
force plate data or indirect field tests like broad jumps, vertical jumps, medicine ball throws,
timed sprints, etc.),

2. An inability to make prescribed velocity progressions,

3. Declining forearm MTU strength, power, or endurance (as measured via FlexPro Grip), and/or

4. Decreased shoulder strength or range of motion, typically measured with dynamometry.

Closing thoughts

Most rehabilitation failures occur late in the RTT process as players near their pre-injury max
velocity and increase their throwing frequency, volume, and pitch mix. The combination of
making more throws, more frequently, at higher intensities across a full pitch arsenal can cause
the MTUs that dynamically stabilize the UCL to fatigue (156), leaving the UCL unprotected and
subjected to torque that can cause it to tear (43). For this reason, as throwing becomes the
primary focus of rehabilitation, it is crucial to maintain the strength developed during Phase 1. If
the MTUs supporting the UCL weaken due to detraining, they may become unable to handle the
torque generated during throwing, increasing the risk of UCL failure.

Once the necessary strength and endurance in the UCL’s supporting MTUs have been
established, the RTT program should progressively introduce higher levels of velocity and EVT.
This progression must be carefully managed to approach, but never exceed, the adaptation rate of
the most vulnerable tissues (i.e., the UCL and its supporting MTUs). The primary goal is to
manage workload effectively, ensuring that as throwing velocity, frequency, and volume
increases, tissue tolerance and overall throwing fitness is developed in tandem.

This is where art and science intersect. Muscles, tendons, and ligaments adapt to whatever stress
is placed upon them. Each tissue type responds to stress at a cellular level at different but fairly
predictable rates. Since each player's baseline tissue strength and endurance varies, it is
impossible to predict precisely how long it will take for their UCL and supporting MTUs to
develop the necessary capacity to withstand the increasing stress of throwing as intensity and
volume progresses.

A perfectly on-ramped throwing program will still result in rehab failure if the strength, power,
and endurance in the MTUs optimally positioned to protect the UCL have not been increased to a
level that prevents torque on the UCL from reaching its break point. Likewise, a solely strength-
centric program will also fail if it is not paired with a well-designed RTT program that
adequately conditions the soft tissue to the demands imposed across the entire system when
throwing across an entire competitive season.

We believe the best practice guidelines for the rehab of a UCL injury are as follows:
1) As soon as rehab begins, identify the strength, power, and endurance requirements of the
MTUs best positioned to protect the UCL based on the player’s pre-injury max velocity.
2) Have the athlete train to meet these criteria before beginning a RTT program and
receiving clearance to return to play.



3) While building volume and throwing frequency during the RTT program, progressively
expose the athlete to higher levels of intensity and EVT, while staying under an ACWR
that aligns with their strength, power, and endurance in the MTUs optimally positioned to
protect the UCL.

4) As volume, throwing frequency, and velocity increase during the RTT program, regularly
assess the strength, power, and endurance of the muscle-tendon units (MTUs) that
dynamically stabilize the medial elbow to ensure they can continue to generate enough
varus torque to protect the UCL from excessive stress that could lead to re-injury.

We firmly believe that the most effective approach to RTT programming after UCL surgery
combines IMU sleeve data with radar gun-measured velocity, all overseen by a knowledgeable
professional who can continuously adjust throwing volume and intensity based on this
information.

If you'd like help connecting with professionals experienced in integrating these technologies into RTT
programs, we’re happy to assist. Just reach out to info@flexprogrip.com or call 504-526-4747.

That said, we understand that not everyone has access to expert guidance throughout the RTT process.
For those in this situation, Exhibit 5 contains three velocity based RTT programs that offer a strong,
practical alternative. Each program differs in throwing volume, frequency, and velocity based on the
athlete’s strength, power, and endurance in the MTUs that dynamically stabilize the elbow. If you
follow the FPG training program recommended in Exhibit 1 for UCL reconstruction or Exhibit 2 for
UCL repair, you will notice that at week 25 for UCL reconstruction and week 18 for a UCL repair, we
recommend performing various tests on FlexPro Grip.

Based on the results of FPG’s Strength, Power, and Endurance tests, we recommend you follow either
our Level 1, 2, or 3 RTT program. In our experience, most players will likely not acquire sufficient
strength, power, and endurance in their forearm musculature to safely begin an RTT program until
week 25 following a UCL reconstruction and week 18 following a UCL repair, but for those players
who achieve FPG’s training targets earlier, it is fine to begin the RTT program earlier.

Should you (or the rehabbing player) fail to meet any of the strength, power, and endurance percentage
targets prescribed below or if you are returning from a UCL sprain or flexor strain treated
conservatively with rest or PRP, contact FPG if you would like our recommendations on a RTT
program.)
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RTT Programs Based on FPG Strength, Power, Endurance Test Results

Level 1 | Level 2 | Level 3
FPG test results (UCLR at 25 weeks / UCL repair at 18 weeks)
a) Strength: % of 1RM Target Force using FPG’s Rapid 70-80% | 80-95% | > 95%
Flexion Test
b) Power: Force at 176 ms using FPG’s Power % of 1RM 50-60% | 60-75% | >75%
Target protocol
¢) Endurance: Average force using FPG’s Endurance % of 50-55% | 55-65% | > 65%
1RM Target protocol
Average Acute to Chronic Workload Ratio 1.11 1.13 1.15
Average weekly workload increase (%) 8% 9% 10%
Weeks to RTP and throw 1 inning from onset of RTT 34 30 27
Weeks to RTP and throw 2 innings from onset of RTT 35 31 28
Weeks to RTP and throw 3 innings from onset of RTT 37 34 30
Weeks to RTP and throw 1 inning from UCLR / UCL Repair 59/52 | 55/48 52/45
Weeks to RTP and throw 2 innings from UCLR / UCL Repair 60/53 56/49 53/46
Weeks to RTP and throw 3 innings from UCLR / UCL Repair 62/55 59/52 55/48

