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ABSTRACT
AMANDA FRIEDLINE: Effects of Weight-Cutting Tactics on ClinicaloGcussion
Measures in Division | Collegiate Wrestlers
(Under the direction of Kevin M, Guskiewicz)

Our purpose was to look at the effects of weight-cutting tactics on clinical ciocus
measures in Division | collegiate wrestlers. Scores on clinical ceilocuassessment tools
were analyzed at baseline and pre and post practice. Concussion tools included TBe SCAT
the SAC, the BESS, the GSC, and SRT computerized test. All subjects completedethe sa
test battery at baseline and before and after a pra&igeificant differences were observed
for SCAT2 when pre and post-practice measures were compared to b&e&lid®%) and
BESS scores between baseline and post-pra@&ise)(05). Significance was also observed
for GSC when pre and post-practice were compared to badekn®.05). A difference was
further observed between pre and post-practice. Our results suggest thagpdtrianirfor

wrestlers to be tested in a euhydrated state in order to ensure weigig-tadtics are not

influencing the outcome of the clinical measures.
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CHAPTER |

INTRODUCTION

Six thousand males participate in collegiate wrestling each yeam({éic2007). In
2006-07, over 255,000 males and 5,000 females participated at the high school level (NFHS,
2006). Due to the nature of this sport, however, injuries in wrestling are rather common. At
the collegiate level, injury rates per 1,000 athlete-exposures (A-E) dummpetition are
second only to spring season football (Jarret, Orwin, & Dick, 1998). In collegiatéing.es
an injury rate of 7.25/1,000 A-E is reported (Yard, Collins, Dick, & Comstock, 2008).
Wrestling has even been ranked third behind lacrosse and ice hockey for the most
concussions sustained during competition (Covassin, Swanik, & Sachs, 2003).

It is believed that injuries, particularly concussions, are more likely tadiaised
during a match because there is more direct contact with the opponent’s head, elbow, and
knee during a poor takedown attempt (Agel, 2007). Takedowns account for the most injuries
in wrestling (41.9%) because both wrestlers begin in a neutral position atrtiod tia
match, and performing a takedown is encouraged in order to score points (Yard, et al., 2008).
Though concussions happen more during matches because of direct contact between
opponents, takedowns are practiced frequently because they are such a vitab éilspect t
sport. Therefore, the risk of injury is still prevalent during practices.alssimportant to
note that while more injuries seem to take place during matches, injuries pigsagson

are twice as likely to occur than during the regular season (Agel, 2007).



Wrestling is a sport with significant risk for injury, but it also places Smt stress
on a wrestler’'s weight. It is perceived that competing at the lowest possiigllet class will
give the athlete an advantage over their smaller opponent. This mentality wagstters to
practice various weight-cutting techniques, including fluid and food restrictiengisig in
excessively warm environments, wearing vapor impermeable suits under watim-ups,
and using laxatives or diuretics. All of these tactics result in dehydration aexdweaght
loss. A survey found an average weekly weight loss percentage to be 4.3% body mass or
2.9kg for high school and collegiate wrestlers and that 12.1% of Division 1 collegiate
wrestlers cycled their weight 6% or more (Oppliger, Steen, & Scott, 2003). €haissm
wrestlers were repeatedly losing and regaining 6% or more of their bodyerassek.

Due to rule changes, wrestlers now have one hour in between weigh-in and competition i
dual meets. One study noted that rehydration cannot be reached by hydrating an hour
between weigh-in and competition by water alone in wrestler's thagturinore of their
total body weight (Popowski, et al., 2001). This means that if wrestlers aren’tlprope
rehydrating, they are very likely competing in a dehydrated statgh they have had time
following weigh-in to consume fluids and food.

Current literature has elucidated the effects of dehydration on seveables One
study found that mental and psychomotor abilities decreased during a 24 hourspregres
voluntary dehydration protocol (Derave, De Clercq, Bouckaert, & Pannier, 1998)g &Jsi
test battery that objectively measures psychological performance,t&ilgection time,
accuracy, and mental endurance decreased 3 hours post fluid deprivation and total test
solving time increased 6 hours post fluid deprivation (Petri, Dropulic, & Kardum, 2006).

Another study found that following a 28 hour fluid restriction with food intake resdrict



those that contain less than 75% water content, there was no decrease on cognitive-motor
performance. The authors, therefore, believed that young adults could adapt to slow
progressive dehydration up to 2.6% of their total body weight. Subjects of this study did
report, however, feeling more tired and less alert following the dehydrabtwcpt

(Szinnai, Schachinger, Arnaud, Linder, & Keller, 2005).

Another study found that following a 2-hour bike exercise task, a mean body mass
decrease of 1.9kg occurred in a group with no fluid replacement and 0.4kg with fluid
replacement. The fluid restriction group presented a higher heart rate andgoeesertion
compared to a fluid replacement group. Postural stability was found to be impatined i
fluid restriction group when compared to the group allowed to ingest fluids throughout the
workout. Postural tandem sway and center of pressure (COP) were found to bergeeater i
post test of the fluid restriction group (Derave, et al., 1998).

A study performed by Patel et al. looked at the effects of dehydration on variables
used to diagnose and determine concussions in athletics. This study looked at postural swa
and found that subjects did not have a statistically significant changecibetwkydration
and dehydration states for the Balance Error Scoring System (BESSktudvsalso found
no significant differences with the Sensory Organization Test (SOT) and &laeda
Assessment of Concussion (SAC), which are clinical measures used in concussion
assessment. The Graded Symptoms Checklist (GSC), however, did show aasignific
difference with the dehydrated condition having a higher total symptom sewvertber of
symptoms, and higher symptoms of balance, dizziness, feeling slowed down, andrieeling

fog (Patel, Mihalik, Notebaert, Guskiewicz, & Prentice, 2007).



In the current research that has been performed, there are sontohsiit&everal
of the studies looked at dehydration on variables, but their populations were not $pecific
the sport of wrestling and if active dehydration was performed, it was vie avbrkout, not
a sport specific task ((Derave, et al., 1998; Patel, et al., 2007; Szinnai, et al., 2005a Als
small sample size was used of male volunteers, an average age of 25 years oldgwind we
as physically trained as wrestlers. Because of this, the relationsipelnedehydration and

concussion measures in the sport of wrestling is not well understood.

Statement of the Problem

Wrestling is a sport where athletes consistently practice various veeitjimg tactics
causing weight fluctuations throughout a season. It is also a sport where iajarggsnmon
including concussions due to the direct contact in the sport. Dehydration and concussion
share a similar symptomatology, including dizziness, headache, and balfinotiesd. It is
important for clinicians and medical personnel to understand how weight-cuttileg tact
affect clinical concussion measures in order to provide appropriate carenettkers.

Based on the study findings and an improved knowledge of the effects of weighg-cutt

tactics, we may suggest having the athletes rehydrate and quit praceging-eutting

tactics before concussion assessment is performed. This would help ensung ¢hahges

in score are due to injury, not weight-cutting tactics. It would also be impootaciiricians

to know if clinical concussion measures are not sensitive to weight-cutttngstaThis

would give clinicians and medical personal confidence in the sensitivity of cioicus
assessment tools to be recognizing concussion signs and symptoms. Therefore, the purpose
of this study was to look at the effects of weight-cutting tactics on clioatussion

measures in Division | collegiate wrestlers.
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Variables

1. Independent Variables:

Weight-cutting tactics (including practice, which all subjects willlgough)

2. Dependent Variables:

Sport Concussion Assessment Tool (SCAT?2) total score

Standard Assessment of Concussion (SAC) total score

Balance Error Scoring System (BESS) total score

Graded Symptom Checklist (GSC) symptom severity score and total number of
symptoms endorsed

Automated Neuropsychological Assessment Metrics (ANAM) Simple Rea€ime

throughput score

Research Questions

1. What are the effects of weight-cutting tactics in Division 1 collegiagsthars on

SCAT?2 total score?

2. What are the effects of weight-cutting tactics in Division 1 collegiagsthars on SAC

total score?

3. What are the effects of weight-cutting tactics in Division 1 collegiagsthars on BESS

total score?

4. What are the effects of weight-cutting tactics in Division 1 collegiagsthars on Graded

Symptom Checklist symptom severity score and total number of symptoms endorsed?



5. What are the effects of weight-cutting tactics in Division 1 collegiagsthars on Simple

Reaction Time (SRT) throughput scores?

Research Hypotheses:

1. Subjects’ SCAT2 scores will be
a. Worse at pre-practice when compared to baseline.
b. Worse at post-practice when compared to pre-practice.

c. Worse at post-practice when compared to baseline.

2. Subjects’ SAC scores will be
a. Worse at pre-practice when compared to baseline.
b. Worse at post-practice when compared to pre-practice.

c. Worse at post-practice when compared to baseline.

3. Subjects’ BESS scores will be
a. Worse at pre-practice when compared to baseline.
b. Worse at post-practice when compared to pre-practice.

c. Worse at post-practice when compared to baseline.

4. Subjects’ Graded Symptom Checklist scores (severity score and numiempodiss
endorsed) will be
a. Worse at pre-practice when compared to baseline.
b. Worse at post-practice when compared to pre-practice.

c. Worse at post-practice when compared to baseline.

5. Subjects’ Simple Reaction Time (SRT) throughput score will be
6



a. Worse at pre-practice when compared to baseline.
d. Worse at post-practice when compared to pre-practice.

e. Worse at post-practice when compared to baseline.

Null Hypotheses:

1. Ho: No difference between subjects’ SCAT2 score when compared to baseline, pre
practice and post practice scores.

2. Ho: No difference between subjects’ SAC scores when compared to baseline, pre
practice and post practice scores.

3. Ho: No difference between subjects’ BESS scores when compared to baseline, pre
practice and post practice scores.

4. Ho: No difference between subjects’ Graded Symptom Checklist scores (seueriy
and number of symptoms endorsed) when compared to baseline, pre practice and post
practice scores.

5. Ho: No difference between subjects’ Simple Reaction Time (SRT) throughput score

when compared to baseline, pre practice and post practice scores.

Definition of Terms/Operational Definitions

1. Practice was defined during the month of October when athletes are prepafirgg for
competition in November (October 12 and October 19).
2. Weight-cutting tactics could consist of using diuretics, laxatives, foodatestr, fluid

restriction, excessive exercise, vapor impermeable suits, and/or sweatmants



sweatshirts. Subjects were allowed to practice any combination or numbese®f t
tactics. Which tactics each subject practiced were recorded.
Euhydration status for baseline testing defined as urine specific gral/ig20.

Flat weight was defined as a wrestler's competition weight.

Assumptions

1.

The athletes were able to provide a urine sample pre and post practice thougtyprobabl
dehydrated.

The SCAT2 was a reliable and valid clinical concussion measure.

The BESS was a reliable and valid clinical concussion measure.

The ANAM'’s Simple Reaction Time subtest was a reliable and valid dliciceussion
measure.

Subjects were compliant with guidelines and treated it as if they have to-wdagh
competition a day and a half later.

Subjects performed to the best of their ability.

Subjects were truthful when reporting symptoms.

Delimitations

. Only male Division 1 collegiate wrestlers from the University of Northo@za at

Chapel Hill were used; no females were included.
Only current clinical concussion measures at the University of Northli@ar Chapel

Hill were used.



Limitations

1. During matches, it may be assumed that subjects are rehydrated sinweitifein an
hour before competition to eat/drink, but this study could not be performed on
competition days.

2. Possible learning effects/practice effects of clinical measures

3. Previous concussion history was not collected.

4. Subjects only had to cut weight to 5 pounds within flat weight and never made flat
weight, which they would for competition.

5. Specific gravity was used to assess hydration status because it ieHicestt, on-field
measure, though plasma osmolality has been found to better track changesdifian spe
gravity and urine osmolality (Armstrong, et al., 1998; Oppliger, Magnes, Popowski, &

Gisolfi, 2005).



CHAPTER Il

REVIEW OF LITERATURE

Introduction

Sports concussion or mild traumatic brain injury is an area of medicine that has
continued to receive more attention over the past 20 years. More information is known about
this injury due to research that has been performed on varying aspects of this toall Foot
appears to be the sport at the highest risk for concussion, although other spisis aresk
due to the rules or dynamics of the sport. Wrestling is a sport where pointsracklsco
taking your opponent down to the mat. During this sport, contact with your opponent occurs
for a majority of the time, potentially leading to more exposure for injury. NQUY97 —

2000, 121 concussions were both diagnosed and reported in collegiate wrestling (Covassin, et
al., 2003). Wrestling also poses a risk for severe dehydration. Wrestlers atd tbayagn

an advantage if they can wrestle at the lowest possible weight. This leadsus waethods

of weight loss, including dehydration from fluid and food restrictions and extensveisx

in warm climates. A dehydration level of 5% total body weight is not that uncommon in
wrestling. Dehydration of this level results in physiological changesekhssvdizziness,

postural difficulties, fatigue, headache, lethargy, etc. These are alsasig symptoms

commonly reported in mild traumatic brain injury or concussion. With similassagd

symptoms being present in concussions and dehydration, one wonders how dehydration



affects clinical concussion assessment tools, therefore the purpose of this sbuekamine

the effects of dehydration on clinical concussion measures in Divisiolegiaaé wrestlers.

