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This study assesses the effectiveness of an innovative shoulder training and rehabilitation 

device, the Rotr 1. The device uses mechanically created motion to disturb the balance of 

muscular forces around the shoulder, thereby facilitating dynamic training of the muscles. 

The hypothesis is that random disturbances provided by the device would potentially in-

crease shoulder muscle activation as users try to resist the device’s motion. To test the ef-

ficacy of the device, shoulder muscle activation from two groups (ten non-athletes and 

seven athletes), was assessed in three different shoulder positions and four different exer-

cise conditions (aka configurations). Muscle activation of seven different shoulder mus-

cles was recorded using electromyography (EMG). 3D motion capture was used to ensure 

repeatability of the positions during testing. ANOVA was done to assess the differences 

in muscle activation across groups, positions and exercise conditions. This device has the 

potential to improve performance and rehabilitation of overhead athletes, by increasing 

the body’s ability to effectively react and protect the shoulder. 
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Chapter 1: Introduction 

According to the 2016 United States Bureau of Labor report, approximately 32 shoulder 

injury cases were reported per 10,000 full time employees, equating to a median of 26 

days away from work – more than double any other body part [1]. A 2006 national com-

parative study of US high school athletic trainers revealed that the shoulder joint was the 

most prevalent injury for both males and females across 9 different sports resulting in ap-

proximately 44% of the injured players missing multiple weeks of playing time [2]. Addi-

tionally, the CDC reported in 2015 that shoulder issues (pain, rotator cuff, etc.) equated to 

approximately twelve million orthopedic visits [3]. Clearly, the shoulder has been and re-

mains a part of the body that is prone to injury and causes numerous lost days of work 

and school within the United States.  Yet shoulder strengthening and rehabilitation inno-

vations have been a stagnant area of clinical research yielding only a few known pub-

lished articles within the past five years (our search in Scopus and PubMed resulted in 

less than five publications). These studies focused on post-surgery individuals’ rehabilita-

tion applications, quantifying muscle activities and best current rehabilitation/strengthen-

ing exercises [1] [2] [4] [5]. Additionally, current rehabilitation devices such as the Body-

blade [4] or resistance bands [5], do not allow injured or weaker athletes proper strength-

ening or rehabilitation. This is due to the patient’s limited strength, which may lead to a 

longer or incomplete rehabilitation time. The focus of this thesis document is to 1) dis-

cuss biomechanics of shoulder injuries in overhead sports athletes, 2) introduce a 

strengthening and rehabilitation technology and 3) present a comprehensive study of one 
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innovation, ROTR 1, that is designed to reactively strengthen [6] the muscles of the 

shoulder using a mechanized system. 

Shoulder Injuries in Athletes of Overhead Sports 

The shoulder joint sacrifices stability for extreme rotational and multi-directional transla-

tional degrees of freedom [7] [1].  The shoulder muscle complex - a set of muscles in and 

around the shoulder -interacts in a synchronized fashion to support, stabilize, and coordi-

nate strong and precise actions as shown in Figure 1 [8]. In overhead throwing activities, 

co-contraction of the shoulder muscle complex provides power for the action and also de-

creases the likelihood of injury [9].  Improper co-contraction of the muscles during activ-

ity can cause variation in motor control, flexibility, and endurance, among others, and is 

the most probable cause of injury to the shoulder complex [10] [11]. The overhead throw, 

which is the most invasive overhead activity, places angular velocities reaching 7250°/s 

and shear forces equating to about 50% of body weight, which can result in severe and 

lasting injuries [11].  Common shoulder injuries in overhead throwing athletes include 

chronic anterior subluxation, rotator cuff tears, and labrum tears (or SLAP tears) [12].  

Common to each of these injuries are anterior and posterior glenohumeral instability, 

which leads to excessive translational motion of the joint [12].  Due to the severity of 

these injuries, most athletes require surgery then rehabilitation or consistent rehabilitation 

exercises to prevent further damage. Wilk et al. identifies four distinct phases of the reha-

bilitation process that are necessary for proper and effective strengthening.  The four 

phases include, normalizing shoulder mobility, creating a functional scapular base, dy-
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namic stability, and attaining proper function [11].  Any alteration in shoulder biome-

chanics or shoulder complex dysfunction requires rehabilitation and strengthening to re-

turn to proper range of motion, stability, and fully functional movements. 

 

Figure 1. The phases of the baseball pitch.  Adapted from Bradley and Tibone to illustrate the co-contraction of the 

musculature needed in this movement. 

Biomechanics of The Overhead Throwing Activity 

Classification of the stages of the overhead throw is usually modeled after a baseball 

pitcher’s motion due to the extreme angles and stresses that is placed on the shoulder and 

arm (figure 1). Studies on shoulder kinetics and kinematics during a pitch have concluded 

that the phases of the pitch always follow the same progression: wind-up, stride, arm clock-

ing, arm acceleration, arm deceleration, follow through [13] [14] [15]. Fleisig et al. then 

quantified the angles and angular velocities for each phase of the pitch. It was found that 

the kinetics and kinematics of the arm are relatively similar when compared across sub-

jects; thus, allowing for constant generalized angles and forces for each phase of the pitch-

ing motion. The deltoid muscles are co-contracted most during the wind-up and decelera-

tion motions of the arm [15]. The middle range of the progression incorporates extensive 

work from the dynamic stabilizers of the shoulder. The main components of this is the 

rotator cuff (supraspinatus, infraspinatus, teres minor, and subscapularis), bicep, triceps, 
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pectoralis major, latissimus dorsi, and the trapezius muscles [15].  The pitching motion is 

a robust movement that incorporates the entire body to be properly executed. These eight 

muscles, which experience the most force during the pitching motion, were studied for this 

thesis project based on the findings of Fleisig et al. and Escamilla et al.  