A few comments regarding the Exhibit 5 velocity based RTT programs
1) Each RTT program calls for a player to be ramped up to make roughly 85, 105, and 125
Zone 10 throws, respectively, to throw 1, 2, and 3 in game innings. These throw volumes
are consistent with a 2018 study performed at the University of Florida which found that

the average amount of in game pitches thrown by a pitcher, excluding all pre-bullpen
throws, represented 58% of all throws made (251).

On the surface, requiring players to make 85, 105, and 125 Zone 10 throws, respectively,
during a RTT program to be cleared to throw 1, 2, and 3 in game innings may seem
excessive, but recognize these throw volumes represent all Zone 10 throws a player
would likely make if called upon to throw 1, 2, or 3 in game innings. The chart below

shows a likely breakdown.

Z10 Throws | Z10 Throws | Z10 Throws
Long toss 25 25 25
Post long toss pull downs 5 5 5
Bullpen 25 25 25
Pre-game mound 8 8 8
1% Inning 20 20 20
Pre-inning mound 5 5
2" Inning 20 20
Pre-inning mound 5
3" Inning 20
Total 83 108 133

2) We stop programming throwing volume once we reach 125 Zone 10 throws, which we
estimate to be the upper number of Zone 10 throws necessary to throw 3 full innings.




Please reach out if you would like our assistance programming throwing volumes to
prepare to throw more than 3 innings.

3) Each RTT program prepares the pitcher as a starter who will be called upon to throw at
max velocity only once a week upon his return. Please reach out if you would like our
assistance programming throwing volumes if you are returning as a reliever who will be
required to throw to prepare to throw at max velocity 2-3 times per week.

Exhibit 1 contains the objective criteria we believe players should meet to begin a RTT program
and RTP, along with FlexPro Grip’s weekly training protocol recommendations incorporating
Strength, Power, Endurance, and Long Holds for rehabilitation from a UCL Reconstruction. All
protocols scale over time based on a player’s pre-injury peak throwing velocity.

Exhibit 2 contains the objective criteria we believe players should meet to begin a RTT program
and RTP, along with FlexPro Grip’s weekly training protocol recommendations incorporating
Strength, Power, Endurance, and Long Holds for rehabilitation from a UCL Repair / Hybrid
procedure. All protocols scale over time based on a player’s pre-injury peak throwing velocity.

Exhibit 3 contains the objective criteria we believe players should meet to begin a RTT program
and RTP, along with FlexPro Grip’s weekly training protocol recommendations incorporating
Strength, Power, Endurance, and Long Holds for rehabilitation from rest or PRP for a UCL
injury. All protocols scale over time based on a player’s pre-injury peak throwing velocity.

Exhibit 4 contains a 10 Phase Overview of Rehabilitation from UCLR that details the primary
objective, emphasis, goals and recommended criteria to meet to progress to the next phase.
(Please reach out for our recommendations on how to modify this Phase Overview if you are
rehabilitating from a UCL injury treated by a UCL repair, PRP, or rest, or a flexor injury.)

Exhibit 5 contains 3 levels of our recommended RTT program, detailing daily throwing volume,
intensity, and frequency based on velocity, arm speed, and/or distance. These parameters are aligned
with objective strength, power, and endurance benchmarks measured using FlexPro Grip.

Exhibit 6 contains a one page summary of one page summary of these guidelines.

While we believe the gold standard for RTT programming is a velocity-based approach
supported by an IMU device capable of measuring EVT, all overseen by a knowledgeable
professional who can continuously adjust throwing volume and intensity based on this
information we recognize that not everyone has access to this technology. For those without it, the

If you would like help developing a personalized RTT or Strength & Conditioning program — either for
yourself or an athlete you work with — feel free to reach out to us at info@flexprogrip.com or call us at



mailto:info@flexprogrip.com

504-526-4747. We’d be happy to connect you with one of the many highly trained professionals we’ve
collaborated with over the years.

