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Background

Interval throwing programs (ITP) are commonly used while returning from injuries in
baseball players. Recent advances in the understanding of the biomechanics and
workloads of throwing programs have led to the development of ITPs that allow for a
precise and gradual increase in workload to the arm. UCL treatment options continue to
evolve and now include various procedures using an internal brace and hybrid approach
in addition to traditional reconstruction and nonoperative care. Each variation has
different timelines for clinicians to follow.

Purpose

The purpose of this paper is to describe four ITP variations of various durations that can
be used for a variety of non-operative and postoperative injuries in baseball players.
While these programs can be used for a variety of shoulder and elbow injuries, the
application of these programs for UCL injuries will be explored.

Study Design

Cross-sectional descriptive study

Methods

Elbow varus torque per throw was estimated from a 2nd order polynomial regression
derived from a relationship between throwing distance and elbow varus torque, based on
a dataset of 238,611 throws collected from healthy collegiate baseball pitchers. This
model was then applied to construct 4 ITPs: 7-month progression for UCL reconstruction
(with and without a hybrid internal brace), 5-month progression for a UCL repair with
internal brace, and two short-term progressions of 12-weeks and 6-weeks for
nonoperative injuries. For each program, individual throws were assigned estimated
torque values to calculate cumulative workload (daily, chronic, and acute), and
acute-to-chronic workload ratio (ACWR). These values were plotted over time to evaluate
workload progression.

Results

The 6-week program had a final chronic workload of 7.6 and stayed in the ACWR optimal
range (0.7-1.3) the entire time. The 12-week program had a final chronic workload of 7.8
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and stayed in the optimal ACWR range 98% of the time. The 5-month program finished
with a chronic workload of 10.0 and stayed in the optimal range 95% of the program. The
7-month had a final chronic workload of 10.8, and stayed in the optimal range for 91% of

the program.

Conclusion

The four variations in ITPs each showed a gradual ramp-up of chronic workload over the
duration of the program while maintaining within the recommended range of ACWR.
These ITPs may be used to gradually build workload in baseball players returning from
injuries. Due to the various lengths, the ITPs may be used as models to apply to a variety
of common injuries or surgeries of the throwing shoulder and elbow.

Level of Evidence
Level 3

INTRODUCTION

Injuries to the throwing arm in baseball pitchers continue
to rise. Ulnar collateral ligament (UCL) injuries of the elbow
represent a persistent and escalating challenge in sports
medicine. Over the past two decades, the incidence and
severity of these injuries have escalated dramatically at
every level of play, from youth leagues to the Major League
Baseball (MLB).1-6

Epidemiological studies consistently report that UCL in-
juries account for a significant proportion of all injuries in
baseball pitchers, with rates of non-surgical UCL injury in-
creasing nine-fold among high school and collegiate ath-
letes between 2009 and 2016.7 Previously published reports
have shown approximately 26% of professional MLB pitch-
ers and over 19% of minor league pitchers have undergone
UCL reconstruction (UCLr) at some point in their career.8
However, unpublished data from Major League Baseball has
shown this percentage to be over 39% in 2025.% Alarmingly,
this trend is not confined to professionals as the median
age of athletes undergoing UCL surgery has fallen in recent
years, with UCLr rates rising most rapidly in late adolescent
athletes, particularly those aged 15-19 years.3>%10

The growing burden of UCL injuries has led to innova-
tion in surgical management. Autograft UCLr, commonly
referred to as “Tommy John” surgery, has traditionally
served as the standard of care for high-grade tears, typically
requiring extended recovery and rehabilitation intervals.
However, emerging evidence supports the expanding role of
primary UCL repair with internal brace augmentation in se-
lected patients. Specifically, a recent comparative outcome
study demonstrated that UCL repair with internal brace
can yield functional outcomes equivalent to reconstruction,
with a similar likelihood of return to sport (approximately
98-99%) and low revision rates.!! A key clinical advan-
tage is the shortened rehabilitation timeline; athletes un-
dergoing repair with internal brace may return to competi-
tion in as little as six to nine months, compared to 12-18
months after traditional reconstruction.!! Between these
extremes, hybrid reconstruction with internal brace aug-
mentation has emerged as another promising surgical op-
tion, offering theoretical benefits of mechanical reinforce-
ment while retaining the biological healing advantages of
graft-based reconstruction.1? These advances have collec-

tively expanded the array of surgical options available, en-
abling more individualized approaches tailored to patient
age, level of play, injury chronicity, and anatomic consider-
ations.