Strengthening and Rehabilitation Technology 

The Bodyblade (BB) is a commonly used device that utilizes oscillatory motion, provided 

by the user, for strengthening and rehabilitation applications [4].  Physical therapists have 

used this device for enhanced functional stability, improved endurance, increased strength, 

amongst other things [16].  The theory behind BB and similar oscillating devices’ theory 

has not been studied in any known publications.  Escamilla et al. describes the use of the 

BB as an oscillating pattern that can be used in various positions [4]. The oscillation and 

movement patterns of the BB is used to activate the muscles of the shoulder complex. The 

movers (pectoralis major, latissimus dorsi, and deltoid) and stabilizers (rotator cuff, bicep 

and triceps) are worked when the BB is used for prolonged periods of time [4]. The oscil-

lating patterns of the BB is controlled by the user creating the oscillation then keeping it in 

a static equilibrium position for prolonged periods of time [16]. Even though the BB has 

been in use for more than two decades, scientific support for the efficacy of the device isn’t 

present [4].   There is some scientific evidence that BB increases muscular activity in the 

shoulder complex [2] [17], but it is unknown if the BB affects the co-contraction patterns 

in the shoulder complex (our searches in Scopus and PubMed only resulted in two publi-

cations). 
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Similarly, shoulder stabilization, strengthening, and rehabilitation techniques using elastic 

resistance bands or weighted resistance balls have very little scientific backing from elec-

tromyographically (EMG) data, with only one publication specifically quantifying EMG 

data for resistance band exercises [5].  Often, resistance exercises using elastic bands are 

performed as isometric exercises to isolate muscles and provide a safe, controlled exercise 

routine.  To optimize elastic therapy bands, proper knowledge of the physiological and 

material characteristics is necessary [18].  Meyers et al found that none of the 12 resistance 

band exercises tested resulted in moderate (>20% MVIC) activation for all 9 muscles tested 

[5].  Instead a regimen of seven different exercises must be performed to moderately acti-

vate all the muscles important for the throwing motion [5].  Optimally performing these 

exercises requires supervision from an athletic trainer or physical therapists, making these 

exercises time and resource consuming.  Both the BB and elastic resistance devices target 

a very specific niche and require space and expertise to optimize the use. Additionally, 

overhead throwing athletes require improved dynamic (i.e. during activity) stabilization.  

Static rehabilitation systems, like BB and elastic resistance bands, are being replaced by 

dynamic resistance exercises forcing the user to react during action, increasing their per-

formance and decreasing the likelihood of injury. Reactive strengthening, the ability for 

the body to change quickly from an eccentric to a concentric contraction, is shown to ef-

fectively increase performance in activities such as basketball and sprinting [6].  This 

strengthening technique focuses on proper muscular contraction during action (i.e. dy-

namic control) to produce the maximum force and protection for the joints. There is a 

need to develop strengthening and rehabilitation devices that focuses on reactive 
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strengthening and proper muscle recruitment to maximize performance and joint protec-

tion, which is required for overhead throwing athletes.   

Though some devices are being created for dynamic resistance exercises, none have been 

marketed for the shoulder.  The concept of resisting an induced perturbation of the shoulder 

complex is used in few current strengthening/rehabilitation devices [2] [4].  These devices 

utilize static conditions to activate the shoulder muscles – the user must drive the device 

back and forth to be effective. They may not be effective in meeting the dynamic shoulder 

stabilization needs for these athletes. 

In this study, an innovative device, Rotr 1 (provisional patent number 62662862), was 

created to use dynamic, mechanically created oscillations to disturb the balance of mus-

cular forces around the shoulder. Devices like the BB also require users to provide me-

chanical oscillations, then react to the error in the system (the created oscillations).  How-

ever the error in the system created by the BB is user-induced, making it not as effective 

because the user must act then react to the stimuli. Also, user-induced method of ‘act then 

react’ has an in-built predictability of the incoming error signal. The neuro-muscular sys-

tem responds best to learning from unpredictable errors brought upon it that disturbs its 

equilibrium. The body’s ability to react to an incoming unfavorable, unpredictable situa-

tion will ultimately determine its protection from injury. 

The innovative device, Rotr 1 creates a random (thus unpredictable) force (thus unfavor-

able), via motor driven oscillations that the user must keep in an equilibrium state.  The 

main goal of the Rotr 1 is to use a reactive style of strengthening of the shoulder complex 

that increases the body’s ability to adapt and protect the shoulder in various situations. 
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The proposed dynamic shoulder strengthening device, the Rotr 1, uses the same princi-

ples as the current devices on the market, but eliminates the need for user input to pro-

duce a quasi-static position.  The main goal of this rehabilitation device is to elevate per-

formance of shoulder complex muscles during any overhead activities, by increasing the 

body’s ability to effectively react and protect the shoulder during action by proper muscle 

recruitment. 