Daryl Moreau, Co-founder and CEO
FlexPro Grip
dmoreau@flexprogrip.com
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FlexPro Grip Protocols, Targets and RTT/RTP clearance criteria for UCLR Rehab Exhibit 1 10/23/25
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Long Hold Power Endurance Strength
% of IRM % of 1IRM Rehab % of IRM % of 1RM Cycle
Target Target Strength  Strength  Target Target  Uninjured
WEEK Cycle (1) Cycle(2) Cycle(1) Cycle(1) Cycle(3) Cycle(4) Arm(5)
1 X
2 10% X
3 10% X
4 15% 10% X
5 20% 10% X
6 20% 10% X
7 25% 10% X
8 30% 10% X
9 30% 20% X
10 35% 20% X
Rapid Flexion Test - GOAL 60% of 1RM targets
Rapid Flexion Test - MINIMUM 45% of 1RM targets
11 (40%)* 20% X* * Continue to peform % of 1RM Target Cycle at the assigned percentages if
12 (45%)* 20% X* >55% of all 1IRM targets after week 10 on Rapid Flexion Test.
13 (50%)* 20% X* If <55% after week 10, discontinue % of 1RM Target Cycle and perform
14 (55%)* 20% X* Rehab Strength Cycle instead.
Rapid Flexion Test - GOAL 70% of 1RM targets
Rapid Flexion Test - MINIMUM 55% of 1RM targets
15 (60%)* 10% X* 20%
16 10% X 20%
17 10% X 30% 20%
18 10% X 30% 20%
19 10% X 40% 30%
20 10% X 40% 30%
21 10% X 50% 40%
22 10% X 50% 40%
23 10% X 60% 50%
24 10% X 60% 50%
25 10% X 70% 60%
RTT clearance - GOAL (Rapid Flexion Test) 90% of 1RM targets 70% 60%
RTT clearance - MINIMUM (Rapid Flexion T.) 70% of 1RM targets 50% 50%
26 10% X
27 10% 70%
28 10% 60%
29 10% X
30 10% 80%
31 10% 60%
32 10% X
33 10% 80%
34 10% 70%
35 10% X
36 10% 90%
37 10% 70%
38 10% X
39 10% 90%
40 10% 80%
41 10% X
42 10% 100%
43 10% 80%
44 10% X
45 10% 100%
46 10% 90%

Prior to RTT, train 3x per week with 1 day of rest between each session.

When RTT, train 3x per week but never on same day of high intensity throwing before you throw.

Prior to RTT, train 3-4x per week. Can do on same day as other training but separate by at least 6 hours.
When RTT, do Long Hold training post-throw.
Prior to RTT, train 2x per week immediately following % of 1RM Target or Strength Training "A" and "C" Days.
When RTT, assuming 2 days of high intensity throwing (HIT), train 2x per week same day after HIT.

Prior to RTT, train 1x per week immediately following % of 1RM Target or Strength Training "B" Day.

When RTT, assuming 2 days of high intensity throwing (HIT), train 2x per week same day after HIT.

To gain benefits of cross-education, begin Strength Training with the uninjured limb until week 10.




FlexPro Grip Protocols, Targets and RTT/RTP clearance criteria for UCL Repair

Exhibit 2

10/23/25

1)

2)

3)

4)

5)

Prior to RTT, train 3x per week with 1 day of rest between each session.

When RTT, train 3x per week but never on same day of high intensity throwing before you throw.

Prior to RTT, train 3-4x per week. Can do on same day as other training but separate by at least 6 hours.
When RTT, do Long Hold training post-throw.

Prior to RTT, train 2x per week immediately following % of 1RM Target or Strength Training "A" and "C" Days.
When RTT, assuming 2 days of high intensity throwing (HIT), train 2x per week same day after HIT.

Prior to RTT, train 1x per week immediately following % of 1RM Target or Strength Training "B" Day.

When RTT, assuming 2 days of high intensity throwing (HIT), train 2x per week same day after HIT.
To gain benefits of cross-education, begin Strength Training with the uninjured limb until week 10.

Long Hold Power Endurance Strength
% of IRM % of 1IRM Rehab % of IRM % of 1IRM Cycle
Target Target Strength  Strength  Target Target Uninjured
WEEK Cycle (1) Cycle (2) Cycle (1) Cycle (1) Cycle (3) Cycle (4) Arm (5)
1 X
2 10% 10% X
3 10% 10% X
4 15% 10% X
5 20% 10% X
6 25% 10% X
7 30% 10% X
8 30% 20% X
9 35% 20% X
10 40% 20%
Rapid Flexion Test - GOAL 60% of 1RM targets
Rapid Flexion Test - MINIMUM 45% of 1RM targets
11 (45%)* 20% X* * Continue to peform % of 1RM Target Cycle at the assigned percentages if
12 (50%)* 10% X* >55% of all 1RM targets after week 10 on Rapid Flexion Test.
13 (55%)* 10% X* If <55% after week 10, discontinue % of 1RM Target Cycle and perform
14 (60%)* 10% X* Rehab Strength Cycle instead.
Rapid Flexion Test - GOAL 70% of 1RM targets ** If >70% of 1RM targets, okay to begin RTT.
Rapid Flexion Test - MINIMUM 55% of 1RM targets
15 10% X 20%
16 10% X 30% 20%
17 10% X 40% 30%
18 10% X 50% 40%
RTT clearance - GOAL (Rapid Flexion Test) 90% of 1RM targets 60% 60%
RTT clearance - MINIMUM (Rapid Flexion T.) 70% of 1RM targets 50% 50%
19 10% X
20 10% 60%
21 10% 50%
22 10% X
23 10% 70%
24 10% 60%
25 10% X
26 10% 80%
27 10% 70%
28 10% X
29 10% 90%
30 10% 80%




FlexPro Grip Protocols, Targets and RTT/RTP clearance criteria
for UCL sprain or flexor strain treated with rest or PRP
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Long Hold Power Endurance  Strength
% of IRM % of 1RM Rehab % of IRM % of 1RM Cycle
Target Target Strength  Strength Target Target Uninjured
WEEK  Cycle (1) Cycle(2) Cycle (1)  Cycle (1) Cycle (3) Cycle (4) Arm (5)
1 X
2 10% 10% X
3 20% 10% X
4 25% 10% X
5 30% 20% X
6 35% 20% X
7 40% 20% X
8 45% 20% X
9 (50%)* 10% X* 20% 20%
10 (55%)* 10% X* 30% 30%
11 (60%)* 10% X* 40% 40%
RTT clearance - GOAL (Rapid Flexion Test) 90% of 1RM targets 60% 50%
RTT clearance - MINIMUM (Rapid Flexion T.) 70% of 1RM targets 50% 40%
12 10% X 50%
13 10% X 50%
14 10% X 60%
16 10% X 60%
17 10% X 70%
18 10% X 70%
19 10% X 80%
20 10% X 80%
21 10% X

weeks 8-10. If fail to meet % of 1RM targets during any of these weeks, switch to Rehab Strength Cycle.

