
www.manaraa.com

University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Masters Theses Graduate School 

5-2005 

Evaluation of the Effects on Human Performance Characteristics Evaluation of the Effects on Human Performance Characteristics 

and Peak Head Accelerations With the Use of Various Intra-Oral and Peak Head Accelerations With the Use of Various Intra-Oral 

Appliances Appliances 

Katie Lin Padgett 
University of Tennessee, Knoxville 

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 

 Part of the Engineering Commons 

Recommended Citation Recommended Citation 
Padgett, Katie Lin, "Evaluation of the Effects on Human Performance Characteristics and Peak Head 
Accelerations With the Use of Various Intra-Oral Appliances. " Master's Thesis, University of Tennessee, 
2005. 
https://trace.tennessee.edu/utk_gradthes/4537 

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F4537&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/217?utm_source=trace.tennessee.edu%2Futk_gradthes%2F4537&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


www.manaraa.com

To the Graduate Council: 

I am submitting herewith a thesis written by Katie Lin Padgett entitled "Evaluation of the Effects 

on Human Performance Characteristics and Peak Head Accelerations With the Use of Various 

Intra-Oral Appliances." I have examined the final electronic copy of this thesis for form and 

content and recommend that it be accepted in partial fulfillment of the requirements for the 

degree of Master of Science, with a major in Industrial Engineering. 

Dongjoon Kong, Major Professor 

We have read this thesis and recommend its acceptance: 

Robert E. Ford, Denise Ford Jackson 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



www.manaraa.com

To the Graduate Council: 

I am submitting herewith a thesis written by Katie Lin Padgett entitled "Evaluation of the 
Effects on Human Performance Characteristics and Peak Head Accelerations With the 
Use of Various Intra-Oral Appliances." I have examined the final paper copy of this 
thesis for form and content and recommended that it be accepted in partial fulfillment of 
the requirements f�r the degree of Master of Science, with a major in Industrial 
Engineering. 

We have read this thesis 
and recommend its acceptance: 

�Ckd 
Robert E. Ford 

Accepted for the Council: 

Vice Chancellor and 
Dean of Graduate Stu 



www.manaraa.com



www.manaraa.com

EVALUATION OF THE EFFECTS ON 
HUMAN PERFORMANCE 

CHARACTERISTICS AND PEAK HEAD 
ACCELERATIONS WITH THE USE OF 
VARIOUS INTRA-ORAL APPLIANCES 

A Thesis Presented for the 

Master of Science Degree 

The University of Tennessee, Knoxville 

Katie Lin Padgett 

May2005 



www.manaraa.com

Copyright <O 2005 Katie Lin Padgett 

All Rights Reserved. 



www.manaraa.com

DEDICATION 

This thesis is dedicated to my parents, Mr. Chuck and Delores Padgett, my sisters, 

Ms. Britt Padgett and Mrs. Sally Kostrzewa, and my close friends, Douglas Alan 

Logsdon and Lori Limbaugh Pickett for their encouragement and support throughout my 

academic career. 

iii 



www.manaraa.com

ACKNOWLEDGMENTS 

This thesis was made possible through the support and guidance of many people. 

Firstly, I would like to thank P. David Halstead for giving me the great opportunity of 

working with him. His knowledge and expertise in· the field of sport's safety was 

invaluable. Without the assistance and perseverance of Laura Ziegler I would not have 

succeeded. I would also like to thank Dr. ·Kong for his guidance throughout the process 

of the publication of this document. Everyone at Southern Impact Research Center, they 

were crucial in providing assistance and encouragement when ever I needed it. Last, but 

certainly not least, I would like to thank Dr. Denise Ford Jackson and Dr. Robert E. Ford 

for taking the time to be on my committee. 

I would also like to· thank Mr. Douglas Alan Logsdon, who provided much 

needed support and encouragement, as well as contributing to the final editing of this 

document. 

iv 



www.manaraa.com

ABSTRACT 

Various studies have investigated the relationship between the mandibular 

position and its affect on human performance characteristics. To maintain the jaw in an 

optimal position Mandibular Orthopedic Repositioning Appliances (MORA) have been 

produced. A protective mouthguard is an appliance worn in the mouth which helps 

prevent injuries to the teeth, lips, cheeks, tongue, and jaw as a result of impact. More 

recently, it has been hypothesized that mouthguards reduce the risk of concussion by 

attenuating the impact to the jaw rather than transferring the force to the brain. Currently, 

there are no standards for testing protective mouthguards. Such a test would prove useful 

to determine maximum acceleration levels of the head. 

The aim of this study is to (1) quantify the effectiveness of repositioning the jaw 

on strength and aerobic potential as well as (2) to determine if a protective mouthguard 

can give the same affects of a MORA device. In addition, (3) a test protocol will be 

established for the evaluation of mouthguard performance. The data collected will show 

how well the EDGE™ Protection performs versus other consumer available mouthguards 

on the criteria of attenuation of peak head accelerations. After statistical analysis, it was 

found on a 95% confidence level that the MORA and the protective mouthguard with 

MORA attributes increase a user's strength. On certain intervals of the aerobic testing 

there was evidence that the MORA does have an influence on human performance. 
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1.0 INTRODUCTION 

As many as 10.8 million people suffer from Temporomandibular Joint (TMJ) 

disorders. Symptoms associated with TMJ are headaches, facial pain, jaw locking open 

or_ closed, bite that feels uncomfortable, as well as pain in the jaw and surrounding· 

tissues. · Dentists have found that repositioning the jaw alleviated some of these 

symptoms. To keep the jaw in this optimal position, Mandibular Orthopedic 

Repositioning Appliances (MORAs) were developed. It has been. shown that such 

devices prevent the mandible from closing fully. It is believed that if the mandible is 

over closed, the cervical vertebrae overact causing an excessive stimulation of the 

sympathetic nervous system which may compromise performance (15). 

For more than a century MORA devices have been used in the management of 

TMJ. In the late 1970s and early 1980s dentists began recommending MORA devices to 

athletes. It was believed that an athlete could see an increase in performance through 

repositioning the jaw. Many studies have been done in an attempt to validate these 

claims, but with some inconclusive studies, an increase in performance is not guaranteed. 

More recently there has been an interest in incorporating the effects of the MORA 

device into a mouthguard that is suitable for contact sports. Protective mouthguards are 

designed to prevent or minimize injuries to the oral area. As of now, there are no 

standards developed for testing the mechanical performance of protective mouthguards. 

Such a test would be beneficial in establishing minimal requirements for manufacturer's 

as well as product comparisons. 

1 
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Aerobic, strength and impact testing will by utilized in this analysis. In the 

aerobic and strength portions, a MORA device will be tested and compared to a 

protective mouthguard as well as no mouthguard. In addition, a testing procedure has 

been developed to investigate the relationship between impact forces and resultant peak 

head accele�tions. Various mouthguards will be tested and compared using this set-up. 

2 
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2.0 BACKGROUND 

MORAs were originally made use of by dentists to help treat patients with 

temporomandibular disorders (TMD). "Temporomandibular disorders comprise a group 

of disorders involving many hard and soft tissues associated with mandibular and 

masticatory function" (5). The temporomandibular joints (TMJ's) are the two joints that 

connect the mandible to the skull. These joints consist of the mandible and the temporal 

bone that slide and rotate in front of each ear, see Figure 2.1. The main components of 

TMD are the alignment of the teeth when brought together, the masseter muscle, and 

mandible movement. Dentists believe that repositioning the jaw can eliminate the 

components of the disorder, hence relieve the patient of some symptoms. 

Figure 2.1: Anatomy of the temporomandibular joint 

3 
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2.1 MORA IN ATHLETICS 

There have been studies published dating back to 1978 which have attempted to 

determine the relationship between jaw position and strength. Previous studies have 

generally been lacking in at least one aspect of the analysis. In a previous study, 

Alexander compiled a case study of analyses done in this field and their respective short 

comings. A summary of her findings can be found in Table E.1 (1 ). She devised a test to 

address the criticisms of the previous studies as well as the evaluation of the effectiveness 

of a self-fit mandibular orthopedic repositioning appliance on athletic performance. The 

aerobic and strength tests in this study were adapted from her thesis. 

2.2 PROTECTIVE MOUTHGUARDS IN SPORTS 

Mouth.guards were first introduced into the sport of boxing in 1913. Since then 

the National Alliance Football Rules Committee for high school has made the use of 

mouth.guards mandatory in 1962, the NCAA followed in 1974 for football and college 

hockey in 1976 (9). As a result of these regulations, the use of protective mouthguards 

has been recommended in any sport where a risk of oral injury is significant. These 

devices have been shown to reduce the frequency of fractures and dislocations to the 

teeth, protect against bruises and cuts in the mouth, absorb energy from a blow to the chin 

as well as minimizing upward and backward displacement of the mandibular condyle. 

Every year an estimated 200,000 football injuries are prevented by mouth.guards. Since 

4 
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becoming mandatory safety equipment along with helmets, the probability of a dental 

injury has been reduced from 10% to 0.4% (3). 

There are a variety of protective mouthguards on the market. The most 

commonly used are the boil-and-bite mouthguards. There. are several kinds of boil-and

bite, the most fundamental version uses a single type of moldable material while higher 

end models are a composite of a moldable material· that forms to the teeth and another 

non-moldable material that keeps the jaw from closing completely. Although the 

apparent safety benefits of mouthguards and the variety of types saturating the market, 

there are no standards. If a standard could be developed and implicated it may improve 

the quality of mouthguards on the market and increase the protection provided to the 

user. 

2.3 MECHANISM OF IMP ACT 

When the mandible suffers an impact the it displaces upward and backwards 

making the mandibular condyles converge with the temporal bone. This convergence 

causes the energy from the impact to transfer to the brain causing injury. In a study done 

by Pellman and others, they determined that the peak head acceleration in concussion was 

98 ± 28 g's with a 15 millisecond duration. 

5 
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2.4 DESIGN FOR TESTING A PROTECTIVE MOUTHGUARD 

A design of an impact device must meet specific criteria. The design 

requirements are as follows: 

• A headform that replicates the properties of a human head 

• An object that resembles the mandible to transmit the force to the upper teeth 

• An upper set of teeth that allows for mouthguard forming 

• Capability to measure acceleration of the head 

• The ability to apply and monitor a reproducible force 

• The ability for the head to translate following impact. 

6 
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3.0 PROCEDURE 

Experimentation was conducted in two stages. The first stage looked at both 

strength and aerobic tests and their affects on human performance characteristics. In the 

second stage a test was devised to determine the mechanical characteristics of protective 

mouthguards. 

The strength testing protocol was developed to assess the affect of the MORA and 

the protective mouthguard during an isotonic muscle contraction. An isotonic muscle 

contraction is a contraction where the muscle tension remains the same as the muscle 

length shortens. The aerobic portion was adapted from Alexander's evaluation of a 

MORA device in a double blind study (1 ). 

In this research, three trials were conducted for each test. The trials varied by the 

following conditions: no mouthguard, EDGE™ performance, and EDGE™ protection. 

The EDGE™ performance is a MORA and the EDGE™ protection is a protective 

mouthguard with MORA attributes. The EDGE™ performance and protection are 

included in Figures 3.l(A) and 3.l(B), respectively. Both are manufactured by EDGE 

Sports, Incorporated. The participants used in the study were instructed to form their 

Figure 3.1: (A) EDGE™ Performance (B) EDGE™ Protection 

7 
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own mouthguards following the manufacturer's instructions (see Figure F. 1). To ensure 

independence, each trial was conducted at least one day apart with the sequence of the 

conditions being randomized and the subject's given no instructions on clinching. The 

order of each test and the randomized use of the mouthguards are included in Appendix 

B. 

The latter stage of testing was developed to determine peak head accelerations as 

the result of an impact to the jaw. A device was developed such that an impulse could be 

consistently applied to an instrumented head fitted with a mouthguard. Various 

mouthguards were tested in order to compare the mechanical performance of the 

EDGE™ Protection against competitor brands. 

3.1 PARTICIPANT INTERV IEWS AND CANDIDATE SELECTION 

Participants were asked to volunteer from a set sample population. The 

population was representative of athletic individuals. Each candidate was required to 

satisfy specific criteria in order to participate in the study. Candidates that failed to meet 

these criteria were excluded from this study. 

3.1.1 SAMPLE POPULATION 

Even though a device that would enhance even a non-athlete's strength and 

increase their aerobic potential would be beneficial, this study focused on physically 

active individuals who participated in recreational activities on a regular basis. The 

8 
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subjects were recruited from the student population of the University of Tennessee, 

Knoxville. Only male subjects were selected to participate. Their mean ages, weights, 

and heights were 1 8.5 years, 1 77 pounds, and 70.4 inches, respectively. The standard 

deviations for the ages were 0.5, the weights were 27.8, and the heights were 2.57. Table 

3.1 has a summary of the subject's demographic data. 

3.1.2 PARTICIPANT QUESTIONNAIRE 

Participating subjects were asked to fill out a Participant Questionnaire and a 

Physical Active Readiness Questionnaire (PAR-Q) (see Appendix A). The Participant 

Questionnaire was designed to obtain information about the individual's frequency of 

exercise data as well as an oral history. If subject's answered yes to questions 1 ,  2, 3, and 

Table 3.1: Subject's Demographic Data 
Subject Age Sex Height (inches) Weight (lbs) 

1 18  M 72 185 
2 1 8  M 71  205 

3 19  M 68 167 

4 1 8  M 70 1 82 

5 19 M 70.5 165 

6 19 M 66 175 

7 18  M 73 165 

8 18  M 70 1 86 

12 19 M 68 135 

13 19 M 70 129 

14 18 M 70 205 

16 19 M 76 225 

9 
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4b they would be excluded from the tests. The purpose of this questionnaire was to 

identify and eliminate any subject that may have been at high risk for injury. The P AR-Q 

is a standard form developed by the Canadian Society for Exercise Physiology to 

determine if a person should see a physician before participating in exercise. 

3.2 DESCRIPTION OF EQUIPMENT 

The blood pressure of the participants was monitored periodically during testing. 

An OMRON™ Automatic Blood Pressure Monitor was used in this study (see Figure 

3.2). The HEM-712C model automatically inflates the arm cuff to 1 80 mmHg and 

produced a digital read out of systolic and diastolic blood pressure as well as the subject's 

pulse enabling fast and accurate measurements. This particular brand and model was 

chosen because it was recommended in a previous study done by the British Journal of 

Medicine (1 1 ). 