Uniqueness of the Rotr 1 

The Rotr 1 uses a spinning center disk, whose angle of rotation is changed causing a ‘jerk’ 

that induces the perturbation.  The uniqueness of this device is that it eliminates the need 

for the user to drive the device.  By eliminating the user-induced method of ‘act then react’, 

the device will allow for concentrated muscular activation to unpredictable forces, without 

the conscious effort drive the device.  

I tested this device through complex research design that investigates the effects of me-

chanically induced perturbation by the Rotr 1, in various shoulder positions, in both ath-

letes and non-athletes.  This study will benefit athletes and trade workers improve their 

shoulder strength in an easy to use, compact, and portable device (Rotr 1).     

This project contained two sub-studies: mechanical testing of the Rotr 1 and the physio-

logical (EMG) testing of shoulder muscles while using the Rotr 1. The specific aims of the 

mechanical testing of the Rotr 1 were: 

1. To capture the accelerations created by the jerk of the Rotr 1 in the x, y, and z 

directions. 

2. To calculate the force produced by the Rotr 1 based on the captured accelerations. 
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3. To establish repeatability and reproducibility of the Rotr 1’s generated jerk. 

Three questions were then posed to test the physiological implications of the Rotr 1:  

1) Does training (athletes) affect the change in muscular drive when using the device?   

2) Does the jerk of the device change the drive of the muscles of the shoulder com-

plex?  

3) Does the position of the arm affect the change in drive of the muscles, brought by 

the jerk of the device?  

It is hypothesized that:  

1) Athletes will have lower muscular activity overall compared to non-athletes due to 

their increased motor control from sports training.   

2) The device will increase shoulder muscle activity when subjects resist the device’s 

produced jerk.   

3) The shoulder muscle activation (as measured by EMG) will change according to 

the position of the arm.   

Answering the proposed mechanical and physiological aims will assess the body’s ability 

to reactively support the shoulder and the Rotr 1’s ability to actively contribute to this type 

of dynamic, reactive training.   

All the following chapters are arranged in the same order, first information about Rotr 1 

mechanical testing then physiological testing of shoulder muscles while using the Rotr 1 

will be presented.  So, in chapter 2, the Rotr 1 will be first introduced and detailed, then 

the physiological testing including the subjects, testing methodology, and data analysis will 
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be detailed.  In chapter 3, the results of the mechanical testing will be first detailed, then 

the motion capture data and EMG testing will be detailed.  Finally, in chapter 4 the results 

of mechanical testing and basic theory of the device will be first discussed, followed by 

discussion of physiological testing.  Then, results, conclusions made, and future consider-

ations will be discussed.  
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Chapter 2: Methodology 

The Device, Rotr 1 

A mechanically controlled, dynamic shoulder strengthening and rehabilitation device, 

The Rotr 1 (seen in figure 2) was designed and manufactured to cause mechanically de-

rived random motion that the user must react to and resist. Since the motion is random, 

the user is training the reactive capabilities of their shoulder muscles, increasing their 

body’s ability to efficiently protect the shoulder joint.  Reactive training is a term usually 

associated with plyometric and lower body training in sports such as soccer [6].  It is a 

subset of normal training regimens that require the body to generate stabilizing forces in-

stantaneously to respond to a demand placed on the body.  Lower body reactive programs 

are well supported and backed with various machines; whereas, upper body reactive 

training routines are scarce and hardly used. The study of reactive shoulder strengthening 

and rehabilitation devices are a new and under research area.       
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The outer shell of the Rotr 1 was designed in a ball-like shape for better grip.  The overall 

diameter of the shell is about 6 inches and is held together with screws.  The central disk 

was designed to have varying and interchangeable weights. The interchangeable weight 

was added to the disk using bearings (4, 5, and 6 bearings were considered). The disk 

with 5 bearings was empirically chosen to give the best combination of spin speed and 

weight.  A metal shaft was fitted into the center of the disk. Using a universal coupling, 

the disk was connected to the brushless motor.  A smaller ‘control disk’ connected the 

servo motors to the weighted disk through custom control arms. A brushless motor con-

trolled the spin of the disk via an ESC programmed to a microcontroller. The servo mo-

tors controlled the change in pitch of the disk with a maximum angle change of 30 de-

grees. The system was hardwired to a breadboard and controlled by a microcontroller. 

The system was powered through the ESC’s battery connection. The speed of the brush-

less motor and pitch of the servo motors were controlled using two potentiometers.   

Mechanical Testing  

To test the force produced by the device, an accelerometer was affixed to the device and 

suspended from a rope to dampen the vibration produced.  A pilot test of fifteen trials 

was collected.  Each trial collected data for three seconds (200 samples per second) and 

one ‘jerk’ was performed at the two second mark.  In R (R Core Team 2013), the data 

was full wave rectified and the RMS is taken using a moving window to smooth out the 

signal and remove noise.  The peak acceleration was extracted from the data and im-

ported to Excel.  In Excel, the force was calculated in newtons using the device’s weight 

(0.5 kg) and the peak accelerations extracted from the data.  Then, using the conversion 

factor of 0.225 lbf/1N, the pounds-force was found for each trial’s x, y, z direction.  A 
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Gage R&R was used as a preliminary study to assess the inherent variation within the 

system.  A Gage R&R was performed to validate preliminary data sets, check for calibra-

tion requirements, and assess the capability of the measurement system.  The results of 

this Gage R&R will validate our testing apparatus and procedure, as well as, suggest im-

provements for further testing.  The Gage R&R was performed on the calculated pound-

force values to assess the significance between each trial and direction, then find the re-

producibility, and reliability percentages of the values. 

