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ABSTRACT

ACCELERATIONS OF A HYBRID Il DUMMY HEAD RESULTING FROM
ROUNDHOUSE KICK IMPACTS AND THEIR IMPLICATIONS FOR CONCSSIONS IN
BOYS AND GIRLS

By

Miguel Angel Narvaez

The purposes of this study were to determine the magnitudes axf diceeleration of the
center of gravity and angular acceleration about the centerawitygon a Hybrid 11l dummy
head, as a result of being impacted with roundhouse kicks perfornauldingn and to compare
these values with the same variables that are known in gewerause concussions. The
potential for roundhouse kicks performed by children to cause a concusssoexamined.
Differences by age, gender and levels of expertise weoestidied. Anthropometric data (body
mass index, flexibility, sitting height, standing height, weighactomial and bicristal widths
were also measured to study their effects on linear and angular atoaker

Results indicated that children can exceed linear and angekelesation thresholds for
concussions that have been established for NFL players. There are no Ikreaw or angular
acceleration thresholds for children, but these may be smadlethbse used for comparisons in
this study.

Results also showed that female participants generatedr higiear and angular
acceleration values than male participants. Analyses revddfetences in linear and angular

accelerations by age group where older participants generateg ligteleration values than



younger participants. Skilled participants also generated gresgimal linear and angular
accelerations than beginners. Months of practice, standing heighghtwend flexibility
provided some explanation to the differences observed by age, gender, and skill level

It is necessary to educate parents, martial arts instruatwisgoverning bodies about the
intrinsic risk for traumatic brain injuries, which has been repottebe similar to other contact
sports such as American football, boxing, and ice hockey. The use @fgeea and mouth
guards is strongly recommended in practice and competition taceaelhear and angular
accelerations that the brain experiences as a result of arctingpdhe head to eliminate
concussions. The long term effects of single/multiple concussioaokildren are not known at
this time; however recent studies are identifying its negafifieéets on cognitive functions, thus,

it is suggested to reduce children exposure to these possible risks.
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CHAPTER|
Introduction

Martial arts had their origins within many ancient cultusesne records indicate their
existence as far back as 5000 years ago (Goldman, 1997). Theyreatedcas self-defense
systems against animals and assailants (World Taekwondo Federation, n.dgluatedlinnique
skills influenced by the local environment where they developed. In reesirguch as Japan,
karate, judo, and aikido flourished; in Korea, taekwondo and hapkido are compnaaiiced,
while China’s wushu and tai chi are among the most known mart&l(@oldman, 1997,
Goodman, 2004). Some of these matrtial arts have transformed into doasgorts, and have
even been included as official sports in the Olympic prograieh) s judo in Tokyo in 1964,
and taekwondo in Sydney in 2000.

The popularity of martial arts around the world can be attribtdgefms, but also to
intrinsic benefits associated with their practice. As an @kaf this popularity, taekwondo has
a worldwide presence in over 182 countries (World Taekwondo Federatiah, Ih.ds
recognized among the martial arts by its emphasis on thefuseking over punching which
makes upwards to 70% of its basic techniques (Buschbacher & ShayKi®@9@hung, & Lee,
1999; Park & Seabourne, 1997; Zetaruk, Violan, Zurakowski, & Micheli, 2005maitial arts
curricula include basic movements (stances, displacements, kickks,béow punches), forms
(pre-established movement patterns), sparring (step and frieg, stgd breaking (wooden
boards, tiles, and bricks) (Goldman, 1997; Goodman, 2004; Kim, 1995). A coloregdietn is
used to classify its practitioners based on their skill profigieht this system, novices wear

white belts and black belts are reserved for advance practitioners (Goodman, IiBQQ995).



Some systems have a strong emphasis on kicking techniques, whidbalato the
development of a variety of kicks. Among the basic kicks are frodg, sirescent or axe,
roundhouse, hook, and back (Goldman, 1997; Goodman, 2004; Kim, 1995; Kim, Chung, & Lee
1999; Park & Seabourne, 1997). Their complexity can be increasexrblgining different
kicks, and by adding turns and even jumps. Regardless of the nathieekofks (individually or
in a combination), kicks can be classified based on their mechamigscular or linear (Serina
& Lieu, 1991). Research on kicking technique usage in competition has shanedominance
of circular techniques due to their quickness of execution and possibility tolitigyrta deliver
a powerful blow (Pieter & Pieter, 1995). Linear techniques have fepemnted to be slower and
less powerful, but still effective in specific situations, whtérey can decide a match by a
knockout (Kim, 1995; Kim, Chung, & Lee, 1999; World Taekwondo Federation (WTF), 2004).

Practitioners of different ages, gender, and physical aildgre attracted to martial arts
for various reasons. Park and Seabourne (1997) identify physical gealteriearn self-defense,
to be physically active, and to have fun or socialize among thesens&Similarly, research has
also provided evidence of other benefits associated with martsabad taekwondo practice.
These include improvement of self-esteem, self-discipline, andideoce (Birrer, 1984;
Finkenberg, 1990; Konzak & Boudreau, 1984; Richman & Rehberg, 1986; Trulson, 1986; Weiss
& Petlichkoff, 1989). Furthermore, studies of fitness levels otialarts practitioners have also
shown improvements in cardiovascular conditioning, anaerobic power, figxibihd balance
(Bridge & Jones, 2005; Markovic, Misigoj-Durakovic, & Trninic, 2005; Melh2001; Pieter,
1991). As a result of a combination of benefits attributed to taekworolog avith media
exposure, participation in martial arts in the U.S. has been egptrtbe one million (Birrer &

Halbrook, 1988), one and a half million (Oler, Tomson, Pepe, Yoon, Branoff, &cBrd991),



two million (Wilkerson, 1997), and even eight million (Zetaruk, Violan, Zuraitow& Micheli,
2005). With the significant level of development and popularity of martia, the U.S. has had
several Olympic and world champions throughout the years. Furtheriharas indicated that
the majority of these participants are children, with femedgsesenting 20% of the practicing
population.

The wide age range of participants has favored the orgamzafi free sparring
championships for different age categories and gender in all hetsaln many martial arts’
free sparring competitions, full contact kicking and punching, withesstrictions, is allowed
between contestants (WTF, 2004; Goodman, 2004). In spite of these ioegulatjuries are
common in martial arts competitions where protective equipment is minimal.

The most commonly reported injuries in martial arts are camsssprains, and strains
(Birrer, 1984; Birrer & Halbrock, 1988; Buschbacher & Shay, 1999;k&slon, 1997).
However, serious injuries such as concussions, paralysis, viscemaletughd even fatalities
have also been recorded (Oler et al., 1991; Pieter, 1991; Powell, 2001ar@tbiaz & Giralt-
Lopez, 1998; Siana, Borum, & Kryger, 1986; Wilkerson, 1997; Zetaruk, et al., 2005).

The number of head injuries reported by several researchem (R984; Jui-Chia, Lin,
& Esposito, 2006; Koh & Watkinson, 2002a; Siana et al., 1986) highlights the pbtemti
serious neurologic damage associated with these injuries. Thisidfinsli significant since
children make up a high percentage of the martial arts practicinggtiopulBurke, Barfoot,
Bryant, Schneider, Kim, and Levin (2003) reported in their study ttaatyn®0% of the injuries
in a taekwondo tournament were to the head and neck region in spieefatihat tournament
rules forbid blows to the face. Pieter and Zemper (1997a) haeeted concussions to be the

second most common injury in their study on injuries sustained bgrehilin a taeckwondo



competition. Although a concise definition of concussion can be difficoltieP (2001) defined
it as a “trauma induced alteration in mental status that amaghay not involve a loss of
consciousness” (p. 307). The Congress of Neurologic Surgeons definiti@s shatt a
concussion is “a clinical syndrome characterized by the imreediad transient post-traumatic
impairment of neural function such as alteration of consciousnessyh@dince of vision or
equilibrium due to brainstem involvement” (Powell & Barber-Foss, 1999, p.98g8parRless of
who provides the definition, a concussion is associated with a disragbtwain function and an
alteration of consciousness to some degree.

Zemper and Pieter (1994) reported that cerebral concussiore am®st serious injuries
observed in taekwondo competition. They estimated a concussion rate of 5.2thG26-
exposures, which is 3.1 times higher than the rate seen in cédletimll games based on
number of exposures. In another study (Pieter & Zemper, 1998) notad that concussions to
female athletes were all of a mild nature, whereas 16.7%opntussions in males were
considered severe, because these male athletes lost an afefdgdays or more of training
and/or competition per occurrence.

Koh and Watkinson (2002b) reported that in an international competitiong\8Banale
and 32 female high skill level athletes participated, with an aggerfrom 15 to 38 years) the
most dominant techniques that caused a head blow were the axe kick)(5b8dhouse and
turning-roundhouse kicks (31.4%), 360 spinning kick (11.4%), and back kick (5.7%). In another
study by Koh, Watkinson, and Yoon (2004), with a sample size of 2328 at(B&t$emales
and 1652 males between the ages of 11 to 19 years, with advanceevsKilit was reported
that among concussed competitors who experienced ringing in tkE0€8&r cases), 61% of the

impacts were made on the side of the head and face, 16% on thgadaw&B8% on the back of



the head, and 10% on the center of the face; and the kicks thatl cawsee in 50% of cases
roundhouse kicks, 33% axe kicks, 8% back kicks, and 6% spinning kicks. Reseadticted
by Koh and Watkinson (2002a) in a Canadian championship (which included 13%am@|é3
females, with age ranging from 14 to 24 years) and in Kordgolbyand Cassidy (2004) (with
2328 competitors, where 391 male and 171 female studied at high schoanéa40 male and
301 female did so at the middle level; their ages ranging betve@nd 19 years and classified
as possessing advanced skill levels) using the same methodologhalsed similar findings
among these three studies.

Aside from the acute symptoms, concussions have been known to havenhomrdféets
on the individuals that suffer them, regardless of their number araitge Powell (2001);
Woijtys, Hovda, Landry, Boland, Lovell, McCrea, and Minkoff (1999); and ZerapdrPieter
(1994) recognized the cumulative effects of concussion andreiiedtions of memory function
and information processing capacity when subjects suffered a cammgusgen without losing
consciousness. Johnston, McCrory, Mohtadi, and Meeuwisse (2001) alsaddengfmory; and
the abilities to learn new things, plan, and switch mental “set’being affected after a mild
concussion. Similarly, they reported a reduction of information gedcg speed and reduced
attention as other effects of this type of injury.

In spite of the known potential risks for long term effects oncth@ral nervous system
of concussive injuries in martial arts; the high incidence of thmggges in the activity; and the
availability of studies that have described the kinetics, kinemadied impact forces of the
kicks; no studies have addressed the direct effects of contater@tions of the most common

martial arts kicks on the risk of suffering a concussion.



Statement of the Problem

Injuries are an intrinsic factor of sports participation andr teéects range from being
brief and non-relevant to permanent conditions and career ending, antteimeexases even
death. Contact sports such as martial arts expose their pamteito competitive situations
where severe injuries to the head can occur, and the longffecats ®f these injuries should not
be ignored, especially when participants are exposed to thesersuat early ages where the
risk of sustaining these injuries and their long term effects may be exatengr

In martial arts, there is a paucity of information regardimgrhechanisms of injuries to
the head, effects of impacts on the cognitive and motor abiliti@sdofiduals after receiving
kicks or punches to the head, impact mechanics of techniques, and/oagdsanftrequiring the
use of head gear in competition. Thus, there is a need to iratesagd compare selected
kinematic variables and the response of the body to these stressaapproach to this is to
study the kinematic variables resulting from basic kickingriegltes. The roundhouse kick is a
technique that may provide an understanding of how a model head (from addimadel with
multi-directional biofidelity) responds to this type of impact anayrprovide insight into the
relationships between impact responses with known parameter vdlaesare generally
associated with the appearance of symptoms of concussion.
Purpose of the Study

The purposes of this study were to determine the magnitudes ofdicaaeration of the
center of gravity and angular acceleration about the centerawitygon a Hybrid 11l dummy
head, as a result of being impacted with a roundhouse kick, and to cahgsrealues with the
same Vvariables that are known in general to cause concussions. R@uppténtial for

roundhouse kicks to cause a concussion was examined, and recommendatazhsgdothe



incidence of this type of injury were made. Secondly, the roundhouse thicksHybrid Il
dummy head by martial arts practitioners of different ageg|deof expertise, and gender were
studied. Body mass index, flexibility, sitting to standing height biacromial to bicristal ratios
were also used to study their effects on linear and angular accelerations.

Significance of the Study

Several biomechanics studies have been conducted to analyze teciminaesal arts,
and in particular in taekwondo. Most of these studies have focused onndreakics and
kinetics of kicking and the differences in performances of individuals various skill levels.
Variations of the front kick, and mostly its kinematic variablesjehbeen studied by Bercades
and Pieter (2006); Kim (1993); Park (1989); Sorensen, Zacho, Simonser-Botisen, and
Klausen (1996); Tsai and Huang (2000); and Yates (2005). More cotkipleérg techniques
such as the roundhouse kick, side kick, back kick, and hook kick have also beahlsgutben,
Guk, Jong, and Kyu (1987); Kim, Yamaguchi, and Hinrichs (2004); Kong, Luk, and Hong
(2000); Lan, Wang, Wang, Ko, and Huang (2000); Liu, Tan, An, and Wang (2000);nduk a
Hong (2000); Shiang and Chou (1998); and Wohlin (1989). Kinetic variables haveheeen t
focus of the studies by Lee and Lee (1999); Lee, Jung, Shin, and Lee; (868Land Landeo
(1998); Pieter and Pieter (1995); Serina and Lieu (1991); Tsai, and KR@O©); and Sidthilaw
(1996).

Studies that have focused on the dynamics of general kicking sksllaas computer
simulations have been conducted by Barfield, Kirkendall, and Yu (2002); Kihai So, Yi, and
Kim (2002); Kim, Yamaguchi, and Hinrichs (2004); Lindbeck (1983); and Putnam (1991).

Biomechanical studies that addressed the impact of kicks amndridieiof imparting

injuries have not been found in the literature. Only a few studiesipted to assess the risk of



head injuries in martial arts: Moffitt (1995) evaluated the impasponse of martial arts
headgear to simulated kicks and falls, Hrysomallis and McLau@hi99) assessed the risk of
head injuries from falls on taekwondo mats, and Chi (2005) proposed the wearable force
sensors in martial arts.

In general, all of these studies had small sample sizest; oh them included only male
practitioners with high skill levels, and data collection was baseddeography. There has not
been any studies that attempted to estimate the contactddioe head generated by a kick of a
martial arts practitioner and evaluate its risk of injuryhi® central nervous system, much less as
a result of a roundhouse kick, which is one of the most commonly used ikithes martial arts
curriculum. The roundhouse is the most frequently used kick in coropetdnd it has been
reported to cause concussions in taekwondo and martial arts caonp@&it understanding the
potential for martial arts kicks to cause concussions, adequatireganay be taken to reduce
the risks of this type of injuries in competition and practice, aay make the participation of
athletes safer.

Hypotheses

To address the stated research problems, the following hypotheses wstigatee:

1) There will be no difference between maximum impact lineeglarations of the dummy head
generated via roundhouse kicks and acceleration values known to cause concussions in humans.
2) There will be no difference between maximum impact amqdaelerations of the dummy

head generated via roundhouse kicks and acceleration values known doceaagssions in
humans.

3) Roundhouse kicks by male participants will not generate gres®&mum impact linear

accelerations of the dummy head than female participants.



4) Roundhouse kicks by male participants will not generate gresteimum impact angular
accelerations of the dummy head than female participants.

5) Older participants’ roundhouse kicks will not generate grea@ximum impact linear
accelerations of the dummy head than younger participants.

6) Older participants’ roundhouse kicks will not generate greatedmum impact angular
accelerations of the dummy head than younger participants.

7) Skilled participants’ roundhouse kicks will not generate grea@ximum impact linear
accelerations of the dummy head than less skilled participants.

8) Skilled participants’ roundhouse kicks will not generate greateximum impact angular
accelerations of the dummy head than less skilled participants.

Limitations

Martial arts practitioners were recruited from local gysmand may not represent the
whole martial arts population.

Participants from martial arts which emphasize kicking over pogcimay have
performed differently than those that use hands techniques more often.

Accelerometer measurements may be affected by theh&tdhe Hybrid 11l female head
model has a metal core, and is covered by a hard rubber-likeiahateaus making it a hard
surface to kick, and may cause some discomfort in some particgazetstially resulting in less
than maximum velocity kicks. However it is designed to react tereal forces as a human head
would under the same circumstances.

No linear or angular accelerations on thresholds known to cause soncase available

to assess the risk of impacts in children; thresholds used intudig \sere obtained from adult



NFL players. It may be possible that linear and angular thresfmidshildren be lower than
these values.

The automotive industry has been developing and using various humanoid models
throughout the years to understand the responses of humans in cans#sian alternative for
using human cadavers. Kinematic data such as linear and anguo&erations have been
measured and calculated to establish safety guidelines thaautdmotive design, but are not
extensive to other fields that relate to human injuries. Itrvaasintil the creation of the National
Operating Committee on Standards for Athletic Equipment (NOC$@kg¢rland Park, Kansas,
1969) and its initial testing of football helmets, that data on the belaavior during and after an
impact in sports and recreational activities were availablspibe of these efforts to understand
the mechanisms of injury to the head, and particularly the sftdampacts to the head, there
have been no studies on the effects of punching and/or kicking inahmeats that can relate
acceleration values of the head with their potential for commus3ihus, data collected in the
current research will provide the first data under this perspective.

The testing position of the dummy (see CHAPTER IlI: Methods) lma considered a
limitation because it will not fall back as a person would asatref the impact. The setup used
was considered adequate to hold the dummy head in place (Nathan pBeonal
communication, March 2009), to allow as much movement as possible obthar neck after
impact, and reduce the chances of injury to the participants duimny were not movable at
all. When a person is struck in the head, regardless of the directioa iohpact (front, back, or
side), the head tends to rotate about the neck as a result of the. iififpss, a system for the
dummy head where support is simulated by the neck is more Inatamaholding the head from

the top, where an impact to the head would result in a rotation about the top of the head.

