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highest overall score. Therefore, height and distance of athletic leaps are important
factors in vault scores (Rogers).

Running speed and vault take off are of utmost importance to vault performance
in gymnastics (Bradshaw, 2004). Vault take off, which is directly related to lower limb
power, is important for scoring as well as for completion of the vault. According to the
NCAA Rules and Modifications from the USA Gymnastics Code of Points, landing
deductions are taken on vault if there is a lack of control and/or movement occurring
prior to presenting to the judges. Up to 0.30 points can be taken for failure to maintain
stretched body; therefore, enough height to maintain a stretched body position is regarded
as highly important (USA Gymnastics, 2005). A deduction of up to 0.50 points can be
deducted for insufficient height (USA Gymnastics). In order to land a vault, there must
be enough rotation facilitated from the take off of the board as well as the block off the
horse. A deduction of up to 0.30 points can be taken off for insufficient length of the
vault landing taking into account the size of the gymnast (USA Gymnastics). Another
deduction that relates to lower limb power and ability to properly perform a vault is that
of incorrect body posture upon landing which can have an up to a 0.20 point deduction
and a 0.30 point deduction for lack of an open position of the body prior to landing (USA
Gymnastics). An open position is when the body position changes from the one used
during rotation, and becomes a straight and vertical posture.

Power is a requirement for most sports at their highest level. It is important to
fully understand the relationship of power to gymnastics success in collegiate gymnasts

(Stockbrugger & Haennel, 2003). Lower limb power can be measured through the use of
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a vertical jump task and running vertical jump task (Burkett, Phillip & Ziuraitis, 2005;
Hamilton, Sandra, Schmitz & Perrin, 2008; Ray & Khanna, 1991; Vanezis & Lees,
2005). The ability to perform a vertical jump is essential in many sports such as
basketball, volleyball, diving, and gymnastics. Increasing lower limb power can increase
vertical jump height which can improve the outcome during gymnastics performance
(Cochrane & Stannard, 2005; Markovic, 2007; Vanezis & Lees, 2005). Upper body
power is needed for the sport of gymnastics where athletes use their arms to propel
themselves as well as their legs.

Vertical jump height is often used as a measure to determine power (Burkett,
Phillip & Ziuraitis, 2005; Vanezis & Lees, 2005). Lower limb power is a necessary
component for the sport of gymnastics. Power is directly related to muscle size. Larger
leg muscles generally equal higher lower limb power, but larger leg muscles might be
less aesthetically pleasing and aesthetics have been found to be necessary at the elite level
ot gymnastics (Ackland, Elliott, & Richards, 2003; French et al., 2004; Koutedakis &
Sharp, 2004; Richards, Ackland, & Elliot, 1999). Coaches want the best athletes
possible, but are worried to use different training methods for fear of detrimental changes
in body shape. It is interesting to note that there has not been a study done to look at the
relationship between anthropometric measurements and gymnastics success on the vault

apparatus. Especially since vault is a power event.



Purpose of the Study

The purpose of this study is to determine what relationships exist between lower
limb and upper body power and anthropometric measurements versus gymnastics success
in collegiate athletes on the vault apparatus. Lower limb power was measured using a
force plate and performing a countermovement vertical jump as well as a running
approach vertical jump. Upper body power was measured by performing a handstand
push-off task on a force plate. The data were collected in the spring of 2009 semester.
The results of this study will aid in the body of knowledge for collegiate gymnastics.

Hypotheses

The hypothesis for this study is that gymnasts that have lower fat mass, smaller
anthropometric measurements, and higher power will have greater gymnastics success on
the vault apparatus. The null hypothesis is that there will be no relationship between
power, and anthropometric measurements, and vault success.

Definitions

Lower limb power — the product of force and velocity that can be used to project
the body upward in a vertical motion. In this study lower limb power will be measured
using two different tasks; one task will be a standing countermovement vertical jump,
while the other will include a four step run and a hurdle into a vertical jump. Both will be
performed on a force plate.

