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Variability in Baseball Throwing Metrics
During a Structured Long-Toss Program:

Does One Size Fit All or Should
Programs Be Individualized?

Nels D. Leafblad, MD," Dirk R. Larson, MS,* Glenn S. Fleisig, PhD,$
Stan Conte, DPT, ATC," Stephen A. Fealy, MD," Joshua S. Dines, MD,"
John D’Angelo, BS,* and Christopher L. Camp, MD**

Background: The variability of throwing metrics, particularly elbow torque and ball velocity, during structured long-toss
programs is unknown.

Hypotheses: (1) Elbow torque and ball velocity would increase as throwers progressed through a structured long-toss
program and (2) intrathrower reliability would be high while interthrower reliability would be variable.

Study Design: Descriptive laboratory study.

Level of Evidence: Level 3.

Methods: Sixty healthy high school and collegiate pitchers participated in a structured long-toss program while wearing a
validated inertial measurement unit, which measured arm slot, arm velocity, shoulder rotation, and elbow varus torque. Ball
velocity was assessed by radar gun. These metrics were compared within and between all pitchers at 90, 120, 150, and 180 ft
and maximum effort mound pitching. Intra- and interthrower reliabilities were calculated for each metric at every stage of
the program.

Results: Ball velocity significantly changed at each progressive throwing distance, but elbow torque did not. Pitching from
the mound did not place more torque on the elbow than long-toss throwing from 120 ft and beyond. Intrathrower reliability
was excellent (intraclass correlation coefficient >0.75) throughout the progressive long-toss program, especially on the
mound. Ninety-one percent of throwers had acceptable interthrower reliability (coefficient of variation <5%) for ball velocity,
whereas only 79% of throwers had acceptable interthrower reliability for elbow torque.

Conclusion: Based on trends in elbow torque, it may be practical to incorporate pitching from the mound earlier in the
program (once a player is comfortable throwing from 120 f). Ball velocity and elbow torque do not necessarily correlate
with one another, so a degree of caution should be exercised when using radar guns to estimate elbow torque. Given the
variability in elbow torque between throwers, some athletes would likely benefit from an individualized throwing program.

Clinical Relevance: Increased ball velocity does not necessarily equate to increased elbow torque in long-toss. Some
individuals would likely benefit from individualized long-toss programs for rehabilitation.
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A Multidiisciplinary Approach
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Background: Structured long-toss

- Incorporated in interval throwing programs for:
- Healthy players and those returning from injury
- Programs vary, but many are not individualized

- Goal is typically to apply progressively increased stress to
arm/body in a safe and predictable way

- Results in increased shoulder ROM, arm and torso speed, and arm
torque

- Max-distance throwing results in greatest variation in metrics

- Positive correlation between upper extremity torque and ball
velocity

- Limited data on intra- and inter-thrower reliability in throwing
metrics during long-toss
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Primary Aims
1) Describe the progression of throwing metrics through a

structured long-toss program

2) Quantify the intra-thrower reliability at each stage of
throwing

3) Assess inter-thrower reliability between pitchers
completing the same program
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Hypotheses

1) Elbow torque and ball velocity would both increase
significantly through each stage

2) Intra-thrower reliability would be high while inter-thrower
reliability would be lower
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Methods: Study Design

- 60 healthy high school and collegiate pitchers

- Pre-determined, progressive long-toss program
- 5 throws at 90 ft, 120 ft, 150 ft, 180 ft, and mound FB’s

- Elbow varus torque, ball velocity, arm slot, arm speed, and
shoulder rotation

- Comparisons made between distances

- Intra- and inter-thrower reliabilities were calculated at every
distance

- Only p<0.01 considered significant
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Methods: Measuring Throwing Metrics

- Radar gun measured BALL VELOCITY

- motusBASEBALL sensor measured:
- ARM SLOT
- ARM SPEED
- ELBOW TORQUE
- SHOULDER ROTATION




