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Abstract: Introduction: The purpose of this study was to investigate the efficacy of 
patterned neuromuscular electrical stimulation (PENS), a specific type of electrical 
stimulation, as a recovery modality for collegiate pitchers. PENS was compared to active 
recovery (AR) and a cryotherapy control group (C). Methods: 16 healthy, college pitchers 
participated in this study. Each followed their normal throwing program prescribed by 
their pitching coach. Prior to a bullpen, each pitcher underwent the subjective and 
strength assessments (Pre). The parameters evaluated included two subjective 
measurements: perceived soreness (PS) and perceived percent readiness (PPR); as well as 
three strength assessments: shoulder abduction (abd-), shoulder external rotation (ER), 
and shoulder abduction while internally rotated (abd-/IR). Upon completion of the 
bullpen, participants received one of the three recovery modalities. At 24 hours (24P) and 
48 hours post throwing (48P), subjective assessments were repeated, with an assessment 
of strength taken at 24 hours post throwing. Each pitcher went through this process three 
times, until each recovery modality had been performed once. Statistical Analysis: One 
way analysis of variance and paired samples t-tests were performed to evaluate the 
efficacy of each of the three modalities across time, across different measures, and 
against each other. Tukey’s HSD were performed for all significant ANOVAs. Results: 
Significant differences were observed with the subjective measures across time. PS 
increased from Pre to 24P and decreased to near baseline levels from 24P to 48P with the 
C and AR interventions. Perceived soreness decreased from Pre to 24P and again from 
24P to 48P with PENS. Perceived readiness followed a similar trend, decreasing from Pre 
to 24P and increasing to near baseline levels at 48P with C and AR, while PENS returned 
to better than baseline levels at 48P. Strength assessments never achieved significance. 
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 



 



 












 



 

 



 





 



 

 

 



 





 



 

 










 

 



 



 



 



 


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

 

 

 

 






Table 1: Overall Measures x Time 
    Mean SD 95% CI ANOVA 
Perceived Soreness         

Pre 1.42 1.32 1.03, 1.80 F(2,142)=9.41*** 
24P 2.10 1.70 1.61, 2.60 
48P 0.89 0.96 .61, 1.18 

Percent Perceived Readiness       
Pre 93.65 9.61 90.86, 96.44 F(2,142)=12.92*** 
24P 82.73 15.95 78.10, 87.36 
48P 93.55 9.47 90.77, 96.33 

External Rotation Strength+       
Pre 25.71 4.42 24.42, 27.01 F(2,142)=.11 
24P 25.40 4.73 24.02, 26.77 

Combined Internal Rotation and Abduction Strength+     
Pre 25.49 31.76 16.17, 34.82 F(1,94)=1.63 
24P 19.59 4.29 18.34, 20.84 

Abduction 
Strength+         

Pre 21.85 3.87 20.72, 22.99 F(1,94)=.36 
24P 21.37 3.91 20.81, 22.41 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






Table 2: Measures v. Time Tukey HSD 

  Measure 1 Measure 2 Mean Diff. 
Std. 

Error 95% CI 
Perceived Soreness         

Pre 24P -0.68* 0.28 -1.35, -.03 
Pre 48P 0.52 0.28 0.14, 1.19 
24P 48P 1.21*** 0.28 .55, 1.87 

Percent Perceived Readiness       
Pre 24P 10.92*** 2.46 5.08, 16.76 
Pre 48P 0.09 2.48 -5.78, 5.96 

24P 48P -10.82*** 2.48 
-16.69, -

4.95 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in 
these sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 






Table 3: Differences in Measures x Modality 

Modality Mean SD 95% CI ANOVA 
Perceived Soreness       

Control 1.81 1.54 1.27, 2.26 F(2,143)=3.50* 
Active 1.56 1.50 1.13, 2.00 
PENS 1.06 1.17 .72, 1.40 

Percent Perceived Readiness       
Control 86.75 15.16 82.35, 91.15 F(2,143)=3.25* 
Active 89.40 13.62 85.44, 93.35  
PENS 93.40 9.00 90.78, 96.01  

External Rotation Strength+       
Control 25.31 5.29 23.42, 27.23 F(2,95)=.35 
Active 25.37 3.93 23.95, 26.78  
PENS 26.18 4.53 24.55, 27.82  

Combined Internal Rotation and Abduction Strength+   
Control 19.89 4.81 18.15, 21.62 F(2,95)=1.01 
Active 28.06 38.42 6.79, 13.21  
PENS 20.45 4.47 18.84, 22.06  