10



Additionally, the sample size, the small number of femaleqyaaits, the small number
of advanced level participants, and possible negative effectsdrétatlbe setup on participants’
willingness to exert maximal kicking impact against a paddedlnggtvice contribute to the

limitations.
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CHAPTER I
Literature Review

Kinematic and Kinetic Studieson Martial Arts Techniques

Park (1989) investigated kinematic and kinetic parameters of kioks by taekwondo
practitioners with their trunk in three different positions (#lig forward, vertical, and slightly
back). There were 18 male black belt taekwondo participantsamitiean age of 29.5 years.
Subjects were filmed with a 16 mm camera at a 100 framesegend while each kicked with
the right foot and maintained his supporting foot on an AMTI force platfQuadrant markers
were positioned on the lateral side of the right toe, ankle, kmekehia joints. Digitizing was
done via a Sonic Digitizer interfaced to an XT-type computer. thame landmarks were
digitized. Linear and angular kinematics were calculated from dilggized data. Muscle
moments at the right ankle, knee, and hip joints were computed, and graatiolhréorces were
also stored in the computer system. The results pointed to aioeductmovement time of the
kicks as a result of positioning the trunk backward immediately beferekick. In practice
situations, the use of this kick variation is emphasized in ordereteepr counter-attacks from
opponents. Maximum resultant linear velocities of the kicking fooewetween 11.03 to 11.28
m/s in all kicks, indicating that there was no significant défifee observed in the front kicks

with the three different trunk positions. Mean maximal horizontal acceleration kitiheg foot

. 2 . : :
for the three kicks ranged from 66.51 to 68.21 mihe mean maximal vertical acceleration

2 - . :
values were between 94.64 to 108.29 mAlthough there were no significant differences in

vertical acceleration among kicks, it was observed that thereawdifference for the mean

maximal vertical acceleration favoring the trunk backward posifitrere was no significant
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difference in the peak muscle moments at the hip, knee, and anklegwiotg) the kicks. The
mean values ranged from 156.82 to 169.63 Nm for the hip, 26.68 to 33.61 Nm for tharkhee,
5.72 to 6.76 Nm for the ankle. No significant differences were oldenvéhe mean maximum
vertical ground reaction forces of the supporting foot during the thicks. These values were
between 934.1 to 986 N.

Kim (1993) analyzed the kinematics and kinetics of the front thiclst Five novice and
five expert male practitioners participated in the study. ddee of the participants ranged from
19 to 22 years, and their height ranged from 1.55 to 1.78 m. Their waighed from 43.6 to
74.2 kg. Data were collected via high-speed camera at 200 fra@nesecond. Impulse was

measured via Kynar Piezo film mounted on a Lexan plastic shkeetarget. Ten joint markers

. . . t
were placed on the right side of the subjects, but only the heel, EnEImetatarso-phalangeal

joint, knee, and hip were used in the study. Anthropometric measuremédriiglatf and weight,
and length of the foot, shank, thigh, and trunk were taken.

Linear kinematic peak resultant variables were studied for tbetanso-phalangeal
marker, as well as linear displacement of the hip marker. Angudamatics were analyzed for
the trunk, shank, and thigh. There was no significant difference iotdiekicking time between
novices (0.223 s) and experts (0.230 s). This time was calculatedtifierfim, and was
measured from the moment the kicking foot left the ground to the maheefdot made contact
with the target. There was also no significant difference wioenparing both groups in total
impulse of the kicking leg before the foot left the ground; expensan was 19.29 Ns and
novices’ mean was 18.68 Ns. Mean peak resultant linear velocitiae &fcking foot were also
not significantly different with values of 10.6 m/s for novices and 11.28 fn/ experts.

Similarly maximum resultant linear accelerations of thekikig foot also did not show a
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significant difference between groups, where experts exhibitetkan of 632.97 m%sand

. 2 . .
novices a mean of 592.48 m/®verall, the study showed that there were no differences in the

kinematic variables and impulses between novice and expert practitioners.

Lan and colleagues (2000) studied the kinematics of three taekwon#émgkic
movements. The kicks included were the roundhouse, back round, and back. Tleaptstic
were five highly skilled female practitioners with a meae afj 21 years, height of 1.62 m,
weight of 52.4 kg, and practice experience of ten years. Two high speed vige@sdilming at
120 Hz were used to record the performances of the kicks. Digitizasydone using a peak
Motus system, and parameters from Dempster and Gaughran’'s (B@& Wete used to estimate
centers of masses. Their results indicated the followingn#eémum resultant foot velocity was
observed on the roundhouse kick (mean maximum foot velocity for all types of kicks was
37.67 m/s); movement time was shorter for the back round kick (meammaové&me for all
three types of kicks was 0.1985 seconds), and the smallest knee atiggekatking leg was
observed on the back kick during the preparation phase (mean minimum gire&aall three
kicks was 36.21 degrees). There was no significant differences atmengree kicks when
measuring the foot velocities at the moment of impact withatget (mean of 2.66 m/s for all
three types of kicks). It was also observed that the roundhouse &gl whip-like movement;
whereas the back round and back kicks do not follow this pattern. It wasethtthat shorter
movement time explains the more frequent use of a particular kicking techmicoipetition.

Kong and colleagues (2000) compared kinematic variables of roundhousebé&inlgs
performed alternately with the front and back positioned extremities miailetaining a sparring

stance. Eight male subjects with a mean age of 26.1 years, bkigh® m, and weight of 60.68
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kg participated in the study. Their training experience meas &6 years. Two high speed
cameras recorded the kicks at 120 Hz. Four reflective markeesplaeed on the major joints of
the lower extremity (hip, knee, ankle, and fifth metatarsal).teékt signal was given and an
accelerometer recorded the moment of impact with the targgnifiSant differences were
observed in movement time, maximum resultant linear velocity ofatiide, and maximum
resultant linear velocity of the knee (mean maximum linear wgl@dithe ankle for the front
positioned leg was 18.83 m/s; whereas, the mean maximum linear velocitybatthpositioned
leg was 14.56 m/s; the mean maximum linear velocity of the kraee9vm/s for the front
positioned leg and 14.56 m/s for the back positioned leg). Movement timéhdofront
positioned leg was an average 0.73 s; whereas the back positionedkd€y83 s for the foot to
reach its target. They concluded that having a fast kick mapieenient to score points due to
the fast movement time, but also acknowledged that a powerful &sdciated with a greater
momentum such as kicking with the back positioned leg may be alsd iseompetition; thus,
they recommended developing strategies that included the use of both techniques.
Wohlin’s (1989) study focused on the kinematics and kinetics of the vidoalg of a
practitioner performing a hook kick. There were two male and am@lé participants in the
study; all were highly skilled and ranged in age from 25 to 3dsy&mata were collected via two
high speed cameras sampling at 150 fields per second. Joint maekerplaced on the right
side of the subjects’ upper and lower extremities. Anthropomettiia ¢theight, weight, and
segmental lengths) were also collected. Video fields wergizéigg using a FILMADATA

motion analysis program and linear and angular kinematic and kdatticwvere generated. The

rotational inertia of the body at the end of the push-off phasesdaifigm 5.61 kgr% to 7.69

2 . . 2 .
kgm; when normalized for subjects’ masses, ranged from 0.0%80rr0.09 m. Anterior-
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posterior dimensions of the base of support during the push-off phase a&so(0d&7 to 0.82m)
from participant to participant but did not seem to be related tbhelght of the subjects. Total
peak resultant velocities of the metatarso-phalangeal joiargettcontact ranged from 12.4 to
15.5 m/s. Total movement times for the kick for all participanmtged from 0.63 to 0.71 s; it
was noted that participants tended to keep the upper body segmaritse as possible to the
trunk which allowed them to increase the velocity of the rotatior@lement, thus generating
faster kicks. The analyses also provided insight into the aatiele sequence of the thigh and
shank; and it appeared to be similar to those found in other kicldhgitpies, where the thigh
reached its maximum acceleration before the shank, and occufoee tentact with the target.
Once maximum acceleration is achieved by the thigh, it staotetbcelerate, and the shank
followed in reaching its maximum acceleration, also prior to contact wittatget.

The study by Tsai and Huang (2000) focused on the kinetic amaliyshe taekwondo
axe kick. There were 20 male participants, with a mean exper@ng.6 years and a mean age
of 17.1 years; their mean height was 168.8 cm, and their mean weigli9.9 kg. Participants’
data were collected from one foot on each of two Kistler fgie¢forms with a sampling
frequency of 600 Hz. The mean of the total movement time of th&ielkkevas 0.88 s with a
range between 0.795 and 1.06 s. For the kicking leg the mean pea&l \ggdind reaction force
normalized to body weight was 1.46 with a range between 2.20 and 0.96. Meéead rafulse
of the kicking leg prior to the kick was 227.7 Ns, while the horizontplise was 69.1 Ns. For
the support leg the mean peak vertical ground reaction force normialibedy weight was 1.79
with a range between 2.18 and 1.39. Mean vertical impulse of tiediileg was 104 Ns with a
range between 155.9 and 70.6 Ns. No relationship was establishecrmheajmeind reaction

forces at the moment the kicking foot left the ground and contact &irthe target. However,
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findings indicate a negative correlation between peak anteri¢erpsforce of the kicking foot
and movement time.

Waliko, Viano, and Bir (2005) studied the risk of head injury from tetiosmial and
rotational acceleration from punches to the jaw of a Hybrid lll dymihere were seven
participants, all Olympic level boxers from five different weigategories. The results indicated
a correlation between punch force and weight class (r = 0.0539)mé&ha force applied was
876 N. Translational and angular accelerations also were found téat®e weight class (r =
0.432) and (r = 0.524), respectively. Mean linear acceleration58ag’s with a standard
deviation of 13 and mean angular acceleration was 6343 radVithca standard deviation of
1789. The mean HIC from all punches was 71 with a standard deviaté® sfmilarly this
showed a positive correlation with boxers’ weight (r = 0.672). Thearelsers concluded that
“the acceleration levels may be sufficient to cause somédévead injury if multiple punches
are landed”. They also suggested that rotational acceleratapndenthe most important factor
for concussions, indicating that findings were consistent with lef@iead in concussed
professional football players.

Concussions

Koh, Cassidy, and Watkinson (2003) studied the incidence of concussion attcont
sports, and conducted a systematic review of evidence. The authoxss@uwas to estimate the
incidence of concussion in contact sports, through an analysis of datenedntathe literature
available between 1985 and 2000. The researchers’ inclusion cntessidased on documented
incidence of concussions in the sports of American football, boxindhackey, judo, karate,
taekwondo, rugby, and soccer, all being defined as contact spbes leyt the possibility of

colliding with other players or making contact with other implements, such ag®ajl, heading
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the ball in soccer).  The review included data from male and femtiaktes of all competitive
levels and ages, and also included information as to whether thenotjury occurred during
practice or competition situations. Additional criteria included ewdeof the incidence of
injury to the head or brain, and relevant reports on concussion andamihdatic brain injury or
diagnostic criteria used for concussion. Studies related to whiptaghir@l cord injury, facial
bone fracture, and soft tissue injuries were not included. Sigilarticles reporting only
prevalence, unique cases, or did not include risk ratios were alsalecA total of 23 articles
were used in this review from an initial set of 127. Their findingiscated that, on the selected
team sports, ice hockey showed the highest incidence of concussioteiathtaetes at the high
school, college, and amateur adult levels, and American football hadettumd highest
incidence. Among the individual sports, boxing was found to exhibit the hifflegstency of
concussion. However, the authors identify an issue with over estgraases in this sport due to
a fact that in boxing a knockout and a technical knockout are definednasission. The
researchers were only able to identify a limited number of etudin female athletes, but were
able to identify that taekwondo shows the highest frequency of concussiatiesgaf age.
Schulz, Marshall, Mueller, Yang, Weaver, Kalsbeek, and Bowling4R8€udied the
incidence and risk factors for concussion in high school athletes ih Barblina. The purpose
of this study was to examine the incidence rate of spdeasececoncussions and to estimate the
association between history of previous concussion and concussion ratesd&ehers used a
stratified cluster sample of 15802 athletes from the North @araHigh School Athletic
Association, representing 12 sports. The sample included football (lotye€)xleading (girls),
wrestling (boys), volleyball (girls), baseball (boys), softlfgitls), basketball (boys and girls),

soccer (boys and girls), and track (boys and girls), and tketedlteams were followed for a
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period of three years. The functional definition of concussion for they stad a “clinical
syndrome characterized by immediate and transient post-tigumgpairment of neural
functions, such as alteration of consciousness, disturbance of visionbragmiji etc., due to
brain stem involvement” (p. 938). A concussion report was a two-stepgsioone provided
information on the type of injury, and the second, provided information abguo$ snd
symptoms associated with a concussion. Concussion incidence rageslefieed for athlete-
game, athlete-practice, and athlete-exposure. A regression inctieled sport, body mass
index (BMI), year in school, calendar time, school size, and higliesational level attainment
by the head coach. Sports were classified as contact, limitlehot, and non-contact. An
alternate classification grouped these sports as collision and nonecollisi

From the 2750 injuries reported, only 206 were properly documented concussidns
only 8% of them resulted in loss of consciousness. There were 124corangssions that were
identified after reviewing injury forms. The results indicatieel highest concussion rate overall
and during competition was observed in football. Conversely, cheerleadinehaajhest rate
in practice. Previous concussions were also a strong predictarrfoussion rate in addition to
participation in contact sports, being in the bottom quintile of bodys nmaexes, and being in
9" grade.

Woijtys, Hovda, Landry, Boland, Lovell, McCrea, and Minkoff (1999) repothesr
findings on concussion in sports. The authors acknowledge that a concussidioria of
traumatic brain injury and defined it as:

“Any alteration in cerebral function caused by a direct or itlifetation) force transmitted to
the head resulting in one or more of the following signs onpdgms: a brief loss of

consciousness, light-headedness, vertigo, cognitive and memory dysfunictnitus, blurred

19



vision, difficulty concentrating, amnesia, headache, nausea, vomiting, photptiohibalance
disturbance” (p. 677).

They also recognize that there may be delayed signs anpt@sys such as “sleep
irregularities, fatigue, personality changes, inability to penfalaily activities, depression, or
lethargy” (p. 677). They pointed out that there was a lack of a umimnsensus on how to
classify concussions. However, it was agreed that an eaalgnasis will be helpful in
determining the time needed to recover, the effect of the secqattirsyndrome, and also the
cumulative effects of concussions over time. The authors explained semnephysiologic
responses of the brain after a concussion, citing among these timg-fimguced vulnerability”
that describes the vulnerability of the neurons after a head itguminor changes in cerebral
blood flow, intracranial pressure, and apnea that may lead to acellidath. They also
commented on the evidence of a metabolic dysfunction post-concussionmaihtdins this state
characterized by an increase in the demand for glucose, and #aedacerebral blood flow.
This response has also been observed in studies on mildly concussed animals; and ithaimans
have experienced severe head injuries. The duration of this condinob kmown in humans,
but in other species (i.e., rodents) it has been observed to lasigags ten days. Among their
recommendations for diagnosis were evaluations on the field, and obetigh, with a
neurologic and neuropsychologic approach. As a complement to these ewaludtivas also
recommended to have a baseline neuropsychologic assessment ofetfeesatiti can be used to
compare performances after the injury. Criteria for return tg wis also discussed and it was
recommended that only when there were no signs and symptoms afterut&snof the collision
or impact, and there was a normal neurologic evaluation and no losnmsfiausness, then

return to play the same day may be possible. However, if theseawass of consciousness,
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headaches were present, there was memory loss or other impgajrthe player should not
return to play.

Covassin, Swanik, and Sachs (2003a) explored the topic of epidemiological
considerations of concussions among intercollegiate athletes. ktutisthe authors compared
the incidence of concussions among 15 different collegiate sports. uBeely data from the
National Collegiate Athletic Association (NCAA) Injury Surl@nce System (ISS), and
considered data from 3535 team-seasons in a three year periachgorgant to mention that all
the data in this system were recorded by certified athtesimers from the participating
institutions throughout each sport season. The authors highlight the ladkes#fment on the
definition of a concussion. However, they cite two definitions thatamemonly accepted. One
by the American Medical Association and the Committee of Heaolyl Nomenclature of the
Congress of Neurological Surgeons that states “a concussioa abnical syndrome
characterized by the immediate and transient post-traumaiairiment of neurological function
(such as alteration of consciousness, disturbance of vision and egmi)ipdue to brainstem
involvement” (p.13). The second, by the Quality Standards Subcommittdee ohmerican
Academy of Neurology, indicates that “cerebral concussiondtarec&amental states that may or
may not include loss of consciousness” (p.13), and agreeing that anameksiconfusion are
symptoms of concussions. After analyzing the data, their findimdjsate that, from a total of
40547 injuries suffered by men and women, 6.2% of them were concussiongefeignt of the
concussions (1224/24480) occurred during practice and 8% (1278/15975) during games. The
breakdown by gender indicated that female occurrences were 3.39¢g guactices and 8.9%
during games, whereas for males, the percentages were 5.5% andegp@eétively. Sports like

football, soccer, ice hockey, lacrosse, wrestling, baseball, and tbaskehowed higher

21



incidence of concussions in game situations compared with pradtee.same trend was

observed for females in soccer, basketball, and field hockeyadt awncluded that overall

athletes participating in football, ice hockey, wrestling, socele and female), and lacrosse
(male and female) are at the highest risk of suffering a concussion.

In another work by Covassin, Swanik, and Sachs (2003b), they compardiffesexces
associated with the incidence of concussions among collegiatéeatimea three-year period,
using data from the NCAA ISS. The sports included in the study weceer, lacrosse,
basketball, softball, baseball, and gymnastics. The authors reedghie cumulative effects of
concussions, and their long term negative consequences, andistinesseed to identify groups
of athletes at risk at every level of competition. In their paffee authors suggested that an
increase in number of participants and anatomical differencgs @ze, overall muscular
strength, greater ball-to-head size ratio in females, ankeveack muscles in females) between
male and female athletes may be factors for the obsergexhse in number of concussion cases
in sports, thus the importance of conducting these types of studies.

The operational definition of concussion in this study (Covassin, 8wand Sachs,
2003b) was based on the NCAA ISS, which follows a grading SGaéele 1 was characterized
by no loss of consciousness and short duration of post-traumatic anfBesi@. 2 subjects
experienced loss of consciousness (for less than five minutes) aediamp to 30 minutes. For
grade 3, there was a loss of consciousness for more than fivesand extended amnesia. The
researchers also defined injury rate as the ratio of the nuwshbguries in a specific sport to the
number of athlete-exposures in the same sport multiplied by semeée population of 1000
athlete-exposures. Their results indicated that concussions duringgsaepresented 4.2%

(315 cases) of the total injuries observed during the three-ydad fike study was conducted
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and in game situations this number was 7.8% (558 cases). A breakdowntahthumber of
injuries by gender indicated that female athletes sustained(36%) concussions during
practices and 304 (9.5%) during games. For males the numbers were 148 (5.2%) and 354 (6.4%
respectively. Results also indicated that those sports considered contacpsgsehted a greater

risk for concussion, regardless of gender; thus lacrosse, soccererante fbasketball were
identified as sports with higher incidences. Similarly, those spehere there was no direct
contact between competitors presented the lowest risks for camtubiwever, this may be
associated with the use of more protective equipment in these sports.

