


4) By using the difference values for each condition, calculate a percent difference between the
given trial and trial 1 for both jump heights and system masses. (i.e. Trial 1-Trial 2=Difference,
Difference divided by Trial 1= Value, Value x 100= %) titled relative JH change and relative SM

change.

5) From these relative differences, one can use the SLOPE function in Microsoft Excel to create
a slope with relative JH change variables on the y-axis and relative SM change variables on the
x-axis. If the slope value is created and recorded for each testing session, given the large
correlation coefficients to squat strength in this investigation, the strength and conditioning
professional can see that when the slope value begins to become more positive, the athlete is
hypothetically becoming relatively stronger in the back squat. Also, a figure can be created in
Excel to visually depict the changes in slope over time for explanation to the athlete or visual

representation to the strength and conditioning professional.

6) Calculate a “MEAN JH” for all trials, by using the calculated mean jump heights for each
condition, with the AVERAGE function in Microsoft Excel. Basically, given the large
correlation coefficients with measures of squat strength in the study, as the MEAN JH increases
from testing session to testing session, one can infer hypothetical, concomitant increases in squat

strength.

These data can potentially be used, in addition to 1RM testing, to supply desirable data to
the strength and conditioning professional and offer the capability of further inference into
adaptations to the training process above solely using 1RM testing data or bodyweight vertical

jump testing data alone.
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CHAPTER 4

SUMMARY AND FUTURE INVESTIGATIONS

The purpose of this thesis was to examine the relationship between estimated squat
strength and variables from a static jump protocol considering its potential as a monitoring tool
in collegiate strength and conditioning. As an experimental approach to the purpose, forty-one
young, healthy, and mostly currently competitive Division 1 athletes reported estimated squat
IRM and completed a static jump protocol. This investigation was exploratory in nature, being
the first of its kind to examine the potential of a static jump protocol to indirectly monitor
changes in squat strength in collegiate strength and explosive athletes. Correlations were
produced between a number of variables using jump height and system mass and both relative
and absolute squat strength estimates in order to identify variables showing high confidence to
potentially indirectly monitor changes in squat strength in the practical setting. As previously
discussed, the investigated protocol considered the potential to allow more regular monitoring of
changes in squat strength, compared to 1RM tests inducing relatively higher amounts of fatigue
and consuming greater amounts of already limited time in the practical setting. The investigated
protocol has potential to afford the opportunity to devote more time to an actual training session

or sport practice while still providing pertinent adaptation data to the practitioner.

Monitoring the training process affords the practitioner important capabilities ultimately
related to performance. Three prominent affordances emerging from the scientific literature are:
1) the ability to control the development of unnecessary amounts of fatigue during different
phases of the training plan and competitive season, 2) the ability to adjust training variables
appropriately to promote optimal training adaptations and performance preparations (e.g.

peaking), and 3) monitoring offers an objective lens through which to view training, recovery
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and coaching interventions for their effectiveness (Banister & Calvert, 1980; Bompa & Haff,
2009; Issurin, 2009; Medvedyev, 1986; Olbrecht, 2000; Sands & McNeal, 2000; Sands & Stone,
2005; Siff & Verkhoshansky, 2004; Smith, 2003; Stone et al., 2007). Currently, the literature
suggests the 1RM back squat test as the gold standard for monitoring maximum lower body
strength in the practical setting, while countermovement jumping has also been reported a
popular test intending to examine and monitor adaptations to training (Baechle & Earle, 2008;
Bazyler, 2013; Bompa & Haff, 2009; Taylor, 2012). However, 1RM testing for monitoring
purposes is considered to induce high amounts of fatigue and can consume appreciable time
potentially allocated to an actual training session or sport practice, compared to less time-
consuming, less-invasive methods of testing like vertical jump testing (Baechle & Earle, 2008;
Bazyler, 2013; Moir et al., 2005; Moir et al., 2008; Taylor, 2012; Willardson & Burkett, 2006).
Furthermore, as previously argued by the author, unweighted vertical jumping is inadequate
when seeking to infer maximum strength adaptation considering the intensity of the unweighted
condition, compared to an actual 1RM test or loaded jumping. Considering findings of other
investigators reporting large correlations between strength and static jump variables (Carlock et
al., 2004; Haff et al., 2005; Kraska et al., 2009; Stone et al., 2003), this investigation sought to
explore the potential of a static jump protocol to indirectly monitor changes in squat strength in a
less time-consuming, less invasive manner; compared to more regular 1RM testing. For example,
Stone and colleagues (Stone et al., 2003) investigated relationships between maximum strength
and peak power in CMJ and SJ with loads ranging from 0 to 100% of self-reported squat 1RM.
Static jump peak power had larger correlations (1=0.75-0.94) to static squat jump 1RM at every