1) Prior to RTT, train 3x per week with 1 day of rest between each session.
When RTT, train 3x per week but never on same day of high intensity throwing before you throw.

When RTT, do Long Hold training post-throw.

When RTT, assuming 2 days of high intensity throwing (HIT), train 2x per week same day after HIT.
4) Prior to RTT, train 1x per week immediately following % of 1RM Target or Strength Training "B" Day.

When RTT, assuming 2 days of high intensity throwing (HIT), train 2x per week same day after HIT.
5) To gain benefits of cross-education, begin Strength Training with the uninjured limb until week 8.

* Continue to perform % of 1RM Target Cycle at the assigned percentages if achieve all prescribed % targets during

2) Prior to RTT, train 3-4x per week. Can do on same day as other training but separate by at least 6 hours.

3) Prior to RTT, train 2x per week immediately following % of 1RM Target or Strength Training "A" and "C" Days.
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BASEBALL REHAB NETWORK
Phase Overview for UCLR Rehab

PHASE | DESCRIPTION WEEKS | PAGE
0 Immediate Post-Surgery 0-2 1
1 Early ROM and Protection 3-7 2
2 Early Strength and Valgus Loading Introduction 8-10 2-3
3 Strength Restoration and Moderate Valgus Loading 11-16 3
4 Maximal Strength and Power Training 17-26 3-4
5 Return to Throw (RTT) Introduction 27-30 4-5
6 Volume Accumulation 31-34 5
7 Mound Introduction 35-38 5-6
8 Velocity Progression on Mound 39-42 6-7
9 Velocity Progression and Pitch Design 43-46 7
10 Live At-Bats (Live AB) and Skill-Focused Training | 47-50 8-9

Phase 0: Immediate Post-Surgery (Weeks 0-2)

Primary Objective:

Set the foundation for successful recovery by protecting the UCL and promoting healing through
optimal recovery strategies. The athlete is typically in a fixed brace or splint and cannot get it wet or
shower until stitches are removed around 10-14 days post-op.

Emphasis:
1) Protection: Avoid any movements that may stress the elbow, maintain the fixed brace/splint,
and follow post-op guidelines strictly. Ensure the incision site stays dry.
2) Nutrition:
a) Protein: Aim for 1.5-2.5 grams of protein per kilogram of body weight daily to
support tissue repair.
b) Collagen Supplementation: Take 10-15 grams daily 30-60 minutes before meals
or therapy
¢) Vitamin C: 500 mg daily to aid in collagen synthesis. (Juven is one example of a
supplement that combines both).
3) Inflammation: 2 schools of thought regarding managing the inflammatory response with
no strong evidence to support either position.
a) If seeking to enhance inflammatory response to kickstart the healing process,
avoid:
1. Omega-3 Fatty Acids
2. lbuprofen (Advil); use acetaminophen (Tylenol) instead as needed for pain
b) If seeking to reduce inflammation, consider:
1. Omega-3 Fatty Acids: 2-3 grams daily to reduce inflammation
2. Anti-inflammatory Foods: Fatty fish, berries, turmeric, and ginger
3. lbuprofen (Advil) as needed for pain
4) Hydration: Aim for 2-3 liters of water per day. Use electrolyte supplements if necessary to
maintain balance.



5) Sleep:
a) Prioritize 8-10 hours of sleep per night. Good sleep hygiene — consistent
schedule, cool room, minimize pre-bed screen time (if looking at screens,
consider using blue light blocking glasses) — supports healing.
b) Sleep positioning: Elevate the arm with pillows to reduce swelling and discomfort.
6) Supplementation: Vitamin D (1000-2000 IU), magnesium (300-500 mg), zinc (15-30 mg),
and a high-quality multivitamin and greens powder.
a) Awvoid tobacco products as this compromises wound healing as well as microvascular
changes that may affect the graft.

Goals:
1) Manage post-op pain and swelling.
2) Begin early recovery practices (nutrition, hydration, sleep).
3) Avoid any physical stress to the elbow.

Phase 1: Early ROM and Protection (Weeks 3-7)

Primary Objective:

Restore elbow range of motion (ROM) while protecting the UCL graft. Initiating formal PT around
week 3, the focus is on gradual ROM restoration without forcing end ranges. Depending on the
surgery type, final end ranges may take more time, particularly with hybrid procedures. Blood Flow
Restriction (BFR) can be introduced as early as 5 weeks when performing training exercises at 15-
30% of a 1RM to enhance muscle recruitment without overloading the tissues (see PHASE 2).

Emphasis:
1) ROM Restoration:

a) Gentle ROM exercises as per physician protocol, aiming for 80-90% of full ROM by
week 8.

b) No forced end ranges, especially in flexion or extension — allow time for natural
progression through active ROM. Avoid excess end-range pressure that can irritate
the joint. Can utilize weighted plyoballs or small DBs (1-4 Ibs), PNF techniques, or
Grade II-111 joint mobilizations to facilitate re-acquisition to end ranges.