Female athletes suffered more concussions than males aarsbasketball, lacrosse,
softball, and gymnastics. Some of these differences wereiassbwith differences in the rules
of competition (lacrosse, softball) and the type of exerciggmifastics), but others can be
directly associated with the morphology of the female athleth @s size, overall muscular
strength, and neck muscle strength.

Koh and Watkinson (2002a) studied the incidence and characterisheadblows and
concussions in a Canadian national taekwondo championship. They analyzeadpadedthead
blows that had a potential for causing a mild traumatic brain injlingir study included 139
male and 73 female competitors, ranging in ages from 14 to 24.yEaey used the Mild
Traumatic Brain Injury Committee’s definition of concussion, whithtes “a traumatically
induced physiological disruption of brain function with a short periodltefel or loss of
consciousness” (p.80). Their case definition of potential concussion idchrde athlete who
had experienced a direct blow to the head or face region which may have inducedlagbgki
disruption of the brain function. This disruption included loss of conscisastass of memory,

disorientation, and/or confusion. When there was a fracture to theofaskull as a result of a
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direct blow, the case was excluded. The inclusion criteria coesidgrrapid movement of the
head as a result of the impact, 2) being stunned or dazed, eregfieing a standing eight-
count, 4) opponent being awarded a point, 5) exhibiting gait unsteadinessn§)thathead as a
result of falling; and 7) any loss of consciousness. There weervalos on site during the
tournament that identified possible subjects, which were referretthetoresearchers to be
evaluated. Videotapes were observed later to code the cases.

After all the injuries where quantified by reviewing all thdeos, injury incidence rates
were calculated using the number of injuries divided by the numbehleteaexposures (i.e.,
number of injuries divided by the number of minutes of exposure), aslidesby Zemper and
Pieter (1994). Inter-observer agreement was calculated and widésrdoetween groups of
concussed versus non-concussed were calculated. Six participaatshaeacterized as having
experienced a concussion within the last 12 months. The rategncussion were 53 per 1000
athlete-exposures, and 9 per 1000 minute-exposures. The highest dregjweere observed in
the lightest weight groups.

Researchers reported that 22 concussions occurred due to &idkéotthe head, which
represents a high incidence for the sport. A probable cause of these conauasisnggested to
be the rules granting a higher score (i.e., three points awarded for a lhekheaid). When these
results were compared with other contact sports (i.e., soccer, fpotbavas observed that
taekwondo incidences of concussions were much higher.

Among the techniques used to cause a concussion were the roundhouse dicivagi
used in 43% of the cases, axe kick in 29%, spinning kick in 14%, and back KiGR6. The
offensive action proved to be the situation where the risk of aussium was higher as

compared to defensive actions.
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Guskievicz and Mihalik (2006) studied the biomechanics and pathomecharsipertf
related concussions. The authors were aware that the term ateoelmcussion is used
interchangeably with mild head injury, and that it is also the result of an:
“acceleration-deceleration mechanism in which a blow to the hethe dvead striking an object
results in one or more of the following conditions: headache, nawuseating, dizziness,
balance problems, fatigue, trouble sleeping, drowsiness, senstovitght or noise, loss of
consciousness, blurred vision, difficulty remembering, or difficulty concentfgingo).

The authors also made a reference to Hugenholtz and Richa888)(work which
reported that a “linear acceleration of 80 to 90 g's acting farenthan four milliseconds can
result in a concussion” (p. 67). They further made references to sitltbes that indicated the
basic concussion mechanism was the acceleration and decelerationratation of the skull,
thus leading to categorize the mechanisms into head-contact snam@ head-movement
injuries. Furthermore, they also explained that mild traumatic impay can result from a focal
injury or a diffuse injury. The authors also recognized severaite that follow head trauma,
which included physiological, vascular, and biochemical changedethditto irreversible brain
damage. Among these changes are the formation of oxygen-fliealsaand lipid peroxidation,
and changes in neuropeptides and neurotransmitters, ischemia, and weting;s also a
reduction of intracellular pH, an increased cerebrospinal fluid, aga glycolytic increases, and
reduction of cerebral blood flow.

Zemper (2003) conducted a two year prospective study of relasikeof a second
cerebral concussion. The author pointed to the common presumption thatvadualdvho has
incurred a cerebral concussion was at greater risk for sustaamother one, and also

underscored the lack of a risk ratio that could describe thisorethip. He used the American
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Academy of Neurology’s definition of concussion, which states thas f'a traumatically
induced alteration in mental status (e.g., confusion, amnesia) thairmaay not involve loss of
consciousness” (p.654), and also considered the Concussion in Sport Groupigowulefi
proposed in 2001 as “a complex pathophysiological process affectinigrahne induced by
traumatic biomechanical forces” (p.654). The author highlightedntipertance of studying the
risk of concussion in individuals who have a history of concussion, andgstxiation with
amount of playing time and exposure time. His study included data fram high school
football and college seasons taken from a large national sampéefrbat 89 high schools and
85 colleges from the 1997 and 1998 football seasons were collected frokthtbgc Injury
Monitoring System (AIMS). The information included number of playbed had a history of
concussion during the previous five years, any reports of injuriesgdpractice and games, and
the severity of them. Concussions were reported following theraémoned definition, and
also used the American Academy of Neurology scale, which radng@s“grade 1 indicating
transient confusion that resolves in less than 15 minutes; gremicating symptoms that last
longer than 15 minutes but there is no loss of consciousness; and g@dany toncussion
involving loss of consciousness” (p.655).

During the study period, there were 572 concussions, 240 in high schiet¢sand 332
in college athletes representing 4.1% of the sample population. Irgtey were calculated
based on total athlete-exposures considering the following equation:

Injury rate per 1000 athlete-exposures = (number of injuries rejpout@ber of exposures) x

1000.
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The concussion rates were 0.5 concussions per 1000 athlete-exposurigh fechool
and 0.57 for college, which translates to 3.33 concussions per 1000 high schedd play
seasons and 4.1 per 1000 college players per season.

Considering the information collected at the beginning of the seagbthe two season
data sets, it was observed that among those high school playeesmstory of concussion 18%
sustained a new concussion, and less than 3% of those with no histaigesusine. For the
high school level, the relative risk was calculated by consigefit®7 player-seasons and the
number of concussion in the season; the players who had a history of camalissng the
previous five years (296 player-seasons) experienced 53 new cases; the gtayersfwho had
no history of concussions (95.9% of all the player-seasons healthy) casd sustained one
during the season had 187 cases. Thus, the relative risk was ealdi(&8/296)/(187/6901))
indicating that a player that has had a concussion is 6.6 timeslikely to sustain another one
in comparison with a player that has not experienced one. At tregged#vel, there were 8107
player-seasons. Six hundred and seventy nine player-seasons haddastaineussion within
the previous five years. Of the total 332 concussions, 108 were sastaynplayers with a
history, and 224 were new cases. The relative risk was calcul¢ted/679)/(224/7428)),
indicating a risk of 5.3 for those who already had a concussion. Wheedshks from high
school and college were combined, the relative risk was 5.8, nstillating a greater risk for
those players who had sustained a concussion. Based on these findings, the autltmdctrat
a history of concussion does have an impact on new occurrenceseButatoseem to have an
impact on the severity of a new concussion. It was inferred tbagar participation in the sport

(particularly if it is a contact sport) will increase the chances oésuisf a concussion.
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Macciocchi, Barth, Littlefield, and Cantu (2001) studied multiple cosions and
neuropsychological functioning in collegiate football players. Thehors indicated that
concussive injuries in American football can cause time-limitediropsychological and
neurobehavioral problems. They recognized that there is not much evidletiee effects of
multiple concussions. Their study focused on cognitive deficienciegemntesk after a second
concussion and how they compare with the same measurements stihamisg the first one.
Twenty-four division I-A football athletes from a population of 2300 tpaitticipated in a
previous concussive injury study were selected to participakesistudy. Players sustaining one
concussion were matched on age, education, years of experience, armbmeigsion history
with players sustaining two concussions. Players in the one concussignh@d an average
age of 19.5 years, and a mean of 8.4 years of playing experient¢e,tihitwo concussions
group had a mean age of 19.1 years and 9.1 years of experience fdatiad. All participants
were assessed during the preseason to establish baseline lat&aded Auditory Serial
Addition Task (Gronwall, 1977), the Trail-Making Tests A and B foe Halstead-Reitan
Neuropsychological Test Battery (Retain & Wolfson, 1985), and tineb8lDigit Test (Smith,
1982), in addition to a history questionnaire and a symptom checklistadeninistered to the
participants. Players who were suspected of sustaining head irgurieg practices or games
were examined by athletic trainers and physicians using sthreld medical and mental status
procedures. All the cases were consistent with a grade one doncussng the American
Academy of Neurology standards. The results indicated that e dr concussions sustained
at least two weeks apart do not result in more neurocogniti@iiment than a single
concussion. Players who sustained 2 concussions performed as well er dettall

neuropsychological tests after their first and second concusslars empared with those that
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only experienced one concussion. There was no evidence of a decrenestt performance
relative to the performance observed after players’ foetassions. Players who sustained two
concussions performed better on post-season assessments than osopregaainations.
Among the limitations of the study, the authors recognized th# samaple size, the fact that all
of the concussions were grade 1 does not allow any inferenadr&danore severe injuries, and
the timing of the injuries, which in some cases occurred within 12 to 24 months.

Janda, Bir, and Cheney (2002) studied the presence of cumulative conaiffests of
soccer heading in a youth population by quantifying the number of &mks/er headed the ball
throughout two years either in practices or games. Cognitive dunetias assessed at the
beginning of the fall and at the end of the spring season (appatety nine months between
measurements). Verbal learning was assessed with the \didge Rf Assessment Memory and
Learning (WRAML) (Western Psychological Services, Los AagelCA), attention ability was
assessed using the Wechsler Intelligence Scale for Qinidhg (WISC-III) (The Psychological
Corporation, San Antonio, TX) tracking and information processingdspas assessed with the
Symbol Digits Modality Test (SDMT), and verbal learning waseased with a delay test.
Participants also completed a subjective assessment by angwesstions at the end of the
spring season about experiencing any symptoms associated to @mreublse age range of the
participants was 10 to 13.7 years of age, with a mean of 11.55frDateb7 participants (37
males and 20 females) were used for analysis. The averagedheag@ason one was 33.75 and
131.78 headers per female and male players respectively, withiraum of 1 and a maximum
of 450. Season two had only 1 team participating and was composed bgle ®articipants
with a mean age of 13.25 and a range of 12.6 to 14.5 years. The average ofundaglers in

the second year was 129.6.
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No significant differences were observed in any of the cagnitinction components
tested in the first year. However, results for the second ipelazate a marginal significant
difference for verbal learning (p = 0917). These findings supportqarevesearch recognizing
negative effects of head impacts on cognitive function. Additiontdy are also in accordance
with previous findings on the inverse relationship between cognitive idinctecline and
players’ maturation, explained by having experienced more repetitiveraeathtas they aged.

Forstl, Haass, Hemmer, Meyer, and Halle (2010) completed a reviavute, subacute,
and chronic neuropsychiatric consequences of boxing. They identifgpestds of 10 m/s or
greater upon impact, forces of 5000 N (and correlations of thae feith weight class), that lead
to translational accelerations of 50 g. Rotational acceleratiens also identified as a critical
factor, because they generate shearing forces causing lesions in theraipsézsr.

It was reported that in Olympic and amateur World Championships 1§84, 13.6% of
the matches had to be stopped due to knockout or other injuries. After imgpdoe use of
head guards, the percentage was 9.5 (up to 1996), and when the duratiomafcties was
reduced from three 3-minute rounds to four 2-minute rounds the percenage2.2.
Modifications to the rules, such as the “outclassed rule” redeekintockouts and other injuries
to zero up to 2004. Boxer’'s age and number of matches fought werdiedieasi risk factors for
injuries.

These authors also identified potential risk factors for inegeasortality, such as age,
pre-existing brain changes, somatic disease (chronic), ntiedicalehydration, pronounced
weight loss, large number of punches striking the head during @bhehjmand “second impact

syndrome” with incomplete recovery after a recent injury.
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Subacute consequences included symptoms present 24 hours after the ksackoas,
headaches, tinnitus, forgetfulness, impaired hearing, dizziness, namkampaired gait.
Cognitive deficit was reported to affect immediate recall,kimgr memory, and reaction time.
Performance in visual-spatial and mathematical exercises alsxs diminished in those
participating in a study exploring the effects of knockouts even 48 lafansthe event. The
authors also reported studies highlighting impaired performancedarmafion processing and
verbal fluency one month after a knockout.

Biochemical changes associated with traumatic brain injawe lalso been reported in
the literature, particularly identifying the presence of tauyefdament light, and glial fibrillary
acidic proteins in higher concentrations as a response to more frequent and hardet punche

Among the chronic consequences, Forstl and colleagues (2010) also fwaind t
professional boxers with longer careers are more susceptitsentors, dysarthria, Parkinson’s
disease, ataxia, and spasticity. On cognition they experience poaeessing, loss of memory,
and dementia. Behaviorally, they suffered more depression, ilitigaliggression, criminality,
and addiction.

Rabadi and Jordan’s (2001) review on the cumulative effect of fepetiincussion in
sports, included sports such as soccer, football, ice hockey, and @uastidlhey recognized the
prevalence of chronic traumatic brain injury (CTBI) in profesal boxing and identified boxing
longer than ten years, participation in over 150 bouts, and retiriegth# age of 28 years as
factors for CTBI. The signs and symptoms of CTBI in boxers wewee manifest after the age
of 50 and included motor and cognitive impairments as well as beabgi@nges. Radiological

imaging has shown structural changes and lesions in the frontal and temporal lobes.
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CTBI has been associated with soccer, and possible risk factarsceeased exposure to
the sport, duration of participation, and increased level of congmetiimong the potential
mechanisms of injury were direct forces resulting from dotis with the ground, other players,
or cumulative impacts associated with heading the ball. GTBbccer is mostly associated with
a decrease in cognitive function, such as memory, attention, concentration, anchjudgme

In football CTBI is associated with repetitive impacts, and stohy of concussions.
Neurological impairment manifestations are memory loss, canfusnformation processing
speed, attention, and speech difficulties. In ice hockey the incidgnoencussions increased
with the level of play through the professional level. Additionallywats reported that using
protective equipment may help to mitigate the occurrences of cooesissn martial arts
information on CTBI is limited. However case studies have idedtiferebella ataxia, seizures,
and dementia, associating these to repeated blows to the head.niectad preventive
measures include “reducing the exposure of high-risk athletesy protective equipment,
enforcing strict rule adherence, training and supervising athleted increasing medical
surveillance”.

Pellman, Viano, Tucker, Casson, and Waeckerle (2003) reproduced games ianmhct
injuries that produced concussions in professional football. The authorsdpouitéhe start of
the National Operating Committee on Standards for Athletic EQuip(hN&D€SAE) in 1973 to
establish standards for the impact performance of football hellimeisng the Severity Index
(S1), which was based on resultant head acceleration. Adoptiesed# standards by the helmet
manufacturers by 1980 showed “significant reductions” in injuries weden youth football
(i.e., a 51% reduction in fatal head injuries, 35% reduction in concussion85&nceduction in

cranial fractures). In spite of rule changes implemented, ldterreduction of injuries was still

32



considered to be associated to helmet design improvement, and waieaxkply the increase of
neck injury rates, which is indicative of the occurrence of head impacts.

Hodgson and Thomas (1985) reported an average Sl of 1064 for helmeisgmee
NOCSAE standards. It is recognized that improvements continue to dde iwn helmet
performance, and the attention was focusing on the incidence of sawcus sports. The
summative effect of multiple concussions and their long term effects veeraated.

It was reported that in 1994 the NFL formed a committeeudystild traumatic brain
injuries (MTBI) in football (Pellman, 2003), with the mission toestifically investigate
MTBI's in the NFL. Thus, MTBI cases in professional foothak#re systematically recorded
between 1996 and 2001, generating approximately 90 MTBI cases that siuglied by
evaluating video tapes of events when a MTBI was suspected. MEB} reported by a
physician and a trainer, as well as the engineering group rdésigorts analyzing and
reconstructing the game impacts. Reconstructions were made udewaypes of the games.
Location of the impact and the striking objects were identified. 8 hessonstructions determined
impact velocities, orientations, and helmet kinematics. These \esia@re later used in the
laboratory to replicate the impacts. The lab reconstructions invtiheedse of a Hybrid Il male
anthropometric test device (crash test dummy) with a footbdihdiestrapped to it. A
mechanical device impacted the helmet at various velocities agtksa Velocities and
accelerations were measured 3-dimensionally at the centerawitygrof the head. Nine
accelerometers were placed to record linear and rotatioreleeation. Two high speed cameras
recorded head kinematics in the lab. The authors identified twoocete@f potential errors in
their measurements: position of the accelerometers and datagmmgceshniques to determine

accelerations and use of broadcast video as the bases to dewmiisiens. They reported that
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translational acceleration of the head’s center of gravity @etermined from three orthogonal

: . . 2
accelerations measured in the dummy, and was expressed in gs98gm/s). The use of

Lissner, Lebow, and Evans (1960) Concussion Tolerance Curve wastaiestimate the
tolerable peak translational acceleration of the head. Various werlescited providing a range
between 42 to 80 g's as the limits of tolerance in humans.

The Severity Index (SI) was calculated by using Gadd’s (1966) method:

.
Sl=[a(t)>dt
0

where,
a(t) = the resultant translational acceleration at the head centavaf@nd
T = duration of the acceleration pulse.
Sl cannot exceed 1200 to be acceptable.
The Head Injury Criterion (HIC) used by the National Highwasaffic Safety
Administration considers a Sl variation, and was reported as:

t2
HIC ={(tp —t)[ [ a(t)dt/(t, —t1)] *°} max
tl

where,
a(t) = resultant translational acceleration at the head center ofygradit
to — 11 =T =15 ms (used to determine maximal value).
The analyses included 174 cases with 29% of the impacts on theatkceamd the
remaining on the helmet shell. There were 25 concussions, 16 on the offense, five on tiee defens

and the rest on special teams. Thirty one videos were analyzet wiciuded those where
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concussions were reported. The peak head acceleration for concusses gl@yaged 98 28
g, with 15 ms duration, and was significantly greater than the: &% g experienced for
uninjured players. Concussion was primarily related to translatieesd acceleration resulting
from helmet impact to the face mask at an oblique or lategh aand falling hitting the back of
the head. Concussion was strongly correlated with SI, HIC, peakattianal acceleration, and
head velocity change. Nominal tolerance levels for concussion wee380 and HIC of 250
for helmet impacts. There was a low correlation with rotational acaelerat

Hodgson’s (1990) study tested several types of helmets usehgldasize humanoid
headform (6 5/8” in diameter), and provided evidence of the effectivefdlse use of helmets
in reducing head injuries. A small size humanoid hess instrumented with a triaxial
accelerometer to measure the linear acceleration experiantiesl center of gravity of the head.
These values were used to calculate the Severity IndexXi®p. tests were conducted from the

following heights: 1, 1.5, and 2m.