Abduction 
Strength+         

Control 22.46 4.21 20.94, 23.98 F(2,95)=1.24 
Active 21.03 3.84 19.64, 22.41  
PENS 21.29 3.57 20.00, 22.58  

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 

 

 

 

 

 

 






Table 4: Measures v. Modality Tukey HSD 

  Measure 1 Measure 2 Mean Diff Std. Error 95% CI 
Perceived Soreness       

Control Active 0.25 0.29 -.43, .93 
Control PENS .75* 0.29 .07, 1.43 
Active  PENS 0.50 0.29 -.18, 1.18 

Percent Perceived Readiness       
Control Active -2.65 2.63 -8.87, 3.57 
Control PENS -6.65* 2.63 -12.87, -.43 
Active  PENS -4.00 2.63 -10.22, 2.22 

External Rotation Strength+       
Control Active -.05 1.15 -2.80, 2.70 
Control PENS -.86 1.15 -3.61, 1.89 
Active  PENS -.82 1.15 -3.56, 1.94 

Combined Internal Rotation and Abduction Strength+   
Control Active -7.17 5.63 -20.57, 6.23 
Control PENS -.56 5.65 -13.96, 12.84 
Active  PENS 6.61 5.63 -6.79, 20.01 

Abduction Strength+         
Control Active 1.43 0.97 -.88, 3.75 
Control PENS 1.17 0.97 -1.14, 3.48 

  Active  PENS -.26 0.97 -2.05, 2.57 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 

 

 

 

 

 

 
 






Table 5: Differences in Pre Measurements Across Different Modalities 

    Mean SD 95% CI ANOVA 
Perceived Soreness       

Control 1.56 1.50 .76, 2.36 F(2,47)=.36 
Active 1.19 0.91 .70, 1.67  
PENS 1.50 1.51 .70, 2.30  

Percent Perceived Readiness       
Control 92.19 9.83 85.95, 97.44 F(2,47)=.34 
Active 95.00 8.37 90.54, 99.46  
PENS 93.75 10.88 87.95, 99.55  

External Rotation Strength+       
Control 26.20 1.44 23.14, 29.26 F(2,46)=.15 
Active 25.58 0.98 23.50, 27.65  
PENS 25.34 0.89 23.43, 27.25  

Combined Internal Rotation and Abduction 
Strength+     

Control 20.01 5.21 17.23, 22.79 F(2,46)=.91 
Active 34.11 54.09 5.29, 62.94  
PENS 21.83 3.16 20.72, 22.99  

Abduction 
Strength+         

Control 22.28 4.25 20.01, 24.54 F(2,46)=.18 
Active 21.45 4.27 19.18, 23.72  
PENS 21.83 3.16 20.09, 23.58  

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these sections 
represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 

 

 

 

 

 
 
 






Table 6: Pre Measurements Across Different Modalities Tukey HSD 

  Measure 1 Measure 2 Mean Diff.  
Std. 

Error 95% CI 
Perceived Soreness       

Control Active 0.38 0.47 -.77, 1.52 
Control PENS 0.06 0.47 -1.08, 1.21 
Active  PENS -.31 0.47 -1.46, .83 

Percent Perceived Readiness       
Control Active -2.81 3.45 -11.16, 5.54 
Control PENS -1.57 3.45 -9.91, 6.79 
Active  PENS 1.25 3.45 -7.10, 9.60 

External Rotation Strength+       
Control Active 0.63 1.59 -3.23, 4.48 
Control PENS 0.86 1.62 -3.06, 4.78 
Active  PENS 0.24 1.62 -3.69, 4.16 

Combined Internal Rotation and Abduction Strength+     
Control Active -14.10 11.25 -41.39, 13.19 
Control PENS -2.13 11.44 -29.87, 25.61 
Active  PENS 11.97 11.44 -15.77, 39.71 

Abduction Strength+         
Control Active 0.83 1.39 -2.55, 4.20 
Control PENS 0.44 1.42 -2.99, 3.88 

  Active  PENS 0.38 1.42 -3.82, 3.05 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these sections 
represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 

 

 

 

 

 

 






Table 7: Differences in 24P Measurements Across Different Modalities 

    Mean SD 95% CI ANOVA 
Perceived Soreness         

Control 2.50 1.86 1.51, 3.49 F(2,47)=2.79 
Active 2.50 1.93 1.47, 3.53  
PENS 1.31 0.95 .81, 1.82  