loading condition compared to CMJ related dynamic 1RM (r=0.60-0.88). Other authors have
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also reported larger correlations between variables of SJ and measures of strength and

explosiveness compared to CMJ (Carlock et al., 2004; Haff et al., 2005; Kraska et al., 2009).

The investigated protocol seemingly affords the practitioner a means of more regular
monitoring of squat strength adaptation compared to regular 1RM testing, while also providing
insight into jump ability and adaptations thereof. Other tests, like sprint speed tests and tests
seeking to evaluate agility, differ in intent compared to the intent of tests like the IRM back
squat, the investigated SJ protocol, and other tests intending to measure or monitor changes in
strength, specifically. Thus, when ranking tests in order of importance or selecting tests to
evaluate performance characteristics or adaptations to training, the intention of said tests are a
necessary consideration when ultimately interpreting test results and drawing conclusions about
specificity to sport performance and training adaptations. In that many strength and explosive
sports involve sprinting, jumping, and regular, rapid change of direction; certain other tests
seeking to evaluate these skills, specifically, warrant consideration as separate tests beyond
maximum strength assessments alone as they are inherently different. As noted by Stone et al,
some important considerations regarding test selection specificity to sport are: 1) movement
pattern specificity 2) force magnitude (average and peak force similarity to sport performance
tasks 3) Rate of force development (average and peak) 4) acceleration and velocity parameters
and 5) ballistic versus nonballistic movements (Stone et al., 2007, p. 171). Other authors have
demonstrated increases in measures of strength after 6-10 weeks of training interventions,
warranting consideration of 1RM testing or tests monitoring changes in strength approximated to
these time frames (Bompa & Haff, 2009; Buresh et al., 2009; Narici et al., 1989; Stone et al.,
2007). Possibly every 10 weeks, given the time frames associated with changes in strength by

other authors, may be a reasonable time frame to conduct 1RM testing considering the relatively
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high amount of fatigue generation and allocation of appreciable time in larger-sized teams
(Bompa & Haff, 2009; Buresh et al., 2009; Narici et al., 1989; Stone et al., 2007). Alternatively,
the investigated SJ protocol may provide a means to more regular testing, possibly every 4-6
weeks, considering the employment of submaximal loads, relatively lower amount of fatigue
generation and lower amount of time consumed in teams with a large number of athletes in

comparison with 1RM testing.

However, in that IRM testing is a more direct measure of maximum strength, compared
to the investigated protocol employing submaximal percentages of estimated maximum squat
strength and offering an indirect method of monitoring changes in squat strength; the
investigated protocol is not intended or suggested to holistically replace 1RM testing. Currently,
strategic placement of 1RM testing in coordination with the training plan of athletes seemingly
offers the best practical method of measuring lower body maximum strength adaptation in the
practical setting in comparison with the investigated protocol, considering that it is a more direct
measure of maximum strength, employing perceived maximum loads (Baechle & Earle, 2008;
Bazyler, 2013). In conclusion, given the reliability of jump height measures in the investigated
static jump protocol comparable to other studies examining vertical jump height (Arteaga et al.,
2000; Kraska et al., 2009; Moir et al., 2005; J. T. Viitasalo, 1988) and the production of large
correlation coefficients between mean JH and JH’s 1-5 with squat strength estimates, the current
protocol seemingly offers a means of more regular monitoring in the practical setting. Future
longitudinal investigations seeking to elucidate if changes in the aforementioned SJ variables are
associated with concomitant increases in squat 1RM could help establish the validity of this
protocol. Furthermore, future work could further clarify a difference in relationships to squat

strength between males and females and examine if different variables are more specific to
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certain sports compared to other variables. Additionally, future work could help establish the

usefulness of this protocol and variables thereof for fatigue monitoring purposes.
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APPENDICES

Appendix A: Institutional Review Board Approval

EAST TENNESSEE STATE
UNIVERSITY

Office for the Protection of Human Research Subjects = Box 705685 # Johnson City, Tennessee 37614-1707
Phone: (423) 439-6053 Fax- (423) 43%-6060

IRB APPROVAL — Initial Expedited Review

January 8, 2015
Cody Haun

Re: The Relationship Between Weighted Static Jump Height Dropoff and Estimated Back Squat 1RM:
A Potential Protocol to Monitor Training Adaptations.