Physiological Testing 

This study involved repeated electromyographical (EMG) measurements of eight muscles 

around the shoulder in random arm positions with various configurations. Innovative 

technology involving external mechanically produced perturbation and isometric contrac-

tion of the shoulder complex was used. 

Participants 

A total of seventeen healthy volunteers, 10 non-athletes and 7 athletes, without any current 

or previous shoulder injuries, past surgeries, or any possible ailments that may change the 

biomechanics of the shoulder participated in the study.  All participants were recruited from 

the general student body at The University of the Pacific.  This study was approved by the 

University’s institutional review board (IRB) and each participant gave written informed 

consent prior to participation. 

Materials  

Subjects were asked to wear comfortable shorts, no shoes, and no shirt (sports bra for fe-

males).  The electrode placement areas were prepped by shaving and abrading prior to 
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placement of the electrodes.  Eight wireless Delsys electrodes were placed parallel to the 

fibers of each muscles studied on the subject’s dominant side adapted from Criswell et al 

[19]. 

Prior to each subject’s arrival, calibration of the motion capture system was performed to 

block visible markers and set a new z-axis.  Once all electrodes were placed on the body, 

each subject was dressed in the motion capture suit, head cap, and booties.  37 baseline 

markers were placed on the suit as detailed in the OptiTrack manual.  A 3D skeleton was 

created using Motive motion capture software before the study was started.  The “T posi-

tion” was used for calibration of the 3D system throughout the study. 

Procedure 

The device was tested in three different positions (figure 2).  The positions were chosen to 

represent the progression of the throwing motion.  In each position, four configurations 

were tested to determine the efficacy of the device (table 1).  The subject had no prior 

knowledge or use of the device prior to starting the study.  All exercises were performed 

seated with their feet firmly planted on the floor.  The test administrator instructed the 

subjects of the proper use of the device – relaxing the hand and forearm allowing the device 

to move the entire arm – and supervised proper use during the study.  All trials were per-

formed in a single hour session. 

Once the MVIC was completed, the subject was instructed on the use of the device and the 

system was recalibrated if needed.  The device was demonstrated to each subject by the 

test administrator; however, subjects were not allowed to handle the device in any way 

prior to the start of testing.  The subject was then shown the three positions used in the trial 
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(figure 3) and instructed to practice each position before beginning the test.  Each subject 

was instructed to do their best to return to the same positions each time during the study, 

using visual and memory cues.  Subjects were then instructed to assume a random posi-

tion/configuration  (table 1) by the test administrator.  The test administrator provided a 

random ‘jerk’ intensity for each trial to avoid learning or any bias from the subject or ad-

ministrator.  A total of 12 position/configuration set ups were used and a total of 3 trials 

were performed for each set up.  Each trial lasted 10 seconds with a 30 second rest in-

between trials. 

 

 

1 2 3 

Figure 3: Arm positions labeled next to each figure.  In each position, four configurations were used to test the effectiveness and input 

strength necessary to use the device.  The data collected from each configuration are then compared between each over using ANOVA 

analysis. 

Figure 3. Arm positions labeled next to each figure.  In each position, four configurations were used to test the effective-

ness and input strength necessary to use the device.  The data collected from each configuration are then compared 

between each over using ANOVA analysis. 
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Table 1. Position and Configuration set up.  This matrix was used to randomize trials during data collection. 

 Position 1 Position 2 Position 3 

Configuration 1 Without Ball Without Ball Without Ball 

Configuration 2 With Ball With Ball With Ball 

Configuration 3 With Ball On With Ball On With Ball On 

Configuration 4 With Ball On + Ac-

tive Resist 

With Ball On + Ac-

tive Resist 

With Ball On + Ac-

tive Resist 

 

Maximum Voluntary Isometric Contraction (MVIC) 

Once the electrodes were placed on the subject and the motion capture system was cali-

brated, the subject was instructed to sit on a low, no-back stool.  Maximum voluntary iso-

metric contraction (MVIC) data was collected for each muscle as described by the Center 

for Disease Control (CDC) [20].  Subject was instructed to give their maximum muscular 

contraction for 10 seconds, then 30 seconds of rest was given to minimize the effect of 

fatigue.  The MVIC for each subject was performed in the same order: anterior deltoid, 

middle deltoid, posterior deltoid, bicep brachii, triceps brachii, pectoralis major, latissimus 

dorsi, and middle trapezius.  

Data analysis 

Motion Capture Processing 

Motion capture data was exported as x, y, z positional data points for all 37 markers used 

in each trial.  The markers’ positional data of the proximal and posterior shoulder, proximal 

arm, elbow, wrist and hand of the dominant arm for each subject was extracted using R.  

The data from each subject’s individual markers was full wave rectified (absolute value of 
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all data points taken).  The rectified data was then organized by positional group-

ing/marker/orientation (e.g. all subjects positional data for position 1/top shoulder/x orien-

tation, position 1/top shoulder/y orientation, etc.).  The standard deviation for the positional 

data points of the organized data sets was calculated and the percentage of points within 

one standard deviation of the mean was used to indicate the positional accuracy between 

athletes and non-athletes. 