.
(S)*= [ Adt
0]

where, T is the effective impact duration, A is the instantanaocsleration (g), and dt is time
increment of integration.

The risk of injury was evaluated according to the Severityxiraahel use of a risk chart,
which was constructed from the data obtained from experiments dfilmgects received by
adult cadavers in controlled falls. The author recognized thatahes of the chart may be
affected negatively by age of the subjects, and also by th@ratamotion at impact that may
lower the impact tolerance of an individual. The overall resulticated a decrease of

acceleration associated with the use of helmets. Whiladaltom 1 m without head protection
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may result in a serious head injury in 70-99 % of the population, thef itmets reduced this

to 1 %. When the height was increased to 2 m, the risk varied fi@B#6depending on the type

of helmet. Caution must be exerted when using this data, becaveseobserved that there were
differences on the protective behaviors of the helmets if thesfaveee not uniform and helmets
could not be kept in place. When the results were analyzed to evéheastress in the neck,

there was a difference between shell and no-shell helmetse wieelater produced greater neck
flexion, axial loading, and head angular acceleration. Neithergtelias able to prevent injuries

to the facial region.

Dau, Chien, Sherman, and Bir (2006) studied the effectiveness of boxidgehedor
limiting injury. In their research they used a Hybrid Ill dumnifiere were 27 amateur boxers
who participated in the study. They were asked to punch the dummyds Tiea variables
measured were linear and angular accelerations of the headjnpegdcriteria (HIC), and
punch force. The Hybrid Ill head had nine linear and three angotaierometers, the neck had
six-axis load cells, and the boxers’ gloves had three accedeemsn Sampling rate was 20 KHz.
The dummy head, with and without headgear, was struck.

A decrease of all variables with the headgear in place,reasted. Peak rotational

acceleration decreased from 9164.1 to 5534.782radﬂ9 the use of the headgear, punch force

also decreased from 4260.51 to 2815.59 N, the HIC decreased from 79.23 to 47.84 peradk t
resultant acceleration fell from 78.04 to 51.79 g. Punch velocity wasretluced from 9.57 to
8.43 m/s.

In King’s (2000) review on the fundamentals of impact biomechanics,atitleor
identified two injury mechanisms for the brain, and pointed out thatsdifaxonal injury can be

produced by angular or linear acceleration, because both can gestezat stress in the brain.
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However, he also cautioned that in spite of a body of knowledgtedeto linear and angular
accelerations as injury mechanisms, there was not enough evideswgepbrt the idea of shear
stress. When head injury mechanisms were explained with mork theauthor listed them as
“positive pressure, negative pressure, and shear due to pressiieatgrar relative motion of
the brain with respect to the skull’(p.58), suggesting that movemehne dfrain after impact has
a direct effect on the cellular structure, particularly on tteng, which respond with swelling.
This particular observation provided some evidence that diffuse axooa} ir(DAI), which
takes several hours to develop, was a result of the impact arskcwtdary to ischemia or
increased intracranial pressure, as it has been suggestduebywthors. He also indicated that
most of the testing done in the car industry to evaluate injury msk fmpact in humans is
based on a criteria that defines “reasonably safe” levelmeasing that injuries sustained by a
car occupant should not be life-threatening. Along with this crjteriaers have also been
develop, among these, the Abbreviated Injury Scale (AlS), developesimleygency room
physicians (Committee on Medical Aspects of Automotive Safety]l)l9¥here severity is
defined as a “threat to life and is not based on disabilitynpairment”(p.57). In this scale, a
life-threatening injury will receive a value of four. In spitetioése efforts, there is still a void on

how to express in quantitative terms the agent(s) that cause these injuries1jTabl
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Table 1
Abbreviated Injury Scale (AIS)

AIS Severity
No injury
Minor
Moderate
Serious
Severe
Life threatening
Maximum
9 Unknown

Note.Adapted from “Fundamentals of impact biomechanics: Part | — &tbanics of the head,
neck and thorax” by A.l. King, 200@\nnual Review of Biomedical Engineeri@ppyright 2000
by Annual Reviews.

On head injury tolerance, the author recognized that several ni@leldeen used, and

o Ol WDNBEFEL O

identified the Gadd Severity Index (GSI) (Gadd, 1966) as the ohecwiiifirmed validity (tested
on subhuman primates) and built upon the contributions of the previous indé®sndex
considers the acceleration of the head center of mass (a(@),t), and the duration of the

impact pulse(T).

.
GSI=[a(t)*°dt <1000
0

The GSI has been re-named the Head Injury Criterion (HIC), raddfined to be
considered the current standard for the US federal governmeatittamotive and other safety
legislation. It is defined as follows:

T2 25
HIC =| [a(t)dt| /(T2-T1)<1000
T1

It is important to note that this criterion is ibfor linear acceleration impacts only; does
not consider angular accelerations, even thoughdhe present during impacts, but no criterion

is available for angular accelerations.
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King, Yang, Zhang, and Hardy (2003) explored tlh&sal relationship between head
injury and linear and angular acceleration. Thénaust indicated that based on the automotive
industry data on injuries, there were approximafefy million traumatic brain injuries per year
in the US, and 2% of the US population lives witkathilities resulting from a traumatic brain
injury. The current literature indicates that thenpipal cause of injury is brain deformation or
strain during head impacts. However, it is not gmesto measure this variable in vivo. Thus,
head acceleration is used as an alternate parariiétse authors recognized linear and angular
accelerations as the two major mechanisms of hgadyi Rotational acceleration was thought
to produce focal and diffuse brain injuries, wHileear acceleration was associated with focal
brain injuries.

King et al. (2003) listed various injury mechanssthat have been proposed to explain
concussion mechanisms, among them were the shaarssgenerated by rotation and cited in
Holbourn’s (1943) work; extent of relative displazent due to impact from different directions,
supported by Pudenz and Sheldon’s (1946) worktla@a@oup/countercoup cavitation associated
with the relative displacement between the braid #re skull, reported by Gross in (1958).
Other mechanisms include the shear stress, dmtodr mass movement in the brain stem
resulting from impact loading, and its linear aecation, as presented by Gurdjian, Webster, and
Lissner (1955); Gurdjian, Lissner, and Evans (19&brdjian, Lissner, and Patrick (1963); and
Hodgson, Thomas, and Gurdjian (1969); the pressaxes traveling through the brain proposed
by Goldsmith (1972); strains affecting the brainancentripetal sequence, as described by
Ommaya and Gennarelli (1974); and the impact putsesaining frequencies that are close to
the nodal frequencies of the skull/brain which @apable of producing injury due to resonance,

a theory proposed by Willinger, Taleb, and Kopp9@)P® The authors also cited the results of
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Hardy, Foster, Mason, Yang, King, and Tashman (R@@iere relative motion data between

brain and skull were studied using cadaver headgak acceleration peak was in excess of 60 g

. 2 . . .
and the angular acceleration was above 200 raédditional tests were carried out at linear

, . 2 . ,
accelerations in excess of 200 g and 10000 ratt/s/as reported that linear acceleration created

a 1mm displacement of the brain at most, while &rgacceleration produced displacements of
5mm regardless of the direction of impact.

After reviewing studies on helmets that indicadecduction on linear acceleration in all
the helmet models tested, and in some cases shamwiedrease of the angular component, King
et al. (2003) concluded that because the resufipasti the idea that the helmet reduces the
occurrence of concussions, and that there wasuwtied in the linear component, even though
the rotational component may have even increadezh there may not be a link between
concussions and the angular component.

In a more recent study by Zhang, Dwarampudi, Yangl, King (2003), also cited by the
authors, and conducted in 2001 on NFL players, slotwat an average linear acceleration of

94427 g was known to cause a concussion, as well gslanaccelerations of 63981978

2 . : o . .
rad/s. These accelerations produced a strain over 10&eimmidbrain, upper brain stem, and

most of the diencephalon, in addition to the frbfdbe. This rate of strain was hypothesized to
be the key biomechanical parameter to explain #luse of brain injury and concussion.
The guidelines for rating injury measures, devetbpy the Insurance Institute for

Highway Safety (2009) were created to provide umifcriteria for rating injuries. The data

were “obtained from an instrumentedt%ﬁercentile male Hybrid Ill dummy seated in thevdri
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seat” (p.2). Twenty eight measures were recordenh fthe following body regions: head and
neck, chest, left leg and foot, and right leg aswt.fFour injury parameters were used to evaluate
protection for the head and neck. The injury prid@&cratings went from good, to acceptable, to
marginal or poor based on the injury parameter® fting criteria indicated that the whole
region would receive the same rating as the lowéshe parameters of that particular region.
Thus, if any body parameter had a poor result, thenwhole region was to receive a poor
rating. The authors emphasized that the data pesbame guidelines that in no way include all
the possible circumstances that may be presemyrparticular event. Thus, caution must be
exercised. When evaluating the risk of injury ie thead, a 5 percent risk of a severe injury is
estimated to be a HIC-15 (Head Injury Criteria ea#&d over a period of 15 ms) of 700,
equivalent to a score of 4+ on the Abbreviated rinj8cale (AIS). When these values are
considered as multiples of acceleration, a valug0fy is critical, because depending on the
timing of this value with respect to the HIC-15¢etimjury projection rating can be given a lower
evaluation (higher risk of injury). A range of atsrations of 15-90 g experienced by a Hybrid
[l dummy head results in forces that represent ®©/8000 N, which are enough to cause face
and skull fractures. Aside from the evaluation lo¢ thead, the neck was also evaluated, but
mostly on the tension experienced axially and téieding moment about a lateral axis passing
through the dummy’s occipital condyle. These valnage been reported to be 6806 N for the
neck axial force during tension/flexion, and 6160ufhlder compression/extension conditions.
Similarly, the bending moments have been obsemvée 310 to 135 Nm, respectively.
Definitions of Injuriesin Martial Arts

The definition of injury is difficult due to thefterences in perspective and criteria as to

what is considered an injury and how severe ifTtse perspective from an epidemiologist is
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quite different from that of a physician or an eragr. To exemplify these differences, several
definitions are presented.

Birrer and Halbrook (1988) based their definition medical judgment of expected
physical impact as well as life threat and poteritiapermanent impairment; thus, all non fatal
injuries were classified on a six point scale witjury classifications ranging from minor to
most severe. Scale values increased by 1 poiheipatient was admitted for inpatient hospital
care.

Hung (1997) defined a sports injury as one saffefrom being engaged in sports
activities. He also indicated that participatioraisport placed persons at risk for incurring sport
related injuries. However, there was no mentionsemerity, but Hung recognized that the
occurrence and frequency of an injury can impanfgoeance, lead to lost competitiveness,
disability, and, in some severe cases, even death.

Van Mechelen, Hlobil, and Kemper (1992) definepartinjury as any injury occurring
as a result of sports activity and causing one orenof the following: the subject had to stop
sports activity and/or could not fully participatethe next planned sports activity, and/or could
not go to work the next day, and/or needed medittehtion. In addition, a fifth characteristic
defined an overuse injury as suffering from pairstiifness during ten subsequent days while
doing sports.

Pieter (1991) defined serious injuries as thoae ldad to time-loss from participation of
one day or more; furthermore, Pieter and Zempe®&)L8onsider an injury as any circumstance

for which assistance was sought from medical persion
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Injury Mechanismsin Martial Arts

There are many factors that contribute to injumesiartial arts. Kannus, Niittymaki, and
Jarvinen (1988) indicated that overuse in systerallyitrained children and adolescents tends to
increase epiphyseal injuries and avulsion fractuaeate characteristic injuries, and long bone
fractures. Abrasion, laceration, dislocation, cerdn, and fracture are common terms to injuries
that have their origin in sports (see definitiorect®n). When studying these factors in
competition, the following has been observed:

Table 2 identifies the distribution of injuries byechanism per 1000 Athlete-Exposures
(A-E) of two different round robin tournaments -eomestricted for adults and the other
exclusively for adolescents (Pieter, Van Ryssedanitjng, & Heijmans, 1995) and (Pieter &

Zemper, 1997a).
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Table 2
Injury Mechanisms per 1000 Athlete-Exposures (A-E)
A-E men = 258 and women =114
Pieter et al. 1995

A-E boys = 6068 and girls = 1538
Pieter & Zemper, 1997a

Men Women Boys Girls
N=67 N=30 N= 3341 N=917

. : Injury Injury Injury Injury
Injury Mechanism No. Rate No. Rate No. Rate No. Rate
Delivering round kick 12 46.51 2 17.54
Receiving round kick 11 42.64 4 35.09
Receiving punch 3 11.63
iF(Qig<<:e|V|ng spinning back 3 11.63 4 35 09
Delivering punch 2 7.75
R_ecelvmg spinning hook 1 3.88
kick
Receiving axe kick 1 3.88
Simultaneously round kicks 1 3.88 1 8.77
No evidence of contact 1 3.88 2 .33 2 1.3
Receiving a blow 212 34.77 46 29.91
Delivering a blow 90 14.83 17 11.05
Impact with surface 21 3.46 9 5.85
Simultaneous blows 9 1.48 4 2.6
Overuse/gradual onset 5 .82 2 1.3
Other 16 2.64 7 4.55
Total 36 139.54 11 96.49 354 58.34 87 56.57
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The number and mechanisms of injuries severe éntaugequire the player to
retire from the competition and miss at least orectce session after the injury are
illustrated in Table 3. The injury mechanism of cassions in taekwondo events are
illustrated in Table 4.
Table 3

Injury mechanism of time-loss injuries per 1000 |&tExposures (A-E) (Pieter et al.
1995)

Men Women
Injury Mechanism Number Injury Injury Mechanism Number Injury
Rate Rate
Receiving round 3 11.63 Receiving spinning 1 8.77
kick back kick
Receiving punch 1 3.88
Receiving 1 3.88
spinning hook
kick
Delivering round 1 3.88
kick
No evidence of 1 3.88
contact
Total 7 27.13 Total 1 8.77
Table 4
Injury mechanism of cerebral concussions per 1000efe-Exposures (A-E)
Study by it_udy by Study by St_udy by
Men Pieter et al., leter & Pieter et al., Pieter &
1995 Zemper, Women 1995 Zemper,
1998 1998
Injury No Injury No Injury Injury Injury No Injury
Mechanism " Rate " Rate Mechanism " Rate " Rate
Receiving Re.cei.ving
round kick 3 11.63 spinning 1 8.77
back kick
Receiving 1 388
punch
Receiving a 22 6.46 4 242
blow
Impact with 5 59
surface
Total 4 1550 24 7.04 Total 1 877 4 242
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CHAPTER 111
Methods

Participants

Participants were recruited from two gymnasiahie Detroit, Michigan area after
making arrangements in advance with the instructédreach site. Site A was made
available by the Grand Master exclusively for teeearch data collection session. He
invited all students interested in participatinghe project to come to the gymnasia on a
set date. A data collection session was also hastesite B on a date during which
classes were being taught. Students interestedrtitipating were allowed to step out of
class to have their data collected. The research approved by the Michigan State
University Institutional Review Board (IRB) and tiWg#ayne State University Human
Investigation Committee (HIC). Verbal assent (sepéndix C) was obtained from each
participant younger than 13 years of age and wridissent (see Appendix D) was
obtained from those participants older than 13 geafr age. Written assent (see
Appendices A and B) was obtained from one pareneasfh youth who assented to
participate. A questionnaire was administered tecbdemographic data (Appendix E).
Anthropometric data were collected using a datats{@ppendix F).

There were 18 participants (three female andeiiftenale) with a mean age of
10.7 (1.7) years (range 7-14 years of age). Onby moale participant reported left foot
predominance. Participants were categorized hmgetage groups, where pre-pubescent
participants were included in the youngest age graouder 9 years); the second group
(10-13 years) was set considering the possibiligt tchildren in this age range may

experience the initiation of the adolescent grogghrt during this time. The final group
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(older than 14) was set considering that by this mgst of the participants would have
reached adolescence. Additionally, these age graspscommonly used to set up

competition categories in martial arts events. (@&0.
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Table 5
Age Groups and Number of Kicks

n - _ _ Body mass
Pahtgc;fant Age (yrs.) Age Group (yrs.) Gender  Skill Level H(er:]g)ht V\éﬁ'gg)ht index zc?js
(kg/ )
4 M1 7 Under 9 male beginner 1.23 27.0 17.8 9
M2 9 male advanced 1.35 44.5 24.2 11
M3 9 male beginner 1.39 37.8 19.4 11
M4 9 male beginner 1.40 43.0 21.7 11
12 M5 10 10to 13 male beginner 1.46 59.1 27.4 12
M6 10 male beginner 1.54 86.6 36.4 7
M7 10 male beginner 1.48 38.9 17.6 4
M8 10 male beginner 1.42 37.8 18.7 8
M9 10 male advanced 1.49 60.6 27.3 10
F1 11 female beginner 1.31 29.2 16.8 10
F2 11 female beginner 1.32 29.2 16.7 10
M10 11 male beginner 1.51 574 24.8 5
M11 11 male advanced 1.59 48.6 19.1 12
F3 12 female beginner 1.53 57.2 24.1 10
M12 12 male beginner 1.46 49.8 23.2 10
M13 12 male beginner 1.54 49.5 20.7 14
2 M14 14 14 and older  male beginner 1.62 50.5 19.2 10
M15 14 male advanced 1.7 59.6 20.6 7
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Participants’ experience in martial arts rangesinfrl to 96 months of practice
with a mean of 26 months (Figure 1). Fourteen pigdnts were classified as beginners
(colored belts) and four males (M2, M9, M11, and8y1s advanced (black belts)
(Figure 1). Most of the participants (n=15, 83%pmessed an interest in full-contact
sparring competition, and more than 60% in formspetition (n=11). Ten participants

(55%) reported to participate in one or more spioreddition to their martial art.

Experience
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6 40 *
w
=
t
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=
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111112/ 7|9 |9 |9 |10|/10 /10| 10|10 |11 |11 |12|12|14 |14
F1|F2 |F3 |M1|M2|M3|M4|M5|M6 M7|M8| M3 MI0OMI1M12M13M14M15

Participant by age

Figure 1.Experience of participants by age and genderdicates a black belt
participant).