Figure 3.2: OMRONTM Blood Pressure Monitor Model HEM-712C. (A) Digital 
Monitor and (B) Arm Cuff 

10 
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A Polar S530 Heart Rate Monitor was used for aerobic testing (see Figure 3.3). The 

heart rate monitor has the ability to record throughout the exercise without interfering 

with the subject. The coded transmitter is fastened around the subject's abdomen which 

transmits heart rate data at a rate of 1 measure per 30 seconds to a wrist worn receiver. 

Following the exercise routine, data was uploaded to a computer where it was post

processed using a custom software application. 

3.3 AEROBIC TEST PROCEDURE 

A standard runner's treadmill was used to evaluate the aerobic performance of the 

subjects. The treadmill enabled precise monitoring of the subjects speed. All subjects 

began at a warm-up pace of 2 miles-per-hour. The pace was increased, per minute, by 

0.2 miles-per-hour in order to reach the individual's target heart rate. The target heart 

rate selected for this test was 75% the maximum heart rate. Maximum heart rate was 

Figure 3.3: Polar S530 Heart Rate Monitor. (A) Coded Transmitter, (B) Wrist 
Receiver, and (C) Sonic Up-link Microphone 

11 
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determined by 220 minus the subject's age. The speed was maintained for ten minutes. 

After the 10  minutes, the speed was reduced by 0.5 miles ... per ... hour until either the speed 

reached 0 mph or 30 minutes had elapsed. Blood pressure of each subject was recorded 

before and after each test. 

3.4 STRENGffl TEST PROCEDURE 

The equipment chosen for the strength testing was a rear delt/pec fly universal 

weight machine (see Figure 3.4). In the pectoral fly setting the movement focused on the 

pectoralis major and anterior deltoid muscles and eliminated the effect of momentum 

beginning each repetition. Subjects were instructed to keep good form and do as many as 

they could until exhaustion. Since all the subjects were at different physical levels, the 

subjects were tested at 75% of their one ... repetition maximum to standardize the testing 

Figure 3.4: Rear Delt/Pec Fly Universal Weight Machine 
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weights. The one-rep maximum weight was determined using Brzycki 's Equation: 

lRM = 
weight 

1.0278 - (.0278 * reps) (3.1) 

where weight is the total weight being moved and reps is the number of repetitions of the 

weight (10). Subjects were tested at 75% of their one-rep max each testing day and the 

total number of complete repetitions was recorded. 

3.S IMP ACT TEST PROCEDURE 

The objective of the impact study was to develop testing equipment as well as a protocol 

that would measure peak head accelerations after a jaw impact. A bio-fidelic, 

anthropometric, headform developed by the National Operating Committee on Standards 

for Athletic Equipment (NOCSAE) was modified to allow for a molded set of upper teeth 

to be inserted (see Figure 3.5). Since the headform did not have a functional mandible, 

the lower jaw was removed and a piece of wood was used to replicate the contact of the 

lower and upper jaw (see Figure 3.6). The wood does not have the same characteristics 

as a human jaw because the jaw bone and tissue would absorb some of the impact. 

However, the wood provides a greater transfer of energy to the upper jaw thus 

representing a worse case scenario. The headform was equipped with a triaxial 

accelerometer to measure peak head accelerations after an impact. 
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Figure 3.S: Modified NOCSAE Headform. (A) whole head, (B) with jaw removed, 
(C) with molded teeth inserted. 

Figure 3.6: (A) Wood "Mandible" and (B) Headform with teeth, mouthguard and 
mandible 
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The impact was applied via a large sledge hammer instrumented with a 

piezotronic force transducer ( see Figure 3. 7). The schematics and specifications of the 

hammer are included in Appendix F. The hammer was suspended from a steel frame as a 

pendulum to ensure that the force could be applied repeatedly (see Figure 3.8). 

The force and acceleration data was collected through a KME and a Fluke 

Scopemeter model 105B series II, respectively (see Figure 3.9). The KME determined 

the vector sum of acceleration for the three orthogonal principal axes of the head. The 

Fluke displayed the peak impact force in the form of voltage. 

The EDGE™ protection was tested against no mouthguard and five other competitors' 

mouthguards. Because the other companies did not give permission for the tests, their 

names have been kept confidential. Peak acceleration of the head that causes a 

concussion has been reported to be 98 ± 28g's (12). The impact test was conducted by 

applying a force that exceeded this level with no mouthguard in place. 

Figure3.7: Large Sledge Impact Hammer 
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Figure 3.8: Test Setup 

Figure 3.9: (A) KME and (B) Fluke Scopemeter model 105B series II 
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3.6 STATISTICAL METHODS 

Since there is no way to test the entire population that may benefit from this 

study, assumptions must be made about the sample population using statistics. The null 

hypotheses, Ho, are the assumptions made about the probability distribution. Statistical 

tests are then used to make a judgment regarding these hypotheses. Based on the 

probability value a null hypothesis is either accepted or not accepted. There is always a 

possibility that an assumption is wrong resulting in one of two types of errors. A TYPE I 

error is when the null hypothesis is rejected when it should have been accepted. A TYPE 

II error is when the null hypothesis is accepted when it should have been rejected. 

In order to test the hypothesis a significance level, a, needs to be chosen. Often 

the significance level is chosen to be 0.05. This is the probability that a TYPE I error will 

occur (14). 

For the data, it was assumed that the heart rates for no mouthguard will be higher 

than that of the EDGE™ performance or protection and that the EDGE™ performance 

and protection will have the same heart rates. Using a t-test, one is looking to reject the 

null hypothesis when the probability of an event happening is less than that of the 

significance level. The hypotheses are the following: 

1) Ho: the heart rate data of no mouthguard will be less than or equal to the heart 

rate data of the EDGE™ performance (no mouthguard $ performance) 

H 1 : the heart rate data of no mouthguard will be greater than the heart rate 

data of the EDGE™ performance (no mouthguard > performance) 
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2) Ho: the heart rate data �f no mouthguard will be less than or equal to the heart 

rate data of the EDGE™ protection (no mouthguard � protection) 

H1 : the heart rate data of no mouthguard will be greater than the heart rate 

data of the EDGETM protection (no mouthguard > protection) 

3) Ho: the heart rate of the EDGE™ performance will be the same as the heart 

rate with the EDGE™ protection (performance = protection) 

H1 : the heart rate of the EDGETM performance will not be the same as the 

heart rate with the EDGE™ protection (performance =I- protection). 

The Wilcoxon signed-rank test is a statistical method often used when the data 

sample is too small to assume a probability distribution. It tests the hypothesis that the 

difference of two sets of data has a median equal to 0. The test can be used to test pairs 

of observations on individuals. The differences of the mean are ranked and summed. 

The lower of these values is labeled the T value. Values used to determine the 

probabilities are included in Table E.2 (14). 
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4.0 RESULTS 

Data was collected and analyzed statistically to determine its significance. The 

statistical tests used were the t-test and the Wilcoxon signed-rank test. Microsoft Excel 

and a statistics software JMP version 5.1 were utilized in the analysis. 

4.1 AEROBIC RESULTS 

The heart rate data collected in the aerobic test was split into three 

intervals: wann up, 10  minute running interval, and cool down. The individual heart rate 

graphs can be found in Appendix B. The pair-wise comparison tables are found in 

Appendix B, as Table B. l, B.2, and B.3, for the warm up, running interval and cool 

down, respectively. The data for subject number 16 was thrown out of the calculations 

for the wann up and the running as an outlier because of a malfunction with the heart rate 

monitor in the first trial. Subject number 7's heart rates for the cool down were also 

thrown out because of a lack of data from the first trial. All three hypotheses were 

analyzed for each interval to determine if it had statistical significance. A summary of 

the t-test can be found in Table 4. 1 .  

For the warm up interval of the aerobic testing it was found that there was no 

statistically significant difference in the heart rate when the subject had no mouthguard 

and when the subject was wearing the EDGE™ performance. It was also found that the 

heart rate of a subject with no mouth.guard was higher than the heart rate when the subject 

was wearing the EDGE™ protection. No statistical difference could be found between 

the heart rates of the EDGE™ performance and the EDGE™ protection. 
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Table 4.1:  Summary of t-test Results for the Aerobic Data 

Test 
Interval Null Hypothesis (Ho) p-value comoarison aloha (a) conclusion 

No Mouthguard <= Performance cannot reject 
0. 1278 > 0.05 null 

Warm 
No Mouthguard <= Protection 0.0014 0.05 reject null < 

cannot reject Performance = Protection 0.0833 > 0.05 null 
No Mouthguard <= Performance 0.0001 < 0.05 reject null 

Running No Mouthguard <= Protection cannot reject 
0.3245 > 0.05 null 

Performance = Protection 0.0072 < 0.05 reject null 
No Mouthguard <= Performance 0.0001 < 0.05 reject null 

Cool 
Down No Mouthguard <= Protection 0.0345 < 0.05 reject null 

Performance = Protection 0.0356 < 0.05 reject null 

In the running interval there was no statistical difference in the heart rate with no 

mouthguard and that of the heart rate with the EDGE™ protection. There was 

statistically significant proof that the heart rate with no mouthguard was different from 

that with the EDGETM performance. With regards to the heart rate with the EDGETM 

performance compared to the heart rate with the EDGE™ protection, there was a 

statistical difference. 

For the cool down there was a statistical difference noted for two of the three 

hypotheses. On a 95% confidence interval, the heart rate of the subject with. no 

mouthguard was higher than the heart rate with the EDGE'™ performance and protection. 

When the heart EDGETM performance was compared to the protection, there was a 

statistical difference. 
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4.2 STRENGTH RESULTS 

Because of the small sample size of the strength data the t-test used for the 

aerobic data analysis was inappropriate. Therefore the Wilcoxon signed-rank test was 

chosen. With this test the differences in the sets of data can be ranked and their 

significance can be determined. The individual signed-rank test can be found in Tables 

C.3, C.4 and C.5. Table 4.2 contains a summary of the test for significance. For both the 

EDGETM performance and the EDGE™ protection, there was statistically significant 

proof that the number of repetitions was different than those performed without a 

mouthguard. 

4.3 IMPACT RESULTS 

The impact data consisted of 10 hits of 460 pounds force (lbr) to each of the 

protective mouthguards. All the data is provided in Table D.l. The peak head 

accelerations were averaged and compared to the average acceleration to the head 

without a mouthguard. One impact was thrown out because the wood used to transfer the 

force to the teeth cracked. Percentage reduction on peak head acceleration was calculated 

and used to compare the protective mouthguards. These values are found in Table 4.3. 

Table 4.2: Wilcoxon signed-rank Summary for the Strength Test 

Condition n T p-value 
EDGETM Performance to No Mouthguard 1 1  2.5 0.0040 
EDGE™ Protection to No Mouthguard 10 0 0.0001 
EDGETM Protection to EDGEn• Performance 8 12 0.4610  
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Table 4.3: Summary of Impact Data 

d 
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5.0 CONCLUSION & RECOMMENDATIONS 

From the aerobic data there was no statistically significant decrease in the heart 

rate for the EDGE™ Performance compared to that of no mouthguard for the wann up. 

There was a statistically significant decrease in the heart rate with the EDGETM 

Protection to that of no mouthguard. For the heart rates of EDGE™ performance and the 

EDGE™ protection, there was no statistical difference in the wann up. 

The running interval had opposite results from the wann up. There was an 

increase in the heart rate with no mouthguard compared to that with the EDGE™ 

performance. The EDGE™ protection had a higher heart than without a mouthguard and 

there was statistical proof that the EDGE™ performance heart rates and the EDGETM 

protection heart rates were not the same. 

In the cool down interval, both the EDGE™ performance and protection had 

significantly lower heart rates than that with no mouthguard. Although both of these 

products had lower heart rates, there was no statistical proof they were the same. 

Although the EDGE™ protection was found to be beneficial in the wann up, 

further tests should look at factors besides heart rate. Heart rate can vary dramatically at 

the start by conditions uncontrollable. For some of the subjects their starting heart rates 

were as much as 20 beats apart depending on the day. One option would be to test the 

subject to the same heart rate each day, instead of the same speed, and compare the work 

loads. Because the EDGE™ protection didn't show the same results as the EDGE™ 

performance in the running interval, oxygen intake may be a factor. A follow up study 

could include testing V02max. V02max is the maximum amount of oxygen in milliliters, 
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one can use in one minute per kilogram of body weight. If more tests can be done to 

determine the affect of a MORA on human performance, the results would be beneficial 

to any active individual. 

Once the strength data was analyzed it was determined that there was a 

difference in the data. Under a 95% confidence level it was statistically significant that 

the EDGE™ performance and the EDGE™ protection increase the muscle threshold. 

Once the apparatus was impacted when the various mouthguards were in place, 

the percentage in reduction of g's was calculated. The mouthguards that were 

comparable to the EDGE™ were numbers 2 and 3. These mouthguards reduced the peak 

head acceleration 36.3% and 27.5%, respectively. Both showed a greater reduction in 

acceleration when compared to the EDGE™ which performed with a 22.4% reduction in 

peak head acceleration. While this reduction significantly reduces the acceleration of the 

head below the threshold of 98 g's, the rigid bite plate used to make the EDGE™ 

protection perform like a MORA device may have compromised it's protective 

characteristics as a mouthguard. The bite plate used on the EDGE™ protection wasn't as 

hard as the one used on number 4. This mouthguard indented the wood, which would 

most likely damage a user's lower teeth if impacted with the same force. 

Further studies on the effectiveness of protective mouth.guards need to be done. 

In addition to peak head accelerations, a velocity gate could be used on the impact 

hammer as well as the head to get velocity data that would be used along with 

momentum. A better representation of mandible also needs to be developed. If a head 

could be equipped with a temporomandibular joint, force measurements could be taken 

on the mandibular condyles. This study and future studies could have an impact on the 
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manufacturing and marketing of protective mouthguards. Athlete's safety in impact 

sports would be greatly benefited by standardization of protective mouthguards. 
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Intraoral Device Evaluation 

INFORMED CONSEN'r FORM 

INVESTIGATOR: KATIE P ADGETI', BS 
ADDRESS: 409 EAST STADIUM HA.LL 

1425 SOUTH STADIUM DRIVE 
KNOXVILLE, TN 37996 

EMAIL: kpadgett@utk.edu 
PHONE: (866) 384-6397 

You are invited t.o participate in a research study that will evaluate intraoral devices. The purpose of this 
study is t.o evaluate the effects of an intraoral device on physical performance. 