IRB#: cl1214.14<

ORSPA #: nfa

The following items were reviewed and approved by an expedited process:
+ xform New Protocol Submission; Informed Consent Document (version 11/19/2014, stamped
approved 1/7/2015); Data Collection Sheet; CV

On January 7, 2015, a final approval was granted for a period not to exceed 12 months and will
expire on January 6, 2016. The expedited approval of the study will be reportad t the convened
board on the next agenda.

The following enclosed stamped, approved Informed Consent Documents have been stamped
with the approval and expiration date and these documents must be copied and provided to each
participant prior to participant enrollment:

= Informed Consent Document (version 11/19/2014, stamped approved 1/7/2015)

Federal regulations require that the original copy of the participant’s consent be maintained in the
principal investigator’s files and that a copy is given to the subject at the time of consent.

Projects involving Mountain States Health Alliance must also be approved by MSHA
following IRB approval prior to initiating the study.

Unanticipated Problems Involving Risks to Subjects or Others must be reported to the IRB (and VA
R&D if applicable) within 10 working days.

Aceredited Since December 2003
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Proposed changes in approved research cannot be initiated without IRB review and approval. The
only exception to this rule is that a change can be made prior to IRB approval when necessary to
eliminate apparent immediate hazards to the research subjects [21 CFR 56.108 (a){4)]). Insuch a
case, the IRB must be promptly informed of the change following its implementation (within 10
working days) on Form 109 (www.etsu.edufirb). The IRB will review the change to determine that it
is consistent with ensuring the subject’s confinued welfare.

Sincerely,
Stacey Williams, Chair
ETSU Campus IRB

[ n =
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Appendix B: Informed Consent

PRINCIPAL INVESTIGATOR: Cedy Haun

TITLE OF PROJECT: The Relationship Between Weighted Static Jump Height Dropoff
and Estimated Back Squat 1RM: A Potential Protocol to Monitor Training Adaptations

Informed Consent Form

Introduction:

This Informed Consent will explain about you being a participant in a research study. It is
important that you read this material carefully and then decide if you wish to be a
volunteer,

Purpose:
The purposes of this study are to estimate power production and observe the effect of

various loads on static jump height in relation to a subject’s estimated 1-Repetition
Maximum (1RM) back squat.

DURATION:

You will take part in one combined familiarization and data collection session taking
approximately 43 minutes.

PROCEDURES:

1. Reporting of an estimated 1RM in the Barbell Back Squat based on the most
recent training block using the Epley Formula.

2. Collection of anthropometrics (Height and Body Mass)

3. Warm-Up Protocol consisting of 25 Jumping Jacks, A Bodyweight Jump @ 50%
perceived maximal effort. A Bodyweight Jump (@ 75% perceived maximal effort
and a final body weight warm up jump @100% perceived maximal effort. The
final warm up jump will be a 75% perceived maximal effort jump with the
opening load of the subject. (PVC Pipe) First Weighted Jumps will be: 45lbs for
male and 281bs for female

4. *Testing Protocol: Two jumps will be performed using each load:

a. Women: 0, 28, 45, 63, 95 lbs.
b. Men: 0, 45, 95, 135, 185 lbs.
*Subjects will rest for approximately 30-45 seconds in-between jumps.

*(Some jumps may be video recorded for educational purposes and use in presentation of
data in scholarly works or at conferences; by participating, you are acknowledging this
and are permitting the sharing/presentation of this data.)

ALTERNATIVE PROCEDURES/TREATMENTS:

There are no alternative procedures except not to participate in the study.