Procedures

I nstrumentation and Setup

A 5th percentile Hybrid Il female dummy head was modnb@ a support base

(Figure 2). This head size (3.7 kg, 0.53 m in ditarjevas used due to its similarities to
the participants’ anthropometric characteristidse Support base was stabilized with 100

pounds of sand to prevent excessive movementréauging the risk of injuries.
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Hybrid 1l
female dummy
heac

w«“k =
Stabi

Figure 2.Testing setup.
The coordinate system established for the headowet SAE J211-1
recommendations (Society of Automotive Enginee®95) resulting in +X toward the
front of the head in an anterior-posterior axis, toYthe right of the head in a medio-

lateral axis, and +Z toward the neck in the londjital (vertical) axis (Figure 3).
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media-lateral axi.

anterior-
posterior axis

longitudinal axis
Figure 3.Orientation of standardized dummy coordinate systeor interpretation of the

references to color in this and all other figutas, reader is referred to the electronic
version of this dissertation.
A 3/4 inch thick vinyl covered foam, medium sizerotective martial arts
headgear (Proforce Lightning, Proforce Inc., USAgswplaced on the dummy head to

reduce the exposure to its hard surface by theridatking, thus minimizing the risk of

injuries (Figure 4).

Figure 4.Headgear.

All participants wore 5/8 inch dipped foam footdpaby Century (Century LLC.
Oklahoma City, OK, USA) provided by the researchmeduring their trials as an
additional measure to reduce the risk of injuryg(ife 5). Each participant selected the

size of foot pad that he/she felt most comfortatslieg.
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Figure 5.Foot pad used by participants to reduce the fisijary during testing.
For each participant, the dummy head was adjustdte same height as the head

of each patrticipant during his/her stance (Figyre 6

o ~ v—[ 0

Headgear [m=p | Hybrid 11l
& female
; dummy head §

Figure 6.Dummy head set at participant’s stance head height
Three 2000 g's accelerometers (Endevco 7264, ENDEWorp. San Juan
Capistrano, CA, USA) were placed in the mountirggelin the Hybrid 11l female dummy
head perpendicular to each other following manufaets recommendations (Figure 7).

These devices are lightweight (1 gr) piezoresistagcelerometers designed for
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applications requiring minimal mass loading and n8%EJ2570 (Society of Automotive
Engineers, 2009) specifications for anthromorpleisting. Three angular rate sensors
(DTS ARS-12K, Diversified Technical Systems, IneaEBeach, CA, USA) were also
placed in the mounting plate (Figure 7). These ak=vare designed for high rate dummy
impact and vehicle component testing for preciseasaements of head rotation and
other biodynamic measurements. They weigh less &han, have a SAE class 100

response and a range of 12000 degrees/sec.

Accelerometers

Angular
sensor

Figure 7.Accelerometers and angular sensors mount.
A TDAS PRO Sensor Input Module (SIM) (Diversifid@chnical Systems Inc.
Seal Beach, CA, USA) data system was used to talkga from the accelerometers and
angular sensors. This system has eight fully-prognable sensor input channels with

isolated excitation that can integrate various nheslyFigure 8) to increase its data

53



collection capability. The system is controlled iy TDAS Control software which
allows automatic sensor assignment, detailed cladiagnostics, and real-time data
display (Figure 9). TDAS PRO functions were set-uping an IBM-compatible
computer. Data were stored in each module andy &f&ting was complete, it was
downloaded to the PC hard drive in binary formatc®on the hard drive, the binary
data files were then unpacked for viewing and postessing. It is certified to NHTSA,
FAA, ISO 6487 and SAE J211 (Society of Automotivegtheers, 1995) data acquisition
practices. Sampling was done at 10 KHz for eachmélaand recorded for 30 seconds to
allow participants to complete ten or more kicklgiduring this period of time. The data
were filtered with a CFC1000 filter (-3dB point ®650 Hz) as specified by SAE J211

standard for head accelerometers.

TDAS PRO LAB
3 2 |

Figure 8. TDAS PRO modules.
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| Ifigufe' 9.TDAS software screen-sh'épshot.

Each participant was asked to consecutively kiek glde of the dummy head with a
roundhouse kick five times with one foot as hardpassible and then to repeat the
process with the opposite foot within a 30 secordog. Participants were asked to
assume a right ready stance (staggered foot positith right foot farthest from the
target) and, at an indication by a member of tiseaech team, to kick the head assuming
a ready stance before each kick. Once these twal® completed, the participant
switched to the opposite stance and began kickitig tive left foot until the completion
of the five additional trials (Figure 10), agaissaming a ready stance before each kick.
If there were collection time left after the terals, the participant was asked to continue
kicking with his/her preferred foot until the caiteon time expired. Allowing continued

kicking resulted in a total of 171 attempts avdedior analysis.
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Figure 10.Participant roundhouse kick trial.

Anthropometric M easur ements

A SECA portable digital scale (SECA model Alphad7Hamburg, Germany)
was used to measure weight in kilograms to theesko8.1 kilogram. Participants wore
their martial arts uniform while being weighed amere barefoot. A SECA portable
stadiometer (SECA model 214, Hamburg, Germany) used to measure standing,
sitting, and shoulder heights to the closest Ordticeeter. Participants were barefoot.

A GPM 101 anthropometer (Siber & Hegner, Zuriclit®erland) was used to
measure biacromial and bicristal widths to the e$09.1 centimeter. Participants wore
their martial arts uniform during measurements, &ack barefoot. A Sit and Reach Flex
Tester (Power-Systems, Inc. Knoxville, TN, USA) weed to measure flexibility of the
shoulder joints and shoulder girdle, and lower baok hip regions to the closest 0.5

centimeter.
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CHAPTER IV
Resultsand Statistical Analysis

Anthropometry

These data were collected to provide descriptiferination on participants’
anthropomorphic characteristics and explore thdiece on linear and angular
accelerations. There are differences by age andegein height, weight, flexibility,
biacromial and bicristal widths, thus, these meamients provided an understanding of
the effects of maturation on linear and angular ekrations. Table 6 shows
anthropometric data and flexibility scores. Papiaeits’ mean standing height was 146.7

centimeters (range from 123 to 170 centimeters)raadn weight was 48.15 kilograms

(range from 27.0 to 86.6 kilograms). Mean Body Mastex (BMI) was 22.0 kgx‘n2

(range from 16.8 to 36.4 kghz). Sit and reach flexibility ranged from -7.5 to 14

centimeters, with a mean of -0.1cm.
When examined by gender, mean standing heights ¥89.2 cm for females and
148.21 cm for males (Figure 11). Mean weight wa$38&g for females and 50.07 kg for

males (Figure 12). Mean flexibility for the sit arehch test was 6.5 cm for females and -

1.2 cm for males (Figure 13). Mean BMI was 19.2m5f0r females and 22.6 kg[_)ii2 for

males (Figure 14).
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Table 6

Sample Anthropometric Data and Flexibility Scores

Mean SD Min Max
Age (yrs.) 10.7 1.7 7 14
Height (cm) 146.7 11.8 123 170
Weight (kg) 48.1 14.5 27 86.65
Sit and Reach (cm) -1 6.1 -7.5 14
Body Mass Index (kg;hz) 22.0 4.9 16.78 36.44

Female

meters

Participant by age

Figure 11.Participants’ height by age and gender.
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Figure 12.Participants’ weight by age and gender.
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Figure 13.Participants’ sit and reach flexibility by age ayehder.
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BMI

Participant by age

Figure 14.Participants’ body mass index by age and gender.
The overall mean of the sitting height to standmggght ratio was 0.51 with a
range from 0.48 to 0.53 (Figure 15). Biacromiabtoristal ratio ranged from 0.8 to 1.4
with an overall mean of 1.2 (Figure 16). Groupeddander, mean sitting height to
Standing height ratio was 0.51 for both groups. MBg&cromial to Bicristal ratio was
1.27 for females and 1.23 for males. When partidpavere grouped by skill level,
Sitting height to Standing height ratio mean foclegroups was 0.5 (Figure 17). The
Mean Biacromial to Bicristal ratio for beginners svd.26 and 1.13 for advanced
participants (Figure 18). Mean BMI for beginnerssw2l.8 and 22.8 for advanced

participants (Figure 19).
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Sitting Height to Standing Height Ratio

0.54
0.53
0.52
0.51 -
0.5 -
0.49 -
0.48 -
0.47 -
0.46 -

Female Male

Participant by age

Figure 15.Participants’ sitting height to standing heightady age and gender.

Biacromial to Bicristal Ratio

1.6

Female Male

Participant by age

Figure 16.Participants’ biacromial to bicristal ratio by aged gender.
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Sitting Height to Standing Height Ratio by

Skill Level
0.54
0.53 Beginner | Advanced
0.52 -
0.51 -
0.5 -

0.49 -
0.48 -
0.47 -
0.46 -

Participant by age

Figure 17.Participants’ sitting height to standing heightady skill level.

Biacromial to Bicristal Ratio by Skill Level

1.6
1.4 -
1.2

Beginner Advanced

0.8 -
0.6 -
0.4 -
0.2 -

Participant by age

Figure 18.Participants’ biacromial to bicristal ratio by kkevel.
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BMI by Skill Level

Beginner Advanced

Participant by age

Figure 19.Participants’ Body Mass Index by skill level.

Performance Data

Table 7 shows the number of successful data ¢wmitedrials (number of
roundhouse kicks to the head recorded) from eachcipant and the corresponding
averages per participant for Mean Linear Accelerat{MeanMaxLinAcc), Mean
Angular Acceleration (MeanMaxAngAcc), Mean Gadd &dy Index (Sl), which
according to Pellman, Viano, Tucker, Casson, ancdkrle (2003) is calculated by
integrating the resultant translational acceleratd the head center of gravity over the
duration of the acceleration pulse and cannot ekcE200 to be acceptable, thus
indicating a football helmet’s ability to absorlrdes, and protect its user, and the Mean
Head Injury Criteria (HIC) (considered as a S| aaon used by the National Highway
Traffic Safety Administration, and reported by Feh et al. (2003). Figure 20 compares

linear acceleration values from all trials by papants to low and high thresholds known
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to cause concussions. Figure 21 shows minimum, rmaxi and means of linear
accelerations generated by each participant. Fig@reeompares angular acceleration
values from all trials by participants to threstskthown to cause concussions. Figure 23
shows minimum, maximum and means of angular ac@es generated by each

participant.
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Table 7
Mean Values for Linear and Angular AccelerationsCHand Sl by Participant

MeanMaxAngAcc

Mean
Age Gender Skill level Participant ID # Kicks MeanMaxLinAcc (g) (rad/seczz) Mean SI  HIC
11 female beginner F1 10 2.73 357.8 0.24 0.13
11 female beginner F2 10 5.29 554.4 1.78 0.61
12 female Dbeginner F3 10 83.76 3181.7 127.85 102.42
7 male beginner M1 9 8.88 1585.7 2.12 1.17
9 male advanced M2 11 11.83 2089.4 4.83 2.67
9 male beginner M3 11 15.26 1247.6 9.16 6.12
9 male beginner M4 11 10.44 895.8 2.86 2.14
10 male beginner M5 12 7.15 1454.8 2.11 0.76
10 male beginner M6 7 16.59 1210.3 8.43 6.22
10 male beginner M7 4 22.26 2161.8 16.62 12.06
10 male beginner M8 8 35.08 3426.3 28.34 21.72
10 male advanced M9 10 26.71 1262.2  21.22 14.36
11 male beginner M10 5 19.23 1143.1 16.26 12.95
11 male advanced M11 12 25.03 4230.7  17.98 8.43
12 male beginner M12 10 9.42 907.9 3.77 2.78
12 male beginner M13 14 14.61 1025.2 6.88 4.31
14 male beginner M14 10 15.5 3203.9 13.26 5.84
14 male advanced M15 7 41.45 4154 57.36 47.1
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Figure 2Q Linear acceleration values per trial by partiaipdéow and high thresholds from Pellman et al0&0
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Linear Accelerations
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Figure 21 Mean, minimum and maximum linear acceleratiomealby participant.
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Figure 22 Angular acceleration values per trial by par@éeip Low threshold from King et al., (2003), higingshold from Zhang,
Dwarampudi, Yang, and King (2003).
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Angular Accelerations
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Figure 23 Mean, minimum and maximum angular acceleratidnesby participant. Low threshold from King et #003), high
threshold from Zhang, Dwarampudi, Yang, and King0o®.
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Female F1 was 11 years old and had practiced foor®hs, F2 was 11 years old
and had practiced for 2 months; F3 was 12 yearsaottthad practiced for 24 months.
Table 8 provides overall and by gender descriptdega of linear and angular
accelerations, HIC, SI and number of kicks. Deswepdata of linear and angular
accelerations, HIC and SIC by skill level are foundrable 9. Pellman, Viano, Tucker,
Casson, and Waeckerle (2003) reported nominalater levels for concussion of 300
for SI and 250 for HIC, observed in helmet impadtisese authors also reported linear

accelerations between 42 to 80 g's as the limitslefance in humans.
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Table 8

Descriptive Statistics for Linear and Angular Aaeltion, HIC and SI Overall and by Gender

LinAcc AngAce
Gender (g's) (fad/Sz) HIC Sl
29.39 1753.82 30.47 39.87
Female Mean (SD 29.56) (SD 1374.23) (SD 41.06) (SD 53.34)
(n=25 roundhouse kicks) Minimum - Maximum 2.73-84.81 357.80-3991.90 0.13-141.17 0.24-183.13
19.21 1603.09 12.94 17.26
Male Mean (SD 15.86) (SD 1145.38) (SD 23.02) (SD 28.49)
(n=146 roundhouse kicks)Minimum - Maximum 1.66-86.72 274.50-6109.20 0.03-177.00 0.06-219.88
20.70 1625.12 15.50 20.56
Overall Mean (SD 18.73) (SD 1178.31) (SD 26.99) (SD 34.02)
(n=171 roundhouse kicks)Minimum - Maximum 1.66-86.72 274.50-6109.20 .03-177.00 .06-219.88
Table 9
Descriptive Statistics for Linear and Angular Aasaltion, HIC and SI by Skill Level
MaxLinAcc MaxAngAcc
Skill Level (g's) (rad/sz) HIC Sl
Beginner 19.02 1463.94 12.96 17.51
(n=131 roundhouse Mean (SD 18.16) (SD 1038.55) (SD 22.77) (SD 29.25)
kicks) Minimum -
Maximum 1.66-84.81 311.10-4472.20 141.17 183.13
Advanced 26.21 2153.02 23.81 30.58
_ Mean (SD 19.77) (SD 1443.52) (SD 36.80) (SD 45.40)
(n=40 r_oundhouse Minimum-
Kicks) Maximum 2.38-86.72 274.50-6109.20 0.09-177.00  0.35-219.88
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Tests of Null Hypotheses

Correlational analyses were performed for age, thsormf practice, standing
height, weight, flexibility, BMI, Linear Accelerain (LinAcc), Angular Acceleration
(AngAcc), Severity Index (Sl), and Head Injury @ria (HIC). Results of the
correlational analyses for 171 kick trials wereserged in Tables 10 and 11.
Table 10
Sample Pearson Correlation Coefficients (2-Tailédhong Performance Parameters

and Injury Factors (n=171 roundhouse kicks)
Linear Acceleratio Angular Acceleration of Severity Head Injury

of Hybrid Il Hybrid 1ll Dummy Head Index Criteria
Dummy Head (AngAcc) (SI) (HIC)
(LinAcc)
LinAcc 714** .932** .930**
AngAcc .705** B97**
S| .998**

HIC
** Indicates significance at the 0.01 level.

Table 11
Sample Pearson Correlation Coefficients (2-Taildd) Mean Values, Among Age,
Experience, Anthropometry, Performance Parametensd Injury Factors (n=171
roundhouse kicks)

Age Months of Standing Weight Sit and Reac BMI

Practice  Height 9 Flexibility
LinA .307** .293** 349**  232%* .282** .078
INAcc 2 2 2 2 2 2
(r =.09) (r =.08) (r =.12)(r =.05) (r =.07) (r=.01)
ANaA .389** .376** A34**  249** 281** .052
ngAcc 2 2 2 2 2 2
g (= .15) (°=.14) (°=.18) (" =.06) (°=.07) (r°=.00)
S| .360** .314** 376** [ 225** 264** .041
2 2 2 2 2 2
r=.12) (r=.09 (r=.14) (r =.05 (r =.06) (r =.00)
.354** .319** 369** [ 219** .258** .038
HIC 2 2

(r =.12) (r2 =.10) (r2 =.13) (r2 =.04) (r2 =.06) (r =.00)
** Indicates significance at the 0.01 level.
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The high correlation values observed between Lideaeleration (LinAcc) and
Head Injury Criteria (HIC), and Linear AcceleratigpnAcc) and Severity Index (Sl)
can be explained by the dependence of HIC and I8liletions on Linear Acceleration.
A high correlation (r=.714) was also observed betwkinear Acceleration (LinAcc) and
Angular Acceleration (AngAcc) (Table 10).

Low but significant, correlations for Linear Aceehtion (LinAcc) and age
(r=0.307), months of practice (r=0.293), standiegght (r=0.349), weight (r=0.232), and
sit and reach flexibility (r=0.282) (Table 11) wdoaind.

Low, but significant, correlations were observestween Angular Acceleration
(LinAcc) and age (r=0.389), months of practice (B7®), weight (r=0.249), and sit and
reach flexibility (r=0.281). A moderate and sigo#nt correlation was observed between
Angular Acceleration (LinAcc) and standing height(.434).

Also, low, but significant, correlations were falibetween Severity Index (SI)
and age (r=0.36), months of practice (r=0.314)nditeg height (r=0.376), weight
(r=0.225), and sit and reach flexibility (r=0.264).

Low, but significant, correlations for Head Injur@riteria (HIC) and age
(r=0.354), months of practice (r=0.319), standiegght (r=0.369), weight (r=0.219), and
sit and reach flexibility (r=0.258) were observedNo significant correlations were
observed for BMI and Linear Acceleration, Angulaccgleration, Head Injury Criteria
and Severity Index.

Correlational analyses were performed for ageghtiemweight, flexibility, BMI
and months of practice. Results of the correlati@malyses for 171 kick trials were

presented in Table 12.
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Table 12
Sample Pearson Correlation Coefficients (2-Tailddjong Age, Experience, and
Anthropometry (n=171 kicks)

Height Weight Flexibility BMI Months of
Practice
Age 769** .333** .285** -.069 .264**
Height .680** -.076 .250** .610**
Weight -.380** .876** 515**
Flexibility -.494** -.096
BMI 217

** Indicates significance at the 0.01 level

Low correlations significant at the 0.01 were oledrfor age and weight (.333),
flexibility (.285) and months of practice (.264).obferate correlations were observed for
age and height (.769). Low correlations were olekrior height and BMI (.250).
Moderate correlations were observed for heightweight (.680) and months of practice
(.610). Low correlations were observed for weighd dlexibility (-.380). Moderate
correlations were observed for weight and monthprattice (.515). A high correlation
was observed between weight and BMI (.876). A matdecorrelation was observed
between flexibility and BMI (-.494). A low correlah was also observed for BMI and
months of practice (.277) (Table 12).