2) Early Strengthening:

a) Initiate FlexPro Grip Rehab % of Max exercises for the forearm flexors and pronators
at 10-25% MVC, progressing slowly to prevent overloading. Long Hold exercise is
initiated at 10%.

b) Begin isometric strengthening for shoulder and scapular stability. As elbow extension
improves, progress to isotonic variations.

c) Begin training unaffected parts of the body.

1. Build aerobic capacity upon clearance using a stationary bike or incline
treadmill walk .
2. Initiate GPP-style program for lower body and unaffected arm.
3. Machines are a great option here.
3) Avoidance of Valgus Loading: No valgus loading of the elbow to protect the healing UCL.



Goals:
1) Achieve 80-90% of pre-injury ROM by week 8.
2) Gradually introduce flexor-pronator activation with light isometrics.
3) Maintain protection of the UCL from valgus stress.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet all “A”, “B”, and “C” Day Rehab 25% of Max protocol strength targets based
on pre-injury peak throwing velocity without any pain.

Phase 2: Early Strength and Valgus Loading Introduction (Weeks 8-10)

Primary Objective:
Begin building strength with a focus on low-intensity, high-volume work while introducing light
valgus loading.

Emphasis:
1) BFR Training:

a) Incorporate BFR for pressing, pulling, biceps, triceps, shoulder movements (ER/IR,
flexion/extension), and wrist movements (flexion/extension, radial/ulnar deviation,
pronation/supination) 2-3 times per week when training at levels below 30% of a 1RM
with each exercise receiving 60-90 reps and occlusion pressures from 40-60% as
tolerated.

b) BFR allows for increased muscle stimulus — promoting the hormonal benefits of
strength training — with low load, protecting the UCL.

2) Strength Training:

a) Continue FlexPro Grip progression, increasing load to 35% of 1RM Rehab target
MVC, Long Holds progressed to 20%.

b) Begin low-load, low-velocity valgus loading exercises such as submaximal,
painless IR shoulder isometrics and isotonics with forearm activation to prepare
the medial elbow tissues for future stress.

c) Add progression of the rest of the S&C work.

d) Increase intensity/focus of conditioning at least 1x/week, which usually begins
once full ROM achieved. Players with a Gracilis graft will likely need more time
before being cleared to run.

3) ROM Maintenance:
a) Ensure full ROM is maintained or achieved, with no forced end-range stretching.

Goals:
1) Safely introduce valgus loading with low intensity.
2) Achieve 50% 1RM MVC in grip strength.
3) Maintain full, pain-free ROM.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet all “A”, “B”, and “C” Day Rehab 35% of Max protocol strength targets based
on pre-injury peak throwing velocity without any pain.



Phase 3: Strength Restoration and Moderate Valgus Loading (Weeks 11-16)

Primary Objective:
Begin restoring 50-80% of pre-injury strength, with moderate valgus loading at low velocities.
Start introducing low-amplitude ballistic movements and increasing overall strength.

Emphasis:
1) Strength Training:

a) Begin restoring primary compound movement strength (presses, pulls, rows) to 50-
80% of pre-injury levels.

b) Focus on eccentric loading, especially in long-lever positions (anterior and posterior
I/YIT/A, ER/IR).

c) Continue FPG % of submax progressions or switch to Rehab Strength training in
week 11 while maintaining Long Holds at 20% of 1RM Rehab target. Introduce
Power Rehab at 20% of 1RM Rehab target in week 15, with Long Holds pulled back
to 10% of 1RM Rehab target. Consider beginning FPG Strength Training, which
requires a 1RM of each exercise.

d) The Strength Training Cycle — requiring a 1RM of each exercise — may be initiated at
this time. Consult with your rehab professional or the FlexPro Grip team to determine
whether you are better progressing in the Strength Training Cycle or continuing in the
traditional Rehab % of Max protocol progressions.

2) Valgus Loading:

a) Low-velocity, eccentric, moderate-to-heavy valgus loading: Emphasize slow-
tempo eccentrics (3-5 s) through controlled layback end-range stress to keep
improving maximal internal-rotation strength and motor control.

b) Moderate-velocity, moderate-load extensive loading: Introduce higher-rep sets
(10-15+) of dynamic drills into the layback position (e.g., band-accelerated
rebounds, weighted ball drop catches, flywheel internal rotation) to re-educate the
elbow to tolerate progressive valgus impulses and prepare for future high-speed
tasks.

3) Ballistic Movements:

a) Begin low-amplitude, low-velocity ballistic movements (bilateral progressing to
unilateral — chest pass dribbles progressing to internal rotation dribbles), introducing
light dynamic loading patterns.

Goals:
1) Restore 50-80% of pre-injury strength.
2) Safely increase valgus loading to moderate levels.
3) Begin ballistic movement training, emphasizing controlled progressions.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally achieve 55% of 1RM Rehab targets based on pre-injury peak throwing velocity on
the exercises in Rapid Flexion Test



Phase 4: Maximal Strength and Power Training (Weeks 17-24)

Primary Objective:
Shift to normal maximal strength and power training. Ballistic movements are now
progressed to high intent, and throwing pattern drills are introduced at higher intensities.

Many players will likely not acquire sufficient strength, power, and endurance in their forearm
musculature to safely begin a return to throw (RTT) program until sometime between weeks 25-30
(Phase 5). However, for those players who achieve FPG’s training targets earlier at some time during
weeks 17-24, it is fine to introduce throwing during Phase 4 with a slow, controlled accumulation of
volume and intensity, prioritizing comfort and mechanics over intensity.