EMG Processing 

The raw EMG signal was full-wave rectified and smoothed with a 10 ms moving window 

over the duration of the 10 second trial.  The maximum value of the rectified signal was 

extracted and normalized as percent max of MVIC.  Configuration 1, from the table above, 

was used as my ‘baseline’ muscle activity and my starting point for comparison.  A sample 

progression of EMG processing can be found in appendix A Figure 10. 

EMG Statistical Analysis 

A two-way nested ANVOA was employed (p < 0.05) to assess if the interaction was be-

tween or within position and configuration.  A one-way Kruskal-Wallis analysis of vari-

ance (ANOVA) was employed (p < 0.05) to assess the difference amongst the four config-

urations for each subject.  A two way (2 x 2) fixed measures ANOVA was employed (p < 

0.05) to assess the difference amongst the three positions.  Tukey HSD post-hoc analysis 

was employed to assess the pairwise comparisons and identify the differences.  
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Chapter 3: Results 

Mechanical Testing 

It was found that there was no significant difference between trials, but significance be-

tween directions.  This indicates that the device was creating a significant but constant 

acceleration in the x, y, and z direction for all the 15 pilot trials.  The repeatability of the 

device was found to be 63.7% and the reproducibility was found to be 77.1%, shown in 

table 2.  These values suggest that the Rotr 1’s force output is random yet consistant – a 

favorable result.  The repeatability was low because the ‘jerk’ is provided by the test ad-

ministrator and could be made more consistent if it was automated.  The device outputted 

approximately 1.6 lbf without the ‘jerk’ caused by the precession of the center disk.  The 

‘jerk’ produced between 4.97 lbf and 11.4 lbf.     

Table 2. ANOVA and Gage R&R results.  There was no significance between trials, but significance 

between the directions suggesting the randomness, yet consistency of the force output of the Rotr 

1. 

 
SS df MS F p-value sig 

Trial 19.24408 14 1.374577 0.911604 0.557487 no 

Direction 69.20669 2 34.60334 22.94854 1.26E-06 yes 

Repeatability 63.70% 

Reproducibility 77.10% 

 

Physiological Testing 

The mean (±STD) height, weight, and age for the entire group was 66.8±4.3 in, 148.6±35.6 

lb, and 21.2±1.7 years.    Athletes were found to have higher positional accuracy (~87% 



32 

 

position markers within one standard deviation of mean) than non-athletes (~82% position 

makers within one standard deviation of mean), see figure 4. 

The interaction between the fixed variable, position, and the random variable, configura-

tion, was assessed before the interaction within each variable (shown in table 3).  The an-

terior deltoid (P=.922), middle deltoid (P=.886), posterior deltoid (P=.999), biceps brachii 

(P=.999), triceps brachii (P=999), and latissimus dorsi (P=.988) show no significance be-

tween position and configuration; however, the pectoralis major (P=.0006) showed signif-

icance between the variables.   

The non-athletes showed a greater percent activation than the athletes in six of the seven 

muscle groups tested and their corresponding positions/configurations (Figure 5).  Simi-

lar trends were found for other muscle groups tested; except pectoralis major for which 

non-athletes showed less percent activation (see appendix A figure 11 and 12).  Further 

investigation of the male and female data showed that the average percent activation was 

similar for both genders in the two groups athletes and non-athletes (e.g. all male non-

athletes had similar percent activation).   

Samples of male (figure 6) and female (figure 6) data are presented with progressing con-

figurations on three different muscles and all three positions.  A trend of increasing percent 

activation is seen between configurations.  The magnitude of percent activation between 

configuration 1 (control) and configuration 4 (working against device) are similar for all 

trials (~0.1% increase).  This increase in percent activation, however, was not statistically 

significant (alpha=0.05) using Kruskal-Wallis and two-way ANOVA analysis.  A similar 

trend was found in all other muscles except for the pectoralis major and posterior deltoid 

(see appendix A figure 13 and 14).   
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Positional accuracy was found to be extremely important due to the difference in percent 

activation in muscular activation between positions (figure 7).  Two samples (middle and 

posterior deltoid) are used to show an approximate 20% difference in activation of the 

muscles between positions one and three.  A similar trend was found for other muscle 

groups and positions, except male and female athlete’s latissimus dorsi and triceps (see 

appendix A figure 15 and 16).        

Table 3. Nested ANOVA results showing the pectoralis major as the only muscle group that was 

significant between position and configuration.  The other muscle groups showed no significance. 

 Alpha 0.05  
Muscle SS df MS F p-value sig 

Pectoralis Major 1.91632 44 0.043553 2.088143 0.000607 yes 

Anterior Deltoid 4.787561 44 0.108808 0.691394 0.92168 no 

Middle Deltoid 1.183345 44 0.026894 0.730846 0.88561 no 

Posterior Deltoid 3.22856 44 0.073376 0.196924 1 no 

Bicep 0.364021 44 0.008273 0.379592 0.999821 no 

Triceps 1.119834 44 0.025451 0.424787 0.999278 no 

Latissimus Dorsi 2.158361 44 0.049054 0.547083 0.988963 no 
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Chapter 4: Discussion 

The Rotr 1 

Reactive strengthening, the ability for the body to change quickly from an eccentric to a 

concentric contraction, is a technique used to effectively increase performance in activities 

such as basketball and sprinting [6].  This strengthening technique focuses on proper mus-

cular contraction during action to produce the maximum force and protection for the joints. 