Sports Concussion/Mild Traumatic Brain Injury

Definition

The definition of sports concussion or mild traumatic brain injury has evolved since
the 1960s. Mild traumatic brain injury (MTBI) has been described as a mild difijuse i
resulting from a blow or insult to the head or elsewhere on the body. This blow camresult i
one or more signs and symptoms (Guskiewicz, et al., 2004). It has also been described as a
sudden acceleration or deceleration force to the head, which causes an injury tathe brai
This injury leads to immediate, though temporary alterations in brain funcGuskigewicz,

Ross, & Marshall, 2001).

Epidemiology

The incidence of concussion is more common than people may recognize. Over three
years, 1,224 concussions were sustained during practice and 1,278 were sustained during
games in collegiate sports (Covassin, et al., 2003). This shows that practicegushadpe
dangerous as competitions/games with regards to sustaining a concussion. During 1997-
2000, 15 collegiate sports were analyzed to determine which sports sustained the most
concussions and pose the highest risk for injury. Women’s soccer reported 192 concussions
while football reported 147. Ice hockey reported 126 concussions, men’s soccer reported
123, and wrestling reported 121. Men’s lacrosse, baseball, and softball were allamthe

range of around 80 concussions in three years (Covassin, et al., 2003). This shows that

11



concussions are a common injury in a number of sports, therefore confirming the imo@orta

of understanding more about concussions since they can potentially affect scemaley p
Furthermore, it has been found that a high school or college football player whossasti
concussion is three times more likely to sustaifi®@@ncussion during the same season
compared to athletes who have not sustained a previous injury (Guskiewicz, Weaver, Padua
& Garrett, 2000). Athletes could potentially be missing weeks to months of thieticat

seasons if concussions are not recognized and managed appropriately.

Biomechanics/Mechanism of Injury

A number of forces and blows can occur to the head, resulting in a concussion. The
brain rests in the skull and is surrounded by cerebrospinal fluid, whose primary purpose is t
help cushion the brain. When there is a rapid change in velocity of the head over time,
acceleration or deceleration of the brain occurs within the skull (Barth, Fre8mushek, &
Varney, 2001). Acceleration is when there is an increase in velocity while iz is
when there is a decrease in velocity. This acceleration or deceleratiorbadithessults in
trauma because the cerebrospinal fluid cannot absorb or cushion such a sudden change in
velocity. Not all acceleration or deceleration forces occur in the dqiéte because the
cervical spine allows increased mobility as a sacrifice for stabibiye to this increased
mobility, the vector of the acceleration to the head can be changed due t@adhityc
rotational forces to the brain, resulting in various injuries (Barth, et al., 200t&yatiire
classifies two major injuries as the result of impacts. A coup injury is wiesa is a blow to
a resting, moveable head, which results in injury directly beneath the poirpaitior

contact. A contrecoup injury is when a moving head hits an immovable object. This results

12



in the brain shifting to the opposite side of impact, causing the brain to hit the skuilcaus
injury (Barth, et al., 2001; Guskiewicz, et al., 2004). Coup-contrecoup combinations can
occur and when rotational impacts are also involved, the sites of injury to the brdie ca
numerous.

When a force is applied to the brain, three particular stresses can occuesvepr
tensile, and shearing. A compressive stress is when the brain is crushed @ssethdue to
a force while a tensile stress is when the tissue is pulled or stretchedfpadaring stress
is when the force occurs across the parallel organization of the tissue in oppestterd.

A compressive force is better tolerated by the brain tissue, resultirgsiadeere injury,
whereas tensile and shearing stresses are not as well toleratemhg @sultore severe
injuries.

No two concussions will present in the same manner due to the various forces and
stresses that can occur on the brain. Any combination of forces or stressesura
resulting in injuries of varying severity. Because of this, it is importabetable to
recognize, understand, and correctly handle concussions clinically to pieveet injuries

or mental detriments.

Sgns and Symptoms
For many years, loss of consciousness (LOC) and post traumatic amnesibever
gold standard symptoms for concussion (McCrea, Kelly, Randolph, Cisler, & B2oge).
Many of the grading scales used to determine grade and severity of concussidrased
on these two symptoms. More studies, however, have been showing that while theee are t

symptoms that may be present, there are many more signs and symptoms maoalgom

13



present in concussion. A single injury resulted in subjects with an increased report of
headache, dizziness, and memory problems at 24 hours and five days post injury when
compared to controls subjects. By ten days post injury, these signs and symptoms were
longer significant from baseline values (Macciocchi, Barth, Alves, Rimdar&, 1996).
Furthermore, concussed athletes reported headache, dizziness, nauseaq&itinsce
drowsiness, photophobia, memory and concentration problems, feeling “slowed down” and
“foggy” two hours post injury, but returned to normal at 48 hour post injury (Echemendia,
Putukian, Mackin, Julian, & Shoss, 2001). In 1003 football concussions, 86% reported
headache, 67% reported dizziness, 59% reported confusion, 48% disorientation, 28.6%
reported a positive Rhomberg's test, 27.7% reported amnesia, and 8.9% experienced loss of
consciousness (Guskiewicz, et al., 2000). Furthermore, no postural stability or
neuropsychological test differences were found between concussion sulbiects w
experienced loss of consciousness and/or post traumatic amnesia and concusssaviabject
did not (Guskiewicz, et al., 2001). All of these studies show that loss of consciousness
and/or post traumatic amnesia are not good indicators for concussion. The main concussion
signs and symptoms reported are impaired attention, concentration diffiaafioemation-
processing speed, memory, headache, dizziness, nausea/vomiting, tinnitus, inyeaired e
tracking, balance disturbances, drowsiness, photophobia, feeling “slowed” down, aid over
fatigue (Echemendia, et al., 2001; Guskiewicz, et al., 2004; Macciocchi, et al., 1996).

More recently, research has been done looking at the relationship between headache
and concussions. Headache has been said to occur in 86% of concussions. Subjects who
presented with a headache at initial assessment and one day post concusaieddaspl

increased number and intensity of symptoms initially post injury and throughout theryecove
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period (Guskiewicz, et al., 2000; Register-Mihalik, Guskiewicz, Mann, & Shields, 2007).
Headache was even reported three days post concussion in 42% of athletes, but by five da

post injury, had decreased to 25% of athletes (Guskiewicz, et al., 2001).

Management and Return to play/General Guidelines

Assessment of concussions in athletics should include a battery of tests. It is
recommended that no one single test should be used to make a decision regarding return to
play or further plan of care when dealing with concussions. Each person may pitsant
concussion in a different manner, therefore a test battery of cognition, pothiiglysand
self-reported symptoms is recommended (Guskiewicz, et al., 2004). If asaeszofs
cannot be used following injury, it is recommended that a seven day symptom freg waliti
period be implemented before allowing an athlete to return to play. An athletd bloul
disqualified from a game or practice on the day of injury if an athlete is eymagt at rest
or following 20 minutes of exertional activity. Furthermore, a progressioctioftg should
be attempted before returning an athlete back to practice or competition.eatheuld be
symptomatic for 24 hours, after which a 20 minute exertional activity should bepsete
If the athlete still does not present with symptoms and his/her baseline netapgical
and postural stability tests are back to baseline values, the athlete unayogdlay. If all of
these criteria are not met, it is recommended that the athlete be kept outioé nac

competition (Guskiewicz, et al., 2004).
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Effects on Neuropsychological Function

Concussions have been shown to have an effect on neuropsychological and cognitive
function. Several studies have used paper and pencil neuropsychological testsnineléter
concussed athletes show a deficit in neuropsychological function. A single concassion i
183 cases showed impaired neuropsychological test performance 24 hours post injury, but at
five days post injury, test values matched control subjects (Macciocchi, et al., 19969
similar neuropsychological tests, working memory, immediate memaal,recncentration,
and rapid visual processing were effected during the initial stage of rgdollewing
concussion in Division | athletes, particularly 24 hours. The Wechsler Digitt8pand
Trail-making B test appeared to be the most sensitive when trying to tcasierg
following concussion (Guskiewicz, et al., 2001). In both studies, athletes and matched
controls were assessed at a preseason baseline and at increments posdngistudy
looked at the effects of concussion on neuropsychological function two hours, 48 hours, one
week, and one month post injury. Using paper and pencil tests, at two hour post injury,
concussed Division | athletes performed worse on tests focusing on workingynem
attention, concentration, and verbal learning. At 48 hour post injury, concussed athletes
performed worse on test assessing working memory, verbal learning, wentalry, divided
attention, and speed of information processing. At one week and one month post injury,
there were no significant differences between concussed athletes ahddwatntrol
subjects (Echemendia, et al., 2001).

The Standard Assessment of Concussion (SAC) is a clinical concussiomasgtess
tool which looks at orientation, immediate memory, concentration, and delayedsoecah.

It is believed that these are the areas of neuropsychological functioningethab st
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commonly affected following concussion. This tool was used on concussed athletes five
minutes and 15 minutes post injury, as well as 48 hours and 90 days post injury. Nearly 85%
of subjects did not have post traumatic amnesia or loss of consciousness during injury, but
did have deficits in orientation, concentration, and memory functions immediatelyifa

injury (McCrea, et al., 2002). At 15 minutes post injury, subjects who did lose consciousness
for a period of time remained more impaired than subjects who did not present with loss of
consciousness or post traumatic amnesia. At two days post injury, almostedtsubj

regardless of LOC or PTA, appeared to have made a full recovery back tadodsgd. A
limitation to this study, however, is there was only a small sample sizeletestwho

presented with LOC and/or PTA, therefore it is hard to make generalizatitires t

population that PTA and LOC show an increase in concussion severity and longeryrecover
period. Conversely, LOC and PTA were found to not be an indicator for performance on
neuropsychological function or postural stability tests (Guskiewicz, &0&l1). This study,

too, however, had a very small sample size of individuals who experienced PTA an@/or L
making it hard to make generalizations to the population. More research wititexr gre

sample size of subjects who experienced LOC and/or PTA is needed.

Effects on Postural Sability

Postural stability is another area affected by concussion. Balamcéntegration of
the visual, vestibular, and somatosensory systems. Because it is an integridugse of
systems, when one system is altered, the other systems are supposed to adapt stadi@l
posture to be maintained. It is believed that with concussed athletes thericéseinl¢he

exchange of information between these systems, resulting in anterior-pasteryomedial-
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lateral sway, or a combination of both particularly on an unstable surface witthout
vision (Guskiewicz, 2001, 2003; Riemann & Guskiewicz, 2000; Riemann, 2000). Therefore,
it is important to always include an assessment of postural stability ircassion
assessment. The Rhomberg test was a balance test commonly used to assalss postu
stability in concussed athletes for several years. Variations to thelRhpiest have
occurred over the years, including one where six test conditions were used. A dguble le
stance was performed on two surfaces, firm and unstable, on a force platechFsurésce,
subjects performed an eyes open, eyes closed, and a visual conflict dome cond#i@ol(Ing
& Armstrong, 1992). The goal of the variation in the Rhomberg test was to remove one o
the three systems used to maintain balance and see the affects in closefuhepdtients.
Severe head injury patients (LOC > 6 hours) were found to have an increased anterior-
posterior and medial-lateral sway than other severities of head injury and tlu sobjects
(Ingersoll & Armstrong, 1992). With increased severity of head injury, it woukkpected
that postural sway would be greater; however, it is important to note that mild hegd inj
defined as no loss of consciousness, did show varying sway values amongst the six
conditions.

Postural stability has also been assessed using the NeuroCom Sensorza@ogani
Test (SOT) and the Balance Error Scoring System (BESS). The SOT maotiible leg
stance for three 20-second trials with eyes open, eyes closed, and swenceetm a stable
and sway reference surface. The BESS involves three stances (double ledegjramd
tandem stance) on a foam and firm surface with eyes closed. The SOT in subgects
received a concussion was found to demonstrate a decreased composite score day one pos

injury when compared to subject’s baseline and day three values and a matcoddycmunr
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(Guskiewicz, et al., 2001; Riemann & Guskiewicz, 2000). Recovery in subjects appeared to
occur between day one and day three post injury according to the SOT. The BESS
demonstrated that injured subjects had decreased postural stability day angiposthen
compared to baseline and day three values as well as to the control group (Gaskieali,
2001). Using the BESS, the three stances on the firm surface were not found to be
significantly different between subjects with mild head injury and control groupsybowe
significant group differences were noted between the three stances oarthsurface
between mild head injury and control subjects (Riemann & Guskiewicz, 2000). The SOT
and BESS results following mild head injury were found to parallel each other, comgfirmi
that the BESS is an effective clinical measure when the SOT cannot beedameisstoo
expensive to afford (Riemann & Guskiewicz, 2000).