Correlational analyses were performed for age, th®ormf practice, standing
height, weight, flexibility, BMI, considering onlgnaximal values of linear acceleration
(MaxLinAcc), angular acceleration (MaxAngAcc), Sinda HIC. Results of the

correlational analyses for 18 participants weres@néed in Table 13.
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Table 13

Pearson Correlation Coefficients (2-Tailed) for Ntaxm Values per Participant, Among
Age, Experience, Anthropometry, Performance Pararagtand Injury Factors (n=18
participants)

Age Months of Standing Wei Sitand Reac  BMI

ght

Practice  Height Flexibility

496* 454 517 293 270 077
MaxLinAce (2_ o5 (2= 21) (%= 27) (P=.09) (P=.07) (~°=.00)

445 633"  01% 230 227 045
MaxAngAcc (2_ o0 (%= 40) (%= .36) ("= .05) (r=.05) (r°=.00)

554*  499*  556* 284 269 021
Sl (°= 31) (= .25) (°=31) (%=.08) (°=.07) (i=.00)

527% 436 517* 279 303 045
HIC 2

(r2: .28) (r2: .19) (r2: .27) (r2: .08) (r2: .09) (r =.00)

* Indicates significance at the 0.05 level.
** Indicates significance at the 0.01 level.

Moderate correlations were observed at the 0.8l |dor maximal linear
accelerations, age (r=.496) and standing heighb1@. Also moderate correlations were
observed at the 0.05 level with SI, age (.554), tmorof practice (.499) and standing
height (.556). Similarly, moderate correlations evebserved for HIC and age (.527), and
standing height (.517) (Table 13). Moderate coti@hs were observed at the 0.01 level
for maximal angular accelerations, months of pcact{r=.663) and standing height
(r=.601) (Table 13).

Results indicated that, only two participants wabde to generate dummy head
accelerations greater than 80 g's in three triaee (Chapter V). Using a more
conservative criteria there were a total of 24lgriby six different participants that
exceeded 42 g’s (see Chapter V). Overall, the tesudlicated that participants did not
consistently generate linear accelerations closshzussion values failing to reject the

null hypothesis of no difference between maximunpast linear accelerations of the
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dummy head generated via roundhouse kicks andexatieh values known to cause
concussions in humans.
Testing the hypothesis of no difference betweerximam impact angular

accelerations of the dummy head generated via fouse kicks and acceleration values

known to cause concussions in humans, there wetdadg exceeding 2000 ra&/and
. . 2
only two participants exceeding the 4420 radlweshold (see Chapter V). The results

indicated that the 2000 ra5/$hreshold was exceeded in 25 percent of the céses,

presenting a relatively high risk for concussiofisis hypothesis was rejected.

To test the null hypothesis of no difference imadar Acceleration values based
on gender, an Independent-Samples T-Test analyass performed on LinAcc. The
results (t (169) = 2.55, p<.05) supported the te&acf the null hypothesis and recognize
that there is a difference in Linear Accelerationlues associated with gender.
Specifically, female participants showed greatarelir Acceleration than males (Table
14). However, it is important to note that reswkt®ould not be generalized, due to the
small number of female participants. Additionallstandard deviations were large,
compared to the mean; thus, the spread of theigamnificant and indicated a high

level of variability within the sample.

Table 14
Statistics for Maximum Linear Acceleration by Gande
Female Male
Mean 29.39 19.21
Std. Deviation 29.56 15.86
# of Kicks 25 146
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To test the null hypothesis of no difference ingatar Acceleration values based
on gender, an Independent-Samples T-Test was pertbrNo difference in Angular
Acceleration values was found (t (169) = 0.59, p».0rhus, the null hypothesis was

supported (Table 15).

Table 15
Means and Standard Deviations for Maximum Angulaseferation by Gender
Female Male
Mean 1753.82 1603.09
Std. Deviation 1374.23 1145.37
# of Kicks 25 146

A one-way ANOVA was conducted to determine agdéed#hces in Maximum
Linear Acceleration among the three age groups. differences were found, F (2, 168)
= 9.6, p<.01. A Tukey Post Hoc test revealed tH®wong differences. The “9 and
under” group showed less acceleration than thediid older” group. The “10 to 13”
group exhibited less acceleration than the “14@ddr’ group. The “9 and under” group
did not differ from the “10 to 13” group (Table 18)he results supported the rejection of
the null hypothesis, indicating that there was feedBnce in linear acceleration among

age groups with the 14 and older group generaliadnighest linear accelerations.

Table 16

Linear Acceleration (LinAcc) and Age Group DesariptStatistics
Age Group N Minimum Maximum  Mean Std. Variance

(yrs.) Deviation

9 and under 42 1.66 47.09 14.01 10.40 108.24
10to 13 112 2.38 84.81 20.81 19.37 375.27
14 and 17 12.30 86.72 36.49 21.60 466.65
older
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A One-way ANOVA was conducted to analyze diffeesicin Angular
Acceleration among the three age groups. Signifiddferences were found, F (2, 168)
= 28.067, p < .01. A Tukey Post Hoc test revedtedftllowing differences. The “9 and
under” group showed less angular acceleration tiraril4 and older” group. The “10 to
13” group exhibited less angular acceleration tthen“14 and older” group. The “9 and
under” group did not differ from the “10 to 13” gno (Table 17). The results supported
the rejection of the null hypothesis, indicatingttithere was a difference in linear
acceleration among age groups with the 14 and ajgeup generating the highest

angular accelerations.

Table 17
Angular Acceleration (AngAcc) and Age Group DedorgStatistics
Age N Range Min Max Mean Std. Variance
Group Dev.
(yrs.)

9and 42 3240.20 316.20 3556.40 1256.67 831.29 691057.65
under

10 to 112 3956.20 274.50 4230.70 1498.79 1006.52 1013097.51
13

14and 17 5370.60 738.60 6109.20 3367.74 1502.75 2258279.47
older

To test the null hypothesis of no differencesmear acceleration values based on
skill level, an Independent-Samples T-Test wasgperéd. Significant differences were
found (t (169) = -2.147, p<.05) with advanced perfers having greater linear

acceleration than beginners. Thus, the null hymisheas rejected (Table 18).
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Table 18
Means and Standard Deviations for Linear Accelematby Skill Level

Skill Level # of Kicks Mean Std. DeviationStd' Error
Mean
LinAcc Beginner 131 19.02 18.15 1.58
Advanced 40 26.21 19.77 3.12

To test the null hypothesis of no differences mgAlar Acceleration values based
on skill level, an Independent-Samples T-Test warfopmed. Advanced participants had
greater angular acceleration than beginner paaitgp(t (169) = -3.332, p< .01). Thus,

the null hypothesis was rejected (Table 19).

Table 19
Means and Standard Deviations for Maximum Angulaseferation by Skill Level
Skill Level  # of Kicks Mean Std. DeviationStd' Error
Mean
AngAcc Beginner 131 1463.93 1038.55 90.73
Advanced 40 2153.02 1443.51 228.24

Multiple regressions analyses for linear and amgactcelerations were conducted,
and multicollinearity of variables was also evafithtThe analysis for linear acceleration
included age, height, weight, flexibility, and mbstof practice as predictors. The results
F (6, 170) = 10.055, p < .05, and R = .519 indddtee model was significant. The
significant predictors were flexibilitypE.502, p<.05), heighf3E.403, p<.05) and weight
(B=.285, p<.05). These predictors accounted for 26d¥%he variability. Low partial
correlations were observed for all the predictarsing the criterion of tolerance values
less than .3 and variance inflation factor (VIFeaper than 3, age, height, months of
practice and skill level indicate multicollinearigmong these predictors (Table 20). A

more conventional criteria of VIF >10 indicated malticollinearity among predictors.
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Table 20
Linear Acceleration Regression Coefficients andiGedrity

Model Unstandardize Std. Standardized Partial Tolerance VIF
Coefficients Error Coefficients Correlation
(B) (Beta)
1 (Constant) -76.330 30.654

Age -2.027 1.592 -.183 -.099 217 4.613
Height 68.157 31.807 403 .165 126 7.935
Weight 414 170 .285 .187 .326 3.066
Flexibility 1.532 .292 .502 .380 .488 2.049
Months of -167 .135 -.245 -.096 113 8.832
practice

Skill Level 13.168 6.842 .298 .149 .185 5.391

The analysis for angular acceleration included ageght, weight, flexibility, and
months of practice as predictors. The results A76) = 14.203, p < .05, and R = .585
indicated the model was significant. The significpredictors were flexibility §=.470,
p<.05), height {=.451, p<.05) and skill level B£.363, p<.05). These predictors
accounted for 34.2% of the variability. Low parttarrelations were observed for all the
predictors. Using the criterion of tolerance valless than .3 and variance inflation
factor (VIF) >3, age, height, months of practicel a&kill level indicate multicollinearity
among these predictors (Table 21). A more convaatioriteria of VIF >10 indicates no
multicollinearity among predictors.

Table 21
Angular Acceleration Regression Coefficients andiQGzarity

Model Unstandardize Std.
Coefficients (B) Error

Standardized Partial

Tolerance VIF

Coefficients Correlation

(Beta)

1 (Constant) -5514.2171828.989

Age -76.510 94.976 -.110 .06: 217 4.613
Height 4798.5561897.787 451 .19/ 126 7.935
Weight 19.495 10.137 213 14¢ .326 3.066
Flexibility 90.172 17.394 470 37t 488 2.049
Months of -9.827 8.074 -.229 .09t 113 8.832
practice

Skill Level 1006.464 408.209 .363 .18¢ 185 5.391
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In summary, several participants (F3, M2, M7, Ni#®, M12, M14 and M15)
were able to generate linear accelerations of #mec of gravity of the Hybrid Il
dummy head above the threshold of 42 g's known d@ose concussions in adults.

Similarly, there were several participants (F3, W&, M7, M8, M9, M10, M11, M12,

2 .
M14 and M15) able to exceed the 2000 rad¥fseshold for angular accelerations about

the center of gravity of the Hybrid Ill dummy he&town to cause concussions.

Furthermore, two participants (M14 and M15) exceette more stringent threshold of

2 . : : :
4420 rad/s. None of the participants’ trials in the curremidy exceeded either the

SI=300 or the HIC=250 thresholds.

High correlation values were observed betweeraliraad angular accelerations.
Low, but significant, correlations were observed lfoear acceleration and age, months
of practice, standing height, weight and flexigilitSimilarly, low, but significant,
correlations were observed for angular acceleradiwh age, months of practice, weight
and flexibility. A moderate and significant correten was observed between angular
acceleration and standing height.

Results showed that there is a difference in ftirregeleration values associated
with gender. Specifically, female participants geted greater linear accelerations than
males. No differences in angular accelerations wbeerved for gender.

Differences in linear accelerations among age ggosere observed, and results
indicated the 14 and older group as the one thatrgéed the highest linear accelerations.
Differences were also observed for skill level, @uyanced performers were identified

as the group that generated the highest lineataaatiens.
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Results showed a difference in angular acceleratiamong age groups,
identifying the 14 and older group as the one thabherated the highest angular
accelerations. Differences by skill level indicatédat advanced performers also
generated the highest angular accelerations.

Analysis of multicollinearity of predictors of ar acceleration (age, height,
weight, flexibility, and months of practice) indted moderate values among these
predictors. Similarly, analysis of predictors ofgatar acceleration (age, height, weight,

flexibility, and months of practice) also indicatewderate values.
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CHAPTER YV

Discussion and Conclusions
Linear Acceleration
A linear acceleration of 80 to 90 g’s acting for mahan four milliseconds can lead to
concussions (Guskievicz and Mihalik, 2006). Basedly mn the linear acceleration
criterion, results of the current study indicatdthtt only two participants using a
roundhouse kick were able to achieve an accelergfieater than 80 g's to the head of
the dummy. One of these participants was 12 yedrfeinale beginner (F3) who
achieved values of 83.76 and 84.81 g's. The othetigppant was an advanced 14 year
old male (M15) who reached a value of 86.72 (Tat®@. Pellman, Viano, Tucker,
Casson, and Waeckerle (2003) reported more stringgmes (42-80 g’s) as the limits of
tolerable translational acceleration of the headhumans. These authors also reported
that values greater than 60 g’'s have been considgitcal to cause concussions. Under
this range (42-80 g's) there were ten trials by temeale (F3) and 14 total trials by a
combination of six beginning (M2, M7, M8, M9, M1R|14) and one advanced (M15)
male participants that exceeded 42 g's (Table 22).

Overall, the results indicated that participants ribt consistently generate linear
accelerations close to concussion values, but tieless are capable of doing so. Low g
values may be explained by the inability of papiits to consistently hit the target (as it
was observed during data collection), either by lduk of familiarity with the testing
setup or by a limited kicking ability. Analyses iodted that female participants’ values
were greater than males, in spite of being begmrewssible explanations for this can be

associated with female participants reaching pybedrlier than male participants

83



(resulting in higher weight associated with an @ase in muscle and fat mass) (Malina,
Bouchard, & Bar-Or, 2004), and also exhibiting @eeaflexibility of the lower
extremities, which may facilitate the generationvefocity in the lower extremity and
greater ability to kick targets at head level.

When examining the sitting height to standing heigatios, the three female
participants (F1, F2, F3) had a ratio greater t&n thus this cannot be considered a
significant factor to explain the difference indar accelerations because ten of the male
participants (M1, M2, M4, M5, M8, M9, M10, M12, M18114) had a ratio greater than
0.5. Furthermore, the average female participast starter (mean 139.2 cm for females
and 148.21 cm for males) and lighter (mean weighd 88.55 kg for females and 50.07
kg for males) than the average male. When compartid the corresponding female

Body Mass Indices (BMI) for age percentiles, the thd year olds (F1, F2) had a BMI

below the 581 percentile for their age group (16.7), while th2 ylear old (F3) was

classified in the 98 percentile for her age group. Mean sit and resehbility was 6.5

cm for the females and -1.2 cm for the males, sithg that female participants were
more flexible than their male counterparts. Basedhese observations, BMI may not
explain the differences in linear accelerationsweleer, a wider range of motion of the

lower back and lower extremities may explain softhese variations.
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Table 22
Linear Acceleration (Participants Exceeding 42 g's)

Participant ID Gender Age (yrs.)

Skill Level

Line&cceleration (g)

F3 Female 12

M2 Male 9
M8 10

M9 10

M12 12
M14 14
M15 14

Beginner

Advanced
Beginner

advanced

beginner
beginner
advanced

83.76
74.03
49.11
60.13
70.55
44.66
65.42
84.81
43.79
53.24

47.09

49.17
61.68
46.68
59.73
54.36

43.41
45.73
47.61
44.14
56.44
56.08
75.49
86.72
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Angular Acceleration

Guskievicz and Mihalik (2006) identified linear ateration and deceleration and/or
rotation of the skull as the basic concussion mmeishas and categorized these
mechanisms into head-contact injuries and head-mewe injuries. Several thresholds

for angular accelerations to cause concussions heea identified by Hardy, Foster,

Mason, Yang, King, and Tashman’s (2001) (2000 r%dlshang, Dwarampudi, Yang,
and King’s (2003) (6398 +1978 rag{)sOmmaya, Goldsmith, and Thibault (2002) (4500

rad/s2 ) and Pellman, Viano, Tucker, Casson, and Waeck2t@3) (6596 +1866 racﬁ)s

There were ten female (F3) and 34 male (M2, M3, M8, M9, M10, M11, M12, M14,

. . 2 -
M15) trials exceeding the 2008d/s values (Table 23). No female participants reached

the threshold of 4420 raglsited by Zhang, Dwarampudi, Yang, and King (2008 a

only one male beginner (M14) with one kick and adwanced participant (M15) with

. . 2
three kicks exceeding the 4420 raditsreshold, and Pellman’s et al. (2003) lowest @alu

of 4730 rad/%. Using the first criteria of 2000 ragl,sthe results indicated that this

threshold was exceeded in 25 percent of the cHses presenting a relatively high risk
for concussions to participants receiving a roundleckick, regardless of age, gender, or

skill level. Most of the participants did not reattte threshold obtained by Zhang and

colleagues of 6398 £1978 ragi/sHowever, it is likely for some participants wheea

86



older and more skilled to reach these values andeca concussion to their opponents
from their roundhouse kicks.

Being older is associated with an advanced mathyesical state that manifests
itself in a greater muscle mass (particularly inlemg and thus a greater ability to
generate force that can be transmitted throughski¢aster movements and greater
momentum of the kicking segment). In a study oflaldaxers, Waliko, Viano, and Bir
(2005) reported a linear correlation between weidhss, and rotational accelerations,
thus providing an insight on the relationships le#w weight, force of impact and the
resulting head accelerations.

Skill proficiency of participants particularly the with advanced levels, provides
another explanation for the results observed. Tis&soin motor development recognize
that advanced level participants will be more e#fit, faster, and demonstrate more
control of the motor skills required for a sporti&idt & Wrisberg, 2008), thus in this

project, advanced participants were able to transrare force through their kicks.
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Table 23

. . . 2
Angular Acceleration (Participants Exceeding 20@d/sec)

Participant
ID

Gender

Age (yrs.)

Skill Level

(rad/sz)

Angular Acceleration

F3

M2

M3

M7
M8

M9

M10

female

male

12

10
10

10

11

beginner

beginner

advanced

beginner
beginner

advanced

beginner

88

3181.7
3105.7
3158.4
2125.5
3570.9
3429.7
3598.5
3649.9
3698.1
3991.9

3556.4
4154.0
2089.4
2730.7
2365.4
2805.4
2448.0
3300.9
2161.8
3426.3
2258.1
4229.4
3070.2
3240.3
3787.4
2586.2
2971.2
4230.7



Table 23 (cont'd)

M11 11 beginner 2418.8
2187.1
3251.4
M12 12 beginner 2899.4
M14 14 beginner 3203.9
3072.4
3260.9
3507.8
4185.8
4472.2
M15 14 advanced 5351.8
3726.0
2892.7
3115.4
5181.8
6109.2

Severity Index (SI) and Head Injury Criteria (HIC)

Pellman, Viano, Tucker, Casson, and Waeckerle3pproduced game impacts
and injuries that produced concussions in professidootball players and identified
values of 300 for Sl and 250 HIC as nominal valieesoncussions (for helmet impacts).
King (2000) reported values 1000 for SI and HIC as acceptable (under the aotiom
safety industry standards). Under the Abbreviatgdry Scale (AIS) for rating injuries
by the Insurance Institute of Highway Safety (200®)HIC-15 (Head Injury Criteria
evaluated over a period of 15 ms) of 700 can indieahigher risk of injury. None of the

participants’ trials in the current study exceed#bder the S1=300 or the HIC=250.
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The aforementioned HIC and SI thresholds have lbeseloped by and for the
automotive industry where the nature of the impactsresult of an interaction (direct or
indirect) of humans and vehicles. They were noate@ to assess impacts between
humans. However, they provided models that can loelifrad to consider these
conditions. At this point, the results did not m#wet criteria to consider the impact to the
dummy head as significant for a high risk of injuiMore research is needed to
effectively adapt these scales to assess the pitEtconcussions.

