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Background. Weighted-baseball training programs are used at the high school, collegiate, and 14 
professional levels of baseball. The purpose of this study was to evaluate the effects of a six-15 
week training period consisting of weighted implements, manual therapy, weightlifting, and 16 
other modalities on shoulder external rotation, elbow valgus stress, pitching velocity, and 17 
kinematics. 18 

Hypothesis. A six-week training program that includes weighted implements may will increase 19 
pitching velocity along with concomitant increases in arm angular velocities, joint kinetics, and 20 
shoulder external rotation. 21 

Methods. Seventeen collegiate and professional baseball pitchers (age range 18-23, average: 22 
19.9) training at Driveline Baseball were evaluated via a combination of an eight-camera 23 
motion-capture system, range-of-motion measurements and radar- and pitch-tracking 24 
equipment, both before and after a six-week training period. Each participant received 25 
individualized training programs, with significant overlap in training methods for all athletes. 26 
Twenty-eight biomechanical parameters were computed for each bullpen trial, four arm range-27 
of-motion measurements were taken, and pitching velocities were recorded before and after 28 
the training period. Pre- and post-training period data were compared via post-hoc 29 
paired t tests. 30 

Results. There was no change in pitching velocity across the seventeen subjects. Four 31 
biomechanical parameters for the holistic group were significantly changed after the training 32 
period: internal rotational velocity was higher (from 4527 to 4759, ± 174 degrees/second), 33 
shoulder abduction was lower at ball release (96 to 93, ± 2.3°), the shoulder was less externally 34 
rotated at ball release (95 to 86, ± 5.8°) and shoulder adduction torque was higher (from 103 to 35 
138, ± 16 N-m). Among the arm range of motion measurements, four were significantly 36 
different after the training period: the shoulder internal rotation range of motion and total 37 
range of motion for both the dominant and non-dominant arm.  38 

When the group was divided into those who gained pitching velocity and those who did not, 39 
the group that gained pitching velocity showed no significant increase in shoulder external 40 
rotation, or elbow valgus stress. 41 

Conclusions. Following a six-week weighted implement program, pitchers did not show a 42 
significant change in velocity, joint kinetics, or shoulder external rotation range of motion. 43 
When comparing pitchers who gained velocity versus pitchers who did not, no statistically 44 
significant changes were seen in joint kinetics and shoulder range of motion.  45 
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Introduction 47 

Studies on underweight and overweight baseballs have shown a positive training effect on the 48 
throwing velocity of regulation-weight baseballs (DeRenne et al., 2005; DeRenne et al., 1990; 49 
Egstrom et al., 1960; DeRenne, 1985). Additionally, studies have also shown no negative effects 50 
of throwing underweight and overweight implements on pitching control or injury risk 51 
(DeRenne et al., 2005; DeRenne et al., 1994). 52 

A recent biomechanical study shows that pitching slightly underweight and overweight 53 
baseballs can produce variations in kinematics (specifically arm, trunk, pelvis, and shoulder 54 
velocities) without increased arm kinetics ( Fleisig et al., 2016) and that maximum-effort crow-55 
hop throwing with the same implements can increase shoulder internal rotation angular 56 
velocity and elbow varus torque (Fleisig et al., 2017). Additionally, there have been indications 57 
that weighted-baseball throwing can increase shoulder external rotation in a six-week training 58 
period on high school athletes (Reinold, 2017). 59 

There is also published research onhas also been investigations into heavier-weighted 60 
plyometric throws used in training and rehab programs, including but not limited to two 61 
handed chest passes and side throws of 8-pound “plyoballs” or the more traditionally-named 62 
medicine balls (Wilk, Meister & Andrews, 2002). Further research has found eEight weeks of 63 
plyometric training can increase shoulder internal rotation power and throwing distance 64 
(Fortun, Davies & Kernozck, 1998). A different study using plyoballs and “The Ballistic Six” found 65 
a significant increase in throwing velocity (Carter et al., 2007). While there is also research 66 
suggesting that throwing weighted plyos from 2–8 lb. may improve proprioception (Swanik et 67 
al., 2002). 68 

Driveline baseball (Seattle, Washington, USA) has developed weighted baseball training 69 
programs, which have been used by many professional and collegiate pitchers. Those pitchers 70 
who completed the weighted implement training programs Driveline Baseball’s summer 71 
training programs have on average increased pitching velocity 2.7 MPH in 2016 and 3.3 MPH in 72 
2017 (Driveline Baseball, 2016 and 2017). However, there remains no conclusive evidence 73 
explaining the mechanism of the velocity gainsincrease, and research indicates the 74 
phenomenon of weighted-ball training increasing “arm strength” may be incorrect (Cressey, 75 
2013). 76 

Increases in throwing shoulder external rotation and loss of throwing shoulder internal rotation 77 
are potentially deleterious (Wilk et al., 2011), but, to our knowledge, no weighted-implement 78 
training program combines a throwing program with other training modalities to potentially 79 
reduce negative adaptive effects on the arm. There is evidence that certain mobility programs 80 
can reduce the negative adaptive effects of throwing that lead to arm fatigue, loss of strength 81 
and/or injury (Laudner et al., 2008), and it is theorized that heavy resistance training and 82 
manual therapy may aid in this regard. 83 



The purpose of this study was to evaluate the training effects of a weighted-implement 84 
throwing program that includes individualized training routines focused around combating the 85 
negative effects of throwing on pitching velocity, external rotation and elbow varus torque. We 86 
hypothesize the previously described program will increase external rotation, ball velocity, and 87 
elbow varus torque. 88 