Emphasis:
1) Strength Training:
a) Focus on maximal strength with heavy weight (e.g., 3 sets in 3-5 rep range).
b) Compound lifts should reach pre-injury levels.
c) Ensure strength symmetry and endurance in grip and upper body.
d) Complete 10 week FPG Strength Training Cycle requiring a 1RM of each exercise
while initiating (and steadily increasing) submaximal Power Rehab and Endurance
Rehab % of 1RM training to reintroduce ballistic firing of the finger flexors ranging
from 20-70% pre-throw.
2) Ballistic Training:
a) Ballistic movements are progressed to maximal intent, aiming to reintroduce the
athlete to explosive efforts.
3) Valgus Loading:
a) Transition to low-load, high-velocity valgus loading exercises (but no throwing a
baseball) to simulate the forces experienced during throwing.

Goals:

1) Restore near-maximal strength (90-95+%) in all major lifts.

2) Introduce high-intent ballistic movements.

3) Safely tolerate high velocity valgus loading (but no throwing a baseball) in preparation for
throwing.

4) A shoulder strength measure may be relevant here as another clearance criteria for throwing. It
would begin being measured earlier in the process, and the exact numbers would depend on the
method used to test. Please reach out if you would like our recommendations on measuring
shoulder strength (info@flexprogrip.com).

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet 70% of 1RM strength targets in Rapid Flexion Test, and 50% targets for Power
% of 1RM and Endurance % of 1RM based on pre-injury peak throwing velocity without any

pain.



Phase 5: Return to Throw (RTT) Introduction (Weeks 25-30)

Primary Objective:
Introduce throwing with a slow, controlled accumulation of volume and intensity, prioritizing
comfort and mechanics over intensity.

Emphasis:

1) Throwing Program:

a)
b)

c)

d)
e)

f)

Begin light throwing 3-4 days per week, starting with low volume and intensity.
Focus on comfort, ensuring fluid mechanics and no pain with each throwing
session.

Progression scheme that prioritizes volume while only gradually scaling intensity
so the athlete accumulates plenty low-stress reps to rebuild comfort, confidence
and sharpen throwing mechanics.

Peak throwing intensity in the range of 55-65% of pre-injury throwing velocity.
Consider adding 7—16 oz overload balls to sessions as tolerated. The extra mass
safely slows arm speed, cuts elbow torque, and unlocks deeper ROMs without
max velocity — encouraging cleaner, non-pushy throwing mechanics. This is
particularly useful for athletes who naturally throw hard and find difficulty in
reducing intensity to sub 65% with clean throwing mechanics.

Integrate targeted constraint drills — kneeling/half-kneeling throws, ‘ten-toes’ or
pivot-pick stationary throws, and high-arc (> 45°) or preset-layback variations — to
quiet the lower half, clean up sequencing, reinforce scapular retraction and
forearm layback, and groove efficient, whip-like mechanics instead of “pushy”
arm action.

2) Strength Maintenance:

a)

Continue strength and power training, focusing on maintaining and progressing
strength at > 80% intensity.

b) FPG enters its three week cycle between maximal strength, power, and endurance

training that continues to progress over the duration of the throwing program at a slow
and steady rate. Ultimately, FPG device work sees a significant reduction in volume
and enters a slow gain/maintenance period from here on out.

3) Psychological Focus:

a)

Help athletes regain trust in their arm. Encourage them to focus on the preparation of
their arm for this task and recognize they are safe to throw. Being able to eliminate
compensatory movements and feel confident in their ability to throw pain-free is critical
before moving to the next phase.

Considerations for Progression:
1) Achieve 65% pre-injury velocity.
2) Safely build tolerance to early-stage throwing.
3) Achieve fluid, consistent mechanics, eliminating compensatory motions.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet 70% of 1RM strength targets in Rapid Flexion Test, 60% of Power % of 1RM
targets and 50% Endurance % of 1RM targets based on pre-injury peak throwing velocity
without any pain.



Phase 6: Volume Accumulation (Weeks 31-34)

Primary Objective:
Accumulate throwing volume while slowly increasing intensity. The primary focus remains on flat
ground work with increased endurance and consistency.

Disclaimer: there is nothing inherently wrong about adding in some mound work during this phase
if the rehabbing athlete’s FPG test numbers exceed targets such that the athlete is able to progress
to Zone 7 throwing (83% of pre-injury max velocity); though, there are multiple considerations to
address before doing so. Throwing off the mound has been found to produce lower overall EVT
than throwing on flat ground at the same velocity. However, throwing from the slope generally
results in higher velocities and potentially increased stress that a rehabbing athlete may not be
ready for at this time. Be mindful of the ability to govern intensity, as well as exposure to
throwing demands during the introduction and inclusion of throwing from a mound. Self-
governance here is key. If the athlete can stay within the session’s velocity prescription, more
mound throws are beneficial as they will result in less EVT than throws made at the same velocity
on flat ground.

Emphasis:
1) Throwing Program:
a) Increase throwing volume gradually, while intensity still progresses slowly.
b) Continue working primarily on flat ground, focusing on mechanics,
consistency, and endurance.
2) Strength Maintenance:
a) Maintain strength and power work, ensuring all metrics stay at high levels to
support throwing.
3) Psychological Focus:
a) Athletes might feel frustrated by the slow progress. Emphasize that building
consistency and endurance is key to long-term success. Reinforce that patience in this
phase will lay a solid foundation for returning to higher intensity work.