An important aspect of the rehabilitation of baseball
players is the interval throwing program (ITP), a stepwise
protocol that gradually reintroduces throwing stress, aim-
ing to rebuild arm strength while minimizing overload. Tra-
ditionally, ITPs have been based on expert consensus, em-
pirical timelines, and invalidated metrics of workload, such
as perceived intensity or throwing velocity assessed via
radar.!3 Recent advancements have leveraged computa-
tional modeling and biomechanical workload analysis to re-
fine workload progression based on torque measurements.
Using the workload models of Dowling et al.,14 Reinold et
al.15 recently published a modern ITP that maps the biome-
chanical load of each throw based on elbow varus torque,
enabling quantification of acute and chronic workload and
facilitating a graduated return to throwing intensity. This
data-driven program demonstrates a consistent buildup of
workload and, critically, avoids abrupt workload “spikes”
that are associated with increased injury risk.16-20 Reinold
et al.15 suggested that their program was designed for long
duration rehabilitation protocols, such as after traditional
UCL reconstruction.

Because of the variety of surgical and non-surgical op-
tions for the management of UCL injuries, it is important to
develop ITPs of different duration to account for the vari-
ability in return-to-sport timelines. Thus, the purpose of
this paper is to describe four ITP variations of various dura-
tions based on the workload and ITP presented by Reinold
et al.15 that can be used for a variety of non-operative and
postoperative injuries in baseball players. While these pro-
grams can be used for a variety of shoulder and elbow in-
juries, the application of these programs for UCL injuries
will be explored.

METHODS

DATA SOURCE AND MODELING

Elbow varus torque for each modeled throw was estimated
using a previously established relationship between throw-
ing distance and peak elbow varus torque. This relationship
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Flatground Distance versus Peak Varus Torque (n=111,196)
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Figure 1. 24 order polynomial regression model of long toss distance and elbow valgus torque in 111,196

throws.

Reprinted with permission from Reinold et al.15

was derived from a large data set of 238,611 flat-ground
throws collected from 34 healthy NCAA-Division 1 baseball
athletes (n=34, 186 = 7 cm, 89.4 = 10.8 kg). All throws were
performed during flat-ground throwing sessions spanning
30 to 300 ft. Only distances with greater than 1000 recorded
throws were included to ensure the stability of the model.
A second-order polynomial regression was used to charac-
terize the relationship between throwing distance and peak
elbow varus torque (Figure 1). During data collection, wear-
able sensor and sleeve (Driveline Pulse; Driveline Baseball,
Went WA) placement was standardized and verified by a
single investigator (BD) throughout the data collection to
ensure measurement quality.

WEARABLE SENSOR VALIDITY AND RELIABILITY

The wearable sensor used to generate the distance-torque
model has demonstrated strong validity and reliability in
prior validation. Camp et al.2l reported high agreement
between sensor-derived and motion capture-derived elbow
varus torque (r = 0.93). Intra-thrower reliability has been
reported as excellent, with Reinold et al.22 observing an in-
traclass correlation coefficient of 0.99, and Leafblad et al.23
describing excellent test-retest reliability for this device in
an independent cohort. Collectively, these findings support
the use of the sensor as a valid and reliable tool for quan-
tifying throwing arm loads; although its outputs might not

be identical to 3D motion capture, they represent a consis-
tent, field-deployable measurement system that provides a
complementary method for estimating elbow varus torque
in applied settings.