Postural stability deficits have even been found in subjects six months fajlowi
concussion. Thirteen mild traumatic brain injuries with a Glasgow Coma Soatecsd 3-
15 who were still dealing with signs and symptoms six months post injury wesseds
using a force plate. They performed balance tasks with eyes open, while dantbraetic
task, with eyes closed, weight shifting, and weight shifting while perforamngrithmetic
task. Subjects showed a reduction in quiet standing and weight shifting control oé postur
even six months post injury (Geurts, Ribbers, Knoop, & van Limbeek, 1996). This further
confirms that postural stability is an area affected by concussionfdteetke assessment of

postural stability should always be included in a concussion testing battery.
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Sport of Wrestling

Epidemiology

Wrestling is a sport where males, and more recently females, continuédip gt
at the collegiate and high school levels. Since 2000, approximately 6,000 malé@sgbartic
in wrestling at the National Collegiate Athletic Association levelygar (Vicente, 2007). In
the year 2006-07, over 255,000 males and 5,000 females patrticipated at the high school level
(NFHS, 2006). Wrestling is a unique sport where contact with another player or ot occ
consistently. In order to score points, contact with your opponent is required. D to thi
fact, the risk of injury is quite high. The 3 primary injury mechanisms incliadepl
contact, contact with a bench, mat, etc, and no contact (Agel, 2007). During wrestling
practices, 63.6% of injuries occurred due to contact with another player (Agel, 2007).
Contact with another player can lead to shoulder, knee, ankle, and head/face injuries. The
most common move in wrestling associated with injuries is the takedown, accoonting f
41.9% of injuries (Yard, et al., 2008). A takedown is worth two points and is when one
wrestler takes his opponent to the mat from a standing position, usually in a higjyy ene
rapid motion (Yard, et al., 2008). In the sport of wrestling, both wrestlers begin inral neut
position, and in order to score points, performing a takedown is encouraged (Yard, et al.,
2008). Takedowns are practiced frequently because they are such a viat@tpesport,
therefore injuries are likely to occur in practice as well. Injurie;dpreseason were also
found to occur twice as much when compared to regular season. One theory as te why thi
happens is that athletes are attempting to drop significant body weight befargulae
season begins, though data has revealed that there is no relationship betweeshvissayht

and injury frequency (Agel, 2007).
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Wrestling has been found to have an injury rate of 7.25/1,000 A-E in college (Yard, et
al., 2008). More specifically, injury rates in matches were found to be second behind spring
football per 1,000 A-E (Jarret, et al., 1998). Of all wrestling injuries reporied 1085
through 1996, 37.6% resulted in athletes missing 7 days or more (Jarret, et al., 1998). This
shows that wrestlers are sustaining severe enough injuries to cause thesdoveek or
more of practice/competition.

Of body parts that are injured in wrestling, concussions are common. Between the
years of 1997-2000, 121 concussions were sustained at the collegiate level (Covalssin, et
2003). Between 1988-1989 through 2003-2004, concussions accounted for 4.8% of total
injuries in collegiate wrestling (Agel, 2007). More recently, during tlgb22D06 academic
year, 5.8% of concussions at the college level was reported (Yard, et al., 26383pdears

to show that the rate of concussion at the collegiate level has increased oearshe y

Weight Classes/Weight Loss Measures
Wrestling is divided into 10 weight classes. These weight classes are 125, 133, 141,
149, 157, 165, 174, 184, 197, and 285 Ibs. Opponents are paired based on their weight class.
To wrestle at a particular weight class, the wrestler needs to wegthln the respective
weight class 1 hour prior to wrestling in a dual meet. It is perceived and agedun the
sport of wrestling that there is a competitive advantage to wrestlingaea Wweight class.
Because of this, wrestlers constantly fluctuate their weight and rely musaneasures in
order to lose the weight needed to wrestler at their desired weight clase rméods
include fluid and food restriction, excessive exercise in a warm climatengeatton sweat

suits, use of laxatives or diuretics, sitting in a sauna, or wearing vapor isgl@ensuits
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during exercise (Oppliger, et al., 2003). All of these methods result in signicdrni

some cases, severe dehydration in the athletes and an elevated core bo@dyusmper

Death Due to Weight-Cutting Tactics

In 1997, from November to December, three collegiate wrestlers died fpiin ra
weight loss when trying to make weight for a competition. All three wrestilere using
extreme weight loss methods, including dehydration through excessive peyspirati
restricted fluid/food intake, and using vapor impermeable suits underneath cottomupgrm
For the three athletes, the difference between their preseason weighém weight class
goal for competition was an average of 30 Ibs or approximately 15% of their toyaiasd
(Centers for Disease Control and Prevention, 1998). As a result of these ticeddaths
all occurring within one month, the National Collegiate Athletic Associagweised the
weight loss management guidelines and placed more restrictions on what is arsdnehat

permitted.

The NCAA Rule Changes 1999

In 1999, the NCAA rules committee met to address the weight loss tactics used in
wrestling and make necessary changes to try and prevent weight lostdekttes from
occurring as did in 1997. The main rule changes included six pounds added to each weight
class (i.e. 127 Ibs went to 133 Ibs) and weigh-ins were moved to one hour prior to
competition time for a dual meet. A certification process was implementeathletes now
have to certify at the beginning of the season to determine a minimum allowableiteenpet

weight. For this certification, athletes must be properly hydrated. Alsm tilere is
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multiple day tournaments, athletes must weigh in at the beginning of each dailCRA
also prohibited the use of vapor impermeable suits, saunas, and laxatives, emetics, diure
self-induced vomiting, excessive fluid/food intake, and rehydration via atifieeans (i.e.
intravenous hydration) (Committee, 1999). These rule changes were meant to place
restrictions on weight loss tactics and to limit excessive weight loss favhaays leading
up to competition.

The most recent “2009 NCAA Wrestling Rules and Interpretations” includeaseve
of the rule changes established in 1999, but also more detail regarding fieaterti
process and consequences for failing to following the rules. A final weggdsasent is
determined prior to the first official team practice of regular seasors cEhtification
process establishes the minimum weight class the athlete can competegath#useason.
This weight is determined by urine specific gravity, hydrated body weigttthree skin
fold measurements from the triceps, subscapular, and abdominal areas. TheddGlates
that a specific gravity value of less than or equal to 1.020 shows that athlete iatdyd
and a value of greater than or equal to 1.020 shows a state of dehydration. If thésathlete
dehydrated, he cannot receive his certification. This process is usuallycoe by the
certified athletic trainer or physician. Once this data is entered andatle and certified
athletic trainer verify the data, the lowest weight class for the atbégtnot be changed
(NCAA, August 2008).

The NCAA also has a weight-loss plan. This states that wrestlers shouldenot los
more than 1.5% of their total body weight per week. This value is compared to the previous
weekly weigh-in number (NCAA, August 2008). The NCAA has an individualized weight

loss calculator for each athlete based on their certification data.
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The NCAA has strict regulations and consequences for failure to abide by the rules
If a wrestler competes at a weight class which is two weight clabse® his certification
weight, he forfeits the right to return to his original certification weiglgx!| This is to limit
the excessive weight loss attempting to drop two weight classes to retuigirialaveight
class certification. There are also penalties to the student/athlatbingpataff, and
institution if unsafe weight loss tactics are used. Some of these penaltiele ipablic or
private reprimand, disqualification of individual contest(s), financial pe&$100 per
institution or $50 per individual, and team records or performances being adjus#é,(NC
August 2008).

The reason for implementing the rule changes of 1999, which have carried dweer to t
recent rules of 2009, are to protect the student-athlete from severe dehydratibe a
consequences on the body from participating in extreme weight loss tactice.ti rule
changes, collegiate wrestlers participate in less extreme wesgghtactics, however, from a
survey of 43 collegiate programs from Division 1, 2, and 3, 25% still use saunas, vapor
impermeable suits, and fasting to lose weight (Oppliger, et al., 2003). A weaght Voss
value of 2.9 kg or 4.3% total body weight for Divisionl, 2, and 3 has been reported and
12.1% of Division 1 wrestlers reported cycling their weight 6% of their total bedyhiv
This means that the average weight lost in the five days prior to a weighhimeek was
2.9 kg or 4.3% total body weight (Oppliger, et al., 2003). What typically occurs is the
athletes will regain this lost weight within several days following cditipe before they
start the whole process over again. Cycling ones’ weight means that 12.1% mfrDivis
wrestlers were losing and regaining approximately 6% of their total bedjhtveach week.

Wrestler self reported values showed that 26.6% of wrestlers cycled thght\i0 times
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during a season (Oppliger, et al., 2003). These values show that while weight loss practices
have improved, there are still wrestlers that are practicing extreatteds and losing and

regaining significant amounts of weight each week.

Dehydration in Athletics

Definition

Dehydration is when sweat lost due to activity is greater than fluid intake. The
body’s main method of cooling or dissipating heat is through evaporation or swExdssy
2000). Sweat results in a loss of fluids from the body and this increases when actiuity
in a hot environment, exercise intensity is increased, and when more clothing is worn. When
there is an increase in sweat lost and therefore an increase in fluids logidrbody,
dehydration can occur more rapidly. Dehydration of 1-2% total body weight basail to
compromise physiological function and decrease performance. Dehydration oigB8ater
has been said to further disrupt physiological function, causing heat illf€ssas 2000).
The National Athletic Trainer’'s Association (NATA) states that madidehydration is the
loss of 1-3% total body mass and this is equivalent to a urine specific gravigeneivd10
and 1.020. NATA states that significant dehydration is the loss of 3-5% of total leogtytw
which is equivalent to a urine specific gravity of 1.021-1.030 and that severe dehydrat
the loss of 5% or more of total body weight, which is equivalent to a urine speaiitygr
greater than 1.030 (Casa, 2000). For every 1% body weight lost during activitylehe' it

core body temperature rises an additional 0.15 - 0.20 degrees C (Montain & Coyle, 1992).
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Sgns and Symptoms
Signs and symptoms of dehydration include excessive thirst, flushed skin, muscular
cramps, apathy, dizziness, headache, vomiting, chills, decreased perforgapoead
balance difficulties, feeling slowed down, feeling in a fog, and overall fat{i@asa, 2000;
Patel, et al., 2007). Signs and symptoms progress as the level of dehydrationiaa athle

increases.

Effects on Postural Sability

Dehydration has been show to have an effect on postural stability. Postuliéy sta
assessed via a force plate following fluid restriction and a bike exersksshtawed an
increase in postural tandem sway and an increase in center of pressur¢¥@@®, et al.,
1998; Gauchard, Gangloff, Vouriot, Mallie, & Perrin, 2002). One study assessed double leg
stance versus tandem stance with eyes open (Derave, et al., 1998) and the other study
assessed the double leg stance with eyes open and eyes closed (Gauchard, et alitft2002). W
and without fluid restriction, following exercise, the tandem stance resoleethrger COP
than the double leg normal stance, showing that the tandem stance, regardlesgiohhydra
status is more challenging and results in more sway than the normal dousibnies
(Derave, et al., 1998). Furthermore, thermal dehydration from repeated sessisasna a
did not result in a significant change in center of pressure and postural stahfiigydouble
leg stance with and without eyes opened (Derave, et al., 1998). Both studies hada sampl
size of 10 subjects or less, making it difficult to generalize these findinge tedt of the

population.
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A computerized postural stability assessment along with a force NiededCom
SOT) was performed on subjects in a euhydrated and dehydrated condition following
fluid/food restriction and a bike exercise task. Six conditions which alteredstina,vi
somatosensory, and vestibular domains where performed and found that there was not
differences between groups, meaning this measure is unaffected by tiehyidraubjects
dehydrated to 1.71-4.15% total body weight (Patel, et al., 2007).

Postural stability has also been assessed in hydrated and dehydrated cohdit@mns
clinical measure rather than a force plate was used. The Balance BmiagS&ystem with
six differing combinations of stance and surface showed that it too is ativeffmol that is
unaffected by dehydration in subjects dehydrated to 1.71-4.15% total body weiigiht éP

al., 2007).

Effects on Cognitive Function/ Neuropsychological Performance

Dehydration has been found to have an effect on neuropsychological performance
and cognitive function. During a progressive voluntary dehydration of 24 hours, a béttery
computer generated psychological tests were administered and found thatsssibgstt or
reaction time, accuracy, and mental endurance deteriorated 3 hours post fluid ideprivat
Following 6 hours of fluid deprivation, subject’s total test solving time was found t@asere
(Petri, et al., 2006). Only 10 subjects were used in this study, therefore gertieradi to the
population are difficult to make.

The effects of dehydration on cognitive function have also been studied. Lderatur
has shown that individuals dehydrated to 2% of total body weight or more via a combination

of exercise and fluid restriction in a hot environment showed a decrease in short term
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memory, attention, arithmetic efficiency, and visual motor tracking (GdmnaPichan, &
Sharma, 1988). Heat induced dehydration and treadmill exercise induced dehydration to
2.8% total body mass when compared to a control group were found to have a difference in
cognitive function, particularly decision making speed and short term memorg. texon
memory, unstable tracking, and reaction time were not affected by eitireofor

dehydration. Overall, there were no significant differences found betweendlierms of
dehydration (Cian, Barraud, Melin, & Raphel, 2001). In both studies, however, a samaple siz
of 11 or smaller was used, making generalizations to the entire population difficul
Conversely, no decrease in cognitive-motor function was noted following a 28 hour fluid
restriction and free food intake with less than 75% water content. Authors belieyetthg
adults are able to adapt to slow progressive dehydration up to 2.6% of total body weight
(Szinnai, et al., 2005).

While some of these studies have focused on an exercise task along witlatiemydr
none have looked at the effects of dehydration in wrestling on cognitive functidowiRgl
rapid weight loss after weigh-ins and 18-24 hours prior to competition, weestlierpleted a
cognitive test battery. With an average body weight loss of 6.2%, wrestlers scaeedbiow
short term memory, however, did not score lower for attention, visual acuity, and visuomotor
skills following rapid weight loss (Choma, Sforzo, & Keller, 1998).