 89 

Methods 90 

Participants and Informed Consent 91 

Healthy and asymptomatic college and professional pitchers were recruited from the Driveline 92 
Baseball 2017 training group via opt-in forms. Prior to being included in the study, investigators 93 
asked the pitchers about their current injury status. Pitchers were excluded if they had current 94 
symptoms of arm or shoulder pain or fatigue, or any other pain or discomfort that would 95 
prohibit completion of the study. Additionally, a prerequisite to train in the Driveline Baseball 96 
spring-summer group required medical clearance and a certified athletic trainer’s sign-off 97 
before throwing pitches off a mound. Pitchers were not excluded based on previous history of 98 
injuries that did not currently manifest themselves. Pitchers were not excluded based on 99 
previous training history, although a few had trained at Driveline Baseball right before the study 100 
and most had experimented remotely with Driveline methods; the average time spent at 101 
Driveline right before the study’s start was around 16 ± 10 days, with a maximum of 41 and a 102 
minimum of 3 days.  103 

Pitchers were scheduled to come into the Driveline Baseball Research Facility (Kent, WA) for 104 
one visit. Upon arrival, participants were provided a verbal explanation of the study and asked 105 
to read and sign an Informed Consent document before beginning. The investigator verbally 106 
confirmed the major bullet points of the Informed Consent document in addition to obtaining a 107 
witnessed, legal signature from the pitcher, only proceeding if the pitcher submitted both a 108 
valid signature and verbally confirmed acceptance of all the risks contained within the Informed 109 
Consent document. 110 

The study was approved by Hummingbird IRB, who granted ethical approval to carry out the 111 
study at the author's facilities (Hummingbird IRB #: 2017-29, Protocol WB-DLR-115). 112 

Twenty-one baseball pitchers (age range: 18-23) with high school and college pitching 113 
experience met these criteria and agreed to participate. Four were excluded bringing the final 114 
number to seventeen. The data on these pitchers is recorded in Table 1. 115 

[TABLE 1]  116 

Range of Motion Testing 117 
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During the testing period, range of motion measurements were taken using a goniometer to 118 
measure shoulder internal and external rotation in both the dominant and non-dominant arms. 119 
The same investigator was used for each individual in the initial and final tests; previous 120 
research has shown high intra-reliability for goniometer measurements (Boone et al., 1978). 121 
Each pitcher was measured on the same day as their motion capture-based biomechanical 122 
screening discussed below. 123 

Measurements were taken with each athlete lying in the lateral decubitus position (Figure 1). 124 
Testing was done in this position due to the fact that when lying supine, the humeral head is 125 
more likely to glide forward in the socket, causing irritation in the anterior shoulder and leading 126 
to more inaccurate measurements as the athlete can compensate for a lack of range of motion 127 
through anterior or posterior rotation of the shoulder. In the lateral decubitus plane, the 128 
humeral head is in a more advantageous position to externally (Part A of Figure 1) and 129 
internally rotate (Part B of Figure 1) without humeral head glide (Reinold et al., 2004). 130 

[ Figure 1 ] 131 

The investigator performing this part of the study was a certified strength and conditioning 132 
coach with seven years of experience and specifically trained in measuring range of motion of 133 
the shoulder using standard tools. Once the athlete was in the appropriate position, the 134 
investigator passively moved the arm until tension was reached and the measurement was 135 
taken. The intraclass correlation coefficient (ICC) of a trained clinician performing total range of 136 
motion tests of the shoulder have shown to be very reliable (Wilk et al., 2009). 137 

Kinematics 138 

The pitchers threw as many warm-up pitches as they liked prior to beginning. Next, pitchers 139 
were fitted with reflective markers in preparation for three-dimensional motion capture. Forty-140 
eight reflective markers were attached bilaterally on the third distal phalanx, lateral and medial 141 
malleolus, calcaneus, tibia, lateral and medial femoral epicondyle, femur, anterior and posterior 142 
iliac spine, iliac crest, inferior angle of scapula, acromial joint, midpoint of the humerus, lateral 143 
and medial humeral epicondyle, midpoint of the ulna, radial styloid, ulnar styloid, distal end of 144 
index metacarpal, parietal bone, and frontal bone, as well as on the C7 and T10 vertebrae, the 145 
sternal end of the clavicle, and the xiphoid process.  146 

Pitchers then threw between 3-8 maximum effort throws, with approximately 30-60 seconds of 147 
rest between pitches, in order to ensure enough appropriate takes captured on the motion 148 
capture system for appropriate analysis. Fatigue was assumed to be negligible with such a low 149 
pitch count. Throws were made using a 5-oz. (142g) regulation baseball off the mound to a 150 
strike zone target (Oates Specialties, LLC, Huntsville, TX) located above home plate, which was 151 
60’ 6’’ (18.4 m) away.  152 
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Testing Preparation 153 

Testing concluded when the investigators were satisfied they had recorded three successful 154 
throws for analysis. Sample photographs and high-speed videos (Sanstreak Corp., San Jose, CA) 155 
of the setup and pitches are shown in Supplemental Photos and Videos 1-3. 156 

For each trial, ball velocity was measured by a Doppler radar gun (Applied Concepts; Stalker 157 
Radar, Richardson, Texas). Three-dimensional kinematics were tracked using an 8-camera 158 
automated motion-capture system, sampling at 240 Hz (Prime 13 System, Natural Motion / 159 
Optitrack, Corvallis, Oregon), shown in research to be comparable to more commonly-used 160 
high-end motion-capture systems (Thewlis et al., 2013). Cameras were placed symmetrically 161 
around the capture volume, approximately 2.4 meters from the center of the pitching mound, 162 
at roughly 2.4 meters high. 163 

Testing concluded when the investigators were satisfied they had recorded three successful 164 
throws for analysis. Sample photographs and high-speed videos (Sanstreak Corp., San Jose, CA) 165 
of the setup and pitches are shown in Supplemental Photos and Videos 1-3. 166 