Conclusions

Results provided insight on the ability of childreo generate linear and angular
accelerations on a Hybrid Ill female dummy head #edrisk of concussion. It may be
possible that the linear and angular acceleratwasholds for concussions for children
be smaller than those used for comparisons instiidy (collected from concussions in
NFL players) thus the results must be observed edttiion because no data are available
for children.

The results indicated that participants were clpalb reaching thresholds for
linear and angular accelerations known to causeussmons, although not consistently.
Thus, further research is needed to explain thes i§ concussion in martial arts from
kicks to the head in this population.

Results also showed that female participants daherate higher linear
acceleration values than male participants. Analyd®wed differences by age group
where older participants generated higher maxinmaal and angular accelerations.
Skilled participants also generated greater maxlmaar and angular accelerations than

beginners.
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Some participants were able, with their roundhddsks, to reach the threshold
known to cause concussions in humans. Age, mofithisactice, standing height, weight,
and sit and reach flexibility showed low, but sfgant, correlations with maximum
linear and angular accelerations of the dummy lseggesting that these variables may
not be related to these accelerations. Howevenifgignt differences between skill
levels, suggested that advanced performers gedeater maximum linear and
angular accelerations than beginners. Gender diféss in maximum linear and angular
accelerations of the dummy head generated via touse® kicks did show differences,
but results were limited by the small sample size.

Practical Implications

Martial arts are a popular choice as a physicaviacfor children. However, it is
necessary to educate parents, instructors, andrgogebodies about the intrinsic risk for
traumatic brain injuries, which has been reporiedé similar to other contact sports
such as American football, boxing, and ice hockKeys, providing parents with more
evidence to make decisions when selecting a maatied program, and providing
instructors and organizations insight into potdiyti@ffering better services to their
communities.

Martial arts programs can benefit by promoting -eontact sparring programs,
particularly for children. Safer environments ceanslate into more participants and even
participation extending over a period of severadrge impacting not only self-esteem,

socialization, and fitness of participants, buirasreased income for studio owners.
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Children are capable of generating linear and angccelerations high enough
to cause concussion with their roundhouse kicktheohead. Thus, it is suggested to
reduce the number of practice sessions or tournantiest encourage kicks to the head.

The use of head gear and mouth guards is straegbmmended in practice and
competition, but is important to recognize thasthear only reduces the risk of fractures
of the skull and may not sufficiently reduce theelr and angular accelerations that the
brain experiences as a result of an impact to #elhio eliminate concussions. These
accelerations are the contributing factors to cesmns, thus the use of head gear may
give a false sense of protection against concussion

The long term effects of single/multiple concussian children are not known at
this time; however recent studies on contact sppdsticularly American football, are
pointing to negative effects on cognition, memamytability, sudden bursts of rage, and
number of cases of depression (Rabadi and Jor@84).2Thus, it is suggested to reduce
children exposure to these risks. In martial dris tan be accomplished by reducing the
exposure to kicks to the head in practice and ctiigpe By modifying competition
rules, promoting controlled (low impact) kicks teethead or discouraging the use of
competition systems that award higher scores ftir ftwce impacts, not promoting
knockout of an opponent, and/or having a diffeadrgcoring system in place where more
points are not awarded when complex kicks (addimgps and body turns) are used to
impact the head of an opponent. These complex kigksally have a greater moment of
inertia that may contribute to higher acceleratiohshe brain after an impact, and may

cause a more serious injury.
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It is also recommended that safety training mosldt athletes, parents, and
instructors be developed on the health risks agtatiwith concussions, the possible
negative long term effects of concussion, and howdéntify them in competition or
practice. Furthermore, becoming familiar with guilges that dictate when a participant
can go back to the activity and developing a sllarae system to monitor the incidence
of this type of injury will contribute to a safeagicipation in martial arts.
Recommendationsfor Further Study

It is important to continue exploring the effecfsthese variables on concussion
by conducting similar studies that focus on incregshe number of participants by
gender, age, skill level, and control for martial style. Including participants from
martial arts that emphasize kicking over punchuchsas taekwondo and muay thai, may
provide a better understanding of high injury ratggorted by Pieter et al. (1995), and
Pieter and Zemper (1998). These styles promoteusigeof kicking techniques to the
head, and knocking out an opponent is one of tlasgif the competition.

The accelerations resulting from other kickinghtaques need to be studied.
Among these are front and crescent kicks (for thgplscity), and particularly those that
include whole body rotations along the longitudiaais of the kicker, such as back and
reverse hook kicks. These kicks have been repddede not as fast or popular as
roundhouse, but are used effectively in competjtohre to their devastating effects if the
head is impacted.

Although the results of this study of the roundémkick to the Hybrid Il female
dummy head showed most linear and angular accelesatower than the thresholds

known to cause concussions, the effects of reagivime or several kicks to the head
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during martial arts competitions or practice sgdimeed to be studied further, because
there may be cumulative effects on the brain euvelovaer acceleration levels, which
may predispose participants to concussions, or nsenere brain injuries. Further
understanding is also needed for “second impactireyne”, which can occur when a
practitioner receives an impact to the head ard talcontrolled or unconscious to the
ground, thus exposing him/her to a second impé#ds, time against the floor (which

could be padded or not), potentially contributingatmore serious outcome.
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Appendix A

Parental Consent Form Michigan State University

“Accelerations of a Hybrid 11l Dummy Head Resultifrgom Roundhouse Kick Impacts
and Their Relation to the Risks of ConcussionsagsBand Girls”

Your child is being asked to participate in a agsh study. The purposes of this
study are to compare the magnitudes of impacts byuadhouse kick, measured on a
Hybrid 1l head dummy, to those that are known &use concussions. This study will
attempt to identify differences in performancesudctitioners with various skill levels,
ages, and gender.

Your child is being asked to participate in thisidy because s/he has been
participating in martial arts for 4 or more weeks @t least 8 hrs). Your child’s
participation is totally voluntary, and s/he majus® to participate in certain procedures
or answer certain questions as well as to discoetparticipation at any time without any
explanation. There is no direct economic benefiyda or your child from your child’s
participation. By allowing your child to particigatin this study you agree that the
materials and data generated (pictures, video amdsumements) may be used for
research and academic purposes. Please note thatchidd cannot be in the study
without being taped. Only the research team membirs Human Investigation
Committee at Wayne State University and the Michigétate University's Human
Research Protection Program will have access tord#isearch data. Your child’'s
confidentiality will be protected to the maximumtemxt allowable by law. We will keep
your child’s records private unless we are requingdbw to share any information. Any
films or pictures shown in research presentatioils lve deidentified with faces not
visible. After completion of the project, all resela data will be stored securely for a
period of 3 years under the supervision of Dr. Mafwing at the Department of
Kinesiology at Michigan State University. When tinesearch is completed, an abstract
of the results will be mailed to you.

The participants must be free of any orthopedieddoon that may hinder their
ability to perform roundhouse kicks, the data cdlen session will last approximately 1
hour and participants will be asked to participatenly one data collection session. Data
collection will have the following stages:

1. General information.

Your child will be asked to complete a questionmain order to provide general
information about himself/herself such as nameg datt birth, gender, martial arts
experience, leg predominance, practice time, cotigeexperience and overall physical
activity.
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2. Anthropometrical measurements and flexibility.

All anthropometric data will be collected in prieaparents or guardians may be
present) in the Sports Injury Biomechanics Lab atyWé State University’s Department
of Biomedical Engineering.

. Weight will be assessed on a standard weight balarhile your child wearing
only shorts and
t-shirt.
o Height will be assessed with a standard stadiamete
) Sitting height will be assessed with a standaadlistneter while you are seated
on a bench.
. Segmental lengths will be assessed with the ustaafiard body calipers. Thigh,
shank, and foot lengths will be taken.
o Biacromial and bicristal widths will also be megsiwith a body caliper.
o Flexibility will be measured with the sit-and-réatest.
3. Kinetic data collection

Kinetic data collection (data related to veloatand accelerations experienced by
a dummy head) will involve the use of a Hybrid dimmy and the BAF system will
collect kinematic data through your child’s kickempts; a backup high-speed video
system will be used to record performances. THeviing protocol will be used:
. Your child will be asked to warm up as if you welt®out to participate in one of
your standard
Matrtial arts practice sessions.
. Following your child’s overall warm up, your childill be asked to perform 5
roundhouse kicks according to
how your child would normally perform them. (Nakat there is no correct or incorrect
performance. We only want to record your child'gles of performance.) Your child
will be asked to
assume a “ready sparring position” prior to kickthg side of a Hybrid Il crash dummy
head that has been adjusted to your child’s height.
. Your child will be asked to do 5 trials of the h@eque with each foot. Each trial
will be recorded.

There will be no direct benefit to your child froparticipating in this study.
However, the study will help to identify differersecéhat may lead to improve teaching
techniques, reduction of injuries, and promotersadartial arts.

Risks associated with your child’s participationthis study may include bruises
on your child’s feet as a result of kicking the daynhead (even though your child will
be wearing protective equipment on his/her feet] #me head will be fitted with
protective gear too), or “pulling a muscle” whilecking, however, this risk is no
different from a normal martial arts practice sessiNo other serious risks are identified
at this time.
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In the event that this research related activagults in an injury, treatment will be
available including first aid, emergency treatmamd follow-up care as needed. Care for
such will be billed in the ordinary manner to you your insurance company. No
reimbursement, compensation or free medical caoéfésed by Wayne State University
or Michigan State University. This does not mdaat tyou are giving up any legal right
you may have. If you think that your child may hadfered a research related injury
you may contact Dr. Cynthia Bif@no. (313)577-3830, Dr. Marty Ewin@no.
(517)353-4652, or Miguel Narva&no. (716)372-2233.

If you have questions or concerns about your thilole and rights as a research
participant, would like to obtain information orfef input, or would like to register a
complaint about this study, you may contact, anamysty if you wish, the Michigan
State University's Human Research Protection Pragog phone: (517)355-2180, fax:
(517) 432-4503, e-mail: i@msu.edy or regular mail at 207 Olds Hall, MSU, East
Lansing, MI 48824, or the Chair of the Human Inigegion Committee at Wayne State
University @no.(313) 577-1628. If you are unable to contactrésearch staff, or if you
want to talk to someone other than the researdh) gt may also cal@no. (313) 577-
1628.

Name of participant: Date:
Date of birth:

Name of parent/guardian:
| voluntarily agree to allow my child to particigatin the study. (Signature of
parent/guardian):

Mailing
address:
Phone: e-mail address:
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Appendix B
Resear ch Consent Form Wayne State University

Title of the Study: Accelerations of a Hybrid Illubhmy Head Resulting From
Roundhouse Kick Impacts and Their Relation to tiek&of Concussions in Boys and
Girls.

Principal Investigator (P1):  Cynthia Bir
Department of Biomedical Engineering
(313)577-3830

When we say “you” in this consent form, we mean gowour child; “we” means the
researchers and other staff.

Purpose

The purposes of this study are to compare the rmatps of linear acceleration of
the center of gravity of the head and angular aagbn about the center of gravity from
a hybrid Ill head dummy as a result of being impdatith a roundhouse kick, to values
of these same variables that are known in generahtise concussions as a result of
direct contact with the head. It will attempt teemdify differences in performances of
practitioners with various skill levels, ages, agdnder. The roundhouse kick is
considered a simple kick in the martial arts, ahd study will help to identify
performance differences that may lead to the imgmment of teaching techniques,
reduction of risk of injury, and promotion of a sahctivity.

The data collection session will last approximatiehour and participants will be
asked to participate in only one data collectiossgm, also participants must be free of
any orthopedic condition that may hinder their iptio perform kicks. It is estimated to
have 60 participants in the project. Data collettioll have the following stages:

Study Procedures

1 General information.

You will be asked to complete a questionnaire ideorto provide general information
about yourself such as name, date of birth, genderstial arts experience, leg
predominance, practice time, competition experiarakoverall physical activity.

2. Anthropometrical measurements.

All anthropometric data will be collected in priegfparents or guardians may accompany
you) in the Sports Injury Biomechanics Lab at Wagtate University’s Department of
Biomedical Engineering.

. Weight will be assessed on a standard weight balance wbi are wearing only
shorts and

t-shirt.

. Height will be assessed with a standard stadiometer.
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. Sitting height will be assessed with a standard stadiometer wloileare seated
on a bench.

. Segmental lengths will be assessed with the use of standard bodipersl
Thigh, shank, andfoot lengths will be taken.

3. Kinetic data collection

Kinetic data collection will involve the use oftybrid Il dummy and the BAF
system will collect kinematic data through your kKiattempts. A high-speed video
system will also be used as a backup for the BAStesy. The following protocol will be
used:

o You will be asked to warm up as if you were abimuparticipate in one of your
standard

Martial arts practice sessions.

o Following your overall warm up, you will be askéa perform 5 roundhouse

kicks according to

how you would normally perform them. (Note thagrhis no correct or incorrect
performance. We only want to record your stylpefformance.) You will be asked to
assume a “ready sparring position” prior to kickthg side of a Hybrid Il crash dummy
head that has been adjusted to your height.

. You will be asked to do 5 trials of the techniquéh each foot. Each trial will be
recorded.

Benefits

You are being asked to participate in this stuégdnse of you have been
participating in martial arts for 4 or more weeks 4t least 8 hrs). As a participant in this
research study, there will be no direct benefit fou; however, information from this
study may benefit other people now or in the future

Risks
There are no known risks at this time to partitgrain this study.

Study Costs
Participation in this study will be of no costytou.

Research Related Injuries

In the event that this research related actiagults in an injury, treatment will be
made available including first aid, emergency tresit, and follow-up care as needed.
Care for such will be billed in the ordinary manteyou or your insurance company. No
reimbursement, compensation, or free medical caoéféred by Wayne State University.
You may contact Dr. Cynthia Bif@no. (313)577-3830, Dr. Marty Ewin@no.
(517)353-4652, or Miguel Narvaég&no. (716)372-2233 with any questions or to report
an injury.
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Confidentiality

All information collected about you during the c¢se of this study will be kept
confidential to the extent permitted by law. Yodlwe identified in the research records
by a code name or number. Information that idesgifiou personally will not be released
without your written permission. However, the stugponsor, the Human Investigation
Committee (HIC) at Wayne State University, or fedeagencies with appropriate
regulatory oversight [e.g., Food and Drug Admimistm (FDA), Office for Human
Research Protections (OHRP), Office of Civil Rig@CR), etc.) may review your
records.

When the results of this research are publisheddiscussed in conferences, no
information will be included that would reveal yadentity.

If photographs, or video recordings of you will heed for research or educational
purposes, your identity will be protected or disgal. All the materials will be kept in a
locked cabinet under the supervision of the PI, aildbe destroyed after three years.
Only coded information will be used for analysigddanwill not be possible to identify
you or your data.

Voluntary Participation/Withdrawal

Taking part in this study is voluntary. You habe right to choose not to take
part in this study. You are free to only answerggioas that you want to answer. You
are free to withdraw from participation in thisdyuat any time. Your decisions will not
change any present or future relationship with VéaState University or its affiliates, or
other services you are entitled to receive.

The Pl may stop your participation in this studyhaut your consent. The P1 will
make the decision and let you know if it is notgbke for you to continue. The decision
that is made is to protect your health and safetybecause you did not follow the
instructions to take part in the study

Questions

If you have concerns or any questions about tlidys such as scientific issues,
how to do any part of it, or to report an injuryegse contact the researchers Dr. Marty
Ewing @no. (517)353-4652, emaimewing@msu.edat the Department of Kinesiology
at Michigan State University, or Miguel Narvae&@no. (716)372-2233, email:
narvaezm@sbu.edat the Department of Physical Education at Saioha®enture
University. If you have questions or concerns abguir role and rights as a research
participant, would you like to obtain informatiom offer input, or would you like to
register a complaint about this study, you may acntanonymously if you wish, the
Michigan State University’'s Human Research Probectrogram by phone: (517)355-
2180, fax: (517) 432-4503, e-mail: @msu.edyor regular mail at 207 Olds Hall, MSU,
East Lansing, Ml 48824, the Chair of the Human $tigation Committee at Wayne
State University@&no.(313) 577-1628. If you are unable to contactrésearch staff, or
if you want to talk to someone other than the nedeataff, you may also caf@&no.
(313) 577-1628 to ask questions or voice concergemplaints.
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.Consent to Participate in a Research Study

To voluntarily agree to take part in this studguymust sign on the line below. If
you choose to take part in this study you may wakdat any time. You are not giving
up any of your legal rights by signing this formouf signature below indicates that you
have read, or had read to you, this entire congent, including the risks and benefits,
and have had all of your questions answered. Ydubeigiven a copy of this consent
form.

Signature of participant Date
Printed name of participant Time
Signature of witness** Date
Printed of witness** Time
Signature of person obtaining consent Date
Printed name of person obtaining consent Time
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Appendix C
Verbal Assent Script Wayne State University

Project Title: “Accelerations of a Hybrid 1ll Dummy Head ResultifFgom Roundhouse
Kick Impacts and Their Relation to the Risks of @assions in Boys and Girls”

Principal I nvestigators:
Cynthia Bir Ph.D.
Marty Ewing Ph.D.
Miguel Narvaez

My name is Miguel Narvaez

We want to tell you about a research study wedaiag. A research study is
usually done to find a better way to treat peopleoainderstand how things work. In this
study, we want to find out more about how a heaslea@nd reacts after being hit with a
roundhouse kick. You are being asked to be in stigly because you have been
practicing a martial art for at least 8 hours, woel between 5 and 17 years of age and can
perform a roundhouse kick without any probleinsany study, only people who want to
take part are allowed to do so. You do not havieetan this study if you do not want to
do so.

If it is okay with you and you agree to join ttstudy, you will be asked to
complete a questionnaire about your age, your aladits experience and overall
physical activity. You can ask for help from yowarent(s).

You height, weight and length of your arms and Mdsbe also measured.

Some sensors will be placed in your trunk, armslags that will allow us to record the

movement of these parts of your body while youasieed to use a roundhouse kick to hit
a special dummy head. We will also use high-speideovcameras to record your

performance.

You will be asked to kick the dummy head 5 timethwiach leg.

You only need to come here once, and all these une@aents will take about an hour to
complete.

As a result of kicking the dummy head you mayayetuise on your kicking foot
(note that you will be wearing protective equipment your feet), or “pull a muscle”
while kicking, however, this risk is no differentom a normal martial arts practice
session. No other serious risks can be identified.
If anything hurts or you are uncomfortable with sowf the questions, please let us
know, you can stop to participate at any time.