Upper body power — the product of force and velocity that can be used to project
the body from a handstand position to a horizontal landing position which is performed

on a force plate.



Mid-thigh circumference - circumference around the entire thigh. It is measured
“with the subject standing and one foot on a bench so the knee is flexed at 90°, a measure
is taken midway between the inguinal crease and the proximal border of the patella,
perpendicular to the long axis” (American College of Sports Medicine, 2006, p 60).

Calf circumference - circumference of the full perimeter of the calf. It is
“measured with the subject standing erect (feet apart ~20 cm), a horizontal measure taken
at the level of the maximum circumference between the knee and the ankle, perpendicular
to the long axis” (American College of Sports Medicine, 2006, p 60).

Body Composition - measurements of percent lean tissue mass, percent fat mass,
and kilograms of both lean and fat mass will be recorded using a dual energy x-ray
absorptiometry (DXA) scan. Kilograms of lean muscle mass in the lower limbs will also
e recorded.

Gymnastics Success on Vault- for this study is defined as the highest score
received on a competition vault from the 2009 competitive season, combined with the
average vault distance obtained from a practice vault.

Assumptions

The standardized vault is assumed to represent the best possible efforts by each
participant. The vertical jump, running vertical jump, and handstand push off task
represented the best effort of the participants.

Limitations
The sample of participants was only female students at TWU in Denton, TX, who were

involved on the gymnastics team which is a division II institution. Results from this
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study cannot be generalized to all gymnasts, as collegiate gymnasts have unique
characteristics compared to club or elite level gymnasts. All of the athletes that were
tested were using the same training program which may have factored into the results.
The athletes performed different vaults which could be a factor. All participants were
female collegiate level gymnasts who participated in gymnastics meets with the Texas
Woman’s University gymnastics team. Participants had different background
experiences in gymnastics, but had a similar mean number of years of competition.
Another limitation is that of the techniques of the vaults which can affect the success.
Delimitations

The participants were all gymnasts from TWU. The results are sport specific. The

pariicipants were all of similar age, making the results age-specific.
Significance of the Study

There is a strong correlation between lower limb power and the vertical jump test
{Burkett et al., 2005). Therefore, lower limb power can be measured through the use of a
vertical jump task (Ray & Khanna, 1991). Upper body power has previously bgen
measured for gymnasts using a handstand push off task (Bradshaw & Le Rossignol,
2004). A relationship exists between the physique of a gymnast and the performance of
the gymnast; larger gymnasts have been found to be able to produce more power, but
may lose points because of aesthetic appeal (Ackland et al., 2003). There is a gap in the
literature regarding the relationship between thigh circumference and vertical jump
height. Using the thigh circumference to see if it impacts the results of a vertical jump

task will help determine if the size of the thigh impacts the power of the thigh in
6



collegiate gymnasts. The purpose behind using the vertical jump tasks and handstand
push off task is that they are easier to perform, less time consuming, and less detrimental

to the body and training of the athlete.












































































































Table 6.

Coefficients Using Vault Distance as Dependent Variable

B SE Beta t )
Constant 365.835 122.271 2992  .096
Circumference -148.592  117.030 -.784 -1.270 332
Percent Fat 1.352 2.193 383 616  .601
{Ipper Body Power -.009 .009 -420 -.991 426
I .ower Body Power .001 .004 -.120 -.275 .809
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body mass, sum of skinfolds, and thigh circumference and therefore success in ballet.
This is in agreement with the present study which showed an inverse association between
circumference measurements and gymnastics success meaning gymnasts can be powerful
and successful on the vault apparatus, but still maintain small circumference
measurements. However, the presenf study and previously discussed studies do not align
vwith results from a study done on ultratriathlon athletes which found that circumference
ricasurements had no relationship to race time (Knechtle & Duff, 2007).
Body Composition
Results of the present study indicate that fat mass may be associated with
gvirmastics success. In a previous study on vertical jump height and body fat, it was
foend that body fat did in fact significantly affect the athletes ability to perform a vertical
jury, with vertical jump implying athletic performance (McLeod, Hunter & Etchison,
144 %), This is in line with the present study in which body fat was directly associated
with athletic performance; however the present study did not have significant results due
to e low number of participants.
Power
Results from the present study do not support the majority of the previous
rescarch that has been done that found power to be essential in sports, especially those
requiring high force in short time periods (Liebermann & Katz, 2003; Kawamaroi et al,.
2005: Markovic, 2007). This could be due to the fact that both static lower body power