Percent Perceived 
Readiness         

Control 77.50 18.80 67.48, 87.52 F(2,47)=2.65 
Active 81.00 17.17 71.85, 90.15  
PENS 89.69 8.06 85.39, 93.98  

External Rotation 
Strength+         

Control 24.44 4.81 21.88, 27.01 F(2,47)=.84 
Active 25.16 4.07 22.99, 27.33  
PENS 26.58 5.28 23.77, 29.40  

Combined Internal Rotation and Abduction Strength+     
Control 19.76 4.55 17.34, 22.18 F(2,47)=.23 
Active 20.01 4.31 17.71, 22.30  
PENS 19.01 4.24 16.75, 21.27  

Abduction Strength+         
Control 22.64 4.31 20.35, 24.94 F(2,47)=1.26 
Active 20.60 3.44 18.77, 22.43  
PENS 20.88 4.05 18.72, 23.03  

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 

 

 

 

 

 






Table 8: 24P Measurements Across Different Modalities Tukey HSD 

  Measure 1 
Measure 

2 
Mean 
Diff.  

Std. 
Error 95% CI 

Perceived Soreness         
Control Active 0.00 0.58 -1.41, 1.41 
Control PENS 1.19 0.58 -.22, 2.60 
Active  PENS 1.19 0.58 -.22, 2.60 

Percent Perceived Readiness         
Control Active -3.50 5.45 -16.71, 9.71 
Control PENS -12.19 5.45 -25.40, 1.02 
Active  PENS -8.69 5.45 -21.90, 4.52 

External Rotation Strength+         
Control Active -.72 1.68 -4.79, 3.35 
Control PENS -2.14 1.68 -6.20, 1.93 
Active  PENS -1.42 1.68 -5.49, 2.65 

Combined External Rotation and Abduction Strength+     
Control Active -.24 1.54 -3.99, 3.50 
Control PENS 0.76 1.54 -2.99, 4.50 
Active  PENS 1.00 1.54 -2.74, 4.74 

Abduction Strength+         
Control Active 2.04 1.40 -1.34, 5.43 
Control PENS 1.77 1.40 -1.62, 5.15 

  Active  PENS -.275 1.40 -3.66, 3.11 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in 
these sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 

 

 

 

 

 

 






Table 9: Differences in 48P Measurements Across Different Modalities 
    Mean SD 95% CI ANOVA 
Perceived Soreness         

Control 1.38 0.96 .86, 1.89 F(2,46)=6.59** 
Active 1.00 1.03 .45, 1.55  
PENS 0.27 0.46 .01, .52  

Percent Perceived Readiness         
Control 90.56 11.48 84.45, 96.68 F(2,46)=3.02 
Active 92.19 9.99 86.86, 97.51  
PENS 98.20 3.28 96.38, 100.02  

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these sections 
represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 
 

Table 10: 24P Measurements Across Different Modalities Tukey HSD 
  Measure 1 Measure 2 Mean Diff.  Std. Error 95% CI 
Perceived Soreness         

Control Active 0.38 0.30 -.36, 1.11 
Control PENS 1.11** 0.31 .36, 1.86 
Active  PENS 0.73 0.31 -.02, 1.48 

Percent Perceived Readiness         
Control Active -1.63 3.21 -9.41, 6.16 
Control PENS -7.64 3.26 -15.55, .27 

  Active  PENS -6.01 3.26 -13.92, 1.90 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 
 
 
 
 
 
 
 
 
 
 
 

 






Table 11: Differences in Control Measures Across Time 

    Mean SD 95% CI ANOVA 
Perceived Soreness         

Pre 1.56 1.50 .76, 2.36 F(2,47)=2.62 
24P 2.50 1.86 1.51, 3.49  
48P 1.38 0.96 .86, 1.89  

Percent Perceived 
Readiness         

Pre 92.19 2.46 86.95, 97.42 F(2,47)=5.35** 
24P 77.50 18.80 67.48, 87.52  
48P 90.56 11.48 84.45, 96.68  

External Rotation 
Strength+         

Pre 26.20 5.75 23.14, 29.26 F(1,31)=.88 
24P 24.44 4.81 21.88, 27.01 

Combined Internal Rotation and Abduction 
Strength+     

Pre 20.01 5.21 17.23, 22.79 F(1,31)=.02 
24P 19.76 4.55 17.34, 22.18 

Abdution Strength+         
Pre 22.28 4.25 20.01, 24.54 F(1,31)=.06 
24P 22.64 4.31 20.35, 24.94 