Considerations for Progression:
1) Achieve 75-80% pre-injury velocity on flatground with subjective ease and zero discomfort.
2) Athlete adjusts to the increase in volume and intensity.
3) Maintain consistent mechanics during flat ground sessions.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet 75% of 1RM strength targets in Rapid Flexion Test, 65% of Power % of 1RM
targets and 55% Endurance % of 1RM targets based on pre-injury peak throwing velocity
without any pain.

Phase 7: Mound Introduction (Weeks 35-38)
Primary Objective:

Reach intensity levels where sub max effort mound throws feel natural. Transition the athlete to
throwing on the slope by making 50% of all Zone 7 (83% of pre-injury max velocity) and above



throws from the mound.

Emphasis:
1) Throwing Program:

a) Transition from flat ground to mound work.

b) Begin with light, controlled mound throws, progressing volume as comfort
increases.

2) Strength Maintenance:
a) Continue strength and ballistic work to support throwing performance.
3) Psychological Focus:

a) Athletes may feel pressure to ramp up quickly now that they’re back on the
mound. Encourage them to trust the slow, controlled build-up, which helps
protect their arm and build confidence in their ability to perform without
pain. The primary goal of being on the mound is relaxation and producing
easy, subtle increases in velocity week over week.

Considerations for Progression:
1) Achieve 80-85% pre-injury velocity on the mound.
2) Smooth transition to mound throws without setbacks.
3) Maintain strength as mound intensity increases.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet 80% of 1RM strength targets in Rapid Flexion Test, 70% of Power % of 1RM
targets and 60% Endurance % of 1RM targets based on pre-injury peak throwing velocity
without any pain.

Phase 8: Velocity Progression on Mound (Weeks 39-42)

Primary Objective:

Make at least 50% of all Zone 7 (83% of pre-injury max velocity) and above throws from the
mound, while also adding off speed pitches first into light catch play sessions, then from the slope.
Doing so exposes the forearm muscles to different force vectors, which will help them adapt in
coordination with the rest of the arm structures as intensity and volume increase. If this process
starts too late, the athlete may already be throwing harder, with off speed pitches delivered at
greater intensity than before, potentially leading to forearm fatigue that could have been
prevented.

Emphasis:
1) Throwing Program:

a) Adopt a mound-velocity progression plan: limit weekly gains to no more than 2-3
mph.

b) For rapid progressors, consider imposing a fixed velocity ceiling for 1-3 weeks,
then increase only the number of throws at that speed before nudging the ceiling
higher — building throwing fitness and control at each intensity tier.

c) Start integrating off speed pitches into light catch play sessions to build pitch
variety. Thereafter, begin throwing off speed pitches from the slope.



2) Strength Maintenance:
a) Ensure the athlete’s strength continues to support increased throwing intensity.
3) Psychological Focus:
a) Athletes may start focusing too much on velocity milestones. Remind them
to prioritize easy production of velocity and smooth throwing mechanics
rather than solely chasing velocity numbers and over exerting themselves to
get there. This may come naturally for some, and others may feel totally
out of sync with their body. Remind them that it's been a very long time
since they’ve moved this fast and they may need some time and patience
before accessing the easy and efficient patterns we are chasing.

Considerations for Progression:
1) Reach 80-90% of pre-injury velocity.
2) Comfortably integrate off speed pitches into the lower intensity throwing days.
3) As throwing intensity and volume increase, players may plateau or experience a slight
setback. Based on objective testing and the subjective feedback of the athlete, adjust
programming as needed.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet 85% of 1RM strength targets in Rapid Flexion Test, 70% of Power % of
1RM targets and 65% Endurance % of 1RM targets based on pre-injury peak throwing
velocity without any pain.

Phase 9: Velocity Progression and Pitch Design (Weeks 43-46)

Primary Objective:

Continue progressing velocity, aiming to reach roughly 95% of pre-injury velocity. At this stage, off
speed pitches are refined, and pitch design becomes a focal point. The athlete should begin to
perform more game-like throwing sessions as they near their full performance levels.

Emphasis:
1) Velocity Progression:

a) Continue velocity progression with the goal of reaching 95% of pre-injury velocity.
Focus on consistent mechanics and smooth acceleration.

b) Increase the intensity and frequency of mound work with undulating peak
intensities, ensuring the athlete feels confident and comfortable with their ability to
control their velocity.

2) Pitch Design:

a) Begin focusing on refining pitch mechanics and design. Work on off speed pitches,
spin rates, and other pitch characteristics to prepare for game situations. Integrate off
speed pitches regularly into throwing sessions and on secondary, relatively
submaximal mound days.

3) Strength and Power Maintenance:

a) Maintain maximal strength and power training, ensuring that all physical metrics

support the higher intensity throwing.
4) Psychological Focus:
a) Athletes may become excited and impatient, pushing harder than necessary



to reach full velocity. Encourage them to stay disciplined and trust the
structured progression, reminding them the closer they are to 100%, the
more incremental they want their jumps to be. They have plenty of time to
develop into their competitive velocity.

Considerations for Progression:
1) Achieve 95% of pre-injury velocity.
2) Successfully integrate and refine off speed pitches and pitch design on secondary mound days.
3) Maintain high-level strength and power to support throwing at increased velocities.