and moving lower body power were combined into one number because of the small

number of participants. It may have been wise to separate these components. During one
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Variables

A

Participant Data

B C D E F G
VI (W) 1990.07 2961.15 394448 1519.12 1689.86 221697  2466.7
V12 (W) 2409.5  6719.81 195279 905.77  922.82 12952  3412.61
VI3 (W) 2446.73  1259.68 393995 72649  1379.03 241095 3188.79
RJ 1 (W) 248832 2380522 2292095 -------em- 26707.81 24113.17 14148.81
RI2Z(W)  -emeeeeees 22145.01  25551.19 2463339 25996.87 23189.93 -----------
RJ 3 (W) 21678.1 19289.95 24257.69 25106.73 27235.59 23616.69 23977.26
HS 1 (W) 2651.62 26533 2011.79 38603 2653.3 1069.04 261272
HS 2 (W) 2679.83 2899.06  1626.04 3037.47 2899.06 81512  2573.64
HS 3 (W) 2153.1 251005  1909.15 3673.93 2510.05 1862.15  2259.66
Thigh (cm) 45.5 53.5 44 49 48 49.5 50
Thigh (cm) 45 54 44.5 49 48 50 49.5
Calf (cm) 34.5 38 34 36.5 35.5 35.5 38
Calf (cm) 34.5 38 34 36 35.5 35.5 38
Length (cm) 84 84 88 86 83.5 84 95
Length (cm)  84.5 83.5 88.5 86 83 84 96
Distance (cm) 174 101 207 194 162 207 204
Distance (cm) 155 136 218 186 183 177 195
Distance (cm) 186 181 207 192 198 207 191

Fat mass (g) 9538 15007 10217 10792 15258 12542 11463
Lean mass (g) 40211 45713 43917 43962 39526 42369 50729

% fat 19.2 24.7 18.9 19.7 27.9 228 18.4
Height (cm) 160 156.8 160.7 159.4 154.9 156.7 164.5
Weight (kg) 53.64  64.87 58.47 59.77 57.74 57.54 67.56
Gym success 1908 203575 21685  184.65 207.85 195625  203.775
Vault score 9625 9.8 9.725 9.575 9.85 9.85 9.65
Lower power  27329.9 30525.03  29495.67 26625.85 28925.45 26524.12 27389.87
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Institutional Review Board
Office of Research,and Sponsored Programs

, P.O. Box 425619, Denton, TX 76204-5619
EXAS WOMAN'S UNIVERSITY | 0 o00 e e o con ai s

DENTON DALLAS HOUSTON e'mail: IRB@bwu.edy

March 4, 2009

Ms. Gretchen Goerlitz
1501 May St.
Denton, TX 76209

Dear Ms. Goerlitz:

Re:  The Relationship Between Lower Limb and Upper Body Power and Anthropometric
Characteristics and Vault Success in Collegiate Gymnastics

The above referenced study has been reviewed by the TWU Institutional Review Board (IRB) and
appears to meet our requirements for the protection of individuals' rights.

If applicable, agency approval letters must be submitted to the IRB upon receipt PRIOR to any data
collection at that agency. A copy of the approved consent form with the IRB approval stamp and a
copy of the annual/final report are enclosed. Please use the consent form with the most recent approval
date stamp when obtaining consent from your participants. The signed consent forms and final report
must be filed with the Institutional Review Board at the completion of the study.