Two cognitive function/neuropsychological tests commonly used for clinical
concussion measures were analyzed to test their sensitivity to dehydrationistiugldi
dehydrated 1.71-4.15% total body weight. Both the Standardized Assessment of Concussion
(SAC) and Automated Neuropsychological Assessment Metrics (ANAM) cotefsaore

were found to have no differences between euhydrated and dehydrated conditenst(Pa
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al., 2007). For the ANAM, dehydration is then believed to not have an effect on reaction
time, mental processing speed, mental efficiency, and working memory. Wasige
significant difference in Matching-to-Sample and Sleep Scale betgveaps, showing that

in the dehydrated condition visual memory and subjective measures of fatdjtieedness
were present. For the SAC, dehydration is then believed to not have an effect oti@rienta
immediate memory, concentration, and delayed recall.

An important finding is that a reduction in performance for certain cognitivéiéumnc
tests is inversely related to the degree of dehydration, meaning perfermi#lraontinue to
decrease as degree of dehydration increases (Gopinathan, et al., 1988).r& ltboefgh
some studies have not found a decrease in areas of cognitive-motor function, perhaps as
dehydration level increases, as in wrestling, a decrease in cognitivefonuttion will be

seen.

Effects on Subjective Symptoms

The signs and symptoms of dehydration have been mentioned earlier, but research
has also been performed to compare such subjective feelings in euhydratedydnatelgh
conditions. Fluid restriction over 37 hours with no exercise task showed an increase in
perception of thirst, feelings of dry-mouth, headache, tiredness, and difficuligntatog
with a dehydration of 1-2% total body weight (Shirreffs, Merson, Fraser,cRekr 2004).
Similarly, fluid restriction of 28 hours and free food intake with less than 75% wantent
showed an increase in subjective rating of effort and concentration needed taea@mple
cognitive function test, as well as an increased feeling of tiredness aedstenr alertness

(Szinnai, et al., 2005). Fluid and food high in fluid content restriction for 15 hours along
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with a 45-minute bike exercise task showed a higher total symptom severity,rrafmbe
symptoms, and higher ratings of balance, dizziness, feeling slowed down, arglifealiiog

on the Graded Symptom Checklist (GSC). The GSC is a clinical concussion measure t
assesses the presence of 22 concussion-related symptoms, broken down into cognition,
somatic, emotional, and sleeping problems clusters. These results show that@ocess
dehydration appear to have similar signs and symptoms in subjects dehydrated 1.71-4.15%
total body weight, though this study did not analyze a sport related activity, tasdns

looked at a bike exercise task (Patel, et al., 2007). Furthermore, a subjectiagaest

used for heat stress dehydration, exercise induced dehydration, and a control group found
that both forms of dehydration resulted in an increased feeling of fatigueufstyi in the

exercised induced group (Cian, et al., 2001).

Methodological Considerations

Hydration Measures

Specific gravity is a common measure used to assess hydration statugefitted as
the density of urine from the sample gathered compared to the density of wateydOfpl
Bartok, 2002). One method of testing for specific gravity include reagqmd,stinere a
strip is dipped into the urine sample and the color is compared to colors found on the strip
kit, which allows for some subjective error. A more commonly used method is
refractometry. The refractometer is dipped into the urine sample and liytéakas into
consideration the temperature of the specimen (Oppliger & Bartok, 2002).ctBefeders
are small, hand held devices and because of this, are portable and easy to use, making

hydration assessments in athletes more feasible. The cut-off spemviity galue commonly
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used of less than or equal to 1.020 has been said to only deal with the upper range of
euhydrated individuals for a range of 1.006-1.020, which was found to symbolize
euhydrated. It was suggested that an adjusted cut-off value of 1.015 be used telpccurat
depict euhydrated individuals (Popowski, et al., 2001). For the cut-off value of 1.020, 31.3%
of euhydrated subjects were correctly classified and 80.0% of dehydratettswgee

correctly classified (Oppliger, et al., 2005). This shows that lowering tlodisfggavity

level to 1.015 may more accurately represent euhydrated individuals and ensure that
dehydrated subjects with values between 1.015 and 1.020 are not inaccurately beidg define
as hydrated. This study, however, only had a sample size of 12; therefore rmaretres

must be done in this area before the cut-off of 1.020 that is use by many organizations is
changed.

Osmolality is another commonly used measure of hydration status and can be
analyzed through urine or plasma. It looks at the amount of solute particlesogearkilof
solution (Armstrong, et al., 1998; Oppliger & Bartok, 2002). It is measured bgarig
point with an osmometer. Urine osmolality and urine specific gravity have aiekto e
used interchangeably, which was verified by a study, however, the variance,ibleposs
error, of these two methods increases when specific gravity reaches ¢naat1.024 and
osmolality reaches greater than 900mOsri@&ymstrong, et al., 1998). Urine osmolality
in weight controlled sports subjects (boxing and wrestling) was signifychaigther during a
morning, pre-breakfast urine collection when compared to non-weight controlled sports.
This reflects the attempts of the athletes to dehydrate to lose weigbnipetition

(Shirreffs & Maughan, 1998). This same study also looked at euhydrated andatiethydr
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conditions and found a significant difference in the dehydrated group, which included an
exercise task.

Plasma osmolality is more invasive and expensive than urine collection because
blood samples need to be collected intravenously, making this method not very practical f
quick hydration status checks in athletes. It has, however, been found to be areatiect
in accurately detecting changes in hydration status during acute dehyaradisubsequent
rehydration (Oppliger, et al., 2005; Popowski, et al., 2001). Plasma osmolality alycurat
identified and was more sensitive to changes in hydration status at 1% tgtaldagtt
dehydration than urine specific gravity and urine osmolality. Once dainydireached 3-
5% total body weight and 30 and 60 minutes following workout (recovery time), urine
specific gravity and urine osmolality accurately measured hydratatus (Oppliger, et al.,
2005). Another study with a similar protocol, found that urine specific gravity alsadfielent
appropriate hydration status at 3-5% total body weight dehydration, but urine dsnoiadal
not appear to be significantly different from euhydrated value until a 5% totaMaight
dehydration level was accomplished (Popowski, et al., 2001). The lag presented by urine
specific gravity and urine osmolality is thought to be due to ingestion of 250mL pveter
to a dehydration protocol for the study was begun, meaning the renal systerntemadiad
to respond to the influx of water. This could also be present in an athlete thditlg slig
dehydrated and rapidly ingests water. They could potentially produce a uriple siaat
would indicate them as hydrated due to the fact that the kidneys aredilieainwater.
Rehydration following 6% total body weight dehydration was found to require 48-72 hours
(Costill & Sparks, 1973). Furthermore, rehydration for 1 hour equaling body weight lost

following 5% dehydration did not meet euhydration by consuming water alone (Ropetvs
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al., 2001). Both of these studies raise the question of if wrestlers are prokdirig
following weight-ins, and even if they are consuming a sport drink, etc, are they ever
reaching euhydration? If they are not, then they are potentially stiithwmg in a state of
significant dehydration.

Finally, urine color is another method of measuring hydration status thatiande
is influenced by changes in urine solutes and water. A six-point likert scabeba
validated as a useful, inexpensive method (Armstrong, et al., 1994). It is a poetetisrnt
which urine color is compared to, but there is room for subjective error. Urine colordmas be
found to be strongly correlated to urine osmolality and specific gravity in indigidual
dehydrated approximately 1.8-3.7% total body weight (Armstrong, et al., A894trong,
et al., 1998). A urine color value of greater than three (Armstrong, et al., 1997 gatet gr
than or equal to four (Shirreffs & Maughan, 1998) on the scale have been said to show
dehydration. Rapid fluid rehydration was found to decrease the strength oatianstlip
between urine color and urine specific gravity and osmolality mininfalimstrong, et al.,
1998). Urine color should be assessed within 20 minutes of collection to avoid altered color,
bacteria formation, or changes in density due to sitting or refrigeratiomsffong, et al.,

1998).

Objective Clinical Concussion Measures

A concussion battery should include an assessment of neuropsychological function,
postural stability, and symptoms. As briefly mentioned previously, the Stanahrdize
Assessment of Concussion (SAC) in a clinical measure used to assess naotogeat

status in concussions. The SAC includes measures of orientation, immediate memory,
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concentration, and delayed recall, which are neuropsychological areas thougHhteotbd a

by concussion. There are three forms, A, B, and C that are used clinicallyahdtékes
approximately 5 minutes to administer. The words used to test immediate nardory
delayed recall are the only difference between forms (Barr & Be(2001). A maximum

total score of 30 points is possible. Thirty-three football players in high school é&wgecol
who suffered a grade 1 concussion, which was defined as brief confusion and no loss of
consciousness, were administered the SAC. No difference between high school ged colle
athlete’s performance was noted. A significant difference betweerS#@ilscores and
section scores for concussed and non-concussed athletes were noted, with coridatsed at
scoring lower. Concussed athletes scores were also compared to baselinandalues
immediately following injury, concussed athletes had a lower total s¢ay-eight hours
post injury, concussed athlete’s values returned to baseline (McCrea, et al., 1998).
Immediately following injury, section scores for orientation, immediaenory, and
concentration were significantly lower in concussed athletes compared tmbasdlies,
though subjects apparently were not obviously neurologically impaired. Also, iabelgdi
following injury, an average decrease of four points on the SAC was noted for high school
and college athletes, meaning that the SAC is sensitive to the immediate pelotyzscal
deficits of concussion (Barr & McCrea, 2001).

There is also a computerized concussion battery that assesses neuropsatianidg
cognitive integrity. The Automated Neuropsychological Assessment BE&NMAM) is a
commonly used computerized test. The ANAM consists of several subtests useddo asse
reaction time, concentration, visual memory, working memory, mental progegsed, and

mental efficiency. Several of these subtests have been validated when cbioplaee
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commonly used paper and pencil tests (Woodard, 2002). The ANAM looks at throughput
scores, which analyze a combination of the subject’s accuracy and speed ofqecéor
The higher the throughput score, the better the performance. The SimpleR&éane
(SRT) subtest has been found to be one of the most reliable subtests. The SRTetdst pres
subjects with a visual stimulus and requires them to press a mouse as quicklyldes poss
following the stimuli. The SRT has been shown to detect deterioration in subjecterbetwe
baseline and the first testing interval, where no significant differenceemegsin other
subtests (Bleiberg, et al., 2004).

Another commonly used clinical concussion tool is the Balance Error ScoriregrSyst
(BESS). It entails six conditions which are a combination of stance and stiffacences.
A foam and firm surface are used with a double leg, single leg, and tandem $tantiee
single leg stance, the non-dominant foot is stood on and for the tandem stance, the non-
dominant foot is positioned behind the dominant foot. Athletes do each trial for 20 seconds
with their eyes closed. Athletes receive an error when they lift their hantieiofiliac
crests, they open their eyes, they step, stumble, or fall, when they move the hip eato mor
than 30 degrees of flexion or abduction, when the heel or forefoot is lifted off the ground,
and when they remain out of testing position for more than five seconds. Scores are
calculated for each condition and a composite BESS score is calculated. The BB$8ma
compared to a force plate, which is a measure of postural stability used in tla¢oigbor
setting. A correlational statistical significance for error es@nd target sway measures
were found for single leg firm surface, tandem firm, and single leg, doublenkbtapradem
for the foam surface (Riemann, Guskiewicz, & Shields, 1999). An intertessduiligi

coefficient for five out of the six conditions ranged from .78-.96. The Double leg firm
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surface, which is also the traditional Rhomberg stance, did not show significardtomire
between error scores and target sway. The BESS was performed on threata@ndays

and the only condition where a learning effect between day one and day three @Wagasote
the double leg foam surface (Riemann, et al., 1999). The BESS was also compared to the
NeuroCom SOT, which is a laboratory measure previously described. The BE&findhs

to have similar trends and paralleled results to the SOT (Guskiewicz,20@&l; Riemann &
Guskiewicz, 2000)

The Graded Symptom Checkilist is also a commonly used clinical measure for
concussion assessment. The Graded Symptom Checklist (GSC) is a seddrepale of 22
concussion-related symptoms. Subjects can rank each symptom on a 7-point al&ert sc
where 0 means asymptomatic, 1 means mild, and 6 means severe. The concussion symptoms
can be broken down into four main groups, cognition, somatic, emotional, and sleep
problems. The Graded Symptom Checklist was found to be a practical measure for
monitoring concussive symptoms (Maroon, et al., 2000; McCrory, Ariens, & Berkovic,
2000).

The SCAT, which stands for the Sport Concussion Assessment Tool, was developed
in 2005 so clinicians could have a concise assessment tool that addressed someregthese a
of interest (McCrory, et al., 2005). The SCAT focused on cognitive features,|typica
symptoms, and physical signs following concussion. It also provided a return to play
progression for athletes to go through and pass with no symptoms before being alowed t
return to competition. More recently, the SCAT has further evolved and a SCAT2 is now
available as a clinical concussion measure. The SCAT2 contains a sympteraestion,

which is the same as the Graded Symptom Checklist. It also includes a Pdigagacore
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and Glasgow coma scale score. The SCAT2 also includes the SAC to asses&cognit
function and the sub categories of orientation, immediate memory, concentration, and
delayed recall. Finally, the firm surface portion of the BESS is includeddesapsstural
stability. An overall score is collected from each variable and a total of 10663 i
possible. The higher the score athletes obtain, the better the performance ©ATRe S
The SCAT2 is a concise, thorough, clinical concussion measure that addreggesnsym
neurocognitive function, and postural stability.