 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in 
these sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






Table 12: Differences in Control Measures Across Time Tukey HSD 

  Measure 1 Measure 2 Mean Diff Std. Error 95% CI 
Perceived Soreness         

Pre 24P -.94 0.53 -2.21, .34 
Pre 48P 0.19 0.53 1.09, 1.46 
24P 48P 1.13 0.53 -.15, 2.40 

Percent Perceived Readiness         
Pre 24P 14.69* 4.92 2.75, 26.62 
Pre 48P 1.63 4.92 -10.31, 13.56 

  24P 48P -13.06* 4.92 -24.99, '-1.13 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






Table 13: Differences in Active Measures Across Time 

    Mean SD 95% CI ANOVA 
Perceived 
Soreness         

Pre 1.19 0.91 .70, 1.67 F(2,47)=5.70** 
24P 2.50 1.93 1.47, 3.53  
48P 1.00 1.03 .45, 1.55  

Percent Perceived Readiness       
Pre 95.00 8.37 90.54, 99.46 F(2,47)=5.67** 
24P 81.00 17.17 71.85, 90.15  
48P 92.19 9.99 86.86, 97.51  

External Rotation Strength+       
Pre 25.58 3.90 23.50, 27.65 F(1,31)=.09 
24P 25.16 4.07 22.99, 27.33 

Combined Internal Rotation and Abduction 
Strength+     

Pre 34.11 54.09 5.29, 62.94 F(1,31)=.1.081 
24P 20.01 4.31 17.71, 22.30 

Abduction 
Strength+         

Pre 21.45 4.27 19.18, 23.72 F(1,31)=.39 
24P 20.60 3.44 18.77, 22.43 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






Table 14: Differences in Active Measures Across Time Tukey HSD 

  Measure 1 Measure 2 Mean Diff Std. Error 95% CI 
Perceived Soreness         

Pre 24P -1.31* 0.48 -2.49, -.14 
Pre 48P 0.19 0.48 -.99, 1.36 
24P 48P 1.50** 0.48 .33, 2.67 

Percent Perceived Readiness       
Pre 24P 14.00** 4.40 3.34, 24.66 
Pre 48P 2.81 4.40 -7.85, 13.48 

  24P 48P -11.19* 4.40 -21.85, -.52 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in 
these sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






Table 15: Differences in PENS Measures Across Time 

  Measure Mean SD 95% CI ANOVA Results 
Perceived Soreness         

Pre 1.50 1.51 .70, 2.30 F(2,46)=5.92** 
24P 1.31 0.95 .81, 1.82  
48P 0.27 0.46 .01, .52  

Percent Perceived 
Readiness         

Pre 93.75 10.88 87.95, 99.55 F(2,46)=4.26* 
24P 89.69 8.06 85.39, 93.98  
48P 98.20 3.28 96.38, 100.02  

External Rotation 
Strength+         

Pre 25.34 3.45 23.43, 27.25 F(1,30)=.59 
24P 26.58 5.28 23.77, 29.40 

Combined Internal Rotation and Abduction 
Strength+     

Pre 22.14 4.37 19.72, 24.56 F(1,30)=4.11 
24P 19.01 4.24 16.75, 21.27 

Abduction Strength+         
Pre 21.83 3.16 20.09, 23.58 F(1,30)=.54 
24P 20.88 4.05 18.72, 23.03 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in these 
sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






Table 16: Differences in PENS Measures Across Time Tukey HSD 

  Measure 1 Measure 2 Mean Diff Std. Error 95% CI 
Perecived Soreness 

Pre 24P 0.19 0.38 -.73, 1.11 
Pre 48P 1.23** 0.38 .30, 2.17 
24P 48P 1.05* 0.38 .11, 1.98 

Percent Perceived Readiness         
Pre 24P 4.06 2.87 -2.90, 11.02 
Pre 48P -4.45 2.92 -11.53, 2.63 

  24P 48P -8.51* 2.92 -15.59, -1.44 

+ Indicates measures recorded using Keiser pneumatic cable machine. Numerical values in 
these sections represent pounds per square inch (PSI).  

* p<.05 
** p<.01 
*** p<.001 

 

 

 






CHAPTER V 
 

 

DISCUSSION 

 

 

 














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






























































 



 


















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