Suggested FlexPro Grip criteria to meet to progress to next phase:
1) Minimally meet 85% of 1RM strength targets in Rapid Flexion Test, 70% of Power % of 1RM
targets and 70% Endurance % of 1RM targets based on pre-injury peak throwing velocity
without any pain.

Phase 10: Live At-Bats (Live AB) and Skill-Focused Training (Weeks 47-58)

Primary Objective:

The final stage of the RTT program, focusing on the last 5% of velocity gains, live at-bat scenarios,
and transitioning to skill-focused training. This is where the athlete prepares to fully return to
competition, sharpening their competitive edge and ensuring they can handle the demands of their
role.

Emphasis:
1) Live AB Sessions:

a) Begin live at-bat sessions, where the athlete throws to hitters in game-like
situations. This is crucial for simulating the pressure and intensity of real
competition.

b) Focus on maintaining pitch command, adjusting to different pitches, and fine-
tuning velocity.

2) Skill-Focused Training:

a) Shift towards a skill-centric approach, emphasizing pitch command, pitch
sequences, and game strategy.

b) Incorporate unanticipated, game-like scenarios to test and refine the athlete’s ability
to respond dynamically in competition.

3) Velocity and Endurance:

a) Continue refining velocity with the goal of achieving 100% pre-injury or even
improved velocity.

b) Focus on endurance during high-intensity sessions to ensure the athlete can
maintain performance across multiple innings or throws.

4) Strength and Power Maintenance:

a) While the primary focus shifts to skill and game-readiness, maintain strength and
power outputs with a slightly reduced volume. This supports the athlete’s overall
athleticism and stamina.

5) Psychological Focus:

a) Athletes may feel intense pressure to "prove" themselves during live at-

bats. Encourage them to focus on executing their process and staying
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present in the moment, trusting that the final gains will come naturally.

Considerations for Progression:
1) Gain the final 5% of velocity, achieving or surpassing pre-injury levels.
2) Successfully complete Live AB sessions, demonstrating consistent performance and game-
readiness.
3) Transition fully into skill-focused training, handling the demands of competition without
setbacks.
4) Be physically prepared for full in-season demands.
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BASEBALL REHAB NETWORK GUIDELINES: A ONE PAGE SUMMARY

Surgical Success Defined

UCL surgery should be judged by a pitcher’s ability to return to prior performance, not just return to play.
When evaluated using MLB analytics, most pitchers do not return to their pre-injury performance levels.
Flawed Clearance Criteria

The most commonly used criteria for clearing an athlete to return to throw or competition — time since
surgery, joint range of motion, and subjective feedback — fail to assess the most critical factor: whether the
forearm flexors are sufficiently strong and stiff enough to protect the UCL from excessive torque. Before
clearing a player to returning to competition, it’s essential to determine whether the athlete has accumulated
enough chronic training volume at competition-level intensity during the return-to-throw process.
Mechanics Have Limits

While improved biomechanical efficiency may reduce elbow torque, it is unlikely to be the most effective
or accessible solution for preventing re-injury.

Neurology vs. Physiology

Neurological demand exceeding physiological readiness at any point in rehab will result in setback or
injury.

Tissue Adapts to Load, Not Rest

Collagen crosslinking in injured soft tissue is stimulated by mechanical load, not by rest. Incorporating
long-duration isometric holds early and consistently in the rehab process promotes collagen crosslinking
and builds tissue resilience.

Misvalued Throws in Acute-to-Chronic Workload Models

The effectiveness of any ACW model depends upon how sub-maximal throws are valued. Most models
overvalue these efforts, leading to underloading of the UCL during rehab.

Avoid Gross Throwing Workload Fluctuations

Use an ACW model that minimizes spikes and troughs to promote steady tissue adaptation.
Return-to-throw Progression

RTT progressions should be based on the capacity of the MTUs to protect the UCL from the torque
imposed on the UCL from increasing velocity and volume.

Velocity-Based Programming

RTT programs must progressively load tissue to build resilience to throwing stress. Velocity and IMU
based approaches are superior to those based on subjective RPE or throwing distance, as they better control
for elbow valgus torque (EVT) and provide immediate, objective feedback, improving both precision and
adherence to the prescribed workload.

10) Submax Throwing Has Limits

There's no evidence that submaximal throwing leads to meaningful adaptation of the UCL or forearm
flexors. Use submax throws for recovery, not for building peak throwing capacity.

11) Rethinking Deloads: Use Data, Not a Calendar

Preplanned deloads are little more than educated guesses rooted in outdated limitations. Instead, RTT
programs should be guided by objective fatigue measures, particularly in the forearm flexors that protect
the UCL. A deload should only be considered when clear signs of fatigue or performance decline emerge,
as evidenced by tracked data from radar guns, FlexPro Grip, force plates, ball-flight tracking, wearables,
and other objective tools.

12) Best Practice Guidelines

a) As soon as rehab begins, identify the strength, power, and endurance requirements of the MTUs best
positioned to protect the UCL based on the player’s pre-injury max velocity. FlexPro Grip is the only
technology available to measure and train these capacities.

b) Have the athlete train to meet these criteria before both beginning an RTT program and receiving
clearance to return to play.

c) Adoptan RTT program that uses velocity-based progressions (and an IMU if available) to
progressively load tissue, minimize workload spikes, and objectively monitor forearm flexor capacity.
to protect the UCL. Before clearing an athlete to return to competition, ensure they have accumulated
sufficient chronic training volume at competition-level intensity throughout the RTT process.