You are aware that you should be healthy and physically active during the period of testing. You will need 
t.o complete a participant questionnaire that will determine any hist.ory of mandibular dysfunction and fitness. If 
you decide t.o participate you will be asked t.o att.end three test trials. The trials will take no more than 1 hour. 
Each test session will consist of two tests. One test will be used t.o determine strength endurance while the other 
will be a sub-maximal aerobic test. The strength endurance test performed on a bench press. By testing the subject 
at 75% of their 1 Rep. Max (based on Brzycki's Equation), the weight and number of repetitions until fatigue will be 
recorded. The aerobic portion will be performed on a treadmill and will last 30 minutes. The test begins at 2 MPH, 
after each minute the speed will be increased by .2 MPH until the subject reaches 75% of their maximum heart rate 
C220 minus age). Once the target heart rate is reached the speed will be recorded and maintained for 10 minutes. 
After the 10 minutes, the speed will be reduced by .5 MPH each minute until a t.otal of 30 minutes has elapsed. 
Recordings of heart rate will be taken through out the test and blood pressure will be taken before and after. 

The potential risks involved for.participating in this study are minimal. As with any time you work out 
the risks are sore or pulled muscles and the chance of overheating. Every effort will be made t.o reduce these risks 
through proper warm-up and practice before the testing. All tests will be conducted and equipment handled by the 
qualified research personnel However, these requirements are not beyond those observed in normal aerobic or 
recreational sport activities. You will be encouraged t.o warm up actively prior to each testing session so that you 
feel physically prepared to perform effectively, minimizing the chance of utjury. Should any injury occur during the 
course of testing, standard first aid procedures would be administered as necessary. In the event of physical injury 
suffered as a result of participation in this study, The University of Tennessee does not aut.omatically provide 
reimbursement for medical care or other compensation. Your benefits include assessment of your grip strength and 
heart rate during sub-maximal aerobic exercise. You are welcome t.o make an appointment t.o review the data from 
your tests. In addition, if you wish t.o have a copy of the results of the study, please let the investigat.or know. 

Your participation is entirely voluntary and your decision regarding whether or not t.o participate will 
involve no penalty or loss of benefits t.o which you are otherwise entitled. You will be verbally reminded of your 
option t.o withdraw from the study before initiation of testing and at points throughout the research project. Your 
identity as a subject will be held in strict confidence, and any description of your data will be referred t.o by subject 
number only. Any information that is obtained in connection with this study and that can be identified with you 
will remain confidential and will be disclosed only with your permission. 

Once you have read this informed consent tbrm and all your questions have been answered, you are 
requested t.o sign and date the form below. Your signature indicates that you have read and understand the 
information provided above, that you willingly agree t.o participate, that you may withdraw your consent at any time 
and discontinue participation at any time without penalty or loss of benefits t.o which you are otherwise entitled, and 
that you are NOT waiving any legal claims, rights, or remedies. 

SUBJECT SIGNATURE: _________________________ _ 

DATE: ________________ _ 

INVESTIGATOR: _____________________________ _ 

DATE: ________________ _ 

WITNEss: -------------------------------

DATE: ______________ _ 
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ID #  ____ _ 

PARTICIPANT QUESTIONNAIRE 

NAME: ___________________________ _ 

DATE: ________ SEX: ___ AGE: ___ PHONE: _______ _ 

1. Is your physical activity limited by your physician? ________ _ 

2. Do you have any current dental pain or loose fillings, loose crowns, or loose teeth? 

3. Have you ever been treated for Temporal Mandibular Dysfunction? ___ _ 

4. a. Please mark any of the following dental work you have had: 

a fillings 

a braces 

a bridges 

a caps 

a root canal 

a partial dentures 

a crowns 

a simple extraction 

a full dentures 

b. Have you had other major dental work beyond the list above? 

5. Are you missing any molars? ________________ _ 

6. Do you feel able to perform at your normal level today? _______ _ 

7. Do you routinely participate in endurance exercises? ____________ _ 

8. Do you routinely lift weights? ________________ _ 

9. Currently how many times per week do you work out? _______ _ 
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�'-"= -------------------------

s.�· R ______ - --- r>'1. ____ _ 

�or. ,: ;,�-�- t 1\E,;S ___________ _ 
•. ·_.«, ,. .• ', ·-:l-!r � e .t�d �-,atr: 

Note: Dia pllpkal-adlwii, dura•c• is ...... for a muilMIII ., u •oatlls frODl the date 'iB, c.oapietN aii4 
becomu inaUd if JOtlr coditJoa �uges so tllat JOII ... 1d uswer YES to HJ of the sevea t19estioas. 
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Figure B.1 :  Heart Rate versus Time for Subject #1 
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Figure B.2: Heart Rate versus Time for Subject #2 
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Figure B.3: Heart Rate versus Time for Subject #3 
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Figure B.4: Heart Rate versus Time for Subject #4 
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Figure B.6: Heart Rate versus Time for Subject #6 
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Figure B.7: Heart Rate versus Time for Subject #7 
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Figure B.8: Heart Rate versus Time for Subject #8 
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Figure B.9: Heart Rate versus Time for Subject #12 
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Figure B.10: Heart Rate versus Time for Subject #13 

39 



www.manaraa.com

190 

180 

., 

'Nann Up  

C».00.0 04:00.0 01:00.0 12:00.0 11!00.0 Z>.00.0 
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Figure B.11 :  Heart Rate versus Time for Subject #14 
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Figure B.12: Heart Rate versus Time for Subject #16 
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Table B.l : Pairwise Comparison of Aerobic Heart Rate Data for Warm Up 
HEART RATE 

SUBJECT TIME No Mouthguard (A) Performance (B) Protection (C) A-B B-C A-C 
,. 1 00:00.0 93 · ' 80 83 . · . 13 . .  .-3 ·. . 10 ,. 

1 00:30.0 104 99 92 5 7 12 .. � I · 01 :00�0 117 . 105 96 12 9 2 1 . 
1 0 1 :30.0 l lO 102 100 8 2 10 

:t· 02:00.0. ,. · 1 10 101 94 ·9 ·. 7 16 
02:30.0 105 102 100 3 2 5 

: 03:00LP 1Q3 10.i . ' 99 2 · 2  : 4 

1 03:30.0 105 l l3 97 -8 16  8 
t:.J{: 04:00.0 . 105 115 . 109 -10 6 -� :' -
1 04:30.0 l lO 101  96 9 5 14 •. �·. ,J OS:00.0 109 nt ·. 109 . . ;..2 2 0 

1 05:30.0 l l9 1 1 1  101  8 10  18 
J; · 06:00.0 . 109 109 " 106 0 ,: · 3  3 
1 06:30.0 l l5 1 12 106 3 6 9 
t 07:00.0 llO l13 . ·  109 -::J 4 1 

07:30.0 122 l l4 1 16 8 -2 6 
l 08:00.0 120 . tis .· 109 s 6 · n 
I 08:30.0 122 l l 8 1 15 4 3 7 

· 126 . ··u9 112 
.•. 

;t 09:00.0 7 7 . 14 
I 09:30.0 l l 7 124 l l4 -7 10 3 
'l 10:00�0 133 ' 126 - 1 19 7 7 \4 
1 10:30.0 132 130 124 2 6 8 

' I\ 11 :00�0 121- 128 127 -7 1 -6 

1 1 1 :30.0 135 133 135 2 -2 0 
2 ·  00:00;0 105 83 88 · 22 .-5 1 7  
2 00:30.0 101  87 92 14 -5 9 

>2.'. 01 :00.0 98 96 95 2 · 1 3 
2 01 :30.0 101 91 97 IO -6 4 . . 

02:00.0 100 99 . 89 1 10 ' l l  
2 02:30.0 106 93 94 13 -1 12 
2 03:00.0 98 94 . 98 . 4 4 0 
2 03:30.0 108 93 101  15 -8 7 

: ;:,�,�:.; 04:00-.0 97 :'})l\ 104 0 -7 ,.if 
2 04:30.0 104 101  99 3 2 5 
2 os:oo�o 103'· 102 'iJ7<: Y'l 5 '.j<f 
2 05:30.0 106 106 102 0 4 4 
2 06:00�0: . llB : t.02 ·  U)4· 16 .;.,2 ·· J4 
2 06:30.0 l l2 101 100 l l  1 12 
2 07:00�0 · , : :iii3 ·102 . Jr - · 10s u -3 ·- ,s , 
2 07:30.0 1 13 109 108 4 1 5 
=\a;· · os:oo;o .108 104 

��.··; 

108 4 -4, _ 0 L · . .  :-.:·
. ·-r--:;; 

2 08:30.0 1 16 1 13 1 14 3 -1  2 
2 09:00.0 . ll8 r:t. 1 15 108 3 7 10 
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Table B.1 : Continued 
HEART RATE 

SUBJECT TIME No Mouth.guard (A) 
2 09:30.0 1 18 
2 �

,, 
1 o:oo.o 1j4 . --

2 10:30.0 
2 · · :/1 1 :00.0 
2 1 1 :30.0 
2 ' 12:00.0 
2 12:30.0 

. 3 00!00�0 
3 00:30.0 

: ' -;��:;� · 01:00 .. 0 . 

3 01 :30.0 
· 3 . . 

. .02:00J) 
3 02:30.0 

:J 03:Q(>:'b 
3 03:30.0 
3 04:oo�o 
3 

- <l'. 
3 
,.. 
3 
3 
3 
3· 

04:30.0 
05:00.0 · 
05:30.0 
06:00�0 
06:30.0 
01:00�0 
07:30.0 
08:0040 

3 08:30.0 
3 · . · 09:00.0 
3 
3 · 
3 
4 

09:30.0 
10:00�0 
10:30.0 
00:00'.:0 

4 00:30.0 
4 01 :00.0 
4 01 :30.0 
,,'4;: . . O�roo�o • 1 . 
4 02:30.0 

122 
··.· tjo-
131 

; _ ··139 
141  

· :�< -
91 

:Iff t}I). 
105 

. · '  l06 . · 
106 

.. '' ,ltfi\ _ 
I l l  

. Jqt 
107 

·Ttit 
l l l  
l� : 
1 18 
120 
l l5 
·U4 
l l9 
120· 
123 
:�t: i? 
132 
92:_ . 
92 

.-!!.�- ) 
86 

::fii:Jf.,c 
94 

. .  

4 ' 'J>J ;Op�tf : . : · :0§§?) . .  · ,  
4 03:30.0 
4; :· 04:0(}.Q. -
4 04:30.0 
· 4 ,- .. · os:0�J> 1 
4 05:30.0 

· -4. 06:00.0. 
4 06:30.0 

98 
,•• .. :... ·.·�:_ ��:·,-.:, 

c'�/��i<-st: ·-'d1i, .·· 
99 
lOQ .·, .. : · 

100 
·:r���� :�r:_'\ < 

98 

Performance (B) 

107 
1 16 . 
l l7 
l20 , 
127 

· 127 
134 
. 97 
97 

llJ 
l l2 
107. 
107 
no · - ·  
I l l  
108 
1 13 
1 19 
l l9 

· . · Tfrt19 
125 
123 . 
126 

. _ 126 
136 

. 138 
137 
137 
143 

· 98 .. 

98 
' . 9f 

98 
98 
98 

�frff:ff)l\ 
96 
94 
96 
91 
96 

· 100 · 
102 

42 

Protection (C) 

105 
· -1 10 ; .. 
l l5 
121 
122 

: 128 ' 
132 

fllO 
107 
ll;,3 . 
107 
1 13 
109 

- . fio 
l l4 

- i l4 
l l 5 

.· 116-' 
120 
119 
124 
124 
124 
121 
123 
126 
127 
131 ,,. 
133 
77 
77 
34 . 
88 
·9<t 

86 
; Q., '  
92 
J7) 
90 

_ · 92 · 
92 

. 92 
92 

1 1  2 
: & ·< _· 6 
5 2 

· . JO\ ..;1 

A-C 
13 
14 
7 
9 · 

1 0  5 1 5  
': 12 - , . . ,·t�i:- '· ·u 

2 9 
... ,l\: -18 

�l8i 
-7 
-�J/ 

- 10 
-1 
5 
�-

-1  -2 
:":o/X.. ,tr 
0 

' :.'lit 
-3 
-6 

-16 
};t�; ... 

-2 
- �, . . 

-3 
0 
-3 

;.lJ . 
-6 -2 -8 
:,.r· ::SJ'' . �s . . 
-8 -1 -9 
· ;:o: O 3 
-7 l -6 
;.lL . '."';l , 4 
-l l 2 -9 
-��{#\· s · -7 . 
- 17 13 
-18 . - 12 
-14 10 -4 
-10 · 6 · ./"'4--
-l l  10 - 1 
-6. · 2 1  15  
-6 2 1  1 5  
J1lr : ti: 12 

-12 10 -2 
�6 . .. . 8 I .l 
-4 12 8 
- �2 -•-·- 10 I> :1 
2 4 6 
-•4> . 1r.: Jr 
3 6 9 
ij{)i 5 8 .  
4 4 8 . qt:: - 8 '\JJ, 
-4 10 6 
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Table B.l :  Continued 

SUBJECT TIME 
· (;ff{ . 07 :00.0 

4 
. .cf.. 