The SAC, BESS, and GSC, and now the SCATZ2, are all clinical measures that have
been compared to laboratory measures and shown to be comparable. Clinical meésureme
are important in the initial evaluation of athletes, especially when thelyecaompared to
individuals’ baseline values. These measurements can gather valuable iiothnatican
be used in conjunction with laboratory tests to determine recovery in athletes and should be

used when making return to play decisions.

Rationale for Study

The sport of wrestling presents clinicians with unique challenges due to the dynami
of the sport and weight restrictions. Wrestlers are subjecting themselwveght-cutting
tactics that lead to dehydration and decreased caloric intake and, due to thieofdinéac
sport, are also at risk for concussions. Dehydration and concussions have beed teport
have similar signs and symptoms, including dizziness, headache, fatigue, auce bala
difficulties. The question arises if clinical measures for concussicecatgate when
wrestlers who sustain an impact to the head are also potentially dehydratedcticthgr

various weight-cutting tactics. To the author’'s knowledge, only one study has looked at t
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effects of dehydration on clinical measures of concussion. This study looked ahlmsay

and found that subjects did not have a statistically significant changeelnetwiydration

and dehydration for the Balance Error Scoring System (BESS). This &odpand no
significant differences with the Sensory Organization Test (SOT) and&thzed

Assessment of Concussion (SAC). The Graded Symptoms Checklist (GSC), however, did
show a significant difference with the dehydrated condition having a higheryotaian
severity, number of symptoms, and higher symptoms of balance, dizziness, fleaed s
down, and feeling in a fog (Patel, et al., 2007). Subjects in this study, howeveqgmer
dehydrated to 1.71-4.15% body mass and were physically active individuals; tieeyoter
wrestlers and were not be subjected to the demands of the sport. Therefore, the purpose of
this study was to look at the effects of weight-cutting tactics on clinicedussion measures

during practices in Division 1 Collegiate Wrestlers.

38



CHAPTER Il

METHODS

Study Design
ubjects

Thirty-four NCAA Division | male collegiate wrestlers were etdiin this study.
Exclusion criteria included any subject who had sustained a concussion within one month prior
to baseline testing and anyone who sustained a concussion before their involueimestudy
was complete (approximately Mid-October). Two subjects were removedHi®study: one
subject received a concussion during the study time frame and the other subjetaiato
complete all test sessions due to sickness. Thirty-two subjects completst sdissions
(age=20.0£1.4 years; height=175.0£7.5 cm; baseline mass=79.2+12.6 kg). Of these 32 subjects
six had been diagnosed with ADHD. Analyses were run with and without these subject
revealing no significant differences. Five of the thirty-two subjemtspieted the same bike
workout in place of regular practice for testing, due to inability to complettigeaeither due to
skin infections or injury. Aoriori power analysis revealed that 20 subjects would provide a
power of .80 with the measures that were used in this study; however, this comparecedoncuss
and non-concussed subjects. Due to the nature of this study (i.e. studying non-thjeted)a

32 subjects were used as a more conservative estimate.



Research Design
A repeated measures design was used to assess subjects on threecsEjpaiates: a
baseline session performed in September 2009, a second session prior to a wrastiaggipr

October 2009, and a third session following the same practice event.

Instrumentation

Sport Concussion Assessment Tool (SCAT2)

The SCAT2 (Appendix A) was used for this study because it is a concise arahtelev
clinical concussion evaluation tool that includes a Graded Symptoms Checklisbsysqutre,
the Standardized Assessment of Concussion (SAC) to assess mental statushaeel fine
surface conditions of the Balance Error Scoring System (BESS).

The Graded Symptom Checklist assesses 22 symptoms commonly associated with
concussion. A 7-point Likert scale is used to rate each symptom as 0 for not prekéot, or
mild and 6 being the most severe. The Graded Symptom Checklist, has been found to be a
practical measure for monitoring concussive symptoms (Maroon, et al., 2000piyic€tral.,
2000)

The SAC measures orientation, immediate memory, concentration, and detatkd re
which are neuropsychological areas thought to be affected by concussion. On Wi SCA
alternate word lists are provided for the immediate memory and delayddsestiains to limit
learning effects. The SAC has been found to be sensitive to the immediate neurogssehol
deficits of concussion and a reliable, valid clinical measure (Barr &B&,2001; McCrea,

2001; McCrea, et al., 1998)
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The three firm-surfaced stances of the BESS are also included in the SCAdse T
conditions include the double leg, single leg, and tandem stances performed osuafaice.

For the single leg stance, the non-dominant foot is stood on and for the tandem starure, the
dominant foot is positioned behind the dominant foot. Foot dominance is determined by which
leg would be used to kick a ball for distance. Athletes do each trial for 20- secondsewith t
eyes closed. For the sake of this study, the three foam surfaced-stanceseE8 $hede also
performed aside from the SCAT2 analysis (Appendix B). The double leg, singtatetandem
stances were performed as described above, but on the foam surface. The ondeg of sta
performance was as follows: double leg stance, single leg stance, agnh &tadce. All firm
surface conditions were performed first for the SCAT2. Following completidredtitl

SCAT2 test battery, the three foam surface-stances of the BESS wepettoemed. Each 20-
second trial is scored by counting the number of errors or deviations from proyper sta
performed by the athlete. There are six main errors that are beingtedal These include
lifting your hands off the iliac crests, opening your eyes, taking a stepblatg, or falling,
moving your hips into greater than 30 degrees of abduction, lifting your forefootfmoteztf

the surface, and remaining out of test position for more than five seconds. We obgghved hi
intratester reliability using a subset of 20 baseline BESS videos re-edbhftdr the completion
of the study (ICg;=0.95; SEM=1.22).

The three firm and three foam surfaces of the BESS has been found to coitblate w
other laboratory measures of balance (Guskiewicz, et al., 2001; Riemann & Guakif0ig;
Riemann, et al., 1999).

The SCAT2 also includes a physical signs section to assess if balance prablems

unresponsiveness are present and a Glasgow Coma Scale, which assessémkynd/enotor
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responses immediately following injury. A coordination assessment isnalsded and looks at

upper limb coordination through touching a finger-to-nose task.

Automated Neuropsychol ogical Assessment Metrics (ANAM)

In addition to the SCAT2, a subtest of the Automated Neuropsychological Assessment
Metrics (ANAM), the Simple Reaction Time (SRT), was used. Subjects ctadlas subtest
on the computer and were asked to click a computer mouse as quickly as possible following a
visual stimulus being presented (Bleiberg, et al., 2004). The ANAM, and patiicha SRT
subtest, have been found to be valid and reliable measures (Bleiberg, et al., 20ia4;, Cer

Reeves, Sun, & Bleiberg, 2007).

Refractometer

Refractometry is a method used to measure the specific gravity of ufiact@meters
are small, hand held devices and because of this, are portable and easy to use, nrakiog hyd
assessments in athletes more feasible. For this study, the same ueict@aoqgtirotocol was
followed for all subjects. Subjects were provided with a sterile plasticnsgecup. Subjects
were asked to begin urination into the toilet and midway, begin urine collection imghénce
urine was collected, the digital refractometer was calibrated bstingséhe tip of the
refractometer into distilled water. The refractometer should read 1.00@idfnot read 1.000,
the tip of the refractometer was re-wiped and recalibrated. Followiigatain, the
refractometer was inserted into the specimen so that the tip was not touchingahedidkie
specimen cup. The urine specimen was then disposed of down a drain. After each ptimee test

refractometer was cleaned with a damp, soapy cloth, and wiped dry, making suiduewes
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left. Recalibration was performed at the beginning of each testing day, hothettveen each
urine sample.

The National Athletic Trainer's Association (NATA) states that malidehydration is
the loss of 1-3% total body mass and this is equivalent to a urine specific grawebd .010
and 1.020. The NATA states that significant dehydration is the loss of 3-5% of total body
weight, which is equivalent to a urine specific gravity of 1.021-1.030 and that severeadiemydr
is the loss of 5% or more of total body weight, which is equivalent to a urine spgaifity
greater than 1.030 (Casa, 2000). Specific gravity measures via refrathave been found
to be reliable and valid measures of hydration status when compared to osranthlityne
color (Armstrong, et al., 1994; Armstrong, et al., 1998). A reliability studyped®rmed and
an ICG; of 0.996 and an SEM of 0.000564 of the digital probe refractometer (Misco Products
Design, Cleveland, OH) was found. Using a separate group of urine samplesessed the
reliability of urine specific gravity measures for samples at a numbenefititervals:
immediately after collection, 1 hour post-sample and 6 hours post-sample. This foasgebin
order to evaluate whether the urine specific gravity readings would flacsat result of time
delays between collection of the sample and measurement of the sample wifiegpeity
during the study. We observed an Kx©f 0.9995 (SEM = .000691), ensuring very high
reliability in that any reading of the urine sample within 6 hours of its cmlleetould be

consistent with an immediate reading or a reading at any time intervahiedret
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Procedures

Recruitment

Before recruitment of subjects began, the Principal Investigator teathe coaches
and athletic administrators at UNC-CH to ask for permission to work with daeir.t
Recruitment of subjects consisted of talking with the wrestlers befosetagerto inform them
about the study and ask for their participation in this study. Subjects had the freedom to
withdraw from the study at any time. Given our target population, we were gelémensure
equal access to participants among women. The only way to capture the datanendhens
proposed research questions was to recruit subjects from a pre-selected tehrs teaoh tdid
not include women at the time. Note that we recruited players from a partieutaatel that we
did not recruit a team that would require players to participate. Subjects eligibleiling to

participate were asked to report to baseline testing.

Baseline

Subjects reported to the Sports Medicine Research Laboratory locateden Fetz
Gymnasium in early-September. Subjects were formally introduced topgkearaent at this
time. Subjects were asked to read and sign a consent form approved by the YoivBiwmith
Carolina at Chapel Hill Institutional Review Board. Subjects reported fetibasesting having
consumed at least 250mL of water the morning of the study to ensure hydratiowgKippd
al., 2001).

Subjects were weighed while wearing paper shorts, which were used ewerydight
was measured. Subjects were also asked what weight class thgpatediwrestling at this

competition season. A urine sample was collected and specific gravityeaasimad with a
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digital probe refractometer (Misco Products Design, Cleveland, OH). Trematocol was
followed for all urine collections in this study and was described earliersuBjects in this
study were hydrated during baseline testing and did not have to report 24 hours latmigr t
Following urine collection, subjects were then administered the SCAT2 witddthigon of the
BESS foam-surfaced stances. The participants were also asked to conep&iteple Reaction
Test (SRT) module included in the Automated Neuropsychological Assessmermt Metri
(ANAM). All trials of the SCAT2 and BESS were videotaped and errors weaedrat a later
time. An ICC 3 ;was performed regarding BESS evaluations and a high intratester reliabgity
found (ICG 1=0.95095; SEM=1.224)All foam balance trials were performed on a medium-
density foam surface 41.6 x 50.8 x 6.3 cm (Balance Pad; Alcan Airex AG, Sitize@avid).
The number of hours of sleep they received the night before baseline testialgaveallected.
Testing order throughout this study was as follows: subjects reported and provided a
urine sample and were weighed, in no specific order. Following, subjecterene
administered the SRT, followed by the SCAT2 and BESS foam-surfaced stanbesSRTt
followed the SCAT2 and BESS. It is important to note, however, that the SCAT2 wgs alwa
immediately followed by the BESS foam-surfaced stances. If for sammeneubjects could not
provide a urine sample prior to test administration, their urine sample wagenbleitowing

clinical test administration.

Pre-practice
Subjects were randomly assigned into two groups of 16 subjects without repiaceme
One group was tested on a Monday before wrestling practice. The other group oueytt tir

identical testing session on a different Monday before wrestling pradtigs.was just to
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account for large subject size and inability to test all 32 subjects on adayyl&Vithin each

Monday test group, there were two subgroups. One group consisted of the lighter wesght clas
and one group consisted of the heavier weight classes. Both groups practiceddimethe s
amount of time and were put through the same physical workout under the same environmental
conditions. This was just to account for testing 16 subjects in one day and ensure that all
subjects were tested within the proposed time frame.

A few days before the subjects’ test session, the subjects were provided sever
documents that they were asked to refer to at different times during the SDudywas a
subject safety guideline sheet (Appendix C) which outlines symptoms to beawlaireng
participation in the study and instructions on how to contact the principal investigatgr
symptoms were present. Subjects were also given a log sheet to track foatéke and
exercise activity leading up to pre-practice assessments (Appendis @gll as a food
measurement guide (Appendix E). This guide was to help subjects make estegatding
serving sizes by using commonly found household items.

The temperature in the wrestling room was measured at half hour intervalg duri
practice sessions. Depending on what the temperature was in the room duringdag bfst
testing, necessary steps were taken to ensure similar room temperaheeosuing test day
for the second test group. The same practice outline was also followed to ensure emiabnm
and physical exertion factors were the same for all subjects. The nigid tesfting, subjects
were instructed to treat the evening and day leading up to practice ashath&yweigh in for
competition the next day (Tuesday). Subjects were instructed to chart arfpdidichtake and
exercise activity on a log sheet starting at 7pm the night prior and lagalitogpractice.

Subjects were also asked to keep track of the number of hours of sleep they gohthat nig
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Subjects reported for testing 1 hour prior to practice and were weighed in papermoerded
a urine sample for specific gravity measures, and were administereGAH& She BESS, and

the SRT.