This approval is valid one year from March 4, 2009. According to regulations from the Department of
Health and Human Services, another review by the IRB is required if your project changes in any way,
and the IRB must be notified immediately regarding any adverse events. If you have any questions,
feel free to call the TWU Institutional Review Board.

Sincerely, '

Dr. Kathy DeOrnellas, Co-Chair
Institutional Review Board - Denton

enc.

cc. Dr. Charlotte Sanborn, Department of Kinesiology
Dr. David Nichols, Department of Kinesiology
Graduate School
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TEXAS WOMAN’S UNIVERSITY
CONSENT TO PARTICIPATE IN RESEARCH

Title:  The relationship of lower limb and upper body power and anthropometric characteristics
and vault success in collegiate gymnastics

Investigator: Gretchen GOEIIIZ.............o..cvevecereeeeeeeeeeeeeeeeee e, 435/512-5683
Advisor: David Nichols, PR.D........ccc.oooioieeieeeeeeeeeeeeeeeeeeeeeeeeere, 940/898-2522

Explanation and Purpose of the Research

You are being asked to participate in a research study for Ms. Goerlitz’s thesis at Texas Woman’s
University. The purpose of this research is to determine the relationship of lower limb and upper
body power and anthropometric characteristics and vault success in female collegiate gymnastics.
In particular, the study will look at vertical jump, running vertical jump, a handstand push off
task, thigh and calf circumference, height, leg length, lean tissue mass, and fat tissue mass and
how it relates to vault success.

Research Procedures

For this study, the investigator will collect data from participation in performing a vault, vertical
jump and running vertical jump task, a handstand push off task, calf and thigh circumference, and
leg length measurements. Data from previously performed DXA scan is requested upon your
consent; however data will be unidentifiable to Ms. Goerlitz. Forceplate data will be given to
Carolyn Rogan who is the works in the ESN Clinic and is the Practicum Coordinator. She will
enter the DXA scan data, remove all names and assign a code and then mix the data so it will be
unidentifiable to me. Data will be rearranged due to the small data set being used in case the
researcher remembers the order the participants were recorded in. The purpose of this research is
to provide insight regarding the relationship of these characteristics to vault success. Your
maximum total time commitment in the study is approximately 150 minutes which will be spread
over three days of data collection.

Potential Risks

Potential risks related to your participation in the study include injury. Precautions will be taken
such as warm up, athletic taping, and cool down. While the possibility of injury exists all
procedures used for this research are performed by gymnasts on a routine basis. Athletic trainers
are available during all practices and meets.

Another possible risk to you as a result of your participation in this study is the release of
confidential information. Confidentiality will be protected by assignment of code numbers and
rearranging of numbers will be performed. Data will be stored in the researcher’s personal

computer that requires a password to log onto.

Participant Initials
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The researcher will try to prevent any problem that could happen because of this research. You
should let the researchers know at once if there is a problem and they will help you. However,
TWU does not provide medical services or financial assistance for injuries that might happen
because you are taking part in this research.

Participation and Benefits

Your involvement in this research study is completely voluntary, and you may discontinue your
participation in the study at any time without penalty. The benefit of participation in this study is
receiving data from all procedures performed and therefore gaining knowledge about personal
anthropometric and power characteristics. Future coaches will be able to use the data found in
their talent selection process as well as their training for the vault apparatus. This study could
also lead to a body of knowledge focusing on a healthier self-image of collegiate gymnasts.

Questions Regarding the Study

If you have any questions about the research study you may ask the researchers; their phone
numbers are at the top of this form. If you have questions about your rights as a participant in
this research or the way this study has been conduced, you may contact the Texas Woman’s
University Office of Research and Sponsored Programs at 940-898-3378 or via e-mail at
IRB@twu.edu. You will be given a copy of this signed and dated consent form to keep.

Name of Participant

Signature of Participant Date
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