Current shoulder strengthening and rehabilitation devices, however, aren’t focused on 

proper muscle recruitment to maximize performance and protection.  I have designed and 

manufactured a mechanically controlled, dynamic shoulder strengthening and rehabilita-

tion device, The Rotr 1 (seen in figure 8).  This device causes a mechanically derived ran-

dom motion that the user must resist.  Since the motion is random, the user is training the 

reactive capabilities of their shoulder muscles, increasing their body’s ability to efficiently 

protect the shoulder joint.        

  

Figure 8. Final assembly of the device used for testing.  The wired connection is soldered directly 

to the motors and leads to the breadboard. 
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The outer shell was designed in a ball-like shape to make it easy to hold.  The first 3D 

printed prototype was a perfect sphere, which was hard to grip.  Instead, the finalized de-

sign had a flat top and bottom portion, while maintaining the ball-like shape.  This made it 

possible to mount the motors easily to the base and provides the user ample grip while 

using the device.  The overall diameter of the shell is about 6 inches and is held together 

with screws. 

The central disk was designed to have varying and interchangeable weights.  The inter-

changeable weight was added to the disk using bearings (4, 5, and 6 bearings were tested).  

The disk with 5 bearings was chosen empirically to give the best combination of spin speed 

and weight.  A metal shaft was fitted into the center of the disk.  Using a universal coupling, 

the disk was connected to the brushless motor.  A smaller ‘control disk’ connected the 

servo motors to the weighted disk through custom control arms.  A brushless motor con-

trolled the spin of the disk via an ESC programmed to a microcontroller.  The servo motors 

controlled the change in pitch of the disk with a maximum angle change of 30 degrees. 

The system was hardwired to a breadboard and controlled by a microcontroller.  The sys-

tem was powered through the ESC’s battery connection.  The speed of the brushless motor 

and pitch of the servo motors were controlled using two potentiometers.  The potentiome-

ters send a value (0 to 1068) to the microcontroller, which corresponded to the speed or 

pitch of the motors respectively.  Currently, the device is controlled manually, but future 

iterations of the device will have preset ‘levels’ that will control the speed and pitch auto-

matically, so the user only needs to react to the device to use it. 
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The Rotr 1 works by providing a force for the user to resist against.  The center disk spin-

ning around a fixed axis creates an angular acceleration which causes the device to precess 

around the fixed axis.  The precession causes a force to be created in the x/y planes that is 

felt by the user as vibration (see figure 9).  The change in pitch of the axis causes the force 

to be applied in the direction of the axis change.  The disk takes approximately one quarter 

of a second to change its pitch a return to the neutral axis point.  This creates a ‘jerk’ like 

motion that produces force in the direction of the pitch change.  Since the change in pitch 

is random, the direction of the force changes randomly and is felt in all three dimensions 

by the user. 

 

Figure 9. The center disk (orange piece) rotates around the metal center shaft which causes a 

precessing force.  The change in pitch of the disk causes a force to be produced that the user must 

react against in the x/y planes. 

X 

Y 
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Physiological Testing 

Data collected from two subjects, one female non-athlete and one male non-athlete, was 

not used for data analysis because the subject’s demographic did not match the average of 

the control and experimental groups.  The muscle activation and MVIC values for these 

subjects appeared to be outliers from the group.  This could be due to muscle cross-talk 

(given the subject’s lean body mass) or unfamiliarity with muscular control during exer-

cise.  Likewise, I excluded analysis of the middle trapezius muscle due to inconsistency in 

the MVIC data amongst the subjects.  The data showed that many of the subjects (both 

athletes and non-athletes) exhibited limited voluntary contraction of the middle trapezius 

muscle so MVIC data was inconsistent.  The inconsistent MVIC data negatively impacted 

the EMG results as they indicated over one hundred percent activation for the two outlier 

subjects across most trials.   

Athletes vs. Non-athletes 

Athletes exhibited lower percent activation of the shoulder muscles tested as compared to 

non-athletes for all test configurations.  This can be explained by their increased motor 

control and muscle activation brought about by athletic training.  Thus, it is likely that the 

athletes required lower activation of the muscles to generate the same amount of force as 

non-athletes.  Athletes, through cyclic training, increase their body’s ability to respond 

and learn to adapt to errors brought upon the body.  This practice increases the body’s 

motor learning for task-specific movements and allows the body to react better to incom-

ing stimulus [21].  In studies that compare elite athletes to novices, it was found that mo-

tor-evoked potential (MEP) increased with cyclic stimulation [22].  Dai et al. found that 
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the MEP curve produced by athletes was steeper than non-athletes. Thus, it was con-

cluded that athletes were able to increase excitation due to their long-term training.  Ath-

letes were able to generate more muscle force for lower muscle activation [23].  Athletes, 

through cyclic training, increase their body’s ability to respond and learn to adapt to er-

rors brought upon the body. This practice increases the body’s motor learning for task-

specific movements and allows the body to react better to incoming stimulus [21].  Pro-

prioception is the body’s sense of position and motion through signals responding to me-

chanical deformation within the body [24]. Athletes have a better sense of joint position, 

kinesthesia, and sensation of resistance, allowing the body to create precise, controlled 

movements. Preparatory activation and reactive contraction of muscles also provides a 

more functionally stable joint by increasing muscle stiffness [25].    In our study, athletes 

exhibited lower percent activation throughout the study which, was caused by their 

body’s ability to react to the stimulus better than non-athletes. 