APPROVED
By the ETSU IRB DOCUMENT VERSIOM EXPIRES
Ver. 1/24/15 JAN 2_2 2015 Page 1 of 3 JAN 06 2015  Subject Initials
I!?I';in'f'![![i{ edinmor

ETSU IRB
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FPRINCIPAL INVESTIGATOR: Cody Haun

TITLE OF PROJECT: The Relationship Between Weighted Static Jump Height Dropoff
and Estimated Back Squat 1RM: A Potential Protocol to Monitor Training Adaptations

POSSIBLE RISKS/DISCOMFORTS:

There is negligible risk of injury as a result of participation in this study. The researchers
will teach proper technique in performing the jumps and proper landing technique in the
familiarization session; to reduce the risk of injury we are not requiring an actual 1-RM
back squat. Loads used in this study are submaximal loads used frequently by the
subjects in weight training activities. To further reduce the risk of injury, metal stops will
be used as a safety measure in case you drop the weight during a jump.

POSSIBLE BENEFITS:

Benefits from this study include free muscular power and jump height assessment by
certified strength and conditioning specialists (NSCA-CSCS). Findings from the study
will provide you information on your jump height under various loads during static jumps
and estimated power production during these jumps. These results can be used as baseline
data for monitoring of adaptations to training.

COMPENSATION FOR MEDICAL TREATMENT:

Fast Tennessee State University (ETSU) will pay the cost of emergency first aid for any
injury that may happen as a result of your being in this study, ETSU makes no
commitment to pay for any other medical treatment. Claims against ETSU or any of its
agents or employees may be submitted to the Tennessee Claims Commission, These
claims will be settled to the extent allowable as provided under TCA Section 9-8-307.
For more information about claims call the Chair of the Institutional Review Board of
ETSU at 423-439-6055.

FINANCIAL COSTS:
There are no financial costs to you.
COMPENSATION IN THE FORM OF PAYMENTS TO RESEARCH PARTICIPANTS:

There is no compensation for your participation in this research.

VOLUNTARY PARTICIPATION:

Participation in this research experiment is voluntary. You may refuse to participate.
You can quit at any time. If you quit or refuse to participate, the benefits or treatment to
which you are otherwise entitled will not be affected. Your decision about participating
will not negatively affect your grades for any courses you are taking or plant to take in
the exercise science department taught by any sport science staff. You may quit by
calling or e-mailing Cody Haun at 423-426-4439, haunct@goldmail etsu.edu.

CONTACT FOR QUESTIONS: DOCUMENT VERSION EXPIRES
APPROVED
[y the ETS R - i
JAM 06 2016
Ver. 1/24/15 JAN 2.6 2015 Page 2 of 3 Subject Initials
If ETSU IRB

Char [RE Caprding
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PRINCIPAL INVESTIGATOR: Cody Haun

TITLE OF PROJECT: The Relationship Between Weighted Static Jump Height Dropoff
and Estimated Back Squat 1RM: A Potential Protocol to Monilor Training Adaptations

If you have any questions, problems or research-related injury or medical problems at any
time, you may call or c-mail Cody Haun at 423-426-4439, haunct@goldmail etsu.edu.
You may call the Chair of the Institutional Review Board at 423-439-6054 for any
questions you may have about your rights as a research subject. If you have any questions
or concerns about the research and want to talk 1o someone independent of the ressarch
team or you can't reach the study staff, you may call an IRB Coordinator at 423-439-
6055 or 423-439-6002.

CONFIDENTIALITY:

Every attempt will be made to see that your study results are kept confidential. A copy of
the records from this study will be stored in a locked file cabinet in the kinesiology lab
{(Minidome 113) for at least 5 years after the end of this research. The resulis of this study
may be published and/or presented at meetings without naming you as a subject.
Although your rights and privacy will be maintained, the ETSU [RB and the Exercise and
Sport Science Department will have access to the study records.

By signing below, you confirm that you have read or had this document read to you and
that you are at least 18 vears of age. You will be given a signed copy of this informed
consent document. You have been given the chance to ask questions and to discuss your
participation with the investigator. You freely and voluntarily choose to be in this
research project.

SIGNATURE OF PARTICIPANT DATE
PRINTED NAME OF PARTICIPANT DATE
SIGNATURE OF INVESTIGATOR ~ DATE
SIGNATURE OF WITNESS (if applicable) DATE
APPROVED DOCUMENT VERSION EXPIREE
Fiy the ETSUTRP
JAN 26 2015 JAN 06 Z0%
. oh
T iy ETSL IRB
Ver. 1/24/15 Page 3 of 3 Subject Initials
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