WORKLOAD CALCULATIONS

The validated model was applied to construct 3 distinct
new ITPs of varying duration: 6 weeks, 12 weeks, and 5
months, in addition to the previously published 7-month
program.!5 Each program was designed to progressively in-
crease throwing workload through controlled manipulation
of throwing volume and distance) while striving to main-
tain the ACWR in the optimal range throughout the entire
program. Previous research has shown that injury risk in-
creases when the ACWR either surpassed or fell below an
optimal range of 0.7-1.3.18,20,24,25

For each program, every prescribed throw was assigned
a distance and intensity consistent with contemporary re-
turn-to-throw progressions, and the corresponding peak el-
bow varus torque was estimated using the established dis-
tance-torque relationship. Daily workload was calculated
as the sum of estimated torque across all throws for that
day, and these values were used to derive rolling 7-day
(acute) and 28-day (chronic) workloads. Acute-to-chronic
workload ratio (ACWR) was calculated as the ratio of the
average daily workload from the previous seven days com-
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pared to the average daily workload from the previous 28
days.

INTERVAL THROWING PROGRAM DEVELOPMENT

The initial phase of all the ITP variations began with throws
between 30 and 45 ft, followed by gradual increases in both
throwing distance and volume until 120 ft was achieved.
This progression was designed to promote confidence with
throwing while allowing for a controlled and steady in-
crease in chronic workload. Long toss throwing past 120 ft
was not included in this program as past research has re-
ported that the torque observed at 120 ft is similar to pitch-
ing off a mound.26-28 Once an athlete reaches 120 ft, their
tissues are prepared for the throwing load experienced off
the mound.

Previous modeling has demonstrated that throwing
every other day with two rest days per week maintains
ACWR within the optimal range and minimizes large work-
load fluctuations.14 Long toss throwing sessions incorpo-
rated throwing with a step/shuffle and arced trajectory to
allow distance to dictate intensity, progressing towards an
on-the-line throw as tolerance improves. Once pitchers
completed the long toss phase, they were instructed to per-
form flat-ground pitching to reacclimate to the pitching
motion from a stationary position before initiating the
mound phase.

Athletes transitioned to the structured mound sequence
designed to replicate the gradual return to competitive
throwing demands. This progression incorporated alternat-
ing light and heavy flat-ground days, bullpen sessions, and
light catch to modulate daily workload. Higher intensity
throwing days included pulldowns, in which athletes per-
formed a shuffle step and delivered the throw with intent
on a line. Mound throwing began with fastball pitches de-
livered at 50% effort, progressing incrementally to 75%,
90%, and ultimately 100% as tolerance improved. Sec-
ondary pitches were reintroduced in a staged manner. As
previous biomechanical findings demonstrated differences
in elbow varus torque among fastballs, curveballs, and slid-
ers (with greater torque throwing fastballs),29-3! specific
pitch distributions were not prescribed, allowing for indi-
vidualized variation based on the athlete’s repertoire.

Strategically placed ‘deload’ weeks were incorporated
into the longer duration five-month and seven-month pro-
grams. These periods of reduced training load are common
within strength and conditioning practices32 and designed
to mitigate physiological and psychological fatigue, pro-
mote recovery, and enhance preparedness for subsequent
throwing sessions.33 The lower volume periods consisted of
three days of light shorter distance throwing only. Each de-
load week was tailored relative to the surrounding work-
load to facilitate smooth transitions and minimize abrupt
changes in workload.

RESULTS

The 6-week program was 42 days (Figure 2 and Appendix
1). The flat-ground progression was 28 days with 19 days of

actual throwing. The mound progression was 14 days with
10 days of throwing which included four bullpens. The pro-
gram finished with a chronic workload of 7.6. After the ini-
tial 28 days, the program’s ACWR stayed within the optimal
range (0.7-1.3) for entire duration of the program.

The 12-week program was 84 days long (Figure 3 and Ap-
pendix 2). The flat-ground progression was 56 days with 31
days of throwing. The mound progression was 28 days with
21 days of throwing, which included 8 bullpens. The pro-
gram finished with a chronic workload of 7.9. After the ini-
tial 28 days, the 12-week program did not deviate below the
optimal range (0.7) the entire time but did go slightly above
1.3 only one time to 1.33. Thus, ACWR stayed within the
optimal range (0.7-1.3) for 98% of the time.