Muscle Activation 

Data showed a trend of increasing percent activation of the shoulder muscles with use of 

the Rotr 1 in different exercise conditions (i.e. test configuration).  Even though the results 

did not reach statistical significance, the percent activation for all the tested muscles, except 

the pectoralis major and posterior deltoid, was lowest in configuration 1 (no ball) and great-

est in configuration 4 (with ball + active resist) for all shoulder positions and in all subjects.  

Escamilla et al. performed a similar study, but instead of using the Rotr 1 used the BB to 

quantify percent activation of muscles around the shoulder.  Comparable percent activation 

values were found for the anterior/posterior deltoid, latissimus dorsi, and pectoralis major 
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in the study [4].  This implies that muscle activation by the Rotr 1 is comparable to the BB, 

a well established rehabilitation and strengthening technique for the shoulder.      

Arm Position 

Arm position is very important in the activation of muscles, given the force generated by 

the muscle is influenced by the length-tension relationship and angle of muscle pull.  In 

my study, the percent activation of the anterior deltoid muscle changed between the three 

positions (greatest in position 1 and least in position 3).  However, the posterior deltoid 

showed greatest percent activation in position 3 and least in position 2.  A similar trend 

was found for other muscle groups and positions, except the latissimus dorsi and triceps of 

athletes (see appendix A table 6).  The results of my study validate and support the im-

portance of proper joint alignment (i.e. position for proper muscle activation).  Therefore, 

athletic trainers (AT), sport scientists (SS), and any users of the Rotr 1, must be mindful of 

their arm position when operating this rehabilitation device.  AT and SS utilize sport spe-

cific exercises to train athletes based on their sport [4] [16].  Since the Rotr 1 is comparable 

to BB in its ability to activate the muscles of the shoulder, sport specific exercises and 

training protocols can be developed to optimize the Rotr 1’s use.   

Limitations 

After testing was completed a few elements were identified that could have potentially 

influenced results of the study.  To record a better signal and avoid noise in the physiolog-

ical recordings, the EMG and motion capture systems were not integrated for this study.  

Integrating the two systems could have provided improved analysis of the EMG results 

with joint angles.  However, that was not the purpose of this study and could be a potential 

consideration for future studies.   
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Secondly, not providing training (or practice time) with the Rotr 1 may have influenced 

the use of the device for few subjects.  Familiarity with the device is important for proper 

and precise activation of muscles in rehabilitation applications.  However, influence of 

familiarity and effects of training was not the purpose of this study and could be a potential 

consideration for future studies.  A future study including training will have to account for 

learning effects and uniform degree of learning amongst the subjects.  Our research ques-

tions were to address muscle activation with an unfamiliar device to avoid any biases and 

influences of training.  A revised testing strategy could include a familiarization period 

with the device before the trial begins.  This time would allow each subject to play around 

with, practice the use, and familiarize themselves with the device and the administration of 

the jerk provided in each trial.  The subject would learn the proper muscular activation 

necessary to properly use the device and provide the most accurate results.  However, 

providing a familiarization period with the device comes with its drawbacks and would 

need to be investigated in future studies.  

Future Directions 

The future direction of this study will explore the Rotr 1’s ability as a rehabilitation tool, 

in dynamic situations, and for other sports/overhead activities.  To assess the Rotr 1’s abil-

ity as a rehabilitation tool, subjects with previous shoulder injuries or surgeries should be 

included in the study.  Using the Rotr 1 as a rehabilitation tool was not the purpose of this 

study and it is important to assess the safety of the Rotr 1 while being used by a subject 

recovering from injury.  Another possible future study could include dynamic EMG to 

assess the abilities of the device during shoulder movement such as a throwing motion.  

Dynamic EMG is an advanced technique that requires specialized equipment to study EMG 
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during motion and could allow for deeper muscles (e.g. rotator cuff muscles) to be studied.  

Studying the effectiveness of the device during dynamic motion, however, would assess 

the Rotr 1’s capabilities during a sport specific movement (such as the pitching motion). 

Additionally, athletes from other overhead sports (e.g. waterpolo, volleyball, etc.), as well 

as, professionals that perform overhead activities (eg. painters, carpenters, etc.) could be 

studied to assess the device’s effectiveness for all overhead applications.   
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APPENDIX A: Supplemental Figures 

 

Figure 10. Sample of the raw processing progression.  “Raw EMG Signal” graph shows a sam-

ple of the raw signal collected using the Delsys EMG system.  This signal was full wave rectified 

(absolute value of all values taken) then the RMS values were calculated, shown in “RMS EMG 

Signal”.  Finally the max RMS value was extracted to be used for normalization and further cal-

culations, shown as a single point “Max RMS Value”. 
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INFORMED CONSENT 

Utilizing Mechanically Induced Perturbation for the Study of the Shoulder Muscles with 

the Application to Overhead Throwing Sports. 