 167 

Biomechanical Data Analysis 168 

In total, 28 kinematic and kinetic measures (11 position, 6 velocity, and 11 kinetic) were 169 
calculated using the ISB recommended model of joint coordinate systems (Wu et al. 2005) with 170 
code based on Fleisig methods (Fleisig et al., 2017) in Visual3D (C-Motion Inc., Germantown 171 
MD). Marker position data was filtered using a 20-Hz fourth-order Butterworth low-pass filter. 172 
The mean values for all variables were calculated for each participant from their 3 clearest 173 
throws, which were based upon marker and motion readability (Escamilla et al., 1998).   174 

Five joint angles were calculated at the events of foot contact (FC) and ball release (BR), 175 
including: elbow flexion, shoulder horizontal abduction, shoulder abduction, shoulder external 176 
rotation, and wrist extension. Additionally, maximum dynamic shoulder external rotation was 177 
measured. All kinematic measures were all taken as their local joint angles, using local 178 
coordinate systems.  179 

Six velocity parameters included mean pelvis angular velocity at FC and BR, and maximum 180 
pelvis angular velocity, upper torso angular velocity, elbow extension angular velocity, shoulder 181 
internal rotation angular velocity. Pelvis and upper torso angular velocities were measured as 182 
rotations in the global coordinate system. Elbow, shoulder, and wrist velocities were calculated 183 
as the rate of change in the joint angle and is expressed as °/sec. 184 

Maximum elbow and shoulder kinetics were calculated as either a force or a torque applied to 185 
the joint by the proximal segment onto the distal segment. Six forces were calculated: medial, 186 
anterior, and compression distraction forces on the elbow, and superior, anterior, and 187 
compression distraction forces on the shoulder. Five joint torques were computed through 188 
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inverse dynamics of the kinematic values: elbow flexion torque, elbow varus torque, shoulder 189 
horizontal adduction torque, shoulder adduction torque, and shoulder internal rotation torque, 190 
based off the resultant shoulder internal rotation moment. 191 

Training Methods 192 

In between pre and post tests, pitchers were exposed to a six-week training program, slightly 193 
individualized for each athlete based on their strengths and weaknesses, which was determined 194 
from their biomechanical and performance assessment. Pitchers were placed into one of three 195 
different categories for throwing programming. These were velocity development, mound 196 
development, or a hybrid version of the two. All athletes performed their training program six 197 
days a week with the seventh day being an off day. 198 

o Warm-Up 199 

Each pitcher began a warm-up using foam rollers and lacrosse balls for self-myofascial release 200 
(SMR) of various lower body and throwing arm muscles. Another option was rolling out the 201 
forearm with Arm Aid Extreme devices (The Armaid Company, Inc., Blue Hill, ME). Athletes 202 
were allowed to SMR for a period of time that they determined necessary and were able to use 203 
SMR on other body parts if necessary. The standard SMR exercises can be found in the 204 
supplemental materials pages 1-7 of HTKC1. 205 

Following SMR, athletes completed a set of exercises using Jaeger Band surgical tubing (Jaeger 206 
Sports, Los Angeles, CA) . Pitchers performed a forward fly to overhead reach, reverse fly to 207 
overhead reach, bicep curl with supination, tricep extension with pronation, internal and 208 
external rotations with elbow at shoulder height. Further details on the exercises can be found 209 
on pages 8-12 of the supplemental materials of HTKC1 210 

Although Jaeger bands use a wrist cuff, surgical-tubing exercises with a handle have been 211 
shown to result in low to moderate EMG activation of the rotator cuff and surrounding 212 
musculature (Myers et al., 2005). Surgical tubing exercises can improve velocity and shoulder 213 
internal and external strength (Baheti, 2000).  214 

Following band work, pitchers performed a series of exercises with an Oates Specialties 215 
shoulder tube (Oates Specialties LLC, Hunstsville, TX). The tube is intended for oscillation work 216 
to warm up the rotator cuff muscles. Pitchers performed shoulder flexion, shoulder abduction, 217 
external/internal rotations, pronation/supination, and stride-length forward shoulder rotations. 218 
More detail on these exercises can be found on pages 13-16 of the supplemental materials of 219 
HTKC1. 220 

The pitchers then performed a series of four exercises with 4.5 kg wrist weights. The goals of 221 
these exercises were to warm up the muscles of the forearm and the posterior of the shoulder 222 
eccentrically. The exercises were Pronated Swings (with two-arms), Two-Arm Throws, modified 223 
Cuban Press, and Pivot-Pickoff Throws. Further details of the exercises can be found on pages 224 
17-24 in the supplemental materials of HTKC1. 225 



o Weighted-Ball Training 226 

Athletes then moved to a specific series of throws using plyometric PlyoBalls (custom made soft 227 
sand-filled weighted balls ranging from 100-2000 grams). There were five exercises performed; 228 
each exercise was unique within the constraints of the body’s position to focus on different 229 
mechanical elements. Pitchers performed Reverse Throws, Pivot Pickoffs, Roll-in Throws, 230 
Rockers, and Walking Windups. 231 

The ball weights, sets, and reps were all standard across the participants, depending on the 232 
training day. Pitchers completed the above warm-up six days a week with the volume and 233 
intensity of PlyoCare throws varying on the day. The throwing schedules and explanations on 234 
how to perform the exercises are listed on pages 25-36 in the supplemental materials of HTKC1. 235 

o Long Toss 236 

On hybrid days, touched upon below, pitchers were scheduled to long-toss. Two different types 237 
of long toss days were implemented. The first was a lower intensity day. Rate of perceived 238 
exertion (RPE) was around 60-70% for the athlete accompanied by loose, relaxed throwing with 239 
a large arc as the athlete backs up in distance. Maximum distance was determined by throwing 240 
ability and RPE and as such will vary from athlete to athlete. This day did not include any high 241 
intensity compression throws. 242 