Pitcher Characteristics

) ( (

(N=28 N=32) N=60)
Age (yrs) 19.7 (1.3) 16.0 (1.2) 17.8 (2.2)

186.8 (6.1) 181.1 (7.8) 183.7 (7.6)
Mass (kg) 89.4 (10.8) 74.1 (12.5) 81.3 (14.0)
Body Mass Index 25.7 (3.3) 22.5 (2.8) 24.0 (3.4)

Handedness

23 (82%) 29 (91%) 52 (87%)
5 (18%) 3 (9%) 8 (13%)
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RESULTS




Metrics at Each Distance

| 90t | 1201t | 1501t | 180t | Mound | pvaue

Arm Slot (°)

Arm Speed (°/s)

Shoulder Rotation (°)

Elbow Torque (N-m)

Ball Velocity (MPH)




Elbow Torque and Ball Velocity

Mean Elbow Torque (N-m) Elbow Torque Range (N-m)
74 120
100 I
" R D 0 [ - —  *Torque increased,
| 3 %0 U then flattened out
40
6 | " after 120 ft
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Intra-Thrower Variability

Compares a thrower to himself (i.e. how consistent is he?)

ICC > 0.75 (excellent) at all distances for elbow torque & ball velocity

Coefficient of Repeatability (lower COR is more reliable)...

12
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o N 0o

Elbow Torque Coefficient of
Repeatability (COR)

LT90" LT LT
120" 150

LT Mound
180'
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Ball Velocity Coefficient of
Repeatability (COR)

LT90" LT LT
120" 150

LT Mound
180'




Inter-Thrower Variability |

- Compares a thrower to others (i.e. how similar is he to everyone else?) 2
-  Coefficient of Variation (CV)
- CV < 5% represents acceptable variability Sl T "
- 1
- For ELBOW TORQUE... T ey T
90 ft Long-toss 120 ft Long-toss | 150 ft Long-toss 180 ft Long-toss
] ] 3 5
3 10 20 30 40 50 ® 3 10 20 30 " 50 60 7 10 20 30 40 50 o 3 1 20 2 20 ..s:o 0
Player Player Player Player

-  79% of pitchers had “acceptable variability” for ELBOW TORQUE
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Inter-Thrower Variability

Mound
- Compares a thrower to others (i.e. how similar is he to everyone else?) 2
. . e >
- Coefficient of Variation (CV) %,
- CV < 5% represents acceptable variability T e
-  For BALL VELOCITY... o m m e
90 ft Long-toss 120 ft Long-toss 150 ft Long-toss 180 ft Long-toss
5 5 z 5
} 1 10 20 3 40 50 60 1 10 20 0 40 50 60 ° 1 10 20 0 40 50 60 ° 1 10 20 30 40 50 60
Player Player Plaver Player

- 91% of pitchers had “acceptable variability” for BALL VELOCITY
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CONCLUSIONS
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Conclusions

- Ball velocity significantly changed at each progressive
throwing distance

- Elbow torque increased, then flattened > 120 ft long-toss

- It may be feasible to incorporate mound throwing earlier in
rehab process (once a pitcher is throwing at 120 ft)

- Intra-thrower reliability for ball velocity and elbow torque was
excellent at each stage (ICC>0.75)




Conclusions

- Inter-thrower reliability was high for ball velocity but somewhat lower for
elbow torque

- 91% of pitchers had acceptable variability for ball velocity
- 79% of pitchers had acceptable variability for elbow torque
- 21% don'’t fit the “norm” and need individualized programming

- Exercise caution when relying on radar gun to estimate elbow torque

- We now have the knowledge and technology for us to move towards
individualizing throwing programs for healthy & rehabbing throwers

- Consider obtaining baseline metrics on pitchers before they are injured
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THANK YOU!

Christopher L. Camp, MD

camp.christopher@mayo.edu

a @ChrisCampMD
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