 

My name is Brad Hirayama, and I am a masters student at the University of the Pacific, 

School of Engineering and Computer Science.   You were selected as a possible participant 

in this study because of your participation/non-participation in an overhead throwing sport. 

 

The purpose of this research is to assess the effectiveness of a ball- like device, which will 

periodically cause your hand to move.  The resistance against this movement will cause 

the muscles of and around your shoulder to contract simultaneously.  If you decide to 

participate, you will be asked to come to the south campus computer science lab and your 

height, weight, and age demographics will be verbally taken.  Then, EMG electrodes (sur-

face electrodes) will be placed around your shoulder joint on 8 different muscle locations 

(figure 1 in appendix).  You will then be dressed in the proper motion capture suit and the 

markers will be placed on the suit (figure 2 in appendix).  You will be positioned for data 

collection (seated, supine, or prone position) in the motion analysis lab.  EMG signal during 

maximal muscle contraction of muscles of interest (trapezius, bicep, tricep, middle/ante-

rior/posterior deltoid, pectoralis major, and latissimus dorsi) will be recorded during clini-

cal manual muscle testing of the individual muscles.  This testing method is routinely done 

by clinicians (therapists, doctors, athletic trainers, etc.) and is a non-invasive method, dur-

ing which the subject holds a position for 10 seconds. The administrator will ask you to 

hold maximum muscle contraction for 10 seconds by applying appropriate force on the arm 

(explained further in the appendix).  You will then be given 30 seconds to relax.  You will 

then have your arm positioned in the full external position and data will be collected under 

4 conditions (figure 4 in appendix).  Each condition will have 3 trials, lasting 10 seconds 

each, and 30 seconds of rest given in-between trials.  This process will be repeated with 

three different positions – full external rotation, middle range rotation, full internal rotation.   

Your participation in this study will last about one and a half hours on one single day. 

 

There is minimal physical and loss of confidentiality risks involved for participation with 

this study. There is minimal risk involved because you are asked to physically activate 

muscles, which may cause some short duration muscle fatigue and fatigue induced discom-

fort.  However, you will be holding the muscle contractions only for 10 seconds, so the 

chances for significant muscle fatigue or discomfort is less.  This study includes risk 

management in the methodology (see attached methodology section) so no long-term 

risks are anticipated.  The device, which will cause your arm to move, has been checked 

thoroughly and used in pilot assessment to establish its safe use and handling.  You will 
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have the option to stop the study at any time if you choose.  There is a minimal loss of 

confidentiality risk that will be lessened by only recording coded patient information and 

de-identified data during and after the study, which will be saved on two password pro-

tected computers and only approved personal will be allowed to view the data.  Addition-

ally, only summarized results of our study will be published/presented, so the results cannot 

be traced back to you or your participation in the study.   There are some benefits to this 

research, particularly that this study will increase the knowledge of simultaneous contrac-

tion of the shoulder muscles for overhead throwing tasks in athletes vs. non-athletes.  The 

study will also contribute to improved understanding of the biomechanics of the shoulder 

as applied to overhead activities in all populations. 

 

If you have any questions about the research at any time, please call myself (Brad 

Hirayama) @ 808.342.0347 or email at bradhirayama@gmail.com or Dr. Oza, my faculty 

advisor @ 209.946.3903.  If you have any questions about your rights as a participant in a 

research project please call the Research & Graduate Studies Office, University of the 

Pacific (209) 946-7716.  In the event of a research-related injury, please contact your 

regular medical provider and bill through your normal insurance carrier, then contact the 

Office of Research & Graduate Studies. 

 

Any information that is obtained in connection with this study and that is identifiable with 

you will remain confidential and will be disclosed only with your permission.  Only de-

identified data, which will be saved on two password protected computers, will be recorded 

to ensure your confidentiality.  The data obtained will be maintained in a safe, locked 

location and will be destroyed after a period of three years after the study is completed.  

Only the primary investigator (myself), supervising advisor (Dr. Oza), research assisstant 

(Jamie Narciso), and my thesis committee members will have access to the gathered data. 

 

Your participation is entirely voluntary and your decision whether or not to participate will 

involve no penalty or loss of benefits to which you are otherwise entitled. If you decide to 

participate, you are free to discontinue participation at any time with out penalty or loss of 

benefits to which you are otherwise entitled. 

 

Your signature below indicates that you have read and understand the information provided 

above, that you willingly agree to participate, that you may withdraw your consent at any 

time and discontinue participation at any time without penalty or loss of benefits to which 

you are otherwise entitled, that you will receive a copy of this form, and that you are not 

waiving any legal claims, rights or remedies.  Jamie, my research assisstant, or Dr. Oza, 

my research advisor, will be applicable witness signatures for this form. 

 

mailto:bradhirayama@gmail.com
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You will be offered a copy of this signed form to keep. 

 

 

Signature                                    Date 

________________________ ___________________________ 

Witness                                       Date 

________________________ ___________________________ 
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Appendix C: Plans for Publication of this Thesis Project 

The physiological testing study of my thesis is being written for publication in the Journal 

of Biomechanics or a related journal.  Work is ongoing (as of 4/25/18).  I am currently 

revisiting the draft for publication in consultation with my thesis committee member Dr. 

Preeti Oza, PT, PhD.
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Provisional patent number 62662862.  Active October 2017 – October 2018. 
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