The 5-month program was 140 days long (Figure 4 and
Appendix 3). The flat-ground progression was 56 weeks
with 24 days of throwing, which included one deload week.
The mound progression was 84 days with 53 days of throw-
ing, which included 17 bullpens and 2 deload weeks. The
program finished with a chronic workload of 10.0. After the
first 28 days, ACWR slightly exceeded 1.3 only 1 time, peak-
ing at 1.31. ACWR stayed within the optimal range (0.7-1.3)
for 95% of the program.

For comparison, the originally published 7-month pro-
gram!® was 217 days long (Figure 5 and Appendix 4). The
flat-ground progression was 105 days with 45 days of
throwing, as well as 1 deload week. The mound progression
was 112 days with 75 days of throwing, which included 19
bullpens and 2 deload weeks. The program finished with
a chronic workload of 10.8. After the initial 28 days, the
program’s ACWR exceeded 1.311 times, peaking at 1.33,
and fell below 0.7 7 times. ACWR stayed within the optimal
range (0.7-1.3) for 91% of the program.

DISCUSSION

The 7-month ITP developed by Reinold et al.,!> grounded
in biomechanical workload data, provides a robust frame-
work for a long-term rehabilitation, such as UCLr . These
programs were designed to monitor and gradually apply the
accumulation of elbow varus torque, which the authors be-
lieve to be the most clinically relevant variable to build
workload programs in comparison to other variables, such
as radar velocity. Elbow varus torque is directly related to
UCL stress and UCL injury.34:35 While these programs were
designed based on elbow varus torque, the authors do not
feel that this is a limitation for their use for injuries to other
areas of the body. The programs can be used for a variety
of shoulder and elbow injuries as past biomechanical stud-
ies have shown correlations between elbow and shoulder
torque during throwing programs.28

Building on the model, three additional ITPs of varying
duration were created to accommodate return timeframes
associated with a broader spectrum of throwing related
shoulder and elbow injuries and surgical procedures. These
new programs were designed to reflect contemporary
throwing practices that are familiar to today’s baseball ath-
letes and caching staff.!5 Rather than relying on traditional
set- and repetition-based throwing prescriptions,!3 each
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Figure 2. Throwing workload characteristics of the 6-Week Interval Throwing Program.

(A) Acute:Chronic workload ratio over the 42-day program; (B) Calculated chronic throwing workload; (C) Daily number of throws performed in ITP. The colors on the graphs repre-
sent deviations away from the optimal workload: for ACWR ‘optimal’ range of 0.7-1.3 is the grey band and the workload is colored green when inside of the band; outside the band * 1
standard deviation is labeled yellow, * 2 standard deviation is orange, and * 3 standard deviation is red. For chronic workload the optimal is 15.0 (green), * 1 standard deviation (yel-

low), * 2 standard deviation (orange), and * 3 standard deviation (red).

program emphasizes here a gradual progression in throw-
ing workload, with every throwing session representing a
deliberate increase in workload. Across all programs, long
toss distance progresses systematically from 30 to 120 ft,
with concurrent increases in throwing volume and weekly
throwing frequency. Throwing intensity is primarily dic-
tated by distance, with addition of increased intent during
pull-down phases later in the program.

A distance-based approach was favored over velocity-
based radar progressions because elbow varus torque has
demonstrated a stronger relationship with throwing dis-
tance than with ball velocity,23 making distance a more bio-
mechanically meaningful surrogate for intensity during re-
habilitation progressions. Prior work has shown that long
toss throwing can produce disproportionately higher joint
loads relative to ball velocity, with 78% of maximal ball
velocity corresponding to 87% of maximal elbow varus
torque.3® To date, there has been no evidence offered that
validates velocity-based progressions as a more efficacious
methodology for an athlete to return to pitching faster
or safer. Velocity metrics may be gathered throughout a

throwing progression to monitor intent. However, if ve-
locity is used as a workload metric it can easily lead to
higher workloads compared to distance based programs and
is therefore not recommended as a basis of progression dur-
ing an interval throwing program.