The second type of long toss day was similar to the first except performed at an RPE of 80-90% 243 
and the athlete carries the extension throws out to maximum throwing distance. Upon reaching 244 
maximum throwing distance in as many or as few throws as required, the athlete performs 245 
eight to twelve high intensity compression throws. These compression throws remove the arc 246 
from the throw and are thrown roughly parallel to the ground from the throwers release point. 247 
Number of throws will vary day to day for each individual athlete as they are instructed to be 248 
receptive to their body’s response and personal comfort level.   249 

Research on long-toss has largely focused on throws at max distance while throwing hard on-a-250 
line, with one study finding max distance throws resulted in more torque than in pitching 251 
(Fleisig et al., 2011). Another study found that max distance, hard on-a-line throws resulted in 252 
similar loads to pitching (Slenker et al., 2014). 253 

Long-toss as described in the programming did not solely consist of max distance, hard on-a-254 
line throws. Most consisted of high-arc (extension) throws to a tolerable distance for the day, 255 
otherwise described as catch-play to a distance that is tolerable. Certain training days did 256 
consist of hard on-a-line (compression) throws, which are marked in the supplemental 257 
materials. It is important to note these distinctions since a recent study showed that many 258 
coaches, ATCs, and players define long-toss differently (Stone et al., 2017). 259 

o Post-Workout Recovery  260 



Each pitcher completed a post-throwing exercise circuit after each day of throwing workouts. 261 
The circuit consisted of standing rebounders; the pitchers threw a 4- and 2-lb. PlyoCare ball at a 262 
trampoline on the ground and were told to “stick” the catch of the ball or stop its upward 263 
momentum right away. 264 

Next, were reverse scapular pull-aparts, anterior band pull-aparts, and the no money drill. After 265 
band exercises, pitchers performed waiter walks. The pitchers held a kettlebell so that their 266 
humerus lined up at shoulder height with the shoulder flexed to ninety degrees and the 267 
forearm facing vertically while walking. The kettlebell was gripped by the handle with the 268 
weight facing the ceiling. More details of the post throwing circuit can be found in the 269 
supplemental materials of HTKC2. 270 

After the exercise circuit, each pitcher used the Marc Pro EMS device (Marc Pro, Huntington 271 
Beach, CA). The Marc Pro has been shown to improve muscle performance, recovery, and 272 
reduce Delayed Onset Muscle Soreness (DOMS) caused by exercise (Westcott et al., 2011, 273 
Westcott et al., 2013). It has been proposed that these results come from an increase in blood 274 
flow (DiNubile et al., 2011). 275 

o Strength and Conditioning Training 276 

In conjunction with the throwing program athletes were involved in a strength and conditioning 277 
program. This program included lifting weights, medicine ball throws, and mobility work. This 278 
program was individualized to each athlete depending on a separate physical and athletic 279 
screening. 280 

Pitchers saw a physical therapist during the training period. Trainers are also certified in 281 
Functional and Kinetic Treatment with Rehabilitation (FAKTR), cupping, and other manual 282 
therapy techniques. Athletes were able to receive treatment on an as-needed basis. 283 

Each pitcher had five- to six-throwing days scheduled a week. The throwing days were classified 284 
as high-intent days, hybrid days (medium intent days), and recovery days (low intent days), with 285 
the intensity and volume of throws changing per day. Athletes typically performed two high 286 
intensity days, one moderate intensity day and three recovery days within a given seven day 287 
cycle. 288 

o Statistical Analysis 289 

To be included in the post data collection, pitchers had to participate in at least 90% of the 290 
training days. Four of the twenty-one pitchers initially chosen for the failed to meet this 291 
criterion. 292 

Data from the training periods—including schedules, workloads, lifting programs, and 293 
intermediate progress—can be found in the supplemental data as spreadsheets for all pitchers. 294 

All statistical analyses were performed using R (RStudio Team, Boston, MA). After collecting and 295 
preprocessing each individual athlete's data (the initial and post biomechanical parameters, the 296 



range of motion measurements, and velocity data), means and standard deviations were 297 
calculated for each measure, and then the differences were computed, along with the 298 
subsequent t metric and p-value. A paired t-test was used due to a relatively small sample size 299 
and unknown true population variance, as data was not collected from the larger population of 300 
pitchers at Driveline. To calculate the t metric, the mean differences between observations 301 
were divided by the standard error of these differences, which was calculated by the standard 302 
deviation of differences divided by the square root of the sample size, n. An n-1 degree of 303 
freedom was used, along with an alpha level of 0.05, leaving the pure probabilistic chance of 304 
any metric being highlighted as a false positive as 5% or less. A post-hoc analysis with similar 305 
statistical methods was also performed on both the subgroup of pitchers who saw a velocity 306 
increase during the training period and those who saw a velocity decrease. 307 

Results 308 

Pre- and post-range of motion tests are shown in Table 2. Four arm range of motion 309 
measurements were significantly different after the training period: internal rotation range of 310 
motion and total range of motion were both significantly higher for both dominant and non-311 
dominant arms. Shoulder external-rotation range of motion did not change significantly after 312 
the training period.  313 

[ TABLE 2 ] 314 

Splitting the groups into pitchers that gained velocity and those who did not gain velocity did 315 
not yield significant differences between the groups. For instance, when those who gained 316 
throwing velocity were split into their own group (n=9) the gain in post-training passive 317 
shoulder external-rotation range of motion was 2.8 ± 9.0 degrees, which was not statistically 318 
significant.  319 

Range-of-motion changes of the increase and decrease velocity groups can be found in tables 3 320 
and 4 below. 321 

[ TABLE 3 ] 322 

[ TABLE 4 ] 323 

Mean kinematics values for the pre and post-test are shown in Table 5. At front-foot contact, 324 
there were no significant differences in any of the joint positions and velocities. During arm 325 
cocking, maximum internal rotation velocity was higher by 232 ± 174 °/s. At ball release 326 
shoulder abduction was lower by 3.0 ± 2.3 °/s and shoulder external rotation was lower by 8.6 ± 327 
5.8 °/s.  328 