During Practice

We did not force the athletes to restrict fluids, but were measuring thesedfehe fluid
restriction practices inherent to the sport. It was expected that théevereguld tend to further
dehydrate themselves through exercise in warm environments and wearing cobsusise
during practice. Subjects were instructed to freely consume water or Gatothdg aould if
they were weighing in for competition the next day. This was allowed toateralreal practice
for the subjects. Though they were allowed to freely consume fluids, it weipated they
would remain dehydrated following practice due to the fact that wrestletesmseveral
pounds in a practice. Subjects were also allowed to wear whatever practicegdloey wished
(i.e. cotton sweat suits, etc). This again, was to simulate a real prassamnsand the practice

habits of collegiate wrestlers.

Post Practice

Following practice, subjects were not allowed to consume fluids or ingest foodthemntil
had been tested. Subjects were instructed to shower and dry off all water lstiioge ¥&/eight
and urine collection were gathered once the subjects had showered. The s@#gewisighed
in paper shorts and specific gravity was measured with a refractoméeSCAT2, three
foam-surfaced BESS conditions, and SRT administration were postponed 20 minutes

immediately following practice to offset the effects of initial faggFox, Mihalik, Blackburn,
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Battaglini, & Guskiewicz, 2008; Wilkins, Valovich McLeod, Perrin, & Gansneder, 2004).
Subjects were also administered a weight-cutting tactics sheet on whichetteeasked to
identify all of the weight-cutting tactics which they practiced througtimeiduration of this
study. This form was placed in a sealed manila envelope along with the subject’s
fluid/food/exercise log sheet. This information was viewed briefly by iawestigator to assess
completion (but not analyzed until the end of all data collection was completed).ifidcipadr
investigator was blinded to this information until the termination of data tioled his
information was not shared with anyone outside the immediate research team.

During preseason baseline testing, flat weight was determined by whattsigipted
would be their anticipated competition weight class. This was to give subjergetaatad goal
to help encourage compliance during the study period. To further encourage compliance,
subjects were told to be within 5 pounds of flat weight/competition weight prior to theags
practice (Tuesday). Subjects were only administered concussion tests dewiagdopost-

practice on Monday and not during the Tuesday weigh-in session.

Data Reduction

With the graded symptom checklist, the 7-point Likert scale was used to rate eac
symptom as 0 for not present, or 1 for mild and 6 being the most severe. The total number of
symptoms was recorded out of 22. All symptoms scores were added togethetdbr a t
symptom severity score with a maximum score possibility of 132. For the SAC, ongvasint
awarded for each word correctly recited for a total of 15 points possiblerfegdrate memory
and five points for delayed recall. For the orientation section, one point was awardador

correct answer provided out of five points. For the concentration section, athletessked to
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recite a string of numbers and the months of the year backwards. Therevevéoeaf points
available in this section. The sum of the different sections scores wasitsdoulit of 30 total
possible points. For the balance assessment of the SCAT2, the sum of the total numtrer of e
for each firm surface stance was calculated. The total balance etiamstre was calculated
by subtracting the total errors score from 30. For the BESS, errors werecctamgach

condition and total error score was the sum of these different conditions.

With the physical signs score, one point was given for a negative response to the
guestions and a total of two points was possible. For the Glasgow Coma Scale, thdre wer
total points possible when looking at subjects’ best eye response, best verbal resmbhsst
motor response. For the coordination score, 1 point was awarded if subjects could @erform
finger-to-nose task five times with each task being completed in less thaedounds.

SCAT2 total score was out of 100 possible points and includes the SAC total score,
symptom score, physical signs score, glasgow coma scale score, batanoegon total score,
and coordination score. The lower a person’s score, the worse their performameSQAT 2.
As with other concussion measures, it is important to have healthy baselimg4est can be
compared to their injured scores.

The ANAM calculates throughput scores, which represents a combination of thet'subj
accuracy and speed of performance for the specific subtest. A throughput scoetonkated
for the SRT, with the greater the score indicating the better the perfoerna the test.

Furthermore, percent body mass change was calculated for each subjeent Body
mass change from baseline to pre-practice was calculated by the fgti¢{bimseline body
mass— pre-practice body mass)/baseline body mass] x 100. Percent bodiiangsswas also

calculated for baseline to post-practice and pre-practice to post-pragitigethe same equation.
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Change in urine specific gravity was also calculated between testrses€ihange between
baseline and pre-practice urine specific gravity was calculated bglkneihg: [(baseline urine
— pre-practice urine)/baseline urine). The same formula was also used tateathahges

between baseline and post-practice, and pre-practice and post-practice.

Data Analyses

Data were analyzed using SPSS statistical software (version 16.9;1&& £hicago,
IL). An alpha level of 0.05 was set a priori for each respective test. A totdtiywsubjects
repeated measures analysis of variance (ANOVA) was run to compar@aéagediand post
practice total SCAT2 scores, total SAC scores, total BESS scores, tota¢naf symptoms
endorsed, and total symptom severity score. If the omnibus model was signifidant post
hoc testing was completed to ascertain whether any test time difsremre significantly
different from the others.

In order to further explore the possible interaction between weight classianlhical
measures, we performed a secondary set of analyses. These analysss tlegjaategorization
of our ten weight classes into three main groups. This classification was drirerily by
identifying those weight classes across which athletes commonlyeveasth other during
practice. The ten weight classes were divided into three main groups: Igtttvmeiddleweight,
and heavyweight. Lightweight wrestlers consisted of those whose camp#tt weight was
125, 133, or 141 pound (N =10). Middleweight wrestlers consisted of those competing in the
149, 157, and 165 pound weight classes (N = 12). Heavyweight wrestlers consisted of 174, 184,
197, and Heavyweight classes (N = 10). Separate mixed model ANOVAs wa/edto

study the interaction between weight class and each clinical measureo$sion we assessed
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in our study. If the omnibus model was significant, Tukey post hoc testing was texahtple

ascertain where individual differences were observed.
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DATA SUMMARY TABLE

QUESTION | DESCRIPTION DATA COMPARISION | METHODS
SOURCE
What are the effectsIV: Weight- Baseline, pre 1x3 totally
of weight-cutting cutting tactics | practice, and post within
tactics in Division 1 practice subjects
collegiate wrestlers| DV: SCAT2 comparison of repeated
1 on the SCAT?2 total| total score SCAT2 total measures
score? scores ANOVA
What are the effectsIV: Weight- Baseline, pre 1x3 totally
of weight-cutting | cutting tactics | practice, and post within
tactics in Division 1 practice subjects
collegiate wrestlers| DV: SAC total | comparison of repeated
on the SAC total | score SAC total scores | measures
2 score? ANOVA
What are the effectsIV: Weight- Baseline, pre 1x3 totally
of weight-cutting | cutting tactics | practice, and post within
tactics in Division 1 practice subjects
collegiate wrestlers| DV: BESS comparison of repeated
on the BESS total | total score BESS total scores measures
3 score? ANOVA
What are the effectsIV: Weight- Baseline, pre 1x3 totally
of weight-cutting cutting tactics | practice, and post within
tactics in Division 1 practice subjects
collegiate wrestlers| DV: Total comparison of repeated
4 on the total severity symptom scorg GSC total scores| measures
score and total & total severity ANOVA
number of score
symptoms
endorsed?
What are the effectsIV: Weight- Baseline, pre 1x3 totally
of weight-cutting | cutting tactics | practice, and post within
tactics in Division 1 practice subjects
collegiate wrestlers| DV: SRT comparison of repeated
5 on the SRT throughput SRT throughput | measures
throughput score? | score scores ANOVA

*Supplemental mixed model ANOVAs were employed across research qudstongh new

weight class as the between subjects factor.
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CHAPTER IV

RESULTS

The purpose of this study was to examine the effects of weight-cutting taciusision
| wrestlers on clinical concussion measures. This was accomplishedlpyngtwrestlers
during baseline, prior to wrestling practice, and again following wregtlactice. Five
commonly used clinical concussion measures were administered to subjeckstaheac
Subject demographic informatig¢mable 1), a weight class breakdown of subjects and urine
specific gravity across test session for each weight €Tadde 2), and number of subjects that
practiced varying weight-cutting tacti€sable 3)are provided. Also provided is the ambient
temperature in the wrestling room across t{im&ble 4) and percent change in body mass,

change in urine specific gravity, and hours of sleep acrosqTiafxe 5).

Sport Concussion Assessment Tool 2

A repeated measures ANOVA was calculated comparing subjects’ S{o#dl scores
across three different test sessions: baseline, pre-practice, and ptisepra significant effect
of time was found (Fs2 = 13.91,P < 0.001). Scores decreased from basehme 93.06,sd =
3.88) to pre- practicen(= 90.16,sd = 5.01;P = 0.002) and baseline to post-practice<87.94,

sd = 6.39;P < 0.001)(Table 6).



Balance Error Scoring System

A repeated measures ANOVA was calculated comparing subjects’ ®EbScores
across three different test sessions: baseline, pre-practice, and ptisepra significant effect
of time was found (fs,= 5.69,P = 0.005). Scores increased from baselme (15.72,sd =

5.09) to post-practicen =18.81,sd = 6.68;P = 0.015)(Table 6).

Graded Symptom Checklist Severity and Number of Symptoms Endorsed

A repeated measures ANOVA was calculated comparing subjects’ d&8Gdverity
scores at three test sessions: baseline, pre-practice, and posepracignificant time effect
was found (Ee2= 16.542P < 0.001). Tukey post hoc analyses confirmed scores increased from
baselineifn= 1.03,sd = 2.91) to pre-practicen =5.41,sd = 9.78;P = 0.011), and from baseline
to post-practiceni= 12.69,sd = 13.80;P < 0.001)(Table 6). Further, GSC severity scores were
greater at post-practice when compared to pre-pra&ised(003).

A repeated measures ANOVA was also calculated comparing sulg&@stotal
number of symptoms endorsed at the same three time sessions. A significantasfiound
(F2.62 =18.24P <0.001). Tukey post hoc analyses found scores increased from basetine (
A44,sd = 1.24) to pre-practicen(= 2.44,sd = 3.69;P = 0.036), and from baseline to post-
practice (h=5.03,sd = 5.23;P < 0.001)(Table 6).Further, GSC total number of symptoms

endorsed was greater at post-practice when compared to pre-piactioe003).

54



Standardized Assessment of Concussion

A repeated measures ANOVA was calculated comparing subjects’ S&AiG¢otes
across three different test sessions: baseline, pre-practice, andgmbiseprNo significant
effect was observed {k,= 2.316,P = 0.107). No significant difference existed among baseline
(m=27.72sd = 1.91), pre-practicex(= 27.06,sd = 1.34), and post-practicenE 27.62,sd =

2.00) measure@able 6).

Simple Reaction Time

A repeated measures ANOVA was calculated comparing subjects’ SRifiput
scores across three different test sessions: baseline, pre-practice tgrdgic®. No
significant effect was found §k,=2.081,P = 0.133). No significant difference existed between
baselinefn = 254.92sd = 18.11), pre-practicaer(= 259.37sd = 18.12), and post-practicenE

262.82,sd = 22.82) meangTable 6).

Supplemental Analyses by Weight Class

We sought to better understand the potential effects that differing weigb¢slaay
have on the dependent measures we studied across test sessions. As such, mixed model
ANOVAs with test session as the within-subject effect and weight @lghsveight,
middleweight, and heavyweight) as the between-subject effect. Resganfle dependent
measure we analyzed, the effect of weight class on these measures stagstictlly

significant P > 0.05 for all analyses).
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Table 1. Age, Height, and Mass Means and Standard Deviations

Mean SD

Age (years) 20.0 1.4
Height (cm) 175.0 7.5
Baseline Mass (kg) 79.2 12.6
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Table 2. Number of Subjects and Urine Specific Gravity Means Across TeSessions in
Each Weight Class

Weight Class (Ibs) N;S;)?eeétzf BS?iiI(iane PreLJFr’ir:;:tice PosSrPirr]zzctice
125 2 1.006 1.028 1.028
133 5 1.007 1.027 1.024
141 3 1.006 1.027 1.033
149 4 1.009 1.022 1.024
157 6 1.007 1.027 1.029
165 2 1.005 1.031 1.028
174 2 1.005 1.020 1.023
184 3 1.003 1.023 1.021
197 2 1.002 1.019 1.020

Heavyweight< 285) 3 1.010 1.020 1.016

Mean: 1.006 Mean: 1.025 Mean: 1.025

Total 32 SD:0.006  SD:0.008  SD: 0.008
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Table 3. Number of Subjects that Participated in Varying Weight-Cuttng Tactics

Yes No
Food Restriction 27 5¢
Fluid Restriction 27 5%
Hours Excessive
Exercise * 23 98
Mean: 1.6 hours
Sweats 26 6]

* Excessive exercise is defined as exercise outside of team practice

T Weight class of individuals that did not participate in food restriction: 1-157-%7 1
Ibs, 3 Heavyweights

T Weight class of individuals that did not participate in fluid restriction: 1-174 Ibs, 1-197
Ibs, 3 Heavyweights

8 Weight class of individuals that did not participate in excessive exerelgd Ibs,
2-149 Ibs, 2-165 Ibs, 1-174 Ibs, 1-184 Ibs, 1-197 Ibs, 1 Heavyweights