The chronic workload progression of each program was
designed to prepare the athlete for the cumulative demands
of in-season competition by the end of the ITP. The pre-
viously published seven-month program builds to a final
chronic workload of 10.8. The final chronic workloads for
the three new ITPs presented herein were 7.6 for the
6-week, 7.9 for the 12-week, and 10.0 for the 5-month pro-
gram. These chronic workload values were selected to align
more closely with chronic workloads observed during a typ-
ical competitive season, in contrast to historic throwing
programs that have been shown to either exceed or fall
short of in-season workload levels.!1415 The authors believe
this approach facilitates a more successful initial return to
competition while reducing excessive fatigue and overuse
that can negatively impact performance and velocity devel-
opment during the first season back.
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Figure 3. Throwing workload characteristics of the 12-Week Interval Throwing Program.

(A) Acute:Chronic workload ratio over the 84-day program; (B) Calculated chronic throwing workload; (C) Daily number of throws performed in ITP. The colors on the graphs repre-
sent deviations away from the optimal workload: for ACWR ‘optimal’ range of 0.7-1.3 is the grey band and the workload is colored green when inside of the band; outside the band * 1
standard deviation is labeled yellow, * 2 standard deviation is orange, and * 3 standard deviation is red. For chronic workload the optimal is 15.0 (green), * 1 standard deviation (yel-

low), * 2 standard deviation (orange), and * 3 standard deviation (red).

In addition to chronic workload, all programs were con-
structed to maintain the ACWR within the desirable range
(0.7-1.3) for the majority of the program. This design min-
imizes spikes or drops in workload which have been as-
sociated with increased injury risk.18:20.2425 The 6- and
12-Week programs did not have any deviations from the
optimal ACWR after the initial 28 days. The 5-month pro-
gram deviated slightly from the desirable ACWR range six
times throughout the program, which largely occurred dur-
ing planned increases in volume or intensity; however,
these excursions remained limited in magnitude and du-
ration compared with traditional return-to-throwing ap-
proaches that often produce larger, unplanned spikes in
workload.14:15 By applying the same workload model across
multiple program durations, clinicians are provided with
flexible evidence-informed options that can be tailored to
a wide range of injuries, timelines, and athletes. Most im-
portantly, the chronic workload buildup and ACWR in each
program ensure a gradual application of load within the de-
sirable ranges. Anecdotally, the authors believe the use of
programs based on biomechanical workload data have been

effective at returning athletes back to competition without
set-backs, delays, or reinjury, and allow athletes to be more
effective and successful their first season back than pre-
vious ITPs that demonstrated higher chronic workloads at
the conclusion of the program.

Clinically, these programs can be used for a variety of
injuries; however, exploring the use of these programs in
the context of UCL injuries provides a clinical example. For
nonoperative injuries, athletes are often instructed to ab-
stain from throwing during the initial phases of rehabilita-
tion for six weeks. The six-week and 12-week programs can
be used based on the competition level of the athlete, tim-
ing of the year, and extent of the pathology. Typically, ath-
letes are progressed through the six-week program in at-
tempt to return to play again during the same competitive
season or determine if surgery may ultimately be needed.
For younger athletes with less significant pathology or in-
juries that occur towards the end of the season, a slower
progression of 12-weeks can also be used. The six-week and
12-week programs can be applied to a variety of nonoper-
ative injuries, for a return to throwing after a less invasive
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Figure 4. Throwing workload characteristics of the five-Month Interval Throwing Program.

(A) Acute:Chronic workload ratio over the 140-day program; (B) Calculated chronic throwing workload; (C) Daily number of throws performed in ITP. The colors on the graphs repre-
sent deviations away from the optimal workload: for ACWR ‘optimal’ range of 0.7-1.3 is the grey band and the workload is colored green when inside of the band; outside the band * 1
standard deviation is labeled yellow, * 2 standard deviation is orange, and * 3 standard deviation is red. For chronic workload the optimal is 15.0 (green), * 1 standard deviation (yel-

low), * 2 standard deviation (orange), and * 3 standard deviation (red).

surgery such as elbow loose body removal, or even used as
a ramp up to prepare for the season in healthy athletes.