[ TABLE 5 ] 329 

For the increased velocity group, no values were significantly differentthere were no significant 330 
differences at front foot contact (Table 6). Maximum internal rotation velocity and maximum 331 
elbow extension velocity were significantly higher in the arm cocking phase by 385 ± 220 °/s 332 
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and 182 ± 139 °/s, respectively. External rotation was significantly lower at ball release by 9.8 ± 333 
9.2 °/s. No values were different for the velocity decrease group at front foot contact, arm 334 
cocking, or ball release (Table 7).  335 
 336 
[ TABLE 6 ] 337 

 338 
[ TABLE 7 ] 339 
 340 
Maximum shoulder adduction torque was the only parameter to significantly increase (35 ± 16 341 
°/s) during the arm cocking phase for all athletes (Table 8). For the velocity increase group, no 342 
kinetic measures were significantly different in the arm cocking phase. Maximum shoulder 343 
superior force was the only variable significantly higher (42 ± 31 °/s) in the deceleration phase 344 
(Table 9). Maximum shoulder adduction torque was the only value significantly higher (37 ± 22 345 
°/s) in the velocity decrease group at arm cocking. Elbow anterior force (30 ± 29 °/s), elbow 346 
compressive force (95 ± 73 °/s), elbow flexion torque (11 ± 7.2 °/s), and shoulder compressive 347 
force (159 ± 122 °/s) were all significantly lower in the arm deceleration phase (Table 10). 348 

[ TABLE 8 ]  349 

[ TABLE 9 ] 350 

[ TABLE 10 ] 351 

Discussion 352 

This study investigated the effects of a baseball training program featuring weighted 353 
implements and the initial hypothesis of a significant increase in shoulder external-rotation 354 
range of motion was not supported by the current study. This was consistent for the entire 355 
subject pool as well as the sub-grouping who gained velocity, despite this phenomenon being 356 
posited as a way to enhance ball velocity (Matsuo et al., 2001).  357 

It has generally been hypothesized that weighted balls work along the speed-strength 358 
spectrum. One study found significant decreases in maximal internal rotation (IR) and elbow 359 
extension (EE) velocity when throwing increasing heavier balls (Tillaar & Ettema, 2011). With a 360 
second study finding 67% of ball velocity at release could be accounted for by internal rotation 361 
and elbow extension (van den Tillaar & Ettema, 2004). In our work, for the entire study sample 362 
there was a significant change in IR velocity (232 ± 174 °/s), but not EE velocity. 363 

 When our sample was broken up into those who increases and decreases velocity, we found 364 
that the velocity-increase group saw significant increases in both max IR velocity and EE 365 
velocity, whereas the velocity-decrease group saw no significant change in either metric. 366 
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There was no significant change in elbow valgus torque, derived from elbow kinematics, and 367 
the descriptive values of torque reported in this study are similar to previous studies (Feltner & 368 
Dapena, 1986; Fleisig et al., 2015). 369 

A previous study found shoulder abduction angle at stride foot contact to be one of four 370 
variables that could explain 97% of variance in valgus stress through a regression analysis 371 
(Werner et al., 2002). In our study, when comparing pre- and post-training we found no 372 
significant decrease in shoulder abduction angle at stride foot contact but a significant change 373 
of abduction angle at ball release. In addition, no metrics were significantly different at front 374 
foot contact in any group. 375 

It has been suggested that the most optimal abduction angle at release is close to 90 degrees 376 
but may vary slightly depending on the individual. (Fortenbaugh, Fleisig & Andrews, 2009; 377 
Matsuo et al., 2002) The pitchers in our study saw a significant change in shoulder abduction 378 
angle at release (from 95.6 to 92.7°), moving closer to 90 degrees. 379 

Notably, none of our sub-groups had significant changes in elbow valgus torque or shoulder 380 
internal rotation torque as a result of the training. The increase velocity group had a significant 381 
increase in shoulder superior force, while the decrease velocity group had a significant increase 382 
in shoulder adduction torque, and significant decreases in elbow anterior force, elbow 383 
compressive force, elbow flexion torque, and shoulder compressive force. 384 

External rotation was not significantly different at front foot contact, but significantly decreased 385 
at ball release, which may be a novel finding as there is a scarcity of existing literature 386 
concerning changes in external rotation at ball release. This change was present and significant 387 
in the combined and velocity increase group. 388 

Maximum shoulder adduction torque was significantly higher in the post-training group. 389 
Shoulder adduction torque is one of two variables related to elbow valgus torque, along with 390 
maximum internal rotation torque (Sabick et al., 2004). Sabick and colleagues stated that 391 
maximum shoulder adduction torque and maximum internal rotation torque were negatively 392 
correlated with elbow valgus torque, so as those two values increased, elbow valgus torque 393 
tended to decrease. 394 

 Interestingly, in our study, shoulder adduction torque only significantly increased in the group 395 
that lost velocity. The group that increased velocity had an increase in shoulder adduction 396 
torque, but it was not found to be significant.  397 

Previous research has shown mixed results on the relationship between pelvis- and torso-398 
angular velocity and throwing velocity, though none compared pre- and post-training periods 399 
(Matsuo et al., 2001; Young, 2014; Dowling, 2016; Stodden et al., 2001). Theoretically, 400 
increasing the rotational forces of the pelvis and torso allows energy to be transferred from the 401 
trunk to the throwing arm and then to the ball, which should result in higher velocities. 402 
However, our study showed no significant differences in either maximum torso angular velocity 403 
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or maximum pelvis angular velocity in the pre- and post-group analysis. This remained the case 404 
even after splitting subjects into sub-groups of those who increased and decreased velocity.  405 