1 Weight class of individuals that did not participate in wearing sweats: 1-1491@4, 1-
Ibs, 1-197 Ibs, 3 Heavyweights
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Table 4: Ambient Temperature (*F) Measures in the Wrestling Room Dring Testing

1
Senc A wees 1up
(SOP) SOP SOP Post SOP
Group 1, Session 1 83.6 85.1 84.7 84.2
Group 1, Session 2 83.4 83.0 82.7 81.0
Group 2, Session 1 82.3 81.8 83.4 83.4
Group 2, Session 2 83.7 83.3 83.4 83.5
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Table 5. Means and Standard Deviations for Percent Change in Body Mass (kg), bei
Specific Gravity, and Hours of Sleep Across Time

Means SD
BL — Pre
Percent change body 2.56 3.66
mass
Urine specific gravity -0.018 0.010
BL — Post
Percent change body 5.03 3.42
mass
Urine specific gravity -0.018 0.008
Pre — Post
Percent change body 2.52 0.84
mass
Urine specific gravity -0.0002 0.007
Baseline hrs of 8.12 1.93
sleep
Pre-practice hrs of 8.08 1.65
sleep
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Table 6. Outcome Means and Standard Deviations Across Time Session

Baseline Pre-Practice Post - Practice
F value P-value
Mean SD Mean SD Mean SD
SCAT2 93.06 3.88 90.16 5.01 87.94 6.39 13.91 < 0.001*t
SAC 27.72 1.91 27.06 1.34 27.62 2.00 2.32 0.107
BESS 15.72 5.09 18.44 6.44 18.81 6.68 5.69 0.005t1
GSC Severity 1.03 2.91 5.41 9.78 12.69 13.80 16.540.001*t:
GSC 044 124 244 369 503 523  18.24 0.001*:
Symptom
SRT 25492 18.11 259.37 2282 262.82 22.82 2.08 0.133
Throughput

* Significant difference between pre-practice and basekne @ .05)
T Significant difference between post-practice and basétire0(05)
¥ Significant difference between post-practice and pre-pra&tieed(05)
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SCAT2 Total Scores
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Figure 1. SCAT2 Scores

* Significant difference found between pre and -practice when compared to baseli
respectively P = 0.002,P <0.001
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BESS Total Score
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Figure 2. BESS Scores

* Significantdifference found between p-practice and baselin® & 0.015).
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GSC Total Severity Score
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Figure 3. GSC Total Severity Scores

* Significant difference found between pre and -practice when compared to baseliP =

0.036,P < 0.001)
T Significant difference found between pre and -practice P = 0.003)

64



GSC Total Number of Symptoms
Endorsed
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Figure 4. GSC Total Number of Symptoms Endorse

* Significant difference found between pre and -practice when compared baseline P =

0.011,P < 0.001)
T Significant difference found between pre and -practice P = 0.003)
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SAC Total Score
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Figure 5. SAC Scores
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CHAPTER V

DISCUSSION

To our knowledge, there is only one study that has looked at dehydration effects on
concussion measures commonly employed by certified athletic trairtecgheer medical
professionals, and our study is the first to investigate the effects of ngestlight-cutting
tactics on similar measures (Patel, et al., 2007). In studying the effeatsght-cutting tactics
in Division | collegiate wrestlers on clinical measures of concussiofouvel that it is
important for wrestlers to be tested in a fully hydrated (euhydrated)rstattder to ensure
weight-cutting tactics are not influencing the outcome of the clinical mesasitifese findings
further suggest that following injury, in the absence of an obvious neurologicabdsdten
such as moving toward a semi-comatose state, adequate time should be alloweatiitettheo
rehydrate and discontinue practice of weight-cutting tactics. This walawe clinicians’ ability

to differentiate between change in scores due to injury versus weight-cutting. tac

Balance Error Scoring System

Our study included the foam conditions of the BESS, in addition to the firm stance
conditions employed by the SCAT2 to analyze BESS total error score. The B&8$%as been
found to detect changes due to concussive injury and to be reliable when comparesitesnea
obtained from more sensitive instrumentation including force platforms (Guskije2001,

2003; Riemann, et al., 1999). Our study only observed a significant difference betwédier base



and post- practice scores. We did not observe any differences between laagepne-practice
measures, or between pre-practice and post-practice measures.

In our study, there were at least five to six weeks between the baselipeegndctice
evaluations to offset for any potential learning effects. Our subjects alt20 minutes
following completion of practice before they were administered the BESSset ofitial
fatigue, which has been found to affect BESS outcomes in previous work (Fox, et al., 2008;
Wilkins, et al., 2004). While there were no significant differences observed Ingbnee@ractice
and post-practice scores, the pre-practice score is not clinically relevhat clinicians would
never test a wrestler before practice or a competition unless an infuocbarred.

As stated previously, no significant differences were found between basadimee-
practice, demonstrating that the effect of weight-cutting tactics @atigout an accompanying
practice) did not cause significant changes. A significant difference was foureldrow
between baseline and post-practice, demonstrating the effects of weigid-tadtics
accompanied by practice. As stated previously, no statistically seymifiifferences were
observed between baseline and pre-practice. Given the mean difference ble¢weenand
post-practice BESS scores (0.37 errors), it could be argued that the effedlt-cutting
tactics alone (without an accompanying practice) may also cause obseémpairments in
balance performance. These findings between baseline and post-practica passible dual
competition in which a wrestler is cutting weight to compete, and then sustairehagbot
concussion during the match. This could also relate to a wrestler who sustains asunngy
practice while also trying to make weight for a competition to be held a deyp ¢ater. This
supports the notion that clinicians need to be mindful of potential influences that wueityind-

tactics may have on affecting clinical measures commonly used to evabuatession.
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While we support a conservative approach to managing concussion, we acknowledge

that deficits on clinical measures of concussion may not always represerdussion. Until a
concussion diagnosis can be adequately ruled out, we support the removal from competition of
athletes suspected of suffering from head trauma. It is clinicallyamtiéo ensure that all
concussion test measures are performed when the athlete is properly hydratesill aip
ensure weight-cutting tactics are not influencing these measures. ifu#sgsfare also
interesting in that perhaps wrestlers need more than 20 minutes following thetoongfle
intense exercise while in a dehydrated state to recover to baselineingheabsence of
concussive injury. These findings would be supported by those reported by Wilkins et al
(Wilkins, et al., 2004), and be partially supported by Fox et al. (Fox, et al., 2008).

There were no effects of a fluid restriction and active dehydration task 88 BE
performance in previously published work (Patel et al., 2007). There are distiectrdits in
this study when compared to ours that could explain possible discrepancies. Pateagdes
looked at 24 healthy male subjects defined as physically active by completingutbsof
aerobic activity three to four times per week. These subjects were delyimatugh fluid
restriction and restriction of foods high in fluid content for 15 hours leading up to a 45- minute
bicycle ergometer exercise task. In contrast, our study included 32 Divisatiadiate
wrestlers who practice two to three hours per day for as many as six dayesegerOur subjects
also completed a practice that is more closely related to actual traihergcompared to a
bicycle exercise task. They could also have been practicing weigimgciatctics for up to 36
hours. Our mean percent change in body mass between baseline and post-praciise el@se

to 5%, whereas in their study, individuals were only dehydrated between 1.71% and 4.15%.
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Graded Symptom Checklist Severity Score and Total Number of Symptoms Endorsed

The GSC total severity score was collected on the SCAT2 form, however, it was not
factored into the SCAT2 total score. For this reason, we decided to analyzee@Sidy score
separately and found a significant difference between baseline and preeptzateline and
post-practice, and pre-practice and post-practice measures. This shaagstiieasubjects were
cutting weight without participating in practice, they reported sigmiflgadifferent symptoms
compared to baseline. This was not surprising as subjects had already beengreaeight-
cutting tactics for periods ranging from 8 to 10 hours by the time they rdgortpre-practice
testing. As a result, many were feeling the effects of thesedacicluding fatigue and
dizziness, among others. As a greater difference was observed in scomaqase, our data
would suggest that participating in practice further intensifies the seeésymptoms reported.
An interesting finding was that a significant difference was seen befveepractice and post-
practice measures. It can then be inferred that practice alone caugeifiGast change in
scores when compared to pre-practice values. As with most studies that &€ aalues, we
observed values with high standard deviations, but this again supports the practsmdingé ba
testing athletes so a comparison is available. We observed that weigig-tadtics in
wrestlers cause an increase in GSC symptom severity score.

We also looked at the GSC total number of symptoms endorsed across the three time
sessions. This value was collected on the SCAT2 form and is factored into the STAT2 t
score. We observed findings similar to the GSC total severity score. A ddéeneas observed
between baseline and pre-practice, baseline and post-practice, as preipractice and post-
practice measures. The difference between baseline and pre-pageiitevas not surprising.

Subjects were practicing weight-cutting tactics for several hotnighwhe investigator would
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expect to see an increase in total number of symptoms endorsed. It was fyndicbzeckihat
once subjects completed an intense practice, the number of symptoms endorsed further
increased, causing for a significant difference when compared to baselineqmédgtice.

Our findings are in agreement with previously reported findings. In the wdPlatay et
al, a higher total symptom severity score and total number of symptoms reparefdwvel for
the dehydrated condition when compared to a euhydrated condition. Subjects also reported
higher ratings for balance difficulties, dizziness, feeling slowed down emtidd in a fog
following the dehydrated condition. This again was following a 45-minute bieygtemeter
exercise task and fluid and food high in fluid content restriction for 15 hours. We too found a
higher severity score and total number of symptoms reported across timasdabsugh we did
not analyze each GSC variable.

Another study looked at the effects of fluid restriction and euhydration condutions
subjective feelings. An exercises task was not part of their protocol and thetisaldgelings
were not assessed with the GSC. The fluid and foods high in fluid content restrigsion w
performed for 37 hours. The euhydration condition, subjects were allowed to ingest fluids
freely. These authors observed an increase in perception of thirst, feeldrgsaduth,
headache, tiredness, and difficulty concentrating (Shirreffs, et al., 200&jis ktudy, only 15
subjects were used and only dehydrated approximately 1-3% body mass. ThoughyHsg
approximately half as many subjects as ours and did not require an exaskisefbod
restriction, changes were still seen in variables that are included on theliG&gth of these
studies, though not sport specific to wrestling and different protocols than ouraseedre

differences were still seen in subjective variable reporting and severit
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Standardized Assessment Concussion and Simple Reaction Time

Our study shows that weight-cutting tactics do not influence the mented stasimple
reaction time of Division | collegiate wrestlers. We observed no signife for either
neuropsychological test, the SAC and SRT, across time sessions. This shovesghiatutting
tactics appear to have no affect on either of these concussion measures baseéee and pre-
practice, baseline and post-practice, and pre-practice and post-pratisgrovides clinicians
with an important finding that following injury, when scores for both the SAC and SRT ar
observed compared to baseline values, we can be confident that it is due to injury and not
weight-cutting tactics.

Our findings of no significance on the SAC and the SRT are supported by those reported
by Patel et al (Patel, et al., 2007). They too found no significance betwebpdrated and
dehydrated condition for the SAC and ANAM. While our study only looked at one subtest of the
ANAM, Patel and his colleagues looked at a total ANAM composite score. Thysadtud
looked at the varying subtests of the ANAM and found that subjects had a worse pecéoona
the Matching-to-Sample module and Sleep Scale Test when dehydrated, butneockffivas
observed for Simple Reaction Time (SRT). We decided to include the ANAM asa mor
sensitive testing measure and more specifically, the SRT. The SRT has beencstietect
deterioration in injured subjects between baseline and the first testingalntenere no
significant difference was seen in other subtests (Bleiberg, et al., 2004).

In contrast, one study looked at baseline, rapid weight loss, and rehydratiaisdate
male wrestlers compared to 15 controls and found that cognitive function waseinpair
following rapid weight loss (Choma, et al., 1998). The digit span and story retalere

found to be significant while the letter cancellation, digit symbol, and tr&iinga and B test
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were not found to be significant. Following rehydration, test scores reachdshseline. This
leads the author to believe that psychological and cognitive effects asdauitht rapid weight
loss are reversible once wrestlers are rehydrated(Choma, et al., 1998). Ssible pEmsons for
the discrepancies when compared to our study are that Choma and colleaguas aequire
minimum of 5% body weight loss before rapid weight loss data was collected and hacbge ave
of 6.2% body weight lost. In contrast, our subjects had a mean body mass value between
baseline and post-practice of around 5%. Though our mean value is close to 5%, we did not
want to put a restriction on weight loss as that would take away from the lalele@ancy of

our study. With their study, even with a requirement for all subjects to lose aumrofb%

body weight, several of the paper and pencil tests were still not significhistagain supports

the trend that neuropsychological tests do not seem to be drastically affediguydyation and
weight-cutting tactics. This study further supports our recommendation #stters should be

rehydrated and not practicing weight-cutting tactics when evaluated farssioc.

Sport Concussion Assessment Tool 2

The SCATZ2 is a new clinical concussion tool developed as a result of the Third
International Conference on Concussion in Sport (McCrory, et al., 20@3)ate there is no
research available looking at how dehydration may affect the outcomegrateby the SCAT2.
Since the SCAT2 was designed to include components of other commonly used measures of
concussion including the SAC, the GSC and the BESS, we believe it will experielespreiad
use and be worthy of investigation in the context of this study.

Our study found that the SCAT2 was significant when comparing pre-praaticgost-

practice values to baseline. There are a few reasons this could have occurrsidpur
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observed one component of the SCATZ2, the SAC which accounts for 30% of the total score, was
not significant across time. We also observed that the BESS total scorendifioaan surface
conditions) was only significant across one time session, baseline to post-prabieshows

that the significance in SCAT2 total score may be primarily due to a smmiftbange found
between the GSC total symptom score (total number of symptoms endorsed)iaeodhe

GSC symptom score accounts for 22% of the overall SCAT2 score and could influergee a la
change in score when other areas (SAC) were not found to be significanttefigoseviously,

we looked at GSC total number of symptoms endorsed and found that it was significant acros
each time session (baseline to pre-practice, baseline to post-practices emggst-practice).

Our data shows that the difference in SCAT?2 total score was greaityeaffoy the significance
findings of the GSC total number of symptoms endorsed across time sessions.

There are also other areas that factor into the total SCAT2 score, but wanalyaed
independently for this study because everyone received full scores. FirstasgevComa
Scale was not analyzed since all of our subjects received a maximum score ofdrid, Siece
this study did not investigate concussions, all subjects attained a high score of two on the
Physical Signs score. Finally, a Coordination Examination was analgdddctored into the
total SCAT2 score. Though our subjects were practicing weight-cuttingstaailiwere able to
perform the task required for the Coordination Examination without fault and ré¢bvene
point possible for that section. This again, supports that a majority of the difféoemnce
between the SCAT2 total score between baseline and pre-practice and basigtiost-gractice
was due to the GSC total symptom score. The SCAT2 is comprised of a clinicalstomtesst

battery. While the SCAT2 does provide a total score, our findings show that it is ptataint
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to look at the individual components because a change in total score may be gesdy afy
one component when compared to baseline scores.

Prior work in this area found no significant differences in the SAC total scadne or t
BESS total error score compared between euhydrated and dehydrated conditions wi
subjects (Patel, et al., 2007). The GSC was found to be significant in that tkdrgyhex total
symptom severity, number of symptoms, and higher ratings of balance, dizzedsg, $lowed

down, and feeling in a fog following a dehydration task (Patel, et al., 2007).

Weight-Cutting Tactics

Our subjects practiced weight-cutting tactics commonly employed byaiée
wrestlers. Such tactics as food restriction, fluid restriction, excessiveiges, and wearing
sweats are accepted by the NCAA. While our subjects filled out a questeregarding which
weight-cutting tactics they practiced, there is a chance that our subgect the sauna or wore
vapor impermeable, which are banned by the NCAA. Our findings also show that thesaesapp
to be no effect of weight class on clinical concussion measures. This meansetbabur
predetermined weight class groupings (light weight, middle weight, and heaglt) did not

seem to influence outcome measures more than other weight classes.

Limitations

While our study yielded some significant clinical findings, it is nohwiit limitations. We
could not perform the study on actual competition days with the subjects at cmmpegight

due to availability of subjects, however, we did try and simulate the weight-cuattingstthat
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would be practiced leading up to a competition. Subjects weighed in on Tuesday, though no data
was collected, and had to be within five pounds of flat weight. This was done to give the
subjects a goal and reinforce compliance to the study. Retrospectivedy, ltave been
beneficial to put subjects through the entire study test battery on Tuesday tie@ovi
comparison of time points once subjects made their target weight. Future waetqriher
should study the lasting effects related to weight-cutting tactics legcate wrestlers.

Another possible limitation is that we did not outline specifics of what the subjadts eat
or drink, which could have lead to some variability in our results. While this may beeaveer
limitation, we feel that by allowing the athletes freedom in this regard/@re better able to
realistically capture the effects of individualized weight-cuttiragi¢ca employed by our sample.
We also did not collect or analyze subject’s previous history of concussion. Whilothds
have been interesting to analyze, our study was a within-subject desigfgrihetas did not
directly affect our findings. Finally, specific gravity was useds®eas hydration status because
it is a cost-efficient clinical tool, especially in the sport of wragtlthough plasma osmolality
has been found to better track changes in hydration status when compared to urice specif
gravity and urine osmolality (Armstrong, et al., 1998; Oppliger, et al., 2005).e\tfeite were a
few limitations to the study, we believe that our study yields valuablealimplications

regarding weight-cutting tactics in wrestlers on clinical concussigmsnres.

Further Research

While this study has provided clinicians with some great insight into thefatese
research in other areas may continue to provide clinicians with valuable informBerforming

a study with an equal number of subjects per weight class may be helpful to lookvag gty
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cutting tactics affect concussion tools depending on weight class. Also, yaeasabjects over
more sessions, perhaps a week leading up to competition, to see if there age ahamy
longer time frames may also provide clinicians with more insight.

While our study focused on Division | collegiate wrestlers, we submitriaay
wrestlers commonly begin practicing weight-cutting tactics at the leighos level. In contrast
to the 10 weight classes at the collegiate level, high school scholasticngreag 14 weight
classes consisting of 103, 112, 119, 125, 130, 135, 140, 145, 152, 160, 171, 189, 215 pounds, and
heavyweight, which is up to 275 pounds. An overall concussion rate of 0.18 per 1,000 athlete-
exposures has been reported at the high school level (Gessel, Fields, Colkn&, ©aenstock,
2007; Yard, et al., 2008). This is lower when compared to the overall collegiate level ammncuss
rate of 0.42 per 1,000 athlete-exposures, but is still significantly higher thagbatl| boys’
basketball, baseball, and softball high school rates(Gessel, et al., 2007)sdtimsportant to
note that high school wrestlers practice extreme weight-cutting témticOne study found that
33% of subjects competed during season below minimum wrestling weight. Minimurtingrest
weight was defined as a body fat measurement of 5% or less (Wroble &Wb388). While
our findings cannot be generalized to the high school population, further researsheatethi
would provide more insight to the effects of weight-cutting tactics on concussionneseas
this younger population.

Finally, it may be interesting to apply the theory behind this study to other apdrtee
if sports that do not purposefully dehydrate themselves like wrestlinghaeges on clinical

concussion measures.
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Clinical Implications

The findings of this study support the practice of using a concussion test bdiéery w
determining the presence of concussion and return to play status. Our studyhsthomes t
mental status or simple reaction time of Division | collegiate wrestlees not seem to be
impaired after the practice of weight-cutting tactics, however that G&ityeand number of
symptoms endorsed, SCAT2, and BESS can be affected. Our findings also support the common
practice of baseline testing. The changes seen in GSC severity, SCAT2, %8¢ BV
differences at pre or post-practice when compared to baseline. Basslimgptbould always
be done in order to have a measure of comparison. It is evident that the resultsabftesitirg
in wrestlers who are cutting weight may be difficult to interpret. Iratteence of an obvious
deteriorating condition warranting prompt emergency medical care, eneend evaluating
athletes only after they have been properly rehydrated. We know that altsuigee hydrated
for baseline testing, and were obviously dehydrated during pre-practice andgmbisedfrable
2). This allows us to be confident that fluid restriction and dehydration do influence these
clinical concussion measures, while other tactics could not be analyzed independestiyg
wrestlers in a euhydrated state can help clinicians feel more aointide potential changes in
scores compared to baseline are due to injury versus weight-cutting tactics.

Wrestling is still a unique sport for clinicians in that at the college levdy a minute
and thirty seconds is allotted for injury time during matches. This poses the questlwat af w
clinician should do when a wrestler is injured during competition and the cliniciamasly few
minutes to assess and determine return to play status. The clinician will not hde i@ to
administer the entire SCATZ2, particularly the BESS and SAC, in a hydratedastwe

recommend for practice and post match evaluation. The clinician will redylygom the
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subjective symptoms of the wrestler. Our findings would infer that the wressgeing to have
a greater number of symptoms endorsed and greater symptom severity if het@esdpra
weight-cutting tactics and is dehydrated even without the presence of iltjigyaur
recommendation that the clinician’s be aware of these findings; howewer thie side of

caution when dealing with head injuries.

Conclusions

Our data suggest that weight-cutting tactics affect severalrgdginical measures of
concussion commonly employed by certified athletic trainers. In geoergbre and post-
practice measures of symptomatology and balance were worse comparedirie basgsures.
We recommend evaluating wrestlers once they have had a chance to rehyai@isoor
practicing weight-cutting tactics and using a battery of concussiordiastg) injury evaluation.
This will take into account the possible influence of these weight-cuttinggact clinical
concussion measures. The important clinical consideration is the concussion. Ous finding
simply identify a condition which may influence out ability as clinicians tduaa the presence

of a concussion.
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Appendix A: Sport Concussion Assessment Tool 2 (SAR)

Examiner

What is the SCAT2?

This tool represents a standardized method of evaluating
injured athletes for concussion and can be used in athletes
aged from 10 years and older. It supersedes the original SCAT
published in 20057, This tool alsa enables the calculation of the
Standardized Assessment of Concussion {SACH* score and the
Maddacks guestions® for sdeling concussion assessment.

Instructions for using the SCAT2

The SCATZ is designed for the use of medical and health
professionals. Preseason baseline testing with the SCATZ can
be helpful for interpreting post-injury test scores. Wards in
Italics throwghout the SCAT2 are the instructions given to the
athlete by the tester.

This tocd may be freely copied for distribtion ta individuals,
teams, groups and oroanizations

What is a concussion?
A concusson is a disturbance in brain function caused by a
direct or indirect force to the head. it results in a variety of non-
speecific symptoms {like those listed below) and often does not
irohe loss of consciousness. Conousson should be suspected
in the presence of any one or more of the following:

» Symptoms (such as headachel, or

» Physical sigrs {such as ursteadiness), or

* Impaired brain function {e.g. confusion) or

= Abnormal behaviour.

Any athlete with a suspected concussion should be
REMOVED FROM PLAY, medically assessed, monitored for
deterioration (i.e., should not be left alone) and should
not drive a motor vehide.

LS

=

Total number of symptoms
Symptlom severity score

e different

SCATZ SPORT COMCUSSION ASSESMENT TOOL I | PAGE 1
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Appendix B: Balance Error Scoring System (BESS) Score Card

Balance Error Scoring System (BESS)

(Guskiewicz)
Balance Error Scoring System — SCORE CARD: FIRM FOAM
Types of Errors (# errors) Surface | Surface
Double Leg Stance
1. Hands lifted off iliac crest (feet together)
2. Opening eyes Single Leg Stance
3. Step. stumble, or fall (non-dominant foot)
4. Moving hip into > 30 degrees abduction Tandem Stance
5. Lifting forefoot or heel (non-dom foot in back)
6. Remaining out of test position >3 sec Total Scores:
The BES.S is calculated by add.ing one BESS TOTAL:
error point for each error during the 6
20-second tests.

Which foot was tested: [ Left O Right
(i.e. which is the non-dominant foot)
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Appendix C: Subject Safety Guideline Sheet

Research Study Participant Safety Instructions

Subjects, please take note of the following in regards to the cutting weiglechniques
procedures and wrestling practice participation.

Concerning Symptoms:

1. Overheating

2. Pain or blood with urination
3. Severe muscle cramping

4. Weakness

5. Confusion and disorientation
6. Blurred vision

7. Flank pain

8. Cold clammy skin

9. Vomiting

10.Nausea

If you experience any of these concerning symptoms, during cutting weaifimiques,
practice or following testing, conta8imanda Friedline IMMEDIATELY, especially if
you normally do not experience them during your common cutting weight techniques.

810-599-1809 (Cell)
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Appendix D: Activity/Food/Fluid Log Sheet

Subject Number:
Date:

Exercise/Food/Fluid Log

Starting at 9pm the night before your testing session, pleasthdogmount and type of
exercise you do, any food or fluids and amounts that you consume leading up te piraetic
the next day.

Date Time Fluid Iltem Food item Quantity Activity Type, Duration,
Intensity

Your FIST is approximately 1 CUP

You THUMB is approximately 1-TABLESPOON

Your THUMB TIP is approximately 1-TEASPOON

A serving size of cereal is approximately 1-Tennis Ball

A deck of cardsis the size of a 3 to 4 (90-120¢g) ounce serving of chicken or meat
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Appendix E: Food Measurement Guide

Please remember the list below giezamples of the size, shape, and/or lookasfe serving
of a particular food.

e A rounded handful - one 1/2 cup vegetables or fruit, 1/2 cup of cooked rice or pasta,
or a snack serving of crisps or pretzels

« Woman'’s fist - another way of visualising a serving of vegetables, or one piece of
whole fruit

« Small handful or golf ball - 1/4 cup of dried fruit

« A matchbox- a 1 oz serving of meat, or a serving of cheese

Deck of cards, or the palm of your handexcluding fingers} a 3oz serving

(recommended serving) of meat, fish or poultry, or ten chips/french fries

Thin paperback book - a 8 0z serving of meat

Check book -a serving of fish (approximately 3 0z)

Tennis ball - 1/2 cup of pasta, or a serving of ice cream

Computer mouse -a medium baked potato

Compact disc -one serving of pancake or small waffle

Thumb tip or one dice -one teaspoon of margarine

A ping pong ball - two tablespoons of peanut butter

Small milk carton - 8 oz glass of milk

A baseball- 8 oz cup of yogurt, one cup of beans, or one cup of dry cereal

http://www.dietriffic.com/2007/05/07/a-visual-view-of-serving-sizengseveryday-items-2
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