Due to the nature of the UCL repair with internal brace
procedure, athletes are allowed to progress through a reha-
bilitation program faster than a traditional reconstruction.
In the authors’ experience, athletes often begin an ITP at
approximately 10-12-weeks following surgery and progress
through a five-month ITP, allowing an athlete to return to
sport around seven to eight months postoperatively.

The 7-month ITP may be used for both traditional UCLr,
as well as the hybrid reconstruction with internal brace.
While the duration of the ITP does not change between
these procedures, the start date of the program after
surgery does vary. The hybrid procedure typically begins
the ITP one month earlier; that is, the ITP begins at Week
20 for a UCLr versus Week 16 for a hybrid reconstruction
with internal brace. This allows the athlete to return to
sport around 11-12 months after these procedures, with
some athletes returning as early as 10 months under ideal
conditions. The 7-month program may be applied to grad-
ually increase throwing exposure during rehabilitation pro-

tocols following procedures for capsulolabral tears, SLAP
tears, rotator cuff injuries, and latissimus injuries, as an ex-
ample. It should be noted that the present workload model
is based on estimates of elbow varus torque and does not
necessarily apply to shoulder kinetics. However, prior bio-
mechanical studies have demonstrated that shoulder inter-
nal rotation torque during throwing is similar in magnitude
to elbow varus torque,28:30:35,37 suggesting that the shoul-
der is subjected to comparable loading demands. Given the
incidence of shoulder pathology in baseball players, future
research should expand upon this framework to incorporate
shoulder kinetic modeling and investigate its relationship
to throwing distance and volume.

This study has several important limitations that war-
rant consideration. The workload analyses were derived
from data sets of healthy college athletes and may not
fully capture loading patterns in athletes of different de-
mographic or competition levels, as well as athletes who
have been injured and are rehabilitating with the intention
of returning to sport. These results present general out-
comes. Relationships between elbow torque, workload, and
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Figure 5. Throwing workload characteristics for the seven-month Interval Throwing Program.

(A) Acute:Chronic workload ratio over the 217-day program; (B) Calculated chronic throwing workload; (C) Daily number of throws performed in ITP. The colors on the graphs repre-
sent deviations away from the optimal workload: for ACWR ‘optimal’ range of 0.7-1.3 is the grey band and the workload is colored green when inside of the band; outside the band * 1
standard deviation is labeled yellow, * 2 standard deviation is orange, and * 3 standard deviation is red. For chronic workload the optimal is 15.0 (green), * 1 standard deviation (yel-
low), *+ 2 standard deviation (orange), and * 3 standard deviation (red). Reprinted with permission from Reinold et al.15

specific pitch types are likely influenced by age, body size,
and throwing mechanics, so ITPs should be tailored to the
unique demands of each athlete. Additionally, the most ap-
propriate ITP structure may differ depending on the under-
lying diagnosis and stage of rehabilitation, as well each ath-
lete’s unique response and pain level during the program.

CONCLUSION

Three new interval throwing programs spanning 6-weeks,
12 weeks and 5-months were developed using biomechani-
cal workload data from healthy, uninjured baseball players
using the same modeling framework as the previously de-
scribed 7-month program.!> Collectively, these four ITPs
provide clinicians with a variety of evidence-informed op-

tions that can be matched to the athlete’s injury severity,
surgical procedure, competitive calendar, and time con-
straints while maintaining consistent workload principles.
Each program systematically builds chronic workload and
constrains the ACWR within recommended ranges, offering
a practical strategy to progress throwing volume and inten-
sity while minimizing large workload spikes during return
to pitching after shoulder and elbow injury. Clinicians are
encouraged to select the program duration that best fits the
individual athlete and to integrate workload-based moni-
toring with clinical findings (pain, strength, range of mo-
tion) when advancing or regressing phases of rehabilitation
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Appendix 3 - ITP 5 month
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