 These studies would also suggest that peak torso and pelvis velocities play a role in increasing 406 
velocity, but the timing is also vitally important. While the timing of peak torso and pelvis 407 
velocities was not examined in this study, further studies should examine the possible changes 408 
of constraint training and weighted balls of the timing of hip and torso rotation. Transfer of 409 
momentum during throwing is very order-dependent and typically involves a lead leg block 410 
facilitating pelvis and then trunk rotation—the peak pelvis velocity occurs before the midpoint 411 
of the time gap between stride foot contact and ball release while the peak torso velocity 412 
occurs right after said midpoint for maximum kinetic chain efficiency (Seroyer et al., 2010). 413 
Therefore, more research should  be attempted at pre- and post-group analysis not only to look 414 
at hip and torso velocities, but also the timing difference between peak values for the two 415 
respective velocities. 416 

Elbow flexion at ball release did not significantly change, even though a previous study found 417 
significant differences in the angle of the elbow at ball release, depending on ball weight (van 418 
den Tillaar & Ettema, 2004). However, elbow flexion in our study was measured only during 419 
throws with a standardized 5-oz baseball rather than the wide gap of 0.2-kg to 0.8-kg ball 420 
weights that were employed during vadn den Tillaar and Ettema’s study. As such, further 421 
research should be attempted measuring elbow flexion with different weighted baseballs.  422 

It has also been postulated that training with weighted balls increases in external rotation, both 423 
passive and dynamic. Dynamic maximum shoulder ER has been associated with ball velocity 424 
(Matsuo et al., 2001; Werner et al., 2008), but research looking within pitcher variation found 425 
no significant association between maximum external rotation and ball velocity (Stodden et al., 426 
2005). The theory holds that weighted-ball use may result in velocity gains from excess 427 
glenohumeral external rotation, which may be linked to increased elbow valgus load (Aguinaldo 428 
& Chambers, 2009; Sabick et al., 2004). 429 

Although previous research on high-school pitchers did not find a significant correlation 430 
between passive external rotation and pitch velocity (Keller, 2015), other research did see a 431 
significant moderate correlation between passive external rotation and the degree of external 432 
rotation seen in a throw (Miyashita et al., 2008). 433 

It should be noted that the biomechanical measurement of external rotation cannot be 434 
attributed only to changes of the glenohumeral joint. There can be changes in thoracic 435 
extension or scapula position that can affect measurements. In addition, the possibility of 436 
measurement error may also play a role, although the process was standardized in our work 437 
during both the pre and post testing. 438 

Formatted: Space Before:  0 pt, After:  8 pt, Line spacing: 
Multiple 1.08 li



Holistically, our subjects did see a passive range-of-motion increase of 1.7 degrees in the 439 
dominant arm, but the findings were not significant. Having broken up velocity into increase 440 
and decrease groups, we can see the increase group had an increase in external rotation of 2.8 441 
degrees while the decrease velocity group saw an increase of 0.6 degrees. Interestingly, there 442 
were wide swings in the non-dominant arm external rotation. The velocity-increase group saw 443 
an increase in non-dominant external rotation of 7.8 degrees while the velocity decrease group 444 
saw a decrease of 8.6 degrees. This may bring into question what part of the changes in the 445 
dominant arm can be attributed to throwing and what parts can be attributed to non-throwing 446 
work, such as mobility or strength work, as it seems the change in non-dominant ROM came 447 
from mobility or strength work. 448 
Although increased ER in the dominant arm was not statistically significant, it should still be 449 
considered an interesting finding since it has been suggested that humans have adapted to 450 
having more ER in order to better store elastic energy and increase power (Roach et al., 2013). 451 

It has been hypothesized that training with weighted baseballs would result in negative 452 
anatomical pitching effects, such as increased ER. Our findings are interesting because the 453 
range-of-motion results reject said hypothesis of most short- and long-term range-of-motion 454 
studies. 455 

 Many of the pitchers in the study performed training days, which were either bullpens or 456 
training with weighted balls, designed to replicate high-intent pitching. The acute effects of 457 
range-of-motion on weighted balls have not been studied, but there has been research on 458 
acute changes of pitching and bullpens. It has been hypothesized that range-of-motion changes 459 
that occur in the short-term may be exacerbated over the long-term. But the research 460 
conclusions of both short- and long-term ROM changes vary. 461 

 Two studies investigating the acute effects of pitching on range of motion found a loss of 462 
shoulder internal rotation on the dominant arm that was sustained for 24 or 72 hours (Reinold 463 
et al., 2008; Kibler, Sciascia & Moore, 2012). 464 

 Counter to these studies, Freehill et al. (2014) found that a single start resulted in no significant 465 
change in IR but rather a significant increase in passive external rotation after pitching in a 466 
game. 467 

Another study on minor league pitching starts found both a significant decrease in internal IR 468 
rotation, significant gain in external ER rotation, and significant gain in total arm range of 469 
motion (Case et al., 2015). Twenty-four hours after pitching, IR returned to pre-game baseline 470 
while ER was still significantly greater. 471 

Long-term studies examining range of motion have also found conflicting results in internal 472 
rotation and external rotation when compared to our work. Freehill et al. (2011) found a non-473 
significant change in external and internal rotation. This study has a similar sample size (21 474 
pitchers, over 29 individual seasons) compared to the 17 pitchers in our study. Freehill et al.’s 475 
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(2011) study was four months in duration compared to the six weeks in our study. These 476 
pitchers also performed a capsule-stretching program during the season. Stretching programs 477 
have been seen to have positive effects on pitchers, such as reducing the likelihood of a loss in 478 
internal rotation (Lintner et al., 2007). 479 

 Additionally, in a follow up study, Freehill and colleagues found that preseason and postseason 480 
measurements resulted in significantly more ER, significantly less IR, and significantly less total 481 
range of motion (Freehill et al., 2014).  482 