4 
" .• : 

4 
· . · ..4 

4 
: nc?t 

4 
4 
4 

'�); 
4 

07:30.0 
08:00.0 
08:30.0 
09:00.0 
09:30.0 

�-,4 • 

1 0:00.0 
10:30.0 

. 1 1 :00.0 
1 1 :30.0 
12:00.0 
12:30.0 
.· 1foo.o 
13 :30.0 ... . .. . ' 4 ·  · 14:00.0 

4 
;;i4F 

14:30.0 
1 5:00.0 

4 15 :30.0 
4 · 16:00.0 
4 16:30.0 
4 >17:00.0 
4 
,4/ 
4 
4 
4 
4 
4 

. A  
4 
···�/ 
4 
5 
5 
5 
5 
. s 

17:30.0 
.. 18:00.0 
18:30.0 
19:00.0 
19 :30.0 
20:00.0 
20:30.0 
21 :00.0 
2 1 :30.0 
22:00.0 
22:30.0 
00:00�0 
00:30.0 
·01:00.0 
01 :30.0 
02:00.0 

5 02:30.0 
. ;.j:�y_ · . 03:00 .0 
5 

No Mouthguard (A) 
104 
104 

··' 101 
100 

�:· 100 
98 
102 . 105 
104 . 
106 
l l6 
1 12 
1 12 
1 16 
ll8 
122 
12s. · 
128 

· ·128 
128 
130 
13 1 
135 
138 
138 · 
1 34 
135 
136 

: 138 
143 

, l-44 
145 

;;;�5r'M 
98 
106 ' 
10 1  
99 · 
98 

·. · · Jtl . 
103 
103 

HEART RATE 
Performance (B) 

99 
101  
100 . .  

97 
lOi 
106 
104 
103 
106 
109 
· 1 10 · 
1 12 

· H2 .; 
1 16 
1 16 
120 

· 122 
126 
128 
129 
1 3 1  
132 

· 134 
134 
135 
135 
134 
136 
133 · 
140 
140 
141 
110 

1 10 
117 
1 13 

: 1 12 ·  
1 14 
1 12 ,. 

1 14 
.. - 116 · . . 

43 

Protection (C) 
94 . 
95 
98 
97 
99 . 
98 
100 . . 
99 
101  
106 

. · 104 
106 

. ll2 
108 

. 1 12 · 
1 14 
l l7, .  
120 
122 
123 

· ' 126 /; 

126 
126 . 
126 
126 
130 

· 130 . 
129 

· 1 32 
138 
136 
133 
82 
85 
109 . -
107 

' . · 1 00 
105 
97 · .;,. · '· · 
I O I  

. ,  107 

A-B B-C A-C 
)J/ " 'I- · .. 10 •· 
3 6 9 

, ,, J ·. 2 . : ,,3(' 
3 

- .tJN 
-8 
-l 
2 
.. 2 
-3 

, 6 . 
0 
• .... -.·· 
0 
2 · 
2 

,, :J;;; 

0 3 
'.It ,:{l . 
8 0 . 

i\j".: \.'%.: .• 
·
. ; : . , :-. :: -::� ··• 

4 6 

8 

3 · 

0 
:'12; · 

2 6 8 
· o  ,,� - , _-
- 1  6 5 
tl> 5 . \f:' . 
- I  
1 
4 

.· 3 
- I  . l 
0 

i,-o 

6 5 
8 9 . ' 
8 12 

· 9 ·. ,it 
5 4 
• .  - ·}ft 

7 
•6· 

3 2 
4 4 

4 8 
,"!it¥: i�J: ·'· . i� 

- 12 
.;.ll 
-12 
-13 
-16 
4t''f.f 

25 
8 
6 
12 
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Table B.1 : Continued 

SUBJECT TIME 
5 04:30.0 
s ·  qs:oo.o 
5 
5 
5 
5 
5 
5 . 
5 . .  

5 
,5 
5 
5 
s 
6 · 
6 
'6 

05:30.0 
06:00;o· 

06:30.0 
01:00�0 
07:30.0 
08:00.0 
08:30.0 
09:00.0 
09:30.0 

.. . 
10:00.0 
10:30.0 

. l l:00�0 
1 1 :30.0 
00:00.0 -, 
00:30.0 
.Ol:OCUl 

6 01 :30.0 
. · . · 6 : ' ·- 02:00.0 

6 02:30.0 
6 ·. 03:00;{)· 
6 03 :30.0 
6 04:00.0 
6 04:30.0 
6 OS:00.0 .  
6 05:30.0 

: 6 · · : - 06:00.0 
6 06:30.0 
6 01:00�0 
6 07:30.0 
6 . ()8;�(f 
6 08:30.0 
,r· :Q9zotko-
6 09:30.0 
6 10:00�0 
6 10:30.0 
6 ,  lhOO�O 
6 1 1 :30.0 

· '6 12:00.0 · 
6 12:30.0 

HEART RATE 
No Mouthguard (A) Performance (B) Protection (C) 

1 10 1 14 105 
, . .  1 H '.?;;jij( '.tfU:: 

1 10 
1_05. . .  
103 

. ·:1� : 
1 13 
105 
1 16 

" . ltS . 
1 17 
122 
1 18 
<121 
126 
92 
92 
·,,:1,>-
100 
. 93 ·  
99 
105. 
104 
1()4 -.: ;, 

104 
106 
106 
106 
108 
J l2 
1 12 
1 1 3 
1 12 

1 1 5 
• :tJ$:C' 

1 19 
. · .· .. l,lt'' 

1 1 8 
· ,;:-�( 

1 1 9 
" t,U: 
125 

{:;;(•/� . ;; 
127 

· \ .tit· . 
126 

··•J:t; / 
107 

C->'t•·:r· 
106 
'l()(i 
107 

):lt17. 
106 

'106 . . 
103 
108 
1 12 
lt2i . ·  
1 13 
tJij, 

F\J�{f.itfifli'Fi �ttl•i•i·············7·•·· / i:J23· 
1 15 
122 
1 19 

., . .  _. )2f . .  

125 
. · · 1 29 .· 

133 142 

44 

109 
··)/)'fl:/ .. •: ' 

106 
·· ·C\l{f:f'.l:f 

1 12 
\t:t-11:f ; 

1 19 
- k-i: 

98 
· <100 

102 
10 1 
105 
{w,�r -
105 

'?J .. t 
105 

- · \tag . ,:.:• , '
·
; . •  A . , 

1 12 
··. \tijcJJ _. 

141 

A-B 
-4 

B-C 
9 

13 

A-C, 
5 
g 

6 I 
· ··· ·6 ·w�3,:�: 

-16 13 -3 
J{Jj:: . g . �, 

-5 6 
-ll 151 

-3 6 
�8 _ itJ ·· 

-9 -8 
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Table B.1:  Continued 
HEART RATE 

SUBJECT TIME No Mouth.guard (A) Performance (B) Protection (C) 
1 · >" · .oo:oo·.o:· 
7 00:30.0 
7// 01 :0(tO . 
7 01 :30.0 
ft 02:00�0 
7 02:30.0 

. -01::00.0 
7 03:30.0 
7 - ··. · .- " :(>4:00.0 
7 

, · ?1; 
7 

. .  
04:30.0 
•05:ffltG, 
05:30.0 

· ·�;Q�tQ": 
7 06:30.0 
�1< ·- . :07-;00.() -
7 07:30.0 
·t?i: .. .• 08·:00]f 
7 08:30.0 
.1;( - 99.iOO�O 

09:30.0 
·10;-0(i-0 

7 10:30.0 
. _  .. 1 u��o 

7 1 1 :30.0 
l - - 12�,;Q' 
7 12:30.0 
if - U:09.0 
7 
7 
7 

13 :30.0 
·· -t-4;-0o.o ·· 

14:30.0 
' J$:QJMt 
15 :30.0 

:�; }-j��-9,\'..; :? 
16:30.0 

! T?!:�.;q� - .• 

86 
�fiflE{V 
84 
ao· 
84 
soi · .,, 

76 

- �-e� - -

80 
'74,:' 
80 

L .. � 
82 78 

. . i)t· .'/itf i; 
84 87 
82\- .-.· <�t�:::;cr:s1'? .- -- , 
82 82 

. fi2':�;,f'.�:�i��:i,i;:t:, _"fA�:F>;;: 
82 
·.tfL 
92 
96 : 
88 
jiStY·t:::� 
96 
99> 
100 
l�> : 
105 

_ ,, 102 
106 
Hg_ 
1 12 

·t11it:\ 
124 
tzf;· _ /r: \ 
132 

"fi' -f:3�\<{l�f,,s:[;t > 
136 

- : . f36\ • · : •. ·, . .. . 

80 
. SJ 

98 
idit> 
90 

- 93 · ·  
94 
ii 
99 

\'9: � 
102 

--- 106 
104 

· u,1 
108 
;-i�:�. ;+;:'.>:��; 
127 

17:30.0 140 
- . 1$:ffltO - .... _. ' .-- · :· 0 l42_ _ 

18 :30.0 
- ooijtE9 '. 
00:30.0 
oJ;itti) 

147 
86' 

45 

69 
70 
71  
68 

66 
10·_ : 
72 
7,4 : . 
74 
76 
76 

:>"{:'If 
80 

(}d. -
78 
8l 
87 
86 
86 
90 
89 
90 
96 
96 
98 
102 
108 

. :f'ltt·"': ' .  

129 
132 

- , 13.4· 

A-B B-C 
10  7 · 
10  7 
0 ,; . _tf: 
4 9 

6 ", ·· ,: 

A-C 
· - 17 

17 
12' 
13 

. ,  t.2 : 
4 14 18 

=·2. .<I\< . to::\ · 
4 
•'lt�/ 
-3 

. : .. 7, 
0 

6 
6.{ i 
13 

. 13 · , 
6 
•• 

10 
,rr 
10 
6 . 
6 

\r2; 
2 0 2 
l . 6( . 9 
-6 20 14 
-�;p . 19 lS\: 
-2 3 

_ -8 12 
2 
,s 
I 10 
3 · 9. 
3 6 

- -4 10 
2 6 
.,, _S; 
4 0 

., -4 ·. . .- ' :4',:_-· . 
-3 

). :;1�:f 
- 1  

. <}i�(. , : 
2 

"Q\i}t -
4 

. . _Jf  
3 8 

. ;:�:;:; ' 1;9 
-13 

. ·· : �9 - . 

I 
4.0:. . 
10 
9 
1 1  
12; 
9 
6 
8 
8 
4 
0 

8 
' 8 ' 

1 1  
_�.1i:. , . 
-13 
-4 
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Table B.1: Continued 

SUBJECT TIME 
8 01 :30.0 

'02:00)): 
02:30.0 
·o) :Q9�9 
03 :30.0 

. · · 04:00J); · 
04:30.0 
9?=00� 
05:30.0 
··06:0(l.0 

: ·· · H:00�0 
1 1 :30.0 
00:00 .. 0 

12 00:30.0 
12 , · ··. 01 :00;0 
12 
; :l<tf 
12 

>12::; : 
12 

>: .i:\t/�� 

12 

0 1 :30.0 
•·· 02:Q(tO 
02:30.0 
03:00.0 
03 :30.0 
04:00�Q . . 

09:30.0 

HEART RATE 
No Mouthguard (A) Performance (B) Protection (C) A-B B-C A-C 

100 1 1 1  1 1 1 - 1 1 
/�11.: ··· 

0 -1 1 
97· ' i/hJ>_. :JtJl· .. 14 

-13 
;j�Jii;:·· 
-1 1 
;;.t9 .. : • 

98 
·102 
100 
:;jif 
102 

.\f04 
103 

,/'9t 
l08 
«)5( . .  
106 

. :f:13· 
1 10 · ·uo, _ 
1 15 
J)-4 : 
1 19 

. Jtr: 
124 

. ,(�? 
96 

· 95 
92 
92 :  
98 
86 
90 

. ;"?4 

102 

. .  . 

I l l  
· 11-z-
1 13 
lff: 
109 
-1-!tl:> 
1 13 

. · _ :ifi�tttl3� . 
108 

. {@:iii:: . .. 
1 13 

{,"j.ij;i:: 
1 15 
lJ�· 
12 1 
12(1 
125 

\: :.12:t · 
126 
· 80 
80 
86 
82 
84 · 
84 
83 . .  
86 . ,� 
85 

, .. " <: - �q�-

100 

46· . . 

I l l 
113' 
I l l  
111 · 
1 18 

· 1 16 
l l6 
lJf 
121 
tlB - · 
127 

;{24 -· . 
130 

. ij7 . 
133 

:ill\ 
137 

· -\140 .. 

- 13  
� .. /. : 
- 13 2 
�!ti ·- ·  }Z 
-7 -9 -16 . . ; if}. · . . •. \�$:\). ·lZ. 

- 10  -3 -13 · ·· -�ri:· ••· !ift< : :-:fijt\: 
0 -13 -13 
�9- :  · · �}: . --13 : .< 
-7 -14 -21 

-J-1:; . �'" -- · -it - ··
-
· -

-5 -15 -20 
·. t9> ;g:  -J7 . .  

-6 -12 - 18  
·-�: �1T fl7: ._' 
-6 -12 -18 

- -· - :<> . - · :4d f , " :..nf < 
142 -2 -16 -1 8 
·-,o :1�{/ ; -10 ·(f . 
90 16 - 10 6 
90 ;'. ·

. •:9, 4 · lf 
93 
90 
90 
90 
9 1  

· 92 
94 
94 
92 

(i?lft}· 
98 ••• 
98 

.:lDl' - ., . 12 ·- . 
102 8 
10� " · - · ;:J}> 
106 2 

-1 1 
-� 

-6 
· --1/ 
-5 

-6 

-1 
2 
8 
�; 
-1 
2 
-2 

-4 
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Table B.1:  Continued 
HEART RATE 

SUBJECT TIME No Mouthguard (A) Performance (B) Protection (C) A-B B-C A-C 
: 12 . tb:OO:f 104 100: : 10s · 4 . · · -8 -4 

12 10:30.0 
--� : . ·lJ:00�0'. 

12 1 1 :30.0 
_:'�/ · · 12:0(tO 
12 12:30.0 

,, . 12, '· " 13:00.0 · 
12 13 :30.0 

. Q(){QO�(l 

13 00:30.0 
· . • ·1,irir Ol iOO�O 

13 01 :30.0 
l3 02!00..0 
1 3  02:30.0 

_,13-; ·- . " 03:.6q.O .. 
13 03 :30.0 

., IHij · · 0.4too;o --
13 04:30.0 

. -�· i;ffX1Ji:\ .. . :os:&.to - . .  
1 3  05:30.0 

,Jti; . Q<i:00..0 
13 
1:r-

06:30.0 

13 07:30.0 
>ti< ·os:oo.o ·· 
13 

·:13i 
08:30.0 
:ij9;0().0 
09:30.0 

·· t:():OJ).Oi 

. ... :, 

109 ·m, 
108 

C;f;ft�t . 
120 

:131:· 
140 
s�f1 

84 
·i,o/ 

96 
.J(f . , 

94 
,t:· 
91  
94::C 
93 

. './ft+;? 
99 

:103/ 
99 
1-05 : 
104 
1-08 
1 10 
,l1)9:• 
107 

· ·;-::::stjt:., 
1 18 

1fit�'i:�;-' 
1 1 :30.0 120 

�J'.:\?f)fp{·.·:;ft)\i�ii� ijt? ····· : /iJ.�><. 
12:30.0 

�>1�.�09;qI· ·'�:f /:i"\ 
13 :30.0 

>do:OijJr 

96 
······ : ,tod ·· · 

104 
, .. /10·1 . 

106 

. :· \JO(\( 
1 13 

: · .. ;;i:tji(\ 
122 

... · / '80 · 
80 

�. £i�tJi;if.iii 
86 

)UN 
88 
92 .  
90 

. --"/- · 
95 

'i?:)1"({E 
91  

.

. _ .. :�,:/ 
92 

. . 92 
99 

· · ·91:, : 
96 
9'1{ 
100 
,.tr . 
104 

47 

1 10 5 -6 
-- :-i:, .  : ·-4 

-1 
· -, ·� 

1 14 2 -8 -6 
�i; 
2 

-· tiJfJ:'J··_ · .-. · . :ilitsf -:10 · 
1 1 8 7 -5 .. 

. JJQ · · · .:.t.ic · �16 · t . . 

103 

/•:r· 
102 
10.2··· 
105 

· ·to&·) 
1 12 

{?!(\�j;.X 
108 
108 
1 17 

>Ml -

18 -17 l 
-+�:,� .. 48 . , .:14 

4 - 1 8  -14 
. ' 6 �> . -�� . .  

10 -8 2 
·)q'? �12 -2 . 

6 -10 -4 
'_\jj: -6 

. 
; 

l -13 -12 
. ,tr; · .Ju· ·  · -· �:,: 

-2 -7 
'· )$'. . ·  -8 

8 -14 
t\tt-i .;16-• 

7 -20 
U: ., �20 -
5 -9 

, :Jt; ' -16 

� :r 

-9 
t(::'J 
-6 
rf/ .. 
-13 
-�1· 
-4 
O · . 

14 -21 -7 
· rilf:tt: �1t � 

7 -13 -6 
\t�t_; . �16 ;fffk; .... 

19  
}$!/: 

-18 -4 
. · +.l:? ·. <c. -l · ' 

92 3 
92 r .• · < <�-• 



www.manaraa.com

Table B.1 :  Continued 
HEART RATE 

SUBJECT TIME No Mouthguard (A) Performance (B) Protection (C) 
14 02:30.0 100 93 90 

. :()3:00.0 >iil.) 94 /<93.' 
03 :30.0 
()4:()0.0 
04:30.0 

·_:,os-:00.0 
05:30.0 
®:QO�o 
06:30.0 

. 07:g();() 
07:30.0 

> : 01:mto 
08:30.0 
--09:0010----. 
09:30.0 

- · l():OQ�O 
10:30.0 

' l:lJ9(J�() 
1 1 :30.0 

: 1):��o 
14 12:30.0 
'1:f.?JF ·····i�:fK)".O 
14 

:;c :jJ@; 
14 
14 

13 :30.0 
14:fktO 
14:30.0 

: lf·:'8,.(h 
14 15 :30.0 

·14 1  "·· l�:0().0 
14 16:30.0 

. ,:--�l��f�;�:� qq:jjti�'., 
16 00:30.0 

16 05:30.0 

100 
J()O 
102 
:'1tf.C: . . · 
104 
l� 
103 

:� )jtij.i} ,: 
108 

. '/fog 
106 
llO 
1 10 
ll4 
1 16 

>t,f,,4: 
1 16 

' . ?h�J: :; 
122 

. 124 
130 
ll6i ' 
138 
131 
138 
l40 . 
140 
. 89 -
89 

91  
· i .\i��ft 

88 
91 
92 

96 
· .'6 :  

96 
. -· 99 
96 
68 1 
98 

· 102 
102 

- -101· 
1 04 
106 
106 

·110 
109 

. : IJO ·  
1 14 
ll6 
1 1 8 
124 
128 
134 
136 
140 
140 
142 'c 
144 

. , 80 
80 

Jiit'iS 
88 

\\i'.�(r 
89 

_: �: 
86 

" .ft ' ,  
92 
90 . . 
9 1  

48 

98 ·
91

c: . 
97 

· · ·96 · -- :· 
98 
:99 
98 

. . /}iiJ.i ' 
103 
105, 
103 

>t10 
108 

· . · 110 
108 
U4 
1 15 

:rfi•: · 
1 18 
li3'.'' 
128 

l}i 
138 
138 
139 
140 .. 
142 

"• 6i -

88 

A-B B-C 
7 3 

--- 1 } %Jr 
4 -2 
4 : �i; 
6 - 1  . · 2 3 '.: 

A-C 
10  
8 · . · 

2 
2 ·  
5 
s 

8 -2 6 
34 , . .. 31 · 3°  
5 0 S 

· i ;11> .. :. :.2· · 
6 -1 5 

_ :7> . -4. · ;-\iC : 
2 1 3 
4 {f� · :· · 
4 -2 2 

·. 4 .. 0 4. 
7 1 8 
._._ �: o ·  
2 -1 1 

-2· . t ., -. -3 
4 

. . o 
2 
2 
2 
..;i· 
-2 
-2 
-4 
9 
9 

t1(F 

4 
_ · ,2 

-3 
-2 
5 
4 
-4 
l 

0 
l 
0 
2 
-2 
2 .  

4 
1 
2 
4 -
0 
· o  

1 - 1  
2 0 
2 -2 
1 1  · 20 

-2 
l 
4 
- 0  
3 

20 
6 -

3 
C· _  . ., 
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Table B.1: Continued 

SUBJECT TIME 

16 

()6:Q()';Q 
06:30.0 
01:00.0 .. .  -

07:30.0 
08:0():-Q 
08:30.0 
®:octo, 
09:30.0 

' 'J.O.:Ml() ···-
10: 30. 0 

;t1i":®.o ·· 
1 1 :30.0 

>J:ft:0011 
12:30.0 
13:00lO • 
13 :30.0 

. . • · - /,14:0f)�/ 
14:30.0 

·Js:t5Q�1r 
15 :30.0 

_-_ ?16:00L() ·· . .  
16:30.0 

. . .. 

· i'1:0(J�O 
17:30.0 

/l8:90f() 
18:30.0 

' 19:ooto·· -

19 :30.0 

102 · ·· ··tit 
130 
raJ·· 
64 
73 
74 

94 
'( •. '.;: ft 

94 
.,. , -_ 
96 
lDZ 

128 
i3-6 
132 
134 
138 . ;�f:�? 
140 
l44 
146 

· 146 . 
148 
149 
150 

49 

Protection (C) 
93 . 
92 

- \� 
94 

i't6, . )  
98 

\,t�, 
97 

/ : :tt3 . 
105 
<Jt( 
103 
106 
106 
.:no· 
1 12 

·\·�:; •. 
128 

·;;jjl 
130 
)ji · 
134 . · · 1,36 
140 
143 
144 
:tf'.3 . 
148 

A-C 
3 
0 

. ''5} 
1 0 1 

:, -1tL, 6}\ 
2 -2 0 
.. 7 
0 

' )/· 
3 
..ii 
1 
1:;n 
-3 

44 
-17 -�tt 
-8 -4 

.,,� -36 
-37 8 -29 
�lsZ :tt - ,�:-
-38 
. -lS 
-16 
· -fl 
-84 
-76 
-76 

6 -32 
1:: . -21 ··' :: 

. _  

6 -10 
,: 3 -8 • ' 

4 -80 
:5a : .. 7g> 
2 -74 
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Table B.2: Pairwise Comparison of Aerobic Heart Rate Data for 10 Minute Interval 
HEART RATE 

SUBJECT 

l 

I 
1 '' - t -
i 
. lY 
1 
J:i · 
1 

' · J. :  
1 

· 1 

1 
I 
l 
I 
1 

. :l 
1 
2 
2 
2' 
2 

· 2 
2 

- · · 2 
2 
2 
2 
7· 
2 

\!{ 

No 
TIME Mouthguard 

12:00.0 . 139 
12:30.0 
U:OltO 

147 
153 

13:30.0 158 
14:@�o 15s ·· 
14:30.0 158 
l�:OOJ) .· )il>fJ-�tf . 
15 :30.0 
J6:00.0 
16:30.0 
17:00.Q 
17:30.0 
1s:oo�o 
18:30.0 
19:00.0 
19:30.0 

·. 20:00;() 
20:30.0 

. 21:00�0 
21 :30.0 
13:oo.o 
13:30.0 

: 14:00.0 
14:30.0 
15:00.0 
15 :30.0 

.: 16:00.0· 
16:30.0 

· 17:0(W 
17:30.0 

· t1:001t 
18:30.0 

· 19:@if 

166 
160 

163 
.164 
163 

. J64 . 
165 
164 
165 
167 -
167 

. 165 
166 
142 · .  · 
149 

' 145 
148 
15 1  
152 
IS i  
152 

. 153 
157 
158: :,: 
155 

2 19:30.0 
•· 1s4 i' ' 

158 
.:: . �;'.' . :: . : .. · ·  20:0(fo . 

2 20:30.0 
. · .2, .·:., . <  '.  21:00.0 

2 
· 2 . . 

.. ,.� 
2 
3 .... · "  
3 

21 :30.0 
22:00�0 
22:30.0 
l l:00.0 
1 1 :30.0 

1s,·r: 
158 

0J:S:Jt-i; .. 
158 

·?/11, s· .. ·;_ 
154 
138,{\ 
138 

Perfonnance 
(B) 

· 139 . . . · : 
148 
1-Sl 
157 
J59 
159 

iJ:�Jf{;;; ' 
162 

. .  i,;�:;9\XI:t 
162 

: 1!,'j:)/ 
165 

· 1$ · 
164 
·.,,2;::'.:;:( 
162 
164:> · ... 
165 

,; : <t.6$./} 
166 
;{Qt} :  
146 
J49· .. 

146 
iJ4'1}> 
144 

· 150 
148 

· HO 

148 

50 

Protection (C) 
. 137 , ,. 

142 
JSO-'· 
154 
J�. -

A-B B-C 

-1 6 
2 - · · :?J! 
1 3 

:1..i4i Ft . 

A
C 

. 2 · 

168 -2 -5 
· 169" : , f);JJ ;'�,J.;f 
167 1 -2 

;;�t�tz�u: ··- 2 · .. g \j: 
17 1  3 -9 -6 

'/:!1�'\i:\fl/: :t :. · .:: 3 · ,:-5 . -2 ··· . 

157 
. DJl-it:]{i�\I}i! 

138 

2 -3 
0 · _9 :�9 
0 -6 -6 

?bi . f+:l ' }::lift 
3 -5 -2 

<t�\ t3{ ..;J 
4 

-10 10 
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Table B.2: Continued 

SUBJECT 

5 

TIME 

13:30.0 
14':0().0 
14:30.0 
15:0ltO 

13 :30.0 

No Mouthguard 
A 

·JJ5 
136 

,JSl 
147 
l41 
145 
144 

1 53 
;?·!f�-sf!�:�b 

1 53 
:z.I?�Jaj{d:t�I 

155 
lite ·. :.,, · 
1 5 1  

;;-JM<·· .  
1 53 

\'.\ :·:<: ·  ?t.9D 
147 

: :i;liV· 
148 
150 
1 50 

- ·1so 
149 

fri4't· 

1 3 1  

HEART RATE 

Performance (B) 

5 1  

1 54 
-J�t<< 
153 
lS6 . 
156 
l�f 
157 
142 - · . ' 
143 
146 
147 
146 .. · 

146 

. 146 .. 

146 
· 146 
148 

' .>-+;: 

148 
:>l27' 
1 35 
· 135 
132 

A-B 

-12 
· · 3  
-6 

., -.. ,� 
-4 
�-l 

B-C 

14 

A
C 
.. 3 

1 -1 1 
.a;; · - .s · 
4 -2 
.{ ;,.5 
-3 -7 
. ,·, · .. g 
l -3 
0 ;l/ 
-3 -4 

:.;f�5? .. _ 41-.. 
-2 -3 

t -4 ' -6 
2 -6 -4 
fS '-8 -13 

162 
l42. 
162 

iiii' 
138 
135 

138 l 
}38'- . 4 
140 4 
140 . . 4 ,  

125 -1 

- 1 1 
-6. 
-9 
6 

5 9 
11 15 
9 10 

. 8 :12'.< 

6 10 
. .6

. 
lO 

6 9 
-� ·,:,: ii: 

4 6 
4: ,,I> 
6 8 

If\, ·tt?:' 

7 6 
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Table B.2: Continued 

SUBJECT TIME No Mouthguard 
A 

. : ]34 . . 
129 

. ,,121 
134 

: )tif: 
133 

.: . -� - -
13 1 

{J�j.�/t. 
136 

. \Ji$4;t 
138 

'>·'t#t�J(: 
135 

t:·t�Qlf: 
136 

.. .:14z , 
144 

. ?14? 
145 

-;{iJjaI 
147 

. , . . /iijf.:: . :· .· 
152 

. d,t,Jfl 
148 

. . "·' :t5.2 
152 

\1�9. 

HEART RATE 

Performance (B) 

· , 133 
132 
. 13:4 
135 
l:?6 ·_,-
137 
•136 
138 

i .:flt 
135 
f�S\ 
135 

/(38 . 
139 

- �131, _ · 
149 

. tsi: 
150 

_ ots1 
153 

::· ••t.14, 
152 

52 

_ 156 
153 
15,2 
155 
157 · . 
153 

_ : :JSS , , 
154 

F:�::1�f, 

146 
:·i49' 

146 
. 149 
152 

/ :: 153 

Protection 
C 

126 , .  
1 18 
fa4· · 

A-B 

123 -1 
. 143\'.:\ ... _ :,${· 

B-C A
C 

· · ·, 
1 1  
) 

12 1 1  
. .. 7 : �-:�( 

1 18 -4 19 15 
. · J2)';: 

120 
. :  •• : t�/i 

128 

)14Ji: . :,. 1J?X n · 
-7 18  1 1  
.. s ·t ::: is · ·  ?b 

. '.}t�/\. 
126 

i\��h! 

123 
i�?;,·· 
146 

· : t4;. .. : 
145 
l�::/ · 
145 
152 

; _9 > ·  
-8 

.· :-¥tit'· 
153 -5 
ISO.< · .  .it .. ff:,? 
1 53 -1 
1$2 · ... 2 · .. ·. ·

. · 

152 -7 
{S3 . 1H�J- i;!; 
154 
153 

8 
.. :4 · 

12 
':: 10 <. 

12 
:.� . :::  
- 10 

:: ;3 
-1 

··.:, :�.:: 
0 
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Table B.2: Continued 

SUBJECT TIME - No Mouthguard 
A 

7 

., - �/il/F --
1 

?I' 
7 
7 ,. 
7 
7 
7 
?J·t 
7 

. JI.; 
7 

' .  8 - .  

22:30.0 
23:0(U) 
23 :30.0 
24:00.0 
24:30.0 

· .· ,25:00.0 . 
25:30.0 

• 26:00.0 
26:30.0 

· · 27:0(t()> 
27:30.0 
23:00.0 
28:30.0 

. J2:()().0 
12:30.0 

. _  f:f:o�to 
8 13 :30.0 

:<Jt · · · _ ·14,:oom 
8 

>"I{;: 
8 
8 
8 
8 
8 
J)': 
8 
8 
8 

12 
12 
12 

14:30.0 
. ' 15::0(tO 

15:30.0 
. 16:00.0 
16:30.0 
17:00.0 
1 7:30.0 
18:00�0 
18 :30.0 

-, 19:00.0 
19:30.0 
io:oo�o i •  
20:30.0 

· i.�:l �-� - ;  
2 1 :30.0 

·.· · . :i :4:Q().0 ' '·:·· 
14:30.0 

lS;OO�O 
1 5:30.0 

-• 16:()0.0 
16:30.0 
17;()();0 . . 
17 :30.0 

157 
. , . JS6· 

160 
166 · : 
159 

.JS(f : 
160 
·1,i 
162 
160 
164 
''� -
163 
125 

. 
' 

126 
132 
134 
141 
143 
144 
149 
150 
153 
153 
1 52 

- - 157 
1 57 

:15'7 
154 

i:J�: 

147 
'1.48 
1 5 1  

::'JSl . .  

1 55 
is�..-
1 53 

HEART RATE 
Performance 

150 
149:: 
155 

: 151 
154 

.154 :· ,_ 
158 

· 157 
157 

--·'.i5.8 /::;· 
156 
·:r60 C 
158 
131 , 
135 
139 
147 

- . · 1s2 
154 
150 
150 
154 
150 

. 149 
150 
146: • 

154 
_ >1is1 

1 50 

.c- • JJ� 
153 

'fiiS�f��-;j 
155 

\f�:,Jl{)i 
130 

"''rt-J9 :  · · · 
146 

.. . :� 

. '1'4$> ·,,; ." 
142 

-:.: 143. -
142 

53 

Protection 
C 

140 
146 . 
148 

· 148 
146 
148 
149 . ' . tiff}: 
1 50 
is.o -

152 
tH\: : · 
150 

.. l;JS · 
150 
1si · 

A-B 

7 
. 7 
5 

�- . i�tl!x)f 
5 · %ili:1� 
2 

·. :5 . : -_ -:_ · 
5 
-i . 
8 

_:-·,i- - - ·-
5 

- -�- --_ 

-9 
,,;;7' .\ 

1 52 - 13 
. t=s2::; . · --- -·�u -

153 

:�1f/:\ 
159 
161 
160 
160 
160 
165 
164 

= · ·lS 

146 

1)so· 
148 

::Jt�,i+ 
148 

-1 1 
' _}ji/ 

-1 
:11:11 
3 

\4:: 
2 

11 ·. 
3 

. ·-· :.JJ-;:�/'.? -:·· 

5 
. . \if 

13  
· lF 

1 1  

B-C 

10 

4 
. . ' . 

10 · .. 

8 

-6 

A-C 

17 

-24 
:' �20 

-18 
- 4l'l < 
-10 

5 
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Table B.2: Continued 

SUBJECT TIME 

18:()0.0 
12 18:30.0 

: . . ��� ;;i�t;i'.';! · 19:00.0 
12 19:30.0 
l� - · 20:00.0 
12 20:30.0 

. )�'.?1;:1 . . 2 1 :00.0 
12 2 1 :30.0 

- - 12 •. · 22:00.0· 
12 22:30.0 

-• ·· il,ijW� · .  23 :OOJ> 
12 
ll • 
13 
J31ji 

23:30.0 
· · 14:QO.O 
14:30.0 
15:00.0 

13 15:30.0 
·-:ft!�\:lr1:� - · 16:00�0 
13 16:30.0 
13 17:Q0.O 
13 17:30.0 
116 · 1 s:oo.o 
13 18:30.0 

· l1�£t 19:oo�o 
13 19:30.0 
ijJJ;;i:ii · 20:0(tO 
13 20:30.0 
:-1�.: · 2 l :00�0 
13 2 1 :30.0 
�l�it!: :: ·22:00�0 
13 22:30.0 

r� ;'. n,:ooi : 
23:30.0 

\ i7:99�0 
17:30.0 

14. - : 1 8:0(t0 
14 18:30.0 
14 .- 19:00�0 :· 
14 19:30.0 
)J��v 20:00�0 
14 20:30.0 
14 . ti1 ;()(>.0" 

No Mouthguard 
(A 
150 
1 50 

. lS4 · 
156 

· ; ·iff· 
157 
J$.6'; . · 
158 

;J(j$!{ 
1 54 

. 'f}Ss · 
156 
132 
138 
us · 
154 

_·{J;-:.•:-,�t 
154 
J:56 
153 
I.Sf> · 
152 
152 
158 

ilS7 > 
159 
163 

164 
·Jf:.C:JJ(f. 

154 
, : >)62 · . 

162 
142•-. .  
144 
144 
145 

=(;;!�&' l',\. £'.;� 

148 
148 .: 
148 
146 

HEART RATE 
Performance 

(B) 
144 
144 

_ 148 
148 

-<:l4s:� . 
148 

· 144 
146 

}\14f 
149 

'(f;Jit.:�:::.< 
152 

Z� f 
132 

·134 
134 

, tii• 
132 
1$4· 
137 
139 ., 
140 

· ·146 
143 
142 
142 
140 . . 
142 
_144 ... 

146 
144 · 

144 
:·��lJ\t(Qtt 

144 
· · · · t4l' , . ' · . ·  

148 
IKmc� -

148 
.::rt#ff\_ 

148 
· . · - 150 . .. 

54 

Protection 
(C 
146 
152 
1�4 . 
154 
155 
157 
156 
156 
156 
156 
154 
150 
145 
152 
154 
150 
150 
159 
158 
159 

. 158 
162 
162 
163 
161 -
164 

. 159 . 
166 

. - 165 , 
164 

, >u,s·� 

A-B 

6 
6 
,: · 
8 

B-C 
· -2 
-8 

' -6 
-6 

· -10· · 
9 -9 

f ,i ; · .--12 · :  
1 2  -10 
· 12 :fl · 
5 -1 
3 · -2 · 
4 2 

U;cilii:\ · -23: 

A-C 

_ 4 · 
-2 
•• 
2 
.. 1, 
0 
• • 

2 
.. :�f ' 
-2 

. . : i/W 
6 

+QT 
6 
14 
20 

-20 - 14 

f:U 

-20 . � 
-16 
-16 

22 -27 -s 
-�.t -24 .. �2\ 
16 -22 -6 
lf -;{9 -8 . 
12 -22 
· ,r �.tf 
15 -20 

· l$ ·49 

17 -22 
23 -19 . 
22 -24 

:::ll>. -21 . 

8 -18 
18': . •  . � -�� 

-10 
-10 
-5 

. ....... 
-5 

· 4 
-2 
._;5 

; ;  . 

-10 
a�i� - ,-

166 18 -22 
0 
0 :, . .  

-4 
.;.2 1440 :.. . -2 , 

144 0 
146--_- - ---2 
148 -3 

· . · 1so .• · .  - \t 
150 

· 149 
15 1  

0 
· ?fc . 

0 

0 
. �3, 

-2 
)J;;: 
-3 

· .. -2 

0 
-2 
-3 
:+Jt 
-2 

' i·t� -
-3 

. �/ 
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Table B.2: Continued 

SUBJECT TIME 

14 

14 
14 

2 1 :30.0 
· 22�0(t0 

22:30.0 
. 2.l:()(tO . 

23 :30.0 
24:0Q.0 

14 24:30.0 
, 14 , 25:00.0 ·. 
14 25:30.0 

/;;ii;! ·. ·· 26:00.0 
14 
16 
16 

, }Jf 

26:30.0 
. . �0,:00.0 

20:30.0 
i 21:00.-0 

16 2 1 :30.0 
16 . S 22:00.0 .. 
16  22:30.0 
.16 -··· :" :iJi®�o ·· · 
16 23:30.0 . \;f.f;}�f ., 24:M.o 
16 
1''f 
16  
jj'rt 
16 
16' 

16 

24:30.0 
2�:00.0 
25:30.0 
26:00.0 
26:30.0 

. 27tOOID 
27:30.0 

.·. ··· 28:00;0 
28:30.0 

. . . , , , , . _ . ' ·-

; '\2!l;9Q,,9t' 
29:30.0 

No Mouthguard 
A 

78 

HEART RATE 
Performance 

149 
· 149 · . " 

146 
·1� 
152 

· 1$0 
150 

.. : ,jitt-r.•; 
150 

> :�\/:�c{!�?. 
1 5 1  
.1;51 
152 

· JS4 
157 

.:; t�: 
157 
157 
160 

.· · t$&i, . · 
160 
,�t� .. -
158 
· is, 
160 
is, 
158 

· , ·tS.t 
159 
\Jfit• 
160 

55 

Protection 
C) A-B B-C A-C 

152 
· T1�:: 

150 
:' tti· · 

151  
· . . 1$�) :< 
150 
152 
153 
tst:·· 
154 
t:SQ(} 
147 
150: : ·· 

150 
· 14gr · 

152 
, ' )J$1){  

-3 
�3 

�3 

-3 
2 -4 
z. · ·-5 
-4 l 

�.tz+i{ . .  - . :.2 

-2 0 
ti.· 0'"' 
-2 -3 
�i{/ . -2 .. 
-3 -3 

.. so · 2 
-80 
�-zs· . 
-79 

��lo 
0 
. 'If 

-6 
�. 

152 
·.152 ·• •· 

-80 8 -72 
... 15g 6 . -152 

152 -4 
l�< '" >'47' 
152 -1 
156 -38 
158 -42 
156· '. : 

- �-.;ii 
153 -40 
l�<t ·-1s· , . 
157 0 
156 ' : .> . "'40 
158 -82 

8 4 
J,. f!{� 
6 5 
0/, •• 
2 
2 
5 

-40 
l 

-35 
4 . -74 '· . 
2 2 
2 · · .-.3:ff } 
2 -80 
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Table B.3: Pairwise Comparison of Aerobic Heart Rate Data for Cool Down 

SUBJECT 
:1 .· 
1 

TIME 
22:00�0 · 
22:30.0 

·:· 23:00.0 

No Mouthguard 
(A) 

- . 162 
160 

- ·)1sst. . . l 
1 
l 
1 

23:30.0 145 
24:00.0J - . , ,, - J�r.i��:\}fif . 
24:30.0 135 

\If' 
1 
l 

· 25:00�0 · 425 . Y 

1 
l. 
1 

.l 
l 
1 
1 

':: · 1 
2 

. Z-
2 

. 2 - . 
2 
t . 
2 
2 
2 
2 
2 
2:, · 
2 
it:�(-

25:30.0 
26:00.0 
26:30.0 
21:00�0 
27:30.0 

· · · 2s:oo:o 
28:30.0 

- 29:oo�o 
29:30.0 
;30:00�0 
23 :00.0 

· 23:3(>;() 
24:00.0 
24:30.0 
25:00.0 
25:30.0 
26:00.0 
26:30.0 
27:00.0 
27:30.0 . 
28:00.0 
28:30�0 
29:00.0 
29:30�0 

2 30:00.0 
� : ·: 21:00.t) : 
3 21 :30.0 
l· · 22:00.0 
3 22:30.0 

. · 3 , . ·  'i3 :00.0 
3 23:30.0 

. •:; · j\ . .. ·24:00�0 . 
3 24:30.0 

· · .3 . -
. .. 25:00.0 

128 
· ;?:;'ij4t' 

123 
: 1ur - --
120 

·-,l':f-4\: .:: 
1 1 8 

: :irstr 

147 
_ . 140: . 

130 
·127: 
128 

·>\\f��i} . 
1 19 
U6i. 
1 15 
- -fAr.-. -
1 10 

HEART RATE 
Performance 

-· · 1�6 . . : 
163 , -.�-
144 
ll'�)'.",, 

147 
-- .tlf-

137 
133 
130 
li(f 

56 

Protection 
(C) 

. · 170 
168 

· }l'.is1::t'-
150 

128 , . > 121 ··· - · . 
1 19 
t' l6/· · 
1 17 
us 
1 1 7 

· - 1-16 -·· 

A-B 
. -4 . .  

-3 ·=1 

157 2 
;;�fyi:Jif�f�.t.}} ·. · ·. 4 

149 
t11 .>

· 

136 
128 

A-C 
. .  · _ :_. 

-8 
(..;;2· . . . 

-5 
� 

0 ' l- . 
-5 

-¥.ft . . 
1 

· y .2 , 
l 

t;H{it;; 
4 

';�jf{ -: 
1 

-3 
-2 
2 -· 
-6 
�l 

5 
'i]lf{) 
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Table B.3: Continued 

SUBJECT 
3 

I"?lli\{& 
3 

TIME 
25:30.0 
26:00�0 
26:30.0 

. 27:00�0\ 
27:30.0 
2s:00:o · 
28:30.0 
••�� :QOJY 
33:30.0 
'34:M�<r 
34:30.0 
Js:oo�o 
35:30.0 
36:oo..o · 
36:30.0 
37:00,0 
37:30.0 

iJ&:oo�o 
38:30.0 

. 39:0();() 
39:30.0 
4.0:00.0 
40:30.0 
41 :00.0 
2 1 :00.0 
2l t30�0· 
22:00.0 

· ,27:3(l0 
23:00.0 
23:�Q;fl 
24:00.0 

J;}f}�):Jcf'(S:;{(';/: ./ 
0

• ';}afi.{;Jb{if 

6 

25:00.0 
• Yzs=iiibD 

26:00.0 

27:00.0 
: -Si5jo:o-

2s:oo.o 
2foo.i9 
23:30.0 

No Mouthguard 
(A 
1 14 
127 
1 18 

. ·:Jjjf){t. 
1 15 

. }iist· 
1 1 1  
it,«;})[{\ 

141 
· t11.1r�l:? 

124 
:i22t···· 

1 16 

HEART RATE 
Performance 

143 
c::�::ti.i,))2 

127 
. ' !li.it;;ii}'fr .• 

1 19 
\f.Yt.1tr 

1 16 
t):tlJ#i(f/;:_ 

· iiltJJ??1;\t . 
1 13 

· -·,1i,-r 
1 12 

· 111, 
136 
taif?;v: 
128 -�: -

15 1  

136 
·. ·fjl, ' 

57 

132 
t�(t, 

154 

Protection 
(C) 
128 

. 126 
122 

, ,127 
125 
' 125 
122 

· :  lf42'.···· 
140 

/\:t,Jt..: :•; 
138 

,, -Ja2.,:c· 
126 

' : . 122: 
1 14 

-• Hi2>' 
1 10 

;103 -
1 1 1  
109 
108 

. '106 
106 

: 1()6 
125 
•1�> ·  
122 

<-fJ$ . . . 

150 

A-B B-C A-C 
-29 15 -14 .
. -3 :- :4\ . : I 
-9 5 -4 
-s · - �".: · ·. · ··+O · 
-4 -6 -10 
..s:L¾i '4 · . .  -lO - . 
-5 

. ;1 
3 . .. 

Jl?\i 
4 

,.···:.·· 

XJ-:;: 
7 

'"3. 
1 
.� · 

-6 -1 1 
1 : ,,• /j(; 
9 12 
6 ;tg1ff 
3 7 
s· .. ·· .· ,;<jf? 
8 

. s . 
9 
6 

15 
.:!; 

10 · ... 
10 

. •-.•.l(l 
7 4 1 1  

I.�. )J .. : t· _.··_t'_ -_::,_. · ·1"'_c:·· . ' ·� .... 
3 2 5 
lO ._, jf. · :ti<> 
3 2 
1 . . ' Q  
7 -1 

5 
:7-
6 
6 - . S . · : 1 "  

0 
·:;$< 
-4 
-:8 , 

-3 4 

1 1  
· , 6· 

6 
:4 
7 

. '·4 
2 
9 
5 
Jt, 
l 

i;tr+} 

1 
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Table B.3: Continued 

TIME 
24:00.0 

25:30.0 
. . ·· 26:00:0 

26:30.0 
27:00.0 

29:00.0 
. 29t.){).C) 
30:00.0 

. · • ·· 30;l0�(l ··.· 
3 1 :00.0 
31:,f[(f 

33 :00.0 
33;30.0 
34:00.0 
·34z30�0 
35 :00.0 
·,sJ;q.o 

No Mouthguard 

··f46 i· · 
144 
. 14f( 
144 

. i:l)t{. ' ' 
1 34 

· 128 · ·· . 
129 

{l:jjt · 
126 
12& 
120 

,�'i.Jf'ij\ft:· 
164 

·:. · . : ·l'ti 
156 

'� Ci�j; 

HEART RATE 
Performance 

146 
J,1, 
134 
129 . . 
130 

., 12$ 
123 

\)l�\ : \ 
122 

't;:iiJ\ .  
1 19 

�;; ftti 
160 
16i 
161  
··1'.60 
157 

:.) f5.5i - . : 
144 

'"l§ 
13 1 
129 . 
125 

122 
1 19 
1 19 
1 14 

1pft,t 
1 14 
l,l l 
108 

. ... .. • · ··.··· ·· ·L '.c• .·· ,· ·. )/154. r·• 

124 
l4l , 

153 
)i�;Itfi,r\l 

140 
?i1!1i:�@/: 

129 
:':fJ�';:\ 

124 
121 

· .. 58 

143 
14,l> 
135 
Ht 
1 3 1  

· · 12� · 
127 
126. 
122 

Yfacf 
1 19 

·ii}j;_ 
153 
J$1 
148 

{{49:; 
150 

' ;, . ;J�?JY} . 
139 ··1� 
123 

· 1 19 · 
1 17 
U4, 
1 12 
107 
106 
,JQ,J 

-144 
, ... JJ.6 
-13 1 
)j�t 

A-C 

-139 
-129' 

8 -123 
10 · .:tw · 

-125 8 -1 17 
·: ..:i�: . ·f},Jt . f4llff: 

7 - 1 12 
:.:;,fj7f'.' 
-106 
;..}Q4 
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Table B.3: Continued 

SUBJECT 
8 

:ia: 
8 
g ,  
8 

. 8 · 
8 
,,I· 
12 
312 . 
12 

· c:¥2%J 
12 

<. 12 
12 

/\:}2{' 
12 

, ,12 
12 

-:)12: 
12 
l2 

12 
:13 
13 
u 
13 

·, . )1\/. 
13 

Jtd 

14 

TIME 
26:30.0 
27:00�0 
27:30.0 
28:00.0 
28:30.0 

· _  29:00.0 
29:30.0 

. J0:00-.0 
24:00.0 
24:30.0 
25:00.0 
'2-5:30.0 
26:00.0 
• 26:30.0 
27:00.0 
27:30�0 
28:00.0 
28:30�0 
29:00.0 

. 29:30.0 
30:00.0 
30:30.0 
3 1 :00.0 
24:00.0 · 
24:30.0 
25:00.0 
25:30.0 
26:00.0 
26:30.0 

. . .  · r 21:oo�o. 
27:30.0 ' " . . \., 2s:omo 
28:30.0 

·. :  . 29:()()Jj: 
29:30.0 

i l():0().0 
30:30.0 

.. Jt:oo�o 
27:00.0 

_ 27:30.0 
28:00.0 

No Mouthguard 
A 

1 16 
. ... ··-

ru -
1 13 
Ul · 
1 17 
109 · 
109 
H.3. 
158 
1-62 
161  

J4g · 
138 
131 
124 
122 
1 16 
· 1 11', · 
1 12 
1 14 
1 10 
1 1 1 
l l0 
164 
160 
'154 
150 
146 
141 

· · 133 
1 32 

: rt�2' · 
122 

/tti':'<: 
l l5 · · n, 
l l2 

·._ ·116 · -
147 
146 . 
145 

HEART RATE 
Performance 

l l8 
116,, 
l l6 : -:iiJ ' 
1 14 

: ·  /t12 
l l  l 

,t:i,j/: 
151  

·· ' 150, : 
144 

. ,i)1jjf;' 
126 
126 . 
l l9 , :-iii, 
1 1S 

,, 1 14 
l l0_ 
19' 
105 

· ··144:, 

106 
l43 
140 

_ us . 
134 

:;}tfl{i}:::;;/: 
122 

, ns . 
1 10 

c:1qs:.: 
108 

i,100 <> · · 
103 
.. 98 
99 
95: . 
I SO 

· -rsr 
149 

59 

Protection 
C A-B 

12 1 

;�JJiBi}ftlt}tt 
1 16 

fttWii:tifi 
1 15 
t-ti: 
1 13 

t·;�tiiiiit�-
152 

· ,tJJffY 
149 

If-I}Jijl;:if 
129 

J2l? 
l l 8 

;_3'�jif.'i'.iftf}\, . 
1 13 

;:;j::l;Wi}:;:' 
108 

:i��liliif:: 
106 5 

· f•':J(lf(; , ··•)Jrlt 
104 
1§� ·· 

150 

4 
. 21 
20 

··;·l
· 

-4 

B-C 
-3 

-1  

A-C 

-5 
:·.·�····· · · 

2 
·�3 - '· .· 

6 
5 

4 
:�Jfiiijt�i:; ·. 

4 

{i'.f\�j:f 
6 
- ir 

-S 
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Table B.3: Continued 

SUBJECT 

14 
14 

14 
:\tt.istf?L 

14 
· 14 

14 
· · 14< ' 

14 
14 
16 
16 
16 

16 
16 ···.· · 

TIME 
·· 28:30.0 

29:00.0 
29:30�0 
30:00.0 ' .: 30:3()�0 
3 1 :00.0 
)Jl�O.O 
32:00.0 

··32:3();0 
33:00.0 
33:30.0 
34:00.0 

'(l4j30�0 
35:00.0 

·. \j$•ao�o 
36:00.0 
ao:oo�o 
30:30.0 

. Jl:00.0 
3 1 :30.0 

·• 32:00.0 
32:30.0 
13:00.0 
33:30.0 

···· 3'4:00:0 
34:30.0 
:3JS;O<t0 
35:30.0 
36;00.0 
36:30.0 

: .\ ij1:Q.6.o 

No Mouthguard 
A 

145 
141 
tM(i 
136 

: . �-:· 
. . :

·
. 

·lJ.8:::. 
13S 
i�lff\ 
124 
i21{:f_ 
1 15 

. l'{ft_i}>• 
108 

;/ijif1/f 
106 

- · t04 
100 

�··- • ... ,�i> 
159 
{SJ\ ·· · 
1S5 
145 
135 
130 . 
124 
lZt. . 
1 15 
dj : 
1 1 1  

' ltl\ . 
1 1 1  

j� 
106 
lOS: 

HEART RATE 
Performance 

144 
,, . " J;.,tf, _ 

132 
({tl:'t:?>-

122 
/-iJt.· 

1 16 
J:ltilI'. 

1 1 1  
\IJitt,tt�: 

107 
>':;tii"L�h:;>: 

103 
·'97 ·  
98 
t�f: . 

161 
' i�:::: 

60 

1 5 1  
143- - ' 
134 
li1 ,. 
124 
· .. 1mf-;" 
1 19 
lt:$· 
1 12 
�if 
1 12 

ittifi:;(\ . · .• 

Protection· 
C A-B B-C A-C 

148 . <Ji -4: :.:J · 
146 -3 -2 -S 
144 . :i --2 . -�-: 
136 4 -4 0 
129- iift: - -2· j\ 
124 

>- 12l 
1 17 
04t 
1 12 

. 111 
108 
UJs, 
103 
103 . . 
103 
lSS 
155 

. 1 52 · 
145 
137 
129 

13 
. ·T>ii}· 
i'ifr· . . 

-2 1 1  
-2 . 10 . · 
- 1  7 
;;.;l_ . . 7 . 

4 -1 3 
\ti - . -3 -.A�l 
1 -1 0 

l . 2 
3 0 3 

�>$i -4 l, 
2 -5 -3 

:/;1 · 3 . 2· . 

-2 6 4 
· - 2': · 4 6 
4 6 10 
2 . 6 · · 8 .. - .  

·- � - 12S 
1 
3 
0 
l 

5 
2 
2 
6 

6 
S' · 
2 
7 

:-:i 

122 
114 · . 

1 12 
· l lO 

106 
107 
102 
101 
103 
104-

-4 
... f 
-1 
0 
-1 
0 
-2 
;,.5 

7 3 
. 5 - . - 2  
6 5 
4 · . 4 . 
10 9 
8 :Ji 

3 
1 
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Table B.4: t-Test Results for the Pairwise Comparison for the Warm-up Period of 
the Aerobic Test 

Condition t - value df p 
No Mouthguard to Performance - 1 .4860 359 0.9309 

Performance to Protection 2.9120 359 0.0038 
No Mouthguard to Protection 0.5685 359 0.2850 

Table B.5: t-Test Results for the Pairwise Comparison for the 10 Minute Running 
Period of the Aerobic Test 

Condition t - value df p 
No Mouthguard to Performance - 1 .9320 237 0.9727 

Performance to Protection -2.0260 237 0.0439 
No Mouthe:uard to Protection -2.9950 237 0.9985 

Table B.6: t-Test Results for the Pairwise Comparison for theCool Down Period of 
the Aerobic Test 

Condition t - value df p 
No Mouthguard to Performance -2.9590 196 0 .. 000 1 

Performance to Protection - 1 .0360 196 0.3015 
No Mouthguard to Protection -3.4700 196 0.0345 
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APPENDIX C 

STRENGTH DATA 
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Table C.1: Preliminary Strength Testing Data 

16 

165 
. 55 
190 

:fiJI�t,lrR�f 
1 75 
l05 
1 15 
100- · 
190 

10 
5 

iit�; 
10 

-:ca· 

6 

8 

Table C.2: Raw Strength Data 

16 

I Rep 
Max lbs 

134 
221 

_ _ ,%;X•1tt: 

16 

186 
iiilitt 
253 

- 1 85 
203 
Ill 
122 
236 
236 

63 

75% of l Rep 
Max bs) 

1()0 
166 
-12$ 
139 
Asir: 
190 
·11,rr. 
152 

' iiji{ 
91 

. i-fr< · 
177 

19 

Weight Tested At 
lbs 

. ' . · - 1os -
165 

· . . ·i:-is· · :;-· 

: •· -·· 11 

14 

,.,/t·-J1t 

19 

135 
'4$.0 
190 

:·l3i\ 
155 
.. 15 
85 

· tis: 
175 
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Table C.3: Rank Sums for the comparison of the EDGE™ Performance to No 
Mouthguard for Strength Test 

Subject 
l 
2 

_· ;,;,id? 
4 
Si: · 
6 
f: 
8 

· 12 
14 
-�\t:. 
13 

, T=�.S 
n=l l  

no perf no - perf I no - perf I 
._- 14 . , ·· 17 . �3 . )):;'; 
14 1 7  -3 

. /I� i::at.' 1 
13 15 -2 
16 , :25 ·:9 . 
9 1 0  

�\ii. . •t11:. 
-1 
:2· 

10 1 1  -1  
�?1'2 \�.:;·�·] . ii�;:i 
1 1  12 -1 

. .•.•.• 1, J)i:./: - -l 
7 7 0 

�.004 . . 

3 
J 
2 

. ' ft;: 
l 
2i, 
l 

:tiij;'. 
1 

·t:is; 
0 

Rank Negative Positive 
7.5 , . 1.5 
1.5 
ii· 
5 

· .. J:l: 
2.5 
'j{ 

7.5 

5 
-JJtr 
2.5 

. [i,t 
2.5 2.5 

�ilft;gi). 75 
2.5 2.5 
rn,1iE� ·.·- J:���i,2.: 

Neg-.ti-ve · 58.S .· . 
Positive 2.5 

Table C.4: Rank Sums for the comparison of the EDGETM Protection to No 
Mouthguard for Strength Test 

Sub·ect 
1 
3 9 
4 13 
5 16 
:f.}} . · . - . .  ' 9 . 
7 

.. . -s:· . \· 
12 . . : :· 1J6�i: < 
16 

__ ,. �i;;;:�:;::;E 
14 .· . . . · .· ·< T¥-tJ 

n=IO 

IO 
· Ui' 
17  
Ul . · 

-1  
. :.;3,: 

-1 
�:· 
'.'"l 

12 -1 ··<ii: .:. lg,�, 
-2 

. ..,.;,r. ··. 
19 -3 

\{li?t · .  i�it:\J . 

64 

I 
. 3 

I 
: .. l-

3 .5 
. · .,�> - . 

3.5 
ii?: 

N¢1iJi)'�-_.: , :\s� · 
Positive 0 
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Table C.S: Rank Sums for the comparison of the EDGE™ Protection to the 
EDGE™ Performance for Strength Test 

n=8 

1 1  
; 19. 

-2 
; ... :.< 

8 
._. ·j 

1 
' ... 1 , 

1 
•.. 

. . , () . 

17  17  0 
· .. ,, 10 : , ()< 
1 1  1 1  0 

p=.461 

2 
1 
8 

· _)'{ 
1 
I 
1 

0 
- ·),\.! ' 

0 

65 · 

6 

3. 
8 

Positive 21  
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APPENDIX D 

IMPACT DATA 
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Table D.1 : Raw Impact Data 

MouthjUJard Hit mV g's notes 
None 1 464 99 

2 464 124 
3 464 1 16 
4 464 13 1 
5 464 1 17 

avg 1 17.4 
2 1 464 66 wood 

2 464 77 cracked on 
3 464 85 hit #7 
4 464 77 absorbed 

5 464 72 more energy, 

6 464 82 
g's lower 

7 464 56* 
8 464 66 
9 464 79 
10  464 69 

avg 74.8 
1 1 464 80 new wood 

2 464 92 
3 464 92 
4 464 92 
5 464 87 
6 464 86 
7 464 97 
8 464 96 
9 464 91 
10  464 98 

avg 9 1 . 1  
3 1 464 73 

2 464 79 
3 464 75 
4 464 82 
5 464 88 
6 464 85 
7 464 90 
8 464 94 
9 464 94 
10  464 91  

avg 85. 1 
4 1 464 72 bite pads 

2 464 70 indented the 
464 91  wood 

4 464 98 
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Table D.1: Continued 
Mouth21.18fd Hit mV J?'s notes 

5 464 94 
6 464 85 
7 464 99 
8 464 107 
9 464 99 
10  464 108 

av� 92.3 
5 1 464 80 

2 464 95 
3 464 95 
4 464 101 
5 464 90 
6 464 99 
7 464 96 
8 464 96 
9 464 103 
10  464 105 

avg 96 
6 1 464 92 

2 464 109 
3 464 126 
4 464 1 1 1 
s 464 123 
6 464 123 
7 464 127 
8 464 130 
9 464 143 
10  464 1 37 

avg 122. 1 

* impact omitted from the average 
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APPENDIX E 

MISCELLANEOUS 
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Table E.1: Summary of the Charges/Counter Charges on the Effectiveness of a 
MORA 

Study Year Type of Test 
Smith . 1978 Subjective and Isokinetic 

Fucha 198 1  Isometric 

Greenberg· 19� l · lsokinetic · 
Kaufman 1982 
Burkett -. 1982 

Muscle Efficiency 
Isometric and Isokinetic 

Bates 1983 Muscle Efficiency 

Williams . 1983 ·. · · Isokinetic 

Yates 1984 Isometric and lsokinetic 

Verban 

Schubert 

1984 _· lsokinetic 

1984 lsokinetic 

· .. 70 

Findings 
No statistical analysis ·performed.·· · · 
Statistically significant results were 
found using the MORA vs. placebo for 
the lower body test, and using the MORA 
vs. normal bite for left are abductors and 
right foot dorsiflexors. No placebo effect 
noted. ·. No ·· statistically ·. significant findings. 
No placebo eff�t rioted. · . · · 
Statistical significance was determined in 
the bench press test. 
No statistically significant · finding. 
No placebo effect noted. 
Statistical significance was determined in 
the vertical jump and the grip strength 
tests. 
Supported rest . position wfls significantly 
stronger than centric occlusion for upper 
appendage strength. .. . - · · 
No statistically significant findings. 
No placebo effect noted. 
statistically significant results · Were 
found in . extension and extenial. rotation 
exercises. No placebo effect noted.·, 
No statistically significant findings. 
No placebo effect noted. 
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Table E.2: Sequence of Testing 

Subject trial l trial 2 trial 3 
·. , _ -. l No Mouthguard Perfonnance Prote�tion 

2 Protection No Mouthguard Performance 

: ,, 3  Performance Protection No Mouthguard 

4 No Mouthguard Performance Protection 

S . Protection No Mouthguard Performance 

6 Performance Protection No Mouthlruclfd 

., · · 1.: .No 'Mouth.guard -' · · Performance :.: Protection 

8 Protection No Mouthguard Performance 

12 :'.:No Mouth.guard Protection 
·. 

Performance 

13  No Mouthguard Performance Protection 

14 Protection ·No Mouthguard Per:(onnance 
16 No Mouthguard Performance Protection 
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•Yoo wll neml e po1al bailing -. 
• � m f'Ollffl tamperature 
-.,,.,and a contalr.- Df ica-. •We___.....,..mirmr 
.... lillinglnlBlGE 

j 2 ALIGNMENT a BITE 

1 B O I L I N G  

1. RI a anainerwidl 5" of ice _.  and sat aside. 

2. Ale COfUirlerwill15"of nan_..,...._.eod also seteside. 
3. Fl a pctwil:h5" of  .... and bring lll a lllil  

"' ; ;  / 

:=:=::===· 16--
l(lrllysibnergelheEDGEuptothe ............. � 

6. Remove the EDGE fnm ltle hot WIiia' and dip itin the coraainer of --�---11r-seanl IIX)MJTPLACETI-EEDG: 
NTI-Ea:NfAN:ROFWA1ERR:AMJE1HAN� EBDl)J 

7,�u:=:��nat-fiaslg 

CONTOURING & SHAPI NG 

1. Aign the EDGE with 'WO'F uppertl!elh. En5llre cum,ct algnmer& 
by using your ftnger'S and thumbs Ill press the EDGE up and beck 
towards the root d ,otll' mouth. 

1. While biting down use VotF nrigen; to form lhe outside 
wal by pushing the materiel ur-nJ and tvit against )1IJlr 
t.eeth and gums al the �  lll"Oll'ld 'fllUI' mot&h. 

2. Use ymr thumb ID massage the EDGE tv"', agasist lhe 
roof of 'PS' mmh and Iha back d 'fllUI' tlleth. 

3. Pack ltle BJGE 1:91tagainstyo1rt.eeltl and gums bypressw1g 
3. Push 'PS' tongue against !he roof of your moudl. on the outside of pr dleclcs. 

Wilh a strong sudcing molion. create a YaClM11 chamber 
effect end dmw out a1 ar end war.er-. 4. Continue to btB down. ad end� for� 

one mi!Ue. This will � the shaping process and create 
a vacuum chamber effect to draw Ol& al air and water. 

'
. 

, t 
L----"!5 

r1I 
l:11 

. 
. 

-
. 

Push .. and back Bite ...,  firmly m ' 

inCo aligl1ment a,d naturaiw 

�4 COOLING & SETTI N G  

1 .  While still attached to the fim,g tool, 
place the EDGE in the container of ice 
cold water for three to live minute to set. 

2. Remowe the EDGE from the flexible 
laing tool by carefuly)Jl*1g it. off, 

3. As rhe EDGE cools and sets it. will shmk 
app,u.i,ratefr !:fM.giwing'l(itl a mere ret.enl:iue 
fit. Y01r best lit will occur alter 24 hours. 

C A R E  I N STR U CTIONS 
• We do nat recommend trimming rhe EDGE. Trimming mar 

cause Ille m8la'ials to ame apin lWm'time. 

• for WWI' prDCedion, the EDGE SYSTEM was maruactured using 
an arunicrobial additive to inhl>it the i,uwcti of germs. 

• To mi1imize distortion and t.o map a good ft. avoid eJCpOSing 
the EDGE ID high temperatures and hot surfaces. 

• The BlGE can be cleaned using a t.oothbnJsh end cool water. 

• AJwa-,s store the EDGE in a C\&Dl1'I protectM case. 

Figure E.1: Boil and Bite Instructions for Self Fitting Mouthguard 
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Table E.2: Signed Rank Probabilities for the Wilcoxon Signed-Rank Test 

Signed-Rank Probabilities' 

Sample Size n 
T 4 s 6 7 8 · 9 IO 1 1  12 

l -250 . 125 .063 .03 1 .016 .008 .004 .002 .OO I 
2 .375 . 188 .094 .047 .024 .012 .006 .003 .002 
3 .625 .3 13 .156 .078 .039 .020 .010 .005 .003 
4 .875 .438 .219 . . 109 .055 .027 .014 .007 _004 

s .625 313  . 1 56 .078 .039 .020 .0)0 .005 
6 .801 .438 .2 19 . 109 .055 .027 .014 .007 
1 LOOO .563 291 . 149 .074 .037 .019 .009 

8 .688 .315 . 195 .098 .049 .025 .012 
9. . 844 .469 .250 . 129 .065 .032 .016 

10 LOOO .5i8 .313 . 164 .084 .042 .021 
1 1  .688 .383 .203 . . 106 .054 .027 
ll .813 .461 .250 . 131 .067 .034 
13 .938 .547 .301 . 160 .083 _ .043 

14 .64 1 .359 .193 .102 .052 
15 .742 .426 .233 . 1 123 .064 
16 ·.844 .496 .275 .148 .077 

17 ·.945 .570 .322 .175 .092 
18 . .652 .375 .206 .1 10  
19 .7344 .432 .240 .129 
20 .820 .492 .278 . 1 5 1  

11 .910 .551 .320 .176 
ll I 

1.000 .625 .365 .204 
l3 .695 .413 -233 
14 .770 .465 .266 
25 .846 . 520 .301 
26 .922 .577 .339 
27 1 .000 .638 .380 
28 .700 .424 
29 .765 .470 
30 .83 1 .S l9 
31 . .899 :.569 
32 .966 .622 
33 .677 
34 . . 733 
JS .791 

36 .850 
37 .910. 
38 .970 

a Two-tailed probabilities for the distribution of T � the signed;.rank statistic. For a sample size n 
and value.of T, the entry gives the p-value. H.a one-tailed test is appropriate. bal\'e the entry. 
Ii n > · i2, go to Section 14.6. 
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APPLICATION REVISIONS 
NEXT ASS'Y USED ON I VAA REV DESCRIPTION I ECN DATE APP'D 

I A CHANGED PER ECN f 3695 5/1 4/92 bl'fl.d.i..AM 
I 

0 

I 
7 (1 78) 

··1 
0 

I 
c.o 
00 -
0 I -

T 
3 {76) -� - - - - - --

e _J ------.---
REMOVABLE IMPACT CAP 
lYPICAL EACH ENO 
{SUPPLIED. SEE UST BELOW) 

I 

I 35 (890) 

THE FOLLOWING ACCESSORIES 
ARE SUPPLIED WITH MODEL 

v--,...1'----' 08_6C50 IMPULSE HAMMER ' 

QlY DESCRIPTION MODEL 
.,,,---.....'----' 

I If 
SUPER SOFT TIP 084A30 

1 sorr TIP 084A3 1 

1 MEDIUM TIP 084A32 
1 HARD TIP 084A.33 

I 

-

I 
. 

BNC JACK� 

UNLESS SPEClflED TOLERANCES DRAWN :SOrf �-v'n LCFG w� SfloJ._� • P[B CHK·O � �, .. ,.'- ENCR "1.f �/t,r/1:J PIEZOTROHICS. INC. 
�2s_ � .. �«r:°'lMi =-= 14043 -Da,10.'SIOHS IN. INQIU l)UIOiSIONS . IN. MI.IJW£TERS 

h}P.,f' �Mi1:. (IN PAADmt£SIS) APP"D � 1�� DECIIW.S XX :J: .Gt DECIMALS X :!:CJ.l 
XXX ,J:.005 xx :*0.1.l 1 HJL&. OUTLINE DRAWING �68� 086-3500' -95 A.�GI.ES * 2  D£CREES AHQ.[S :J:2 D[� MODEL 086C50 

FlUEfS AND RADII .003 - .005 (0.07 - 0.13) IMPULSE HAMMER SCALE: 1/2 SHEET 1 OF 1 

Figure E.2: Impact Hammer Schematics 
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PCB
® 

REVISIONS 

SPECIFICATIONS -B- Rev# 3695 
�y. c- : �J � -

IMPULSE HAMMER 
PIE2OTROHICS 

SHEET 1 OF 1 

MODEL NO. 086C50 

Frequency Range kHz 0.50 
Hammer Range (5V output) lb1 (N) 5000 (22000) 
Hammer Sensitivity (approx) mVJlb1 (mV/N) 1 .0 {0.23) 
Resonant Frequency kHz 2.7 

Hammer Mass lb (kg) 1 2  (5.4) 
Head diameter inch (cm) 3.0 (7.6) 
Tip Diameter inch (cm) 3.0 (7.6) 
Hammer Length inch (cm) 35 (89.0) 
Connector (coaxial) jack BNC 

Tip Supersoft Model Na. 084A30 
Tip Soft Model N11. 084�31 
Tip Medium Model Nia. 084A32 
Tip Hard Model W- 084A33 

II 

-

APP�O KJS 4/10/92 SPEC NO. 

ENGINEEA CLL 4/10/92 086-3500-80 
PROOUCT 

JBP 4/10/92 UA.'U.GER 

Figure E.3: Impact Hammer Specifications 
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