We do not know if you will be helped by being mst study however the study

will help to identify differences that may leaditoprove teaching techniques, reduction
of injuries, and promote safer martial arts.

103



You do not have to be in this study. It is up tamiy You can say no now or you
can change your mind later. All you have to dtelsus. No one will be mad at you if
you change your mind.

Your parents/guardian say it is okay for you toibethis study. If you have
guestions, please ask them now or at anytime.

We will make every reasonable to keep your infdromaconfidential. But we do
have to let some people look at your study recond&e will keep your records private
unless we are required by law to share any infdomat The law says we have to tell
someone if you might hurt yourself or someone €l$e study researchers can use the
study results as long as you cannot be identifialy films or pictures shown in research
presentations will be deidentified with faces naible. Information that identifies you
personally will not be released without you writtgarmission. However, the Human
Investigation Committee (HIC) at Wayne State Ursigr The Institutional Review
Board (IRB) at Michigan State University or fedeaglencies with appropriate regulatory
oversight, may review your records.

If you are not happy with this study and wantdtk to someone else other than
the research personnel please call Dr. CynthiaB{B13)577-3830, Dr. Marty Ewing at
(517)353-4652 or Miguel Narvaez (716)372-2233 vathy questions or to report an
injury. If you have questions or concerns aboutryoghts as a research participant
contact the Wayne State University Chair of the ldoninvestigation Committee at
(313)577-1628 or Michigan State University Humans@&ech Protection Program at
(517)355-2180.

Do you under stand this study and are you willing to bein it?

To be completed by person obtaining verbal assent the child/subject:
Child’s/Subject’s response [_]Yes [ INo

Check which applies below:

[_]The child/Subject is capable of understanding theys
[_]The child/Subject is not capable of understandigstudy

Child’s/Subject’s Name (printed)

Signature of Person Obtaining Verbal Assent Date
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Appendix D
Adolescent Assent Form Wayne State Univer sity

Title: “Accelerations of a Hybrid Il Dummy Head Rdting From Roundhouse Kick
Impacts and Their Relation to the Risks of Conaussin Boys and Girls”

Study Investigators:
Cynthia Bir Ph.D.
Marty Ewing Ph.D.
Miguel Narvaez

Why am | here?

This is a research study. Only people who choogake part are included in research

studies. You are being asked to take part ingtudy because you have been an active
martial arts participant in the last four weeksyeghaccumulated at least eight hours of
practice during this time frame, are between fivel 47 years of age, and you are

healthy, without any abnormalities or injuries thady adversely affect performance of

the roundhouse kick. Please take time to make geaision. Talk to your family about

it and be sure to ask questions about anythingdgott understand.

Why arethey doing this study?

This study is being done to find out how a hybtlchead dummy responds (its velocities
and accelerations will be estimated) after beinckdd with a roundhouse kick and
compare them with known values that can cause csmms. It will attempt to identify
differences among practitioners of various skiWidis, age, and gender.

What will happen to me?

You will complete a questionnaire about your ageurymartial arts experience and
overall physical activity. You can ask for helprfirgyour parent(s).

You height, weight and length of your arms and Mdsbe also measured.

Some sensors will be placed in your trunk, armslagd that will allow us to record the
movement of these parts of your body while youaasieed to use a roundhouse kick to hit
a special dummy head. We will record your perforogawith high speed video cameras.
You will be asked to kick the dummy head 5 timethwiach leg.

How long will | bein the study?
You will be in the study for only one hour, andynked to visit once.

Will the study help me?

We cannot promise you that being in this reseatuttyswill help you, however the study
will help to identify differences that may leaditoprove teaching techniques, reduction
of injuries, and promote safer martial arts.
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Will the study hurt?

As a result of kicking the dummy head you may gbétuwase on your kicking foot (note
that you will be wearing protective equipment orurydeet), or “pull a muscle” while
kicking, however, this risk is no different frormarmal martial arts practice session. No
other serious risks can be identified.

Resear ch Related Injuries:

In the event that this research related activityults in an injury, treatment will be
available including first aid, emergency treatmamd follow-up care as needed. Care for
such will be billed in the ordinary manner to you your insurance company. No
reimbursement, compensation or free medical caoéfesed by Wayne State University
or Michigan State University. If you think that ydiave suffered a research related
injury, let the investigator know right away.

Do my parents or guardians know about this?
This study was explained to your parents/guardrahthey said that you could be in it.
You can talk this over with them before you decide.

What about confidentiality?

Every reasonable effort will be made to keep yoedital records confidential. But we
do have to let some people look at your study dscolVe will keep your records private
unless we are required by law to share any infdomat The law says we have to tell
someone if you might hurt yourself or someone €l$& study researchers can use the
study results as long as you cannot be identifialy films or pictures shown in research
presentations will be deidentified with faces naible. Information that identifies you
personally will not be released without you writtgarmission. However, the Human
Investigation Committee (HIC) at Wayne State Ursigr The Institutional Review
Board (IRB) at Michigan State University or fedeaglencies with appropriate regulatory
oversight, may review your records.

What if | have any questions?

For questions about the study please call Dr. Ggrigir at (313)577-3830, or Dr. Marty

Ewing at (517)353-4652 or Miguel Narvaez (716)3232 with any questions or to

report an injury. If you have questions or conceaf®ut your rights as a research
participant contact the Wayne State University €hafi the Human Investigation

Committee at (313)577-1628 or Michigan State UrsitgrHuman Research Protection
Program at (517)355-2180.

Dol haveto bein the study?

You don’t have to be in this study if you don’t vido or you can stop being in the study
at any time. Please discuss your decision with yauents and the researchers. No one
will be angry if you decide to stop being in thedst.
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AGREEMENT TO BE IN THE STUDY

Your signature below means that you have read blogeainformation about the study
and have had a chance to ask questions to helpryderstand what you will do in this
study. Your signature also means that you have twd that you can change your mind
later and withdraw if you want to. By signingdtassent form you are not giving up any
of your legal rights. You will be given a copytbis form.

Signature of Participant (13 yrs & older) Date

Printed name of Participant (13 yrs & older)

** Signature of Witness (When applicable) Date

Printed Name of Witness

Signature of Person who explained this form Date

Printed Name of Person who explained form

** Use when participant has had consent form reathém (i.e., illiterate, legally blind,
translated into foreign language).
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Appendix E

Data Collection Form (Demogr aphics)

Date: ID No.
Name: e dDBirth:
Gender: Rank (Kup/Dan): BelbiCol

Leg predominance:

How many months have you been practicing martigPar
In the last month, how many hours per week have poacticed martial arts?
In the last week, how many hours have you practicadial arts?

Using the following table, tell us how many competis you participated in during the

past year, and what was the nature of each comgpetilso indicate if you finished in

the top ten participants in each contest.

martial arts Only Mixed

Martial Arts

Full-contact | Non-Contact| Forms Describe
sparring sparring

Weight/skill
division
Approx. #
participants in your
category
Approx. # of
matches you
participated
Final placement

Did you suffer any
injuries that require
you to miss at leas
one practice
session? (describe

How many hours per week do you invest in prepapiregticing for free-sparring
competitions?

How many hours per week do you invest in prepapiragticing for form competitions?
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Use the following table to tell us about any otbéysical activities that you may do
during your week.

List any other For each If you Please number Have you
sport(s) of sport/activity | compete in | these activities suffer any
physical indicate the | any of these, in your injuries in
activities that | frequency and please indicate favorite order these
you participate| number of the level of | of preference, activities
in hours you participation | starting with 1| that required
practice it per| (school clubs,| as being the| you to miss
week community | most favorite.| at least one

clubs, junior practice
varsity, varsity| session?
sports, etc.) (describe)
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Appendix F
Data Sheet

Date: ID No.:

Name

DOB mm/dd/yy

Gender

ID number
(ddmmyygbddmmyy

Sitting height (m):
(measure to the
closest mm)

Standing height (m):
(measure to the
closest mm)

Shoulder height (m);
(measure to the
closest mm)

Trochanteric height
(m):
(measure to the
closest mm)

Leg length (m):
(measure to the
closest mm)

Weight (kg):
(measure to the
closest hundredth)

Flexibility (cm):
(measure to the
closest mm)

Biacromial width
(cm):
(measure to the
closest mm)

Bicristal width (cm):
(measure to the
closest mm)
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Appendix G

Glossary

To understand concepts presented throughout tbaundent, the following
definitions are provided:
Abrasion Minor wound in which the surface of the skin ougous membrane is worn
away by rubbing or scraping.
Abbreviated Injury Scale (AISThe AIS was originally designed to stratify viog of
motor vehicle crashes. The AIS injury severity esllare consensus-derived and range
from 1 (minor) to 6 (fatal).
AccelerometerAn instrument used to measure acceleration.
Angular accelerationThe rate of change of angular velocity over time.
Angular velocity The rate of change of the angular position ajtatmg body over time.
Anthropometry The measurement of the structures and proportibttee human body.
Apnea Transient cessation of respiration.
Ataxia An inability to coordinate voluntary muscular neoswents that is symptomatic of
some central nervous system disorders and injandaot due to muscle weakness.
Athlete-Exposure (A-EAn epidemiologic concept of person-time at rigkys describing
the time or times an athlete is at risk of an ipjloly participating in his/her sport.
Athlete-gameAn injury incidence density rate that consideng-@thlete participation in
a game.
Athlete-practice An injury incidence density rate that consideng-@thlete participation

in a practice.
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Athletic Injury Monitoring System (AIMSAn injury surveillance system established by
the NCAA to provide data on injury rates, pattears] risk factors of various sports.
Avulsion Tearing or forcible separation of part of a stiwe.

Body Mass Index (BMil)s an index for relating a person'’s body weighhtar height.
Chronic Traumatic Brain Injury (CTBI)A condition characterized by persistent brain
damage or dysfunction as sequelae of cranial trauma

Collision sportsA sport in which the athletes purposely hit or id&@lwith each other or
inanimate objects, including the ground, with griieate.

Contact sportsA sport in which body contact either is an integranponent of the sport
or commonly occurs while engaged in the sport.

Contusion (bruise)An area of skin discoloration caused by the esadp@lood from
ruptured underlying vessels following injury.

Coup/counter coup cavitatiomnjury to the brain occurring directly beneatle tirea of
impact.

Diencephalon The posterior part of the forebrain, consistingtlee hypothalamus,
thalamus, metathalamus, and epithalamus.

Diffuse Axonal Injury (DAL) A relatively common sequela of blunt head injury,
characterized by a global disruption of axons tghmut the brain.

Dislocation Displacement from the normal position of bone&ting at a joint.

Dysarthria Difficulty in articulating words due to emotionstiress or to paralysis, lack of
coordination, or spasticity of the muscles useshpieaking.

Excoriation: A circumscribed removal of the epidermis of skimmucous membrane.

Flexibility: Represents the relative ranges of motion allovwedj@int.
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Focal injury. Acute and/or chronic injuries to the brain, inclhugli the cerebral
hemispheres, cerebellum, and brain stem.

Force A push or a pull; the product of mass and aceélan.

Fracture Breakage of a bone, either complete or incomplete

Gadd Severity Index (GSIAn index developed to quantifying the severityaof injury
sustained in an automobile accident.

Glial fibrillary acidic protein: Is a cell-specific marker that, during the develepmof
the central nervous system, distinguishes astredyben other glial cells.
Halstead-Reitan Neuropsychological Test Battebpnsists of a series of individual
neuropsychological measures that, in combinatiemmp a skilled examiner to make
detailed inferences about the integrity of the loerkehemispheres.

Head-contact injuriesAn injury associated with direct trauma to thadhe

Head Injury Criteria (HIC) Is a measure of the likelihood of head injury agsfrom an
impact.

Head-movement injuriesAn injury associated with sudden changes in tiwac
resulting in indirect trauma to the head.

Impact height:In the current study, defined as the height ofléteral malleolus of the
kicking foot when the foot makes contact with thgbHd Il female dummy head target.
Injury criteria; A mathematical relationship between some measeragilysical
parameter interacting with a test subject and tteeiwence of injury that directly results
from that interaction.

Injury rate: The incidence of injury per unit of athlete time.

Injury: Damage, wound, trauma.
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Inverse dynamicslUse of link-segment models to represent mecharbehlavior of
connected pendulums, or more concretely, body setgnoé humans.

Ischemia is a condition that occurs when blood flow and ctygare kept from a
particular part of the body.

Kinematics: The branch of mechanics concerned with motion authreference to force
or mass.

Kinetics: The branch of mechanics concerned with forcesatiase motions of bodies.
Laceration:A tear in the flesh producing a wound with irreguédges.

Limited contact sportsA sport in which the rules are designed to préwetentional or
unintentional contact between players which, ddturs, carries strong penalties.
Linear accelerationThe rate of change in linear velocity over time.

Linear velocity:The rate of change in position over time.

Lipid peroxidation Is a mechanism of cellular injury in plants amdnaals, used as an
indicator of oxidative stress in cells and tissues.

Neurofilament light polypeptidets a gene that provides instructions for making th
smallest protein component (the light subunit) efinofilaments.

Non-contact sportsA sport in which the players are physically sepadauch as to make
it nearly impossible for them to make physical eahduring the course of a game.
Non-collision sportsA sport in which the athletes are not permiti@dit or collide with
each other.

Outclassed ruleA referee in an amateur boxing has the resportsiltdi stop a fight at

any time one fighter seems in danger due to bdeayly outmatched.
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Pace auditory serial addition taskls a test often used to measure attention,
concentration, working memory, and speed of infaiomaprocessing.
PathomechanicsThe study of mechanical forces that are applea tiving organism
and adversely change the body's structure andidumct

Player-seasonsAn injury incidence density rate that consideng-@thlete participation
in a season.

Severity Index (SI)5ee Gadd Severity Index.

Second Impact Syndrome (SIBesults from an acute, usually fatal brain swgllthat
occurs when a second concussion is sustained befarplete recovery from a previous
concussion.

Sitting height:Height of the participant while sitting on a benefth hips and back
against a wall, measured from the bench to thexat the head.

Shoulder heightHeight of participant’s right shoulder while stamglerect.

Skill level (colored belt, black belt)ndividual skill levels in martial arts that folivs a
colored belt system, where a light color belt iats beginner/intermediate levels, and a
black belt is recognized as an advanced level. riggaant that has not achieved a black
belt typically has a level of experience in maréigk less than 6 months to approximately
2 years. A black belt requires years of training] & is usually reached within 2 years of
practice.

Sparring ready stanceStance assumed by martial arts competitors daifige sparring
contest, characterized by a staggered anterioepostplacement of the feet, with the

body weight evenly distributed on both feet, andlatively high center of gravity.

115



Sprain: Ligamentous injury to a joint with possible rumuibut without dislocation or
fracture.

Standing height:Height of a participant when standing erect.

Strain: Excessive stretching or working of a muscle résglin pain and swelling of the
tissue.

Symbol Digits Modality Test (SDMTDetects cognitive impairment. The test involves a
simple substitution task that normal children addl&s can easily perform.

Tau:Is a protein used as a serum marker of brain damagéd traumatic brain injury.
Total kicking time:Starts from the moment the kicking foot leaves gheund, through
the contact with the target, and ends when thettaathes the ground again.
Trochanteric height:Height of a participant’'s right trochanter from tgeound while
standing.

Leg length:Measurement from the ground to the lateral condyléhe tibia while the
participant stands erect.

Wechler Intelligence Scale for Children 1ll (WISID-l A test developed to measure
intelligence in children ages 6-0 to 16-11.

Wide Range of Assessment Memory and Learning (WRAMiest designed to assess
memory and learning functions across the schoakyea

Wound: An injury to the body (as from violence, accideat, surgery) that typically
involves laceration or breaking of a membrane {&s gkin) and usually damage to

underlying tissues.
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Appendix H

Permission Letter to Use Figure7

April 26, 2011

Nate Dau
818 W. Hancock
Detroit, Ml 48201USA
Dear Nate:
| am completing a doctoral dissertation at Michigatate University entitled
“Accelerations of a Hybrid Il Dummy Head Resultif@m Roundhouse Kick Impacts

and their Implications for Concussions in Boys &ids”. | would like your permission

to reprint in my dissertation the following picture

The requested permission extends to any futuresioes and editions of my
dissertation, including non-exclusive world rigimsall languages, and to the prospective
publication of my dissertation by ProQuest Informiatand Learning (ProQuest) through
its UMI® Dissertation Publishing business. ProQueal produce and sell copies of my

dissertation on demand and may make my dissertammilable for free internet
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download at my request. These rights will in no westrict republication of the material
in any other form by you or by others authorizedyby. Your signing of this letter will
also confirm that you own [or your company owngg ttopyright to the above-described
material.

If these arrangements meet with your approvalulal appreciate your assistance
by signing the letter where indicated below andmreit to me via fax, email or regular
mail.

Thank you very much.
Sincerely,

Miguel Narvaez

1C Butler Gym

Saint Bonaventure University
Saint Bonaventure, NY 14778
Telephone (716)375-2233

Fax (716)375-2360
Email: mnarvaez@sbu.edu

PERMISSION GRANTED FOR THE USE REQUESTED ABOVE:

[Type name of addressee below signature line]

Date:
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Appendix |
Permission Letter to Use Figures8 & 9
April 26, 2011
Diversified Technical Systems, Inc.
909 Electric Avenue, Suite 206
Seal Beach, CA 90740 USA
Dear Sir/Madame:
| am completing a doctoral dissertation at Michigatate University entitled
“Accelerations of a Hybrid 1l Dummy Head Resultifgm Roundhouse Kick Impacts
and their Implications for Concussions in Boys &ids”. | would like your permission
to reprint in my dissertation the following pictare
a) TDAS PRO sensor input module, included in theABDPRO manual, downloaded
from:

http://dtsweb.com/library/tdas/DTS%20Datasheet%2R%220PR0%20SIM-

6.2010.pdf

T0AS PRO Lag
L) 2B

?‘« o

b) TDAS control software screen shot, includedna TDAS PRO manual, downloaded
from: http://dtsweb.com/library/tdas/DTS%20Datasbe20TDAS%20PR0O%20SIM-

6.2010.pdf
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The requested permission extends to any futuresioes and editions of my
dissertation, including non-exclusive world rigiisall languages, and to the prospective
publication of my dissertation by ProQuest Inforimiatand Learning (ProQuest) through
its UMI® Dissertation Publishing business. ProQueal produce and sell copies of my
dissertation on demand and may make my dissertammailable for free internet
download at my request. These rights will in no westrict republication of the material
in any other form by you or by others authorizedyby. Your signing of this letter will
also confirm that you own [or your company owngg ttopyright to the above-described

material.

120



If these arrangements meet with your approvalulal appreciate your assistance
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