A study on baseball and softball athletes found no change in internal IR rotation over the course 483 
of a season but did find increased external rotation and total range of motion (Dwelly et al., 484 
2009). 485 

These long-term studies align with the acute studies, to the extent that the most common 486 
adaptations to throwing are a loss of internal IE rotation and a gain of external ER rotation, 487 
though the magnitude of change varies. 488 

It is unknown exactly why these long-term studies differ, but it could likely be attributed to 489 
differences in the training program outside of throwing. It should be noted that none of these 490 
long-term studies found a significant increase in internal rotation in the throwing arm.  491 

This could suggest that range of motion is a fluid measurement and hard to pin down to a 492 
discrete value for some individuals. Further research should attempt to examine if there is an 493 
acceptable range of internal and external measurements. 494 

A loss of internal rotation may be caused by the eccentric muscle contraction that occurs in the 495 
posterior shoulder during the follow-through of pitching (Proske & Morgan, 2001). It is possible 496 
that no decreases were seen in our work for dominant arm internal range of motion because of 497 
the daily soft-tissue work that each pitcher completed. Although the exact causes of self-498 
myofascial release are unknown, research has suggested SMR has positive short-term effects 499 
on range of motion without negatively affecting muscle performance (Cheatham et al., 2015). 500 

As mentioned previously, the pitchers had access to instrument-assisted soft-tissue 501 
mobilization (IASTM) on an as-needed basis. Previous research on baseball players found that 502 
some acute ROM losses could be attributed to muscular/rotator-cuff stiffness, and IASTM plus 503 
stretching displayed greater gains in internal rotation than in self-stretching alone (Bailey et al., 504 
2015). The gains in that study were attributed to decreased rotator-cuff stiffness and humeral 505 
retrotorsion, but not joint translation. 506 

More specifically, one study comparing IASTM and self-stretching saw a greater increase in 507 
shoulder internal rotation and total range of motion when compared with self-stretching alone; 508 
which is similar to those found in our study (Bailey et al., 2017). This would suggest that soft-509 
tissue work such as IASTM played a role in the increase in internal rotation and total range of 510 
motion that was seen in our study. 511 



Proske & Morgan (2001) also hypothesized that because injuries can occur from eccentric 512 
exercise, a way to combat injury risk would be to perform an eccentric-exercise program to 513 
strengthen and, therefore, protect the muscles. Eccentric training in this program occurred 514 
while using wrist weights, j-band external and internal rotations, rebounders, and upward 515 
tosses. However, to our knowledge, wrist-weight exercises, and the other exercises, have not 516 
been studied in the literature for their effects on strength or range-of-motion effects. 517 

Similarly, it is unlikely that the use of the Marc Pro EMS device had an effect on range of 518 
motion. It has been suggested that pitchers see reduced blood flow in their throwing arms, and 519 
the Marc Pro is used to encourage blood flow, but that would not likely result in changes in 520 
range of motion (Laudner et al., 2014). A study comparing different recovery techniques found 521 
that EMS resulted in a lower rating of perceived exertion and blood-lactate concentration, but 522 
no change in range-of-motion (Warren, Szymanski & Landers, 2015). It’s unknown whether the 523 
different EMS devices used in the Warren et al. (2015) would result in similar results. 524 

In addition, pitchers also performed daily exercises in the warm-up and throwing program that 525 
are designed to work the posterior shoulder concentrically: specifically, Jaeger band exercises 526 
and reverse throws with PlyoCare balls. The effects that long-term concentric exercise has on 527 
posterior shoulder strength and range of motion have also not been studied. 528 

A previous study found that performing a series of short-duration stretching/calisthenics drills 529 
(titled the Two-Out drill) resulted in short-term deficits in range of motion caused by pitching to 530 
be restored to their pre-pitching levels (Rafael et al., 2017). The post-throwing exercise circuit 531 
used in our study did not contain the same exercises; the exercises in our study was strength-532 
based, not stretching/calisthenic based. However, we do show evidence that possible deficits 533 
created by throwing may return to baseline by stretching or exercise. Further studies should 534 
examine the effect that the post-throwing exercise circuit and the use of concentric and 535 
isometric exercise might have on shoulder range of motion. 536 

A significant increase in internal rotation of the dominant arm may be seen as a positive since it 537 
has been suggested that losses of internal rotation in the throwing arm may lead to a higher 538 
risk of injury (Wilk et al., 2011; Myers et al., 2006; Dines et al., 2009). A study on pitchers in 539 
Japan found a relationship between more IR range of motion in their dominant arms and injury 540 
(Sueyoshi et al., 2017). Sueyoshi et al. included a wider range of athletes (Little League to 541 
college age) than in this study, and younger athletes have been seen to have greater IR ROM 542 
than older athletes, which may have affected the results (Astolfi et al., 2015). The injured group 543 
in Sueyoshi et al. also pitched in more games and more innings than the no-injury group. 544 

The pitchers in both the pre and post measurements of our study would not qualify for either 545 
measurement of Glenohumeral Internal Rotation Deficit (GIRD,) even though the difference 546 
between non-dominant and dominant arms increased (Burkhart, Morgan & Kibler, 2003). This 547 
increase in the difference between internal rotation of the non-dominant and dominant arms 548 
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was driven by larger increases in internal rotation range of motion in the non-dominant arm 549 
than in the dominant arm. 550 

The concept of total range of motion (TROM) has also been introduced to examine whether 551 
differences between arms may lead to injuries (Wilk, Meister & Andrews, 2002). In this study, 552 
TROM saw significant increases in both the dominant and the non-dominant arm. Both arms 553 
saw larger increases in internal rotation compared to external rotation. 554 

Furthermore, neither the pre- or post-ROM measurements qualify for either external rotation 555 
deficit (external rotation at least 5 degrees more in the dominant arm when compared to the 556 
non-dominant arm) or TROM deficit (when TROM of the non-dominant arm is at least 5 degrees 557 
more than that the dominant arm). Pitchers with insufficient external rotation (<5 greater 558 
external rotation in throwing shoulder than non-dominant shoulder) have been seen to be 559 
more likely to have a shoulder injury (Wilk et al., 2015). Pitchers with deficits equal to or 560 
greater than 5 degrees in total rotation in their throwing shoulders compared to their non-561 
dominant arms have been viewed as at higher risk of injuries (Wilk et al., 2014). 562 

It’s unclear from either Wilk et. al if the problem of deficits, by comparing the dominant to non-563 
dominant arm, holds under longer term tracking and possible changes in the non-dominant 564 
arm. For example, a pitcher may qualify for a deficit while having no change of ROM in the 565 
dominant arm but see a significant change in the non-dominant arm. Even though both 566 
dominant and non-dominant TROM gained in this study, the non-dominant arm had a greater 567 
range of motion than the dominant arm post training.  568 

When examining bilateral differences in range of motion over time, researchers should take 569 
note of whether the changes are coming from the dominant or non-dominant arm. Many of the 570 
changes in range of motion are focused on comparing from throwing and the dominant arm, 571 
but significant changes in range of motion in the non-dominant arm, as seen in this study, show 572 
that there can be large changes that don’t come from throwing. 573 

Humeral retroversion was not measured in this study, although this could partially explain the 574 
range-of-motion differences between the dominant and non-dominant arm (Chant et al., 2007). 575 
There is also research suggesting that humeral torsion adaptations occur pre-high school, 576 
suggesting that changes in this study came from soft tissue adaptations (Oyama, Hibberd & 577 
Myers, 2013). Further research examining range-of-motion changes and weighted-ball training 578 
should attempt to measure humeral retroversion, as well as range of motion. 579 
 580 
This study is one of only a few that have included training programs, and as such, there is little 581 
data to compare. The throwing velocity for our group was comparable to other work, with an 582 
average initial pitching velocity of 35.1 +/- 1.8 m/s; Fleisig et al. (2017) had a group of similar 583 
amateur pitchers (n=25) with an average pitching velocity of 34.2 +/- 2.0 m/s. Fleisig et al.’s 584 
study of underweight and overweight baseball throwing showed variations in arm kinetics, 585 
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variations in angular velocities, and relatively small changes in body positions. These changes 586 
could be reflective of reasonable training modalities for pitchers (Fleisig et al., 2017). 587 

Our data also suggests that pitching mechanics can be changed over a six-week training period. 588 
A previous study by Flesig et al. (2017b) found that pitchers can change their mechanics based 589 
off a biomechanical observation over periods of time ranging from 2-48 months. In our study, 590 
the initial screenings were not given to players with specific direction to change mechanics; the 591 
screening was purposefully observatory, yet the aforementioned significant changes in internal 592 
rotation velocity, shoulder abduction at ball release, external rotation at ball release, and 593 
shoulder abduction torque still occurred, indicating a change in individual pitching mechanics. 594 

This paper included fourteen right-handed and three left-handed pitchers. Further research 595 
should examine the differences of weighted-ball training between right- and left-handed 596 
pitchers, as previous research has suggested differences in range of motion, humeral 597 
retroversion, and biomechanics depending on the dominant throwing arm (Solomito, Ferreira & 598 
Nissen, 2017; Werner et al., 2010; Takenaga et al., 2017). It is therefore possible that pitchers 599 
should have different throwing, mobility, and strength programs depending on which arm is 600 
dominant. 601 

Limitations 602 

The pitchers in this study were asked to throw as hard as comfortable on testing days. That, 603 
combined with the unfamiliarity of wearing biomechanical markers, resulted in lower velocities 604 
than what would be seen in a game or training environment. 605 

Range-of-motion measurements were taken during the training period, so there could be 606 
unknown effects from measurements taken at different times. Range-of-motion measurements 607 
were also taken in a way that differs from other studies. Since the same subject measured 608 
every range-of-motion test, the results should be reliable but may not be directly comparable 609 
to other studies. 610 

In addition, not every pitcher in our study had the same training background. Some had been 611 
training in-person at our facility for a few weeks while others were assessed within their first 612 
week. However, the vast majority of participants had previous experience training with 613 
weighted balls so, while hard to quantify, previous training was less of a potential confounding 614 
variable than it might have been for other research questions. 615 

Disclosures 616 

It should be noted that individuals in this training program used training equipment sold out of 617 
Driveline Baseball (Kent, WA), which is owned by one of the primary authors of this study, Kyle 618 
J. Boddy, and followed prescribed training programs out of the aforementioned author’s 619 
published book Hacking the Kinetic Chain. 620 

Conclusion 621 



This study contradicts the original hypothesis, which proposed that a 6-week training program 622 
would increase pitching velocity, arm angular velocities, joint kinetics, and arm range of motion. 623 
There were few changes comparing the pre- and post- groups, most notably there was no 624 
significant increase in elbow valgus or shoulder internal rotation torque and no significant 625 
increase in external rotation of the dominant arm. When sub-groups were created based on 626 
velocity, the velocity increase group had significant increases in internal rotation and elbow 627 
extension angular velocities.  628 

This study contradicts the premise that weighted-implement training leads to rapid gains in 629 
shoulder external range of motion (Reinold, 2017). Literature on the topic of restoring shoulder 630 
internal rotation range of motion is supported (Laudner et al., 2008), but further research is 631 
required into individual modalities that may be contributing to these physical adaptations. 632 

Disclosures 633 

It should be noted that individuals in this training program used training equipment sold out of 634 
Driveline Baseball (Kent, WA), which is owned by one of the primary authors of this study, Kyle 635 
J. Boddy, and followed prescribed training programs out of the aforementioned author’s 636 
published book Hacking the Kinetic